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B FEORATIRE L AT A TR R TR ATR Y R 2 A TR
BA R NEL > REZARE FURFLAENES AR A
b B T B AR FOR E TR R DT o

TPE:

# @4 (Hereditary hearing impairment)

A Fl 7% % (Genetic epidemiology)
SLC2644 3 7 (SLC2644 gene)

PDS # %] (PDS gene)

~ w =k ¥ (Enlarged vestibularaqueduct)

Pendred = jz i ¥ (Pendred synd-r\ome). .

GJB2 # %] (GJB2 gene) :

Cx26 7 (Cx26 gene) © ’“Qﬂ_ﬂfﬂ

F s g8 12S rRNA £ 7] (Mltochond{lalakzs-rRNA gene)
A1 By » £ s (Cochlear 1mplaanat10ﬁ) i
SNaPshot # i+ (SNaPshot techmquel) !. Y

P53 kw5 F12 % (Pre-implantation genefic d1agn051s)

18



B BRI A AN R
(-) 3
(=) # BRI 2 T
(2) QBRI 2 2 205
(2) @ ORI F LRpBATE 58
(1) #e 2B BRRFATLFR
(+)  OPRRAT B AT $ 4

(=) B

B A GERF L AT GRE 2 A RLE
(=) 2 pFLaat LAFAR2L 2%
(—)Wmﬁ@ﬁ%ﬁfﬁﬁﬁf@iﬁwpiiﬁ%%
(=) %% B~ B 2y A F f‘fﬁi§"Tr§fkf17 1 fF
(%)ﬁ@ﬁﬁﬁéq%ﬂfkﬁﬁj =
(1) % | |£“W
W L _
S 29 b e e |
(=) & @ BEAT A P PIZ— e B
(=) TR AT™ — ¢ vk P PPRRSER] 4 1 0 updE » £t X %
(Z) RAATEY - FFF %S R A2 AFPe1 &
(v ) TRBRATRY = 7% Ko AL A T2 41

(1) %@
Fr IR AFET2ZBERED

(=) B @REAF2 AT TR 2 AT pEY
(=) @A A U2 Tk v
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(R R TE2 N

(<) 3
% FAELLHARR %MH&ﬂﬁﬁﬁiﬁ%ﬁm$WW*,mﬁyéﬁ%ﬁ%
ApES L FREERS IR rﬂ’ e Bkt a ¥ LR F SR L
i 5“—‘3 A ]V’L%’i# cEM B BER R R TR BRI R
5 LRRRFE TR b3 A Y T @R (hereditary hearing

impairment) gy f# > - E P EBITHE A F LS RALo

(=) &

gl R R R f PR AR ARG o B2 R
PP v EEERAR 2 M;; A BH P EEAFFET ABF - T
P chB o fRpl A RL ¢ S RRFIF ARG AR TN 7 8 b Rt
W2 N oo H s i B g&ﬁ ¥ A F T L X4 B | (congenital hearing
impairment) £ %+ FAR £p 01 A ij‘u 4 Hﬂ{{:}ﬁ ’ H P g ARd AT @ arilde
ik g oApg cant o R £HY rﬂ‘?ﬁf’j‘—*}ﬁq*i"‘f‘i’# REAEFREE L §
ERAXMHE - ¥V - @ 5 @ﬁ%wmjﬁa& IR S RN R 3 W rﬂ.«—
%mf;s EER SRR 5 LT R S R P R
5 A F'“?E?]Nrr/f mwf*lmfg 31000&643Agrw¢-a‘&£@
FooHe =27 Eﬁ;'—]"‘j@'—]% ; AT @ 2w o gt 1000 4 ¢ & 573 1
AERFARTEAN GRS A BVRBFZ i d ¢ ] R Fr(Marazita
etal., 1993) -

() B WHIAF 2 A 8808 7

ﬁ@ﬁ%ﬁ?@£?¢%EWﬂw%§agﬁ,agxrﬁw A
(syndromic)#? "2t 3 3] | (non-syndromic) #F - H ¢ i F 3 F e B K
149 3 30 70 (Petit, 1996)(W1- ) - 4k 2 e i #3138 0 4LRIF  © Pendred
i E (FRAF & @ 7 SROR7E ) ~ Usher =g i # (JAF 6 # ¢ F LR R0
Waardenburg g i # (B4 & # 5 gge F 2 N R =)~ Jervell & Lange-Nielsen
R EH (R E prlﬁ)iiodfﬁgﬁjj@ﬂﬁﬁjﬁw» v 2,
TR R ] R I A B R I LA
'—]F—”‘ i&; B fE 0 B e X 100 'ﬁé'—]bt’fillfif— ]ﬁ@i BRI M -
2_ o bR S BoenZbg i A ]j@y}gmg AFET o B- 23 89 &
’J ﬁﬁi]ﬁ‘rﬂL ﬁ’ ‘E{!?];L-Q (l)i(}}igér]mﬂ%‘r]%_}, 5 &7
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Foaeid SR (2) R ﬁ.“’ TECAR ha LV SRR OTRE & o (3) B m 4 2
EFMIEBRREAT 4\175}‘3’9‘ rL(Petlt 1996) - i@ 5L b 444 by iz ¥ A BOAp 2 é
By o2 i{gé IE b‘.}lis )2 T i 4F &~ 47 | (linkage analysis) » #-¥ it ehp #4
FlEn g d MY o 58 LBFFLFRFAFIF A F o Rad MRk & M
- e o T A BT Eéiiiﬁsﬁﬂ&rﬂiﬁ DA T (locus)en™ 8 % Fi o L Fl A
L3N B g Be03)38 (40 DFNA 24824 ¢ #8%1+ - DFNB
%4 WEM SDFN A& X 44 #Em:3 @ -DFENY & Y 4 4 f814m:3
rﬁ)’uiltmm, B (4r% - G Ml L ¢ Wigd @ 45 DFNAL)-
%< 4rf 4 57 i DFNA #& F& ~ 77  DFNB £ %1/ ~ 8 % DFN & #] i ~ 1
2 1 7 DFNY £ F1& > @ ¥ &P B 45 § 34 4 ¢ (Hereditary Hearing Loss
Homepage, http://webhost.ua.ac.be/hhh/, accessed on 10/10/2009) - — 4@ = - $8 4
FREEM N FBPRE > RAFAARBLTREE »» 840 T¥EH
(pre-lingual) ; @ %8 4 ¢ R AF M i @ FCIR 0 FLA I A AR R PIAP SR P R
¥4 2 & TV (post-lingual) o ¥ 3% i W FAF 0y 4 ¢ > DENB 4 ik
75%:0i3 % » DFNA % @& 20%:03 % » DEN X ik 2~3% % » @ ¥ ¢hig5 7 3|
2~3%:niE % E 05 d iR @ o Fd VA ged cw p ¢ o DENBI &l i RAR
o B ERAT S0% > Ay R R R R HEFFAIT R E TI%
(Gasparini et al., 1997; Maw et.al., 4995) -

A f

2

# 7

e

b

(=) i @R 2 ¥ w«r,;sfgﬁ‘%fﬂ o .

1997 &7 vt 2 2t 4 i a4 zzkrw;j* EAFRh- & o b
B- E o RE R PAFR D LIFER T (candldate gene) » 4 DFNBI1 7 GJB2
(Cx26) 7 F)(Kelsell et al., 1997)%2 DFNA1 & DIAPHI # F](Lynch et al., 1997)4p %
AR o 2 (8 0 d LI A P F R o A FFALFIM ha RS # é‘f—‘ﬁ s
* T g =% 7 | (positional cloning)% iz £ 7] | (candidate gene) % = /2 » @ 4¢
FEBAT B P SFERYF e L 5 B AT NR P2 g E A RKIE D
w245 Moo 45 GJB2 (Cx26)~GJB3 (Cx31)~GJB6 (Cx30)~GJBI (Cx32)~DIAPHI ~
MYO74 ~ MYO15 ~ OTOF ~ SLC26A4 (PDS)--- -+ % (Hereditary Hearing Loss
Homepage, http://webhost.ua.ac.be/hhh/, accessed on 10/10/2009) - H ¥ » §ek } i
¥AEA RN AAFF  GIB2 (Cx26)3 F) ~ SLC26A44 (PDS)# 7] ~ #4048 DNA
3’&%(128 RNA £ 5~ W2 OTOF £ F1% o d >tz ¥ LenA B AFZ 2% >
LEFPEIRPHEGERF DRI RE > 02 R v e
BoAFEWEP (DF WA LB EEBRF AT E R R A HELE
)

(I) B F LB @PRFAFZEFR
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-A"/\t!""—?ﬂ.";v(f]%ﬁ}r] d R A R E B BSOS B RIE
st R BRI OEREES T 0 TR B FTRA R E o KA o ﬂi"v?%‘« AR
B SRR PR G iR r'v'ﬂTE‘FJ%(Battey, 2003; Steel et al., 2001) - 2% EE A
Z AR 2 Tiogps g a7 | (potassium recycling)(Wangemann, 2006) ~ p
AL e d 3461 2L AU d-v | (unconventional myosin) % H 4p B 4 <+ (Boeda
et al., 2002; Verpy et al., 2000) ~ = ' % 4k = (stereocilia) ¥ 1§ (7 2 Jm fir H 2
(Belyantseva et al., 2005; Frolenkov et al., 2004) ~ z 3 %=X 'm%e & g S 7 2. Rf§
g i E 4 ](Roux et al., 2006) % & 5k > § - < 384 2 a2 B EEF AR
gk FlewE 3 2 ie2 b

() i @A T2 g

diF 2 foE P /I?’% PP A EBGFS N B A T S 2 H R
i 7 F]F TR ko
",f & -~ #c ) F (Balciuniene et al., 1998; Bykhovskaya et al., 2000; Riazuddin
etal, 2000) > % ~ % #cif BAEEAFISDE - A Forid & 0 7 R AR i )
R Al 0 5 BE k F

2. F £ i ¥ > 4 Usher < ‘}j‘};f?*‘iﬁ Waafdenburg R EFEZ L A B
Iﬁi L Do) (phenotype)ﬂ'iz fp/»\ APT D S e A F] i A
e JLFEIRG 0 s TR "]ﬁ @'F - (genetlc heterogeneity) °

3. F 20 5 - A F] gliﬂ%’*gjlﬂ?-m’] A e A o o if 2
SLC2644 .1 > % 1 45 Péndred, BN TR G B
A o B2 3 e GJB2 zlsr]f\%‘ s g A HIIAE ST R
(DFNBI1)(Kelsell et al., 1997y~ %8 % ¢ $4 & |+ (DFNA3)(Denoyelle et al.,
1998) ~ & g i ¥ 4| F4f (Vohwinkel’s syndrome)(Maestrini et al., 1999)% %
Foersg 3 38 g o

PR o R EFF BRI RE R R R (AR

AT A g e e 4 A I fEAS ) BT deE K B R g
GURIF NS TG IEEFNEE T S EFRNGF e L 5 BAT ey E
AR e 4 5 B (Hilgert et al., 2008) - ﬁf;q;@ma;,j Fek R g o dein et - A
HAHARE N Pl A P o TP AR ER DT iR A2 UG 0 RRITE KM
AR Fep b B E PR g I R3%E T AL 0E

L BOPRFAAFEGTHEE L HRFFY

FAOREF- AR RAFPRISFREFAT > BT LIRA
F12H R AEHEY R (T 5 iiﬁr’}’_’—}péqt\il?énﬁ7ﬁ]‘1§
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BFAE TR ELR B RA T iﬂﬁﬁ—‘ﬂ%ﬂiﬁ:}]‘ﬁﬁk
A s E AT ﬁ@k%ﬁ%i;@q,éﬁﬁﬁﬁﬁﬂp%$%
= 4L

18 AT b TR 2 T

R FlHepleng % o B RERR 3 A [T "‘lﬁ”if}ﬁi R A
B o RS G o 4 TS R SR FOE Y AT PR A
FRF o AdTm A A FIR B T IR L LRIk gk 0
@ g A TR g 4 ’?Kﬁﬁ?giﬁ—‘é’*fﬁﬂ%s&o;@ g
B R R R BT ATRRIT L o R 5o 4 B R AT A
Flf o B E BN BATL FHRE o

R I P I ST PU-T X
HHFBPRFRP S FOP FRfE - 2 S HIER AN R RRTE
BRI D 3w BRIo ok ~ AT R iR o ok o
PRER AR LB LA AR RS A - KA o d 0

ﬂﬁﬁﬁ@\ﬁﬁﬁﬁ’afﬁﬁ%ﬁﬁh 7R T EEE R A
WP % 7 e g £ A%I’*ﬁép Lo F A AT ISR
—\,Ej&,gvrvaﬁpﬁvﬁkﬂiﬁf 2 _9

.-""_“'\ :f‘

a4

|f“n
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CERLORE §1e% & £ kel Xy
SR

—P:~\

1

() B mFREELEPT LR A TZ 4R ¥

EpERDF RN FLARAFTIRE bt FHEE S 10 AR
FHEL G KRG ORFF e AR AT 45 GIB2 (Cx26) 4 F) - SLC2644 (PDS)
A F] s DNA 2 % (12SRNA A %))~ 1 2 OTOF A 7% » Al f 2T

1. GJB2 (Cx26) £ 7]
hedh et o R E R PEIE R SR A AT R § 4 1 > DENBL A
PGP A Y B TS BB A FE o soy DFNBI hig i 4 7] GJB2
(Cx26) 5 W5 » B " B4R RIFI ¢ GIB2 hAFTIR % - %3 5 %
GJB2 thR % v A8 B FAf bW R ik Fl4 fn 0 & 56% 0 B 4
(Denoyelle et al., 1999)~.35-42%cf1% ~ A% & 517 5 4 (Estivill et al,
1998) ~ 11 2 40-58% 1% B4 (Green'efial., 1999)? - 7 1145 F] GJB2 g
rﬂ%% PR R TN A GIB2 R FIR % 5 c30delG (& 4
% €.35delG> %] & 30-35 4.6 | G )’ “ikE ¥ s n AL GIB2 R % 9185%
(Denoyelle et al., 19997 Est1v1]|l et:-al.,l 1998): 11 2 £ & GJB2 R %1 70%
(Green et al., 1999) - >\ 1% .
GJB2 % %li# connexin26 4+ gk ?ﬁoConnexin L me B e i B pE
A5 Tk 4 | (gap junction)dd B A+ » 5 AN e s b o ¥ )]
1.2 kDa ] &2 F &k A3 fmre 2. F""(Harris 2001) = = ¥ connexin ¥ % = —
connexon ° #RiT e B fmPe e 2 % connexon P75 - B T oA
Bimre Feang iR g i o A8 t,‘;?(cochlea) » i1 F tw g (hair cell)fo > #cimre
o BTt & )L %% (epithelium) fr & %@ (fibrocyte) ¥ ¥ 14 45 T
connexin26 F-v i3 f 0 Fpt - 4L % connexin26 Ap B A P 4edp I id
# 2 £ 5% (Spicer et al., 1996) 12531777 5 #7 3 45 1 > connexin26 & p A
E &t L B S Ins(1,4,5)P3 138 3% (Beltramello et al.,
2005) o 4-% connexin 18 = 4 B AL BT i BB e 2 Bl 2 5
g% o A PP R HT AR TR -
EHBAESF LY B G/B2 AFIRE M L g EAR BER
F2-FLRF R HRFIBEFEFFIraghiz i xid -
e ¥ ~¥ 7R % jif =~ % (Ashkenazi Jews)? » & ¥ L GJB2 2% 5 ¢.167delT »
@ 2t ¢.30delG (Morell et al., 1998) o @ #RF P * 87 7 P AT » £ 7 9
12—33%5’1.7153’\?#55'1 GJB2 ehE FR% »da k¥ LR ®is &

\
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¢.30delG » @ #_c.235delC (Abe et al., 2000; Kudo et al., 2000) -

BRCE S GIB2 AFIRRATREF L P 0 F %‘—b}i\—ﬁ.‘uiifé} RIS
1/3 rﬂ}}ia Ao B3R - B c.30delG Rk %o @ oE R «%*{ﬁ’#’f?ﬁ LA
t2 8 405 (Marlin et al., 2001) » {8 RRIHIR > R R %5 Bfipm £ ¥ -
T4t A7) (allele) t o F F ¥ - % % —" del(GJB6-D13S1830) | (del Castillo
et al, 2002) - d ot — R WHE GIB6 (Cx30)4 F1% MiFs & 7R
D13S1830 R ¥ 342-kb 5 > P 4337 GJB2 2. }F 5% & 0 F| M 5?‘53}3. s
PREZRFEWFIT G S E- S %“gé & 4 connexin30 z_ % A 11 [ g
2 %] | (di-genic)e™ 3% @ (3% @ connexin26 ¥ connexin30 ¥ I 4p g & )
= connexon) > H = P % & 4 GJB2 3 F|} 53 ¥7 % 8 (upstream regulatory
clement) > @ B2 GJB2 2. % = BHBAF2Z & ¥ LT > 27 3 HL
dREEM R B o iT2 - < AT Y AT 0 T 0 R 2 R E & 72(Snoeckx
et al, 2005) « 7 {5 %k FFT 5 4 4591 0 p - del(GJB6-DI3S1830)% % » A7
LY FEFA v P WA GIB2c¢30delG 2 F - F A RFARM M- RER
SR H B R enF 4 A fE(Del Castillo et al., 2003b) -

I¥TRE ARG G f’%ﬁ—i Yok T 0 F e 1BWEF
F GJB2 A FIR % Iﬁi*m—ﬁl"ﬁ%ﬁ*z\ﬁ:’ 7?%"%&#??3”%5“”7

&E AR WA AR B R - ﬁ“lﬁa‘rﬂ:‘f& oA g BB L S
Em AR GRS AL E R ES fkﬂ‘rfﬁ;(Denoyelle etal., 1999) - & iT g # %7
T REp e F 3 c.30delG [ 3 J & e 2 %(homozygous mutation) ek F1 4] F
SEF R A OB 4 (Cryns et al 2QO4 r!Snoeckx et al., 2005) -

AN 1
2. SLC2644 (PDS) 4 7] N

SLC2644 (PDS)# %% %{'x&i AR ERB PR - K L
& F(Albert et al., 2006) - SLC2644 (PDS) 4 F15 5 £+ 1997 &k %2 4 ¥
Rog i F A G @ I —Pendred X i E R }I;‘s 2 F](Everett et al.,
1997) o iz 7 @ AR > Pendred S % ¥ A FELEAMAY Leanp g
25— T~ @ -k ¢ | (enlarged vestibular aqueduct, EVA){r " Mondini = %
5 7 2 (Mondini’s dysplasia) « {5 X pl#F R > AH R 5 ~ = ek g &
Mondini * %5 % > > m A& H® ;}’L’gf]‘i”?im}ﬁa Ao e WU T SLC2644 £
Fleh% % (Li et al., 1998; Usami et al., 1999) o 4% % 2. » SLC2644 £ %1% % >
",% T ¥R Pendred g iFF 0 4 § FRZLRiGEEAE G R -

SLC2644 %) » & FE PDS A F) > 2% % THZ I MEFL - d 21 B
exon #7Tie = o #r#lig éhj-v F 5 pendrin- d 780 i 9$£ﬁ§f§$ T EH
86 kDa > 2 11 i transmembrane domain # ¥ %2 %+ (Everett et al.,
1997) o & %+ > pendrin #_ >t SLC26A (Solute Carrier Family 26A) 7#2% e
v %’To%?‘f{}ﬁ Z 2 gk .| ’Fﬁ—ré /‘ ~fﬁ:3‘%¥f£%'piiﬁﬂ}ﬁ?’ﬁri€.f—?§%§_
/R et % #F e SLC26A2 » 11 2 38X Frfie 9 ¢ SLC26A3 5 o {fifer
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(Xenopus oocyte) 2 X & 'mPz }kef B ¢ o pendrin A FE R - BIEPSF iF
ﬁg,] v oo UV OUEEAEES - F 3 2 R4S (Gillam et al., 2005;
Scott et al., 1999) o f&¥ ek B ¥ pendrin 2 & A 3w Bk F &N
= fend g fmie o @ Sle26a4 (Pds)" 2 715 ‘% & (knock-out mouse) #7#7 3 N
< R Sle26ad AR Fehd Loy € FERERP BF T GuFA 2 £ R
1 (Everett et al., 1999; Everett et al., 2001) o F]¢* — 414 & pendrin fp 2 ¢
3R BEERFS G OGN T hiE o ¥ SLC2644 R FIR R ER
[ m&r’v’ﬁ’wﬁs#ﬁﬁ c B A D N BT iR P 0 pendrin r R
Ao REGEGFEY P HT R R ek E R F e R
ELIE o b =R A B NN Tl 7 S }‘? v A B iR R %—i(ﬂﬁ:ﬁﬂ EFE A A
A, Mondlm L% T # >(Petitetal., 2001) - @ M3 E A 4 gk F] > BT
RIF ALt pok® 2 T % (stria vascularis) b 2 fdk % frE s p 2
{rf,é&a‘.—r ¥ {2 "% < (Nakaya et al., 2007, Wangemann et al., 2007) > 12 2 H #7313
zpd Aehg 2 2 o7ikngz Kenjl0 39 F & 2 " (Singh et al., 2008) » 7
IPNR BRI R “ﬁ‘iﬁ ic 2. T (Wangemann et al., 2009) 5 % ¥ i 3 F XK
SLCZ6A4§.'—]¢\§Q£&%T@?% & TS
¥4 SLC2644 3k FIF A 2L A %Tg&%ﬂm L Y R
Fe ok g 2 Mmmn'%alliﬁﬁﬁﬂﬁ@;ﬁ_miﬁﬁﬂm%
# % (fluctuating hearing  loss)|’, ”‘" "P{ N AR PR
4 oox Tt A ~$£ﬁﬁiﬁwiﬁaf@* 7 RAR °Beﬂ%r‘n%ﬂiw*%
N ATFIR A S L ]7 r’“rﬂfaﬁiilﬁl ’#TT,}\FB_, f\xfa_ﬂ,zdﬁﬁ
SLC2644 # %1% %3] ﬁtrﬁ L Bl 4';,;»,'& LEEHL 7 s 3 lg\g‘f.sg-
2P ELREE o |

. %UE DNA % %

fosid DNA R27 N Eop G#EAE Sy o~ 7 LR R
AR AT T F 2 m3243A>G R AL F Lo R RF L - (RNA
AR FLL o m A REAR 0 B 6 G R R S 1 F R mSS5A>G R
BhAEF R REFE A & 12S rRNA &4 F] } (Fischel-Ghodsian, 1999) -
gt @ RAE 2R Al S A 0 TR A S 0 5B mISS5A>G R
L3 S S

P dad pand B 3%l BIRA 4 T § mISS5A>G R
5 (Usami et al.,, 2000) - # F# & #cs ¥ 35 S IAT - BT, 7 3%
B dik- REDRFIYHRTFFTEFERSDLE > R - a3 KA
AAARE L RBPRFEMR A §EFE D BB L KA BAET
BARFG A 2 b £ B8 (Usami et al., 1997) @ E R4 m.1555A>G 7 % Fu
RN R REREARASLE > BT kP T BB
(1) #5248 £ F]48 (mitochondrial genome)z. " ¥ % # | (haplogroup) :
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AR TR 7 16569 B Tak AL (base pair) > izE kA 2 =
R e de TRE, & TARS A (polymorphism) » 85 F i B
I 12STRNA 2 JLF1 A TR > R FOEN & FEERF 2 RA L B o
(2) k448 1555A>G 2 %2 " F 7 j(homoplasmy)s " £ # (heteroplasmy) :
RN ELEFRE S ST R T R /‘\4)3 2
2 10 £ 7 DNA > F#77 <1 DNA #%4pF > 4L 5 homoplasmy » & 2
Al #E 5 heteroplasmy o 1345 4 < Feo RS mS55A>G R %
homoplasmy %% 5 1 » RXm 73 §J;f% 4p > heteroplasmy X %7 L%
L RE T o TR | AR AR 2 B0 3 49 M 14(del Castillo et al,
2003a) -
(3) smie Pr A Fleh 5
RN S BT N BT NS IS -7 SVEER J NELRY 1
12S rRNA £ F]&14 . (Guan et al., 1996; Guan et al., 2001) o F]p* > ‘m*#
Pphoend @ AT L R T A R mIS55A>G R RIER & R
EFARA LR
(4) " aTRB R :
4o D ﬁ&ﬂ i (aminoglycoéide)&‘iﬁﬁi 2%k Z 9L 2 Youngetal.,
2005) ¢ 7 ip | ”ﬁ‘ 2. 1555A>G R T #7833 &7 12S rRNA
{5 Mz&f&ﬁ B8 154 ﬁm§m4 '% £ (Hamasaki et al., 1997) » @ 4c &
ke A P 74 FC4 ol 4 £ e AL
F3 e : . | | j _
e | i)
4. OTOF £ 7 3y
OTOF £ F]» =3t % 2 A ¢ R=R 1+ > d 48 # exon #7ie = >3t 1999
& g WA IR 2 i $3) @ M FAR DFNBY 603 5 & )(Yasunaga et al,
1999) o #“r#l:$ hd—v FH % otoferlin > 1 & A H3T P B e £ fm¥e > — 4L
e U ANBSOHN BN L i 4 A GG e ] R e R
& enilEAE G B oo
d LY BFRAREEARFE AT 0 G 35%TE L 0 T oS
OTOF Hhi Fl % % » H ¥ % % % #ics c.2485C>T (p.Q829X) % % (Migliosi et
al., 2002) » F]t » ¢.2485C>T (p.Q829X) % % » It e s =3+ GJB2 & 7]
e7¢.30delG R %1 2 del(GJB6-D13S1830)% % » 517 A v ¥ =4 A
B A 1% % (Rodriguez-Ballesteros et al., 2003) o
¥3 OTOF AR R%sp o ATk ik 5 TR 2p%
(auditory neuropathy) o 5 + B3R L X2~ £ R 2 FAF 0 Aa H T b
# %4 (otoacoustic emission, OAE)(r & 15 4 F & iz £ 0t f& Iﬁr‘, A g 20 e

(Z) AP B BPRIF2 B2 ApMATITT 2 H 2%
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1. B4 2 GJB2 A PR % %3
ifd 4 < FRB Gean e AT FEIE RPN 7L T g ) oo R
PAER ERAABEE R Y 0 90 G 14.8%Nk F BIR GJB2 (hR
%o m B9 1 c235delC & 5 ¥ L (Hwaetal,,2003) > B2 %22 p A & h
3 #g 0 (Abe et al., 2000; Kudo et al., 2001) > @ B E# 3 » # 5 ¥ Leh
c.30delG % c¢.del(GJB6-D13S1830)73 f& % % > RI35A LT A » WP ¥ L
FHAFART] o4 BA % — R F 10%h 4 UL GJB2 5k )
% % (Wang et al., 2002) « 4p 3§ % R § ¢ 0 B4 40-60%<1 & FH
GJB2 cnFA FIR %> WA BHEEF A v @ o RN G 5 10-15%05 4 7 45
GIB2hRF oz BFEAPLY > AT RFHERELZAT] ERFA
BB -
W - H#d > AFETTERDGIB2 AF pVITI ¥R > d AR
A mﬁﬁ@ﬁ o gt A FPE R E 10% 0 b F]pt fan it B A s AR 4
AR 5 & Rp A R S A (polymorphism) b B2 B ¢H 4R 4 7
oo hrldm o (Stsit(e) 1. G/B2 AFIHE)
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a. FA - § oS s M AEAR A PRl £ e
b. ?IJ’** T ARG O F R A SR AFIE P 2 et K
ZE¥1E > URBHFARIREE T M

o@:—ﬁmﬁ@ﬁ@%ﬁ;ﬁaﬁﬁA’uﬁmw P81 B Hrk
4 o

d #FEHER - Frcd s K AR A TR L > B ERRP
EE SN AK SRR
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3. Sae ¥k w EGAR A FIR W
(1). *# 3 2 K
ol B B A TR @A s R F R T AFIZET T vl B
e

(2). A F 2 B eh
a %A B F Gl RILRAT L s F R A FY e
b A LI R B A IR Tl BRI A TR 2 A
¥ GILA K -
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2P REHE

Fop dRRRFL AT RE R A APy
(=) ABHREIFL AT G HEEFY
(=) SLC26A44 A F1% R 2 B 51841
(=) GJB2 A FI%E 2 £ R4
() # 5 12SRNA AF% 8 2 H sop 84

Bogna BT A TR 2 TR

(=) rA TR TERI A 1 B ERYE £ AL A %
(Z) EgHg»F ML A2 AFPE1 L

(Z) "7 % B AR A FI2 ¥
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Bo A L QERAT L AT FRE R A
LR Py

() & B ERAT 2 T A

1 iR
AT LR LR DRI REFY

2. Mg A
AR FlRo I RS R R B RFIE P TR
R E A S M A (idiopathic sensorineural hearing impairment) %
800-1000 i » 12 1% 5 &= 3 e T F2 § *5# | (study population) = % & #74x
Frgen TP AR ¥ (target population)— 7% B 2 2 2% @ |2 FLAT 4
AT RFTIRG T E P SR AFET T8 R L ] TR

3. BT R i T
i yp A ek TR R ;%i)% : é’s} TAR BB R RA AR N
;Q:'}Iisi’vu Jz & DNA # 4 - /at T‘i’mDNA %ﬁ&*" . E&"] %#_%|(genotyping) ~ 14 %
F"}l/”\’]"?"*wf‘rﬂ'l}, Ax‘l”""t "! )
(1). il FEsn o b ] 1/
%ﬁf@a lmaa’%Pimé’%ﬁﬁﬂﬂgﬁm\i%ﬁ
SR R A o R L o Fl o AR A0
PR RenF I SR F AR R G iE T BN ROE
800-1000 & - “—mﬁﬁ‘mﬁ*Vﬁ*ﬁP%‘%g’U%ﬁ#i
AR AFRRELT EWREF A HBRFHLE -
@wnmﬂuﬂzﬁfﬁﬁ%ftﬁ % > fod B fegpt F AP
EEP A > RF()ER R AQ)N LWL ] 1500 2 2 (3) !
4352 RF BT RipERO)DFHEF 2 & (6)wEIE
BELL LTI G Lo g 40 R

o+

A

)

1*«“«
[

AR APRIAIEERE > BERG C(DAKHFG R
¥()B A ¥ (3)) ﬁ@?%ﬁmemw%wﬁﬂﬁ’uaa
HEE @ B EEE  RE S RBE R A 2 e ROR Y 0 R
w5 0% pm b 7% | (multiplex family) & T H 5 &) 7% | (simplex
family) » ¥ gvzagr BRI RIRE ) T PR Lk Rtk o F
prrwme bR W FR AL LSS EFRRRASS > HTHE
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A%—ﬁ%@°@4%ﬁﬁ§ Ja’ur#a%4ﬁﬁjwmwm
audiometry, PTA)2. %% 5 % | Ra {1 R 2R 87T HFRAI KA 2
koo Rl r{@b‘_’?mr—}; & (audltory brainstemresponse, ABR)&¢ " F,
M A2 R348 & (auditory steady-state response, ASSR) | %7

B AL F LRI A TR 2 6P

BEREER LT 26 B2 REWM2ZICEE L - DNA X B
4% 3 & ik Flid B~ = (PureGene, Gentra system) T WP =B
¥ LehB B A %) GJB2 (Cx26)# 1~ SLC26A44 (PDS) # 1% > %t %8 12S
TRNA Z 7] o ff B0 F Seinde - &4 - Bop A gl > 247 1 #7ie
BlenE T B B @ 35 GJB2 £ Fleexon2 (0 F B F Z GJB2 2. 3% coding
T 1) ~ SLC26A44 3 ¥ exon7-intron7-exon8 % BL(H e 7 R A &
24 R¢.919-2A>G % #)(Wu et al., 2005a; Yang et al., 2005) ~ 12 % &
7 & k8 12S rRNA 2 7] > & (mitochondria map position: 648-1601 b.p.)
¢ DNA “ﬁmmmwﬁaa iR B Y d & & e gE
R b R A& FREESLC2044 L F]E 2 21 B exon PR B
% o 13 PCR E il % (prlmer)frﬁ i B2 L];Jc e
(Campbell et al., 2001; Hwa et al., 2003 Rieder et al., 1998) » iz & J& i
o e mAipAy @mﬁﬁgﬁ FES AR WY LAPD SR
Fafhz- o =

WFmPG{mé#Pammeglmuﬁ&ﬂ}w’MITR
Purification Kit 4 i {B‘J At rﬂ%l <% 1% T/ 513 (sequence primer)
(TF TR o A T RS £ %hgﬁpmwx LAy RREAA
17 > A/ R » ABI 3730 Genetic Analyzer (Perkin Elmer-Cetus, Foster
City, CA,USA) > *73 HIRZ A FIFRE > ¥ L 4l ¥ - 3w el {7 14
FERh 2 o & L B R A R Ap H K 2 B TR R (GIB2,
Connexin-deafness Homepage, http://davinci.crg.es/deafness/index.php;
SLC26A4, Pendred/BOR Home Page, http://www.healthcare.uiowa.edu/
labs/pendredandbor/; # 4t %8 12S rRNA, MitoMap, http:/www.mitomap.
org/) MFEILE EF AATHRE o F %R 545 A (missense)F R o P
@%#ﬁa@’ﬂké&%mﬁﬁﬂléﬁ%J’gw%ﬁﬁéﬂ&
£ Fu(splice site) % B > P| 2 s+ gt 48 (Neural Network at Berkeley
Drosophila Genome Project, www.fruitfly.org/seq_tools/splice.html)* &
H splice site score » 1 g P| H 4 RNA splicing 2. 8258 o fe PF > 771t #0
100 £2.0 ¥ F A Hpple » R ¥EET LT RE -

I = wfﬁa?}(zowﬁ 12 7)) 25 £ 5 991 B 72F2 4740 %
FERFIZEFLARAT SR RE R £ 5 144 B REL A
= ;é—*ﬁ EAN f'fﬁx SLC2644 £ F12- R %Wp| - BF > FliBEsF £
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(=

3).

4.

M3 2 2 R A TR TR PN B RE R 2P E

WP o £ AAP o

Eojz 2 % THFLABARRBEFFLAE, 2FL(De -

BEE- A () d NE AP RS £ R 420 B FOE 0

r%%wﬁuSﬁNA%W%ﬂ£*“%@%% TP ~BE o F

A (2 ) d WP ABFF RS L RS 10 BF F m1555A>G
Rz 7% 5 TSLC26A4 A FIR 2 2 BRBHH 2T (De ~ &
50 % -3e 5 (2)) 2417 101 i Pendred = i iF ¥ o2t i ¥ 7
ek E R TGB2 AR E 2 B RERY AT (e
BEH oA (Z) BIAFE 732 BAEGESF LR FHN o
AR 7% -

TR T2 2 A2

LR AT AR R AR RA A ORRAT A T Y 2 B
FEAHERYE  ERBHGLEFT L BTIRE ) Mo bl 1T

WA 1 6 A RR R A PSR e S o
é«{%%ﬁﬁ&%mﬂ?%oipﬁuF%%ﬁﬁgﬁ%J
(radiographic result) » r{y‘ I 4 A /4 , (hearing loss pattern) ~" #.# ]
B} | (audiogram conﬁguratron)" B r%&i}? #2 & | (hearing level) % #&
ﬁ*%’imﬁwmam}dmﬁ@ﬁoAWmﬁﬁ #TE  1E

NETE Tk 30 z..|w 42 (W etial., 2005b) ©

H s ’E]F P‘frﬂ’i #‘ Eloér]f\% fﬁi‘ Hophk 2 RA2Z Bk 20

A FA 8 A R 2L F’“’ml’s@ib‘.’«'“fnﬂ (R E-ST Rk S

R LR BRI ATIRR L PBEF 2 R LR
Bois o FEd () F R L B R L L AT R
‘(b)ﬁi“%“ cF e R AL EZAFIAILR o A ART TR
el g &3 | (target population)—7F TR R 2. > 30 @ M FAE i
EIEE S TGy S

) SLC2644 7 F1% £ 2 R 384

1. Iﬁ’“‘?‘;!{z‘l-
ﬂ\*fi/,;\ﬁﬂm 5 ;{;J-é"i_!‘ :riz’%fﬂﬁg;z , j,_‘:/’;\:;:%&/’;\ :
(1)' T\'—?’&éﬂpi o
Q). RSB o

2 FHE L 4
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(1). Tk & F1F7 7 @ Pendred = g i ¥ {r2bg ig 3 4] < o bk ¥ 0% -
Q). FETPF N2 E2 BT Slc26a4 £ F) c.919-2A>G 2 p.H723R % ¥
2. TR 7% # & | (knock-in mouse) °

3. g

i B 7

(1). &5 & FF7 3

a.

SLC26A4 3 %1% %% % "4 4 R % | (deletion mutation)z_ i Jp]
WAFH - SLC2644 éﬂﬁz AV RELA X RE o WOF L
% 2 SLC26A4 3£ %1% 8% % 2. T 4% 4 R % | (deletion mutation) o *7
LEESR f"*ﬂ}' | % SYBR-Green I 4%t SLC2644 2 F]>3%% 21
i# exons it {7 real-time PCR * J&(ABI 7700 PCR system, Foster, CA,
USA) - Real-time PCR ¥ Ji 131 3 (primer)4ci= 5 = 2 't & - > F i
i 2Bl 5 50°C (2 min)~95°C (10 min)~ ?‘a&; 40 =x P IR 2. 95°C (15
sec) - 60°C (1 min) - 72°C (1 min) - Real-time PCR ¥ & 2. 2 % &2 &,
A HBEE - ;f;; Az B-actin R F)ITL g o U E
normalized ratio (SLC26A4 amphcons / reference amplicon) ° #75 §
By A - R MRS

PR R e
547 SLC2644 5 72| '5"’%11 éﬁiﬁﬁ'—’ FHPHEREEF
TR %4%%% R e g

I
SLC26A44 # 7F) iR ‘ép-(promoter)a FOXII A2 A F) %R
R H - SLC2644 AFRE S AT RE 2L A 4K Fé‘ o iRl
SLC26A44 # 7] B_i& % (promoter) 2 SLC26A4 #k %] e i 4 7)
+—FOXI1 # FIMIM 601093)&_F 3 R % © > SLC2644 # Flii i
ERLVANEE S 2 ﬁi& AR H s 4 f3T SLC26A44 35 ) F 75 3 kb 14
Noerip ¥t R2. T E % Bk (orthologous) DNA 5 E > #4413 K
B apg e S 50%0 s (g S dk ) Fw i
B ARREFI2Z DNA P> 7 i * DNA #4& v 2 € & 58
m g ’ffﬂﬁ’xéz L X EREAFIH A DR AT R A
3% A #¢ [human, accession no.. NT 007933, chromosome 7:
107085316- 107146090] -~ |= /@ j%& [macaque, chromosome 3:
145079111- 145137936] ~ 35 = [cow, chromosome 4:
41143193-41076270] ~ -] & [mouse, accession no.: NT 039548,
chromosome 12: 32248140- 32202300]4- ~ & [rat, chromosome 6:
49431055-49386806] (Ensembl, www.ensembl.org/index.html) o @ *%
FOXII 2 %) » RI4*4FH & B exons B & TS5
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d. E 23445

LT ES SLC26A4 AFITHER R 2V i AT AR A
AR R SLC26A44 ¥ AT 2 HEA - H R A2 AT T
3 2 &4 SLC2644 3 F1MfiT2 B - P AL % R (SNP) > i&
FERTS

o b s 22 2

FA P8 % & | (knock-in mouse)shg 7 » AFE g ez S x & T 2

ﬂ%ﬁf§@]@'?%z§ﬂﬁfﬁﬂﬁw FoE | LT P HE AlEs
_ei?grﬂ;qx;rt B> g 3 A enfid > T e Apey N L7 %8
#* AR e L ez&(Lin et al, 2009; Yu et al, 2004) - A 7 Y
Sle26a4 # %] ¢.919-2A>G 2 p.H723R R %5 FI1 % # Qe (75 3% » g

Fde T L

a.

REIHA G A G RATIZ Sle26ad KT c9192A>G
p.-H723R % % 2 A 7] 4 W4 (plasmid construct) : &7 3 #73K 3+ ¢
plasmid construct 4= @] = #1% e

DR SPES (electroporatlon) 2 i }éx ’ iﬁ—??“' # o0 Taprngz mre

'\.I I.I'

(embryonic stem cell) o

PR (neomycm)Zi r' rsp-f*' E\,L,; %/ (Southern blotting) & 1% %2 75 8%
m 1l

miE o ’ | | . .
ER RS FRTLER S 54 Eao |
T e R (chlmeramouse)rﬂ/% %21 SR N E N SR

"“@E’\"o
do L REI A ) e LS MLl PR ELET G
%%21&@%&%%9%X}pHnmx 2 TR R

By ersr_]_ﬂi‘%&zw’*\ﬁﬂwﬁﬁq"}iﬁ‘;’v’j rﬂ%‘@ﬁﬁ"]‘ﬁﬁj

(otoacoustic emissions, OAE) ~ " F 1+ 763 & &k & | (auditory brainstem
response) % rotorod T e B o FwmissrE A 2 T A B
AN BRRE e R F 2 A BE 2 LA R F SLC2644 &

FIREL Rl - M B esFeh i & B{l* H&E % 4 2 confocal
¥R R A KL e AL 2 Slc26a4 A F1Ar R ch3-d F—pendrin

NN S

(2) GJB2 A F1% % 2 2 Rp il

1.

F=

kX

e

46



AL 2R T EZPREATFEYL £ 45
(). Tek AR 7 -

(2). ¥z tk2 # g LR FIFT Y o

(). Fmb- Ptz -

i\4
X
&

It

2. HHH 2 s 4
(). A AT T SAFLERITF 1 GIB2 AF p.V3T]I 8 2 5 14
FAT s 4 - E R A
(2) 3t e s]:;gy‘ B2 ,]w}iﬂ_‘rﬂ/p 7 . HeLa m?® o
). R PPN 2E2 1T G2 AF pV3TI R 2 T AFE # &
(knock-in mouse) °

s PR
(1). GJB2 A F1p. V371 % £ &2 323 L g § LA
a. ¥ A FPE S - o A R TR A 8 ROEAA 1T
MRATARR T 4 IR A 7 e e e 3 ¢ R AR R
&‘ﬁﬁiﬁﬁa@Aﬁ&*T#%%wfW’szgﬂpVWI
RR 2 5 A B S 5 ¢ JNEE) 4§ (genotype distribution) > £
AL SO oY= | 151’" iﬁxﬁﬂv\ 47 (segregation analysis) - fﬁ%ﬁ
GJB2 # 7] PV37I %ﬁ mw‘%)% g ?\’&ﬁ»‘ R2RAF£RA- k4

W o 1| = ||

b. B %344 N )
KT p.V3TI BB s g ”E—mm%wm 1 (SNP) »
AT p V3Tl R I ZEEAD 2 q A5 E_F 3 p V3T R i

7 a4y 7 T g7, (linkage disequilibrium)2. & § % % -

c. AFAEARAZ Mgl
R GIB2 AFIp VITI# 2 P 3 &+ 5 4 2 Tolk & R (o FE
FHi - R x) TRHFAFANS LRI F Mgt

(2). GJB2 $ F1 p.V3TL % B & % it P F47
a. XU EBELARATE L
2009 # 1 % 4k > AFFY gﬂfrm.gﬁ?;@é,uaﬂﬁulﬁ\fy
Hrefl itk 40 2 80)‘%3&?199‘2;?& ERYSAH B Bp 2 fapkat
1005 & o #1F R FFRE REDN EN L1 Fpﬂgi,—gﬂ R
g 2t ”i&x*ﬂ—%mﬁﬁ Wh o TRERS R EEESESE
%] W & i 2. Z-scores (Fransen et al., 2004) o 1345 1< ~ ¥ ~ F 7 [F4f
Fo R E A BB 2 Zioy (025~ 0.5 ~ 1 kHz Z-scores 2. ¥ 35) ~
Z40ne (0.5~ 1~2~4 kHz Z-scores 2 T 32) 27 Zpion (2 ~ 4 ~ 8 kHz Z-scores
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2 T 3a) .

b. A F A& A 45
w8 i;é—‘ﬁ e 48 -~ B~ DNA & > @ * PCR -~ SNaPshot & #
o R REE L R E 0 GIB2 AT R TG 2 AT S AR
(polymorphism) > ~#* 3 d SNP database (http://www.ncbi.nlm.nih.gov/
projects/SNP/)iE B~= B 23" GJB2 A FlhmMB®2 3 A ¥ L2 RE¥ &
AF A RieiFAsdr o &35 c.235delC ~ ¢.299 300delAT -
c.109G>A (p.V371, 1s72474224) ~ c.79G>A (p.V271, rs2274084) ~
c.341A>G (p.E114G, 1s2274083) ~ c.368C>A (p.T123N)2 2 ¢.608T>C
(p.I203T)% - #H 5 > 2 &3 ﬁﬁf‘ Zscore 2 Fo? B E® A x;%s—;ff = 5?
(TS A2 1/3 £ 335 AR E (RS R 1/3
335 4 ) At Hos ﬁ?%ﬁﬁ_%&ﬁy Mt FF 18 Vs B
GJ/B2 AF|R B~ 2 £ B -

(3). *rmE k2 F A AT Y
T /I%,} ) AR 2 E R _%_:“FI 7 connexin26 & F1% R flwmre K
Br g ehim e ke 35 Xenopus-oocyte (Skerrett et al., 2004; White et al.,
1998) ~ SfY ‘m*z (Oshima'et al., 2003) 5. Cos-T ‘m 7% (Oguchi et al., 2005) 14
% HeLa ‘@ %# (Martin ¢t al. ".1-999 Tﬁonnisseh etal., 2002)% - 7 & # %k »
Fabio Mammano % “# lﬁ]l‘}‘f'l ﬁlr"H'eLa mie A E B E > - AT RN
% B % GJB2 E’,_s F] % ﬂ_é% *31 connexin26 F-v F ¥ a AR fx;i"
(Beltramello et al., 2005;|Beltramelib_ ef al., 2003; Bicego et al., 2006;
Piazza et al., 2005) - *\?5 TRt ’?P?L‘ 5% > @ * Hela fw¥? 1‘% KFE g
GJB2 L 71 p.V371 % £ #1>% connexin26 F-v £ 2 # i 2 3 ¢
a. "X ”]:E’ 78 | (gene cloning) :
k75 % pIRES2-AcGFP1 7 4 (H 1 )& 7 A F]i¥ 5% » 1 PCR =
B4 @1/; | 74 4] | (wild type)GJB2 & F1 5 7|2 ¥ p.V3TI %
£ GJB2 A FR 7|0 DNA 7 E {8011 "W fix EcoRI v BamHI )%@I‘i’ )
3% = 47 W2 DNA & 4 4t » pIRES2-AcGFP1 J 48> 2 (548 » 3%
8>t E.coli ® -
b. T4 4 | (transfection) T HeLa ‘w? :
d E.coli 2% 3 ¥4 4] GJB2 3L %12 p.V371 % % GJB2 & Fl e g
%> # 4 1 HeLa % > d ** pIRES2-AcGFP1 %48 ¢ 7 GFP A %] >
$ 2 X 51593 Hela e g8 I ¥ & o
c. MTa = 8Lk > (Western blotting) % " % 47 3 | (fluorescent study)
2% GJB2 #A ¥t Hela ‘wm¥e 04 31 ¢
Ty 2 3 7 7 > Hela dw®2 ¥ % € 4 IR connexin26 #v & > 7
P S BEEGEZ GE ¥R 2 E Arid Pl T] e connexin26 F-v
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BooEd #Aor 2 FRATA RS Ko %ggl i A 4 A GJB2
AFFWEEL p V3T ¥ 3% GJ/B2 A FH 4 Hela wmre @
connexin26 v FinZ ME > VEpVITI B ETF €T £
S RS GJB2 & FehA R o

d. ¥4 Al 4ed p.V3TL ¥ 2 o GJB2 A Fl i Hela w¥2 57 & M-
vE O B AT TR
AT AR }‘Jrrﬂ /% (Bicego et al., 2006) > " # 8 fw ¥ K o fe B
Lu01ferYe110w GREE AR PVITIRE LT, e B
GJB2 # Flendk 3R o

e. B
ffH I A e 2 # g AT 2 AR o A
;gg AFEAZBLER o, B2 A2 G/B2AFIFHE S
p. V371 %% GJB2 A F|§ 4 HelLa wre tkfs » L fan o F
connexin26 v T & , o T, chL B > R p.VITL B 0
GJB2 3 F14 i & o

(4). F b it 2 2
gq@wéﬂpwn%ﬂéwgﬁﬁmﬁmﬁ%’ww%f:
apwavﬁﬂgh4%ﬁﬁéf1 Gjb2 pV3TL % B 5 F14 4 T4

(plasmid construct) ﬁ\ﬁﬂ tf"‘%“i{ ;L eraplasmid construct 4@ - #77T °
b. 7 ¥ E (electroporatldm)rﬁ" % B %%‘FW #or Top ps gz mie
(embryonic stem cell) o | |\

c. M2 % (neomycm)ﬁ e 3 ‘,,L%,_,é | (southern blotting) & i %2 "5 §%
fmre o

d. #Rrsizimie e » (N3 2 B o
'—q‘,L £ & | (chimeramouse) A % 1 d A # K14 22 F AR

Bg sl f Rfie  ftgs R el TRELRT S

d 4t &
FEE G2 AFIpVITI B 2 LTF)E K o

THAFE RS pE N4 2 5o B BB (otoacoustic
emissions, OAE)% T B[4 *%#% F &1 & | (auditory brainstem response) °
HiwmissrH R A PRI NANEZETY REEAN SHKA
FA RIS AEERES Bl ok 2 Ep o L RBEE

B bz o AT RERES L > ED %/’?@"ﬁ = ffﬁﬁﬁﬁt x
EPIER NI ERA Eib2 2 0F o

(z) #588 [2SrRNA A F]% 2 2 H 55484



\_.

H

‘\‘&‘r ﬁ‘» o
S 1“5‘_ o

K7
TRk A FIFT T A d AR A mUS55A>G R %2 RAEA R 2 AT

A2 @ enfp bt RAT L F 2 A5 AR mSS5A>G R % fok
?»“amliﬂm@ﬂ’vuLﬁP%iwwﬁwﬁé@Mamw

EL

3l &
p
¥

b
S AT SR 2 R mISSSA>G R ¥ 2L 72

e ;‘éﬁiiaﬁﬁ%

(). sy L 71482 T ¥ £ 3 | (haplogroup)z & %] % 7|
Wi - F G RSAEMISSSASGR B2 POk 0 1 CE RS Lpb] 0
BIH P R A T2 28 - A7 52 ﬂ B A A TR X
16569 i d& s 4 > » 5 245 DNAF E > £ fr“ff 245 DNA & £ 0 & 538
FPCRF J& » £ % & 2 (Rieder et al.,, 1998) T & = ;2 ¢ } i o 355
16569 1 #& K ¥+ 2. R 7| 5B 4 E?r'?__f#fr;f; FERAMA TN E 2o

(2). ks EEm. 1555A>Gx %’* L FE %‘r ] (homoplasmy)* "2 % (heteroplasmy)
2_ 3 w1 ) L JA
%ﬁwp%p%ﬁﬁmqﬁﬁﬁﬁ% FoRES B Rl H m1555A>G
X2 TR (homoplasrhy)g‘L I §L 7 (heteroplasmy) « #&iP] > 2 %%
<K %(Prezant et al, 1993 ) . i it ""f' A 15-CGATCAACCTCACCACCT
CTT 3’2 5°-GACAACCAGCTATEACCAGG-3’ % £ PCRF B3+ > %
flank—- £~ ¢ 7 m.1555A>G2.800 lﬁﬁééi«‘]‘ eDNA £ o £ 1 BsmAI'L 4
it g2 4 DNAY KA P F B ° & Em1555A>G % % 2 '—}F’FﬁJ
(homoplasmy) » ] }* 800 i k& 2 ¥+ IDNA 5 B3 47 2] » T A g%+
L1@band ; FAm.I555A>G %R % > B+ 800 i sk 78 1 cPDNA 5 £ 44
rE] s AT L2Bbands e B 5 B %‘FJ X% BN i>DNATV 4%
A IRI>DNAZ 7 B 0 @ @ 7 AR A3 Fbands o 12 ethidium
bromide# ¢ & » ¥ 12laser densitometry;ﬁ]ié_bandm% BoaZENR

%2 TRF AR

(3). fmre ¥ A BRI AU A R ek B2 A T )
SR PN T BT AU 12S RNAZ e 7] 0 1RG4 2 B
i G AT TiF GJB2 2k F(Abe et al., 2001)2 TRMU# F](Accession No.
060476)(Yan et al., 2005) o Tt » &A= § 7 £ %04 F F f R4
m.I555A>G R g2 32%E+ R » £ FGJB2A 7% TRMUé'_—]mégﬂiﬂ?
B o GJB2A F|» 4 4 4 2 =¥ 2 HM PN B 2w i dow #1it o TRMU
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4.

A& F] 230 % 22%chromomsome g arm_}t > d 11Eexon#7 e = » #7833
1 3~ v K 5 tRNA (5-methylaminomethyl-2-thiouridylate)-methyl
transferase 1 > £ 421 s i s > d 5yt Fod € 02 &7 f 5048 cHtRNA > iE
ARET AT B L i o f RIS rRNAZL %
f* (Umeda et al., 2005)c *F7 § 3B~ 2 & 75 > 2 8 (FTRMUA Fleh% B
o HPCRE 4oty > 24 = o

A TR s A RAZ AR

Bt WRAFA(s BN A T E 23 P AmM1555A>GR
% 2_heteroplasmy 4% & 11 2 ‘m¥e %5 ) 2. GJB2 & Fl{e TRMU L ))& % 1
(& F2ES R 2 BIFARAE 2 L R2E 2 B 5 [penetrance]) 2 FF ch4p B
Moo P E R AEmMISSSASCGR B REN & REF LR L R R
] o
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220 1 PR B TR TR

(- ) "R FUHE R % TR A 1 R aRtE o LTS S %

L P gRs
AFE R 25 Tapeie s LB MY (N 5T 7 | (prospective, observational
cohort study) °

2 s ¢
B3 e (R piq-x”(lﬂiﬁﬁ)\ijﬁm}]%a P TR R A RIS TS (#
AT RIGE L ad AT AMER P ed R FHRS 2 PGS
P h % ) $120 AL B Rt~ £ RS L A1 vk 1 AR o

3. E L EER S
(). Folic : _
WS 3 B R S T S L A L B AP
T AT R LR W A AN N fE47 R R e ETE R A
r]%é/? |2 #5185 5 %ﬁff%ﬁ%ﬁﬁ’il °
(2). 2 Fl&iR] - ' = ||
F”Hﬁﬂﬁi’iﬂiéﬁSumm4GBZ£L@W1%&WA
ZERY LD BAH SR wﬁ%ﬁﬁ RIS E ot o
@);q&wﬁﬁﬁ :
TIPORLTRILI OV ZE m{\tﬁ‘i Rzt R TEFRTERE
(auditory speech perception performance) » ™ 3%z 4 1 B #ate » + s
ferce FEZFFRTERAE I TPHY 235 73 pls
(closed-set Mandarin speech recognition tests) % " B 2238 ¥ < 3F 3 s
)% | (open-set Mandarin speech recognition tests) ° i 4 F A % > F 4
VR BTN RBP4 TR EANF BT B2 ke
Poom A e g B &R 4T BAp ik ¢+ 5 (consonant) ~ *
(vowel) ~ #-2 (tone) ~ B 7 (word) % F ‘e (sentence) i k & 7 o
AR FE AT R - ¢ 2 kM2 BT A S AT B
i E > HiE R Z SR B 5% (Fuetal, 2004; Liu et al., 2000) -

[31 0 B35 3 FEb b dp & d AL AE TR S SRR
e 3F 5 FER RIS R4 AL R TR T SRR RIS 1

'_ﬁb"rfﬁiﬂ'% AT HITRE ]
(4). TR
AT A TR E RS R AR R PR TS 1 B

52



A e R RS Y E AT FlS - TR &M MH5% (general
linear model, GLM) » &5 4 H @ rj; SR AT H- FlF 8L
1 B RS ol i o $1T 4 1 Bapde » 2R B[P 0 £ s
B G FIERD (s 2 p B ERIE R P B v 2 R R A A
FlHe B R TS A Rl T o

(Z) P Fsad M h2 AFP e B

LR
AIBLFTG 2R S BRI E > 2 A B R B AT e A
FOA en1 1% > iE &R AL Flge iR PLTFT 3 % a"et)% 2 ¥imp i
(1). #7225 ~ M= & EhBdp A Flie Rl L o 3 o
Q). FAFAFIHRPIL 2 o Tz (validation) : 1% 2 A G chi s Pg
A GHRFATIEN 2 B2 E o3 2 ¢ R ¥ RV - P2
o BERARIEEL D -
(3). FEZLLC FCAR AL T4k ) B ANl AT 2 HR R BT - Rrendd
FEE AN E ﬁﬁﬁ%rk’wﬁm& PHr1 B ared .
(4). FAR A Flie iRl L5 3R

TR A AL S B NEERHBERNFLR 0 kit T o
1 e L3 Y VT 3B E whm 30

2. REREHI :| . :
(1). F 25 ~ M= ﬂ\nﬂ%&#ﬁ"%ﬂ%ﬁﬂh £ g
##1 7 ¢ * SNaPshot éﬂwfiﬁv - B2V R PRERBLY 20-40
BB A TR % 2L B2 92 SNaPshot £ F)# B @ * SNaPshot™
kit (ABI)> e P>t % B % % 2 2EiE {7 multiplex PCR ¥ & 1841 * primer
extension H jiF %’gé TATZAF LI AT H PR FR -
AL
A BB AFIRF - BeriE
A3 Tk (cost)r sz | (effectiveness)end € » 22§ 305 -
'ﬁﬁ*mgmﬁﬁ%éﬂél 7@;%‘\ L “L& S A B R R R R EL o T
FE

B

"2 gJ B rfé_ “ ) :'1;?&?[&]& 575 :@LLE ”}E%é‘;ﬁéié‘?iﬁi TR
TEAE R H - BUF AP A TR B RET LA E G
BERFEEEOFR P 320 AFT ETEHRA ?EEJ A IR
IR EEERGRR L BT o Fpt s ATy AR A F R F g
EHEELEG TS g
a. BAEFRELEEEARE T ML AFIRE » ¢ 45 GJB2

A 1R % (Hwa et al., 2003; Wang et al., 2002) ~ SLC26A44 # F1%
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% (Wu et al., 2005a) ~ #4248 12S rRNA & F](Wu et al., 2007) -
OTOF # %] % % (unpublished data)¥? KCNQ4 # F]1% % (Su et al.,
2007) °
b F A A B L L RAR FESA TR %’*%32%%
Wl ren T %S § ) (ethnic background) 133 =t 12+ > B %‘u
43 TN PRI ROE 0 - M AT 2Y P A
(Tsukamoto et al., 2003) ~ i& & (Park et al., 2003)% + p£(Wang et
al., 2007)e= ;’%?ﬂ—' o
B. Multiplex PCR ¥ J&
R AP TER NI FARNRP 8 K3 PCR & pensl 5
(primers)° 3 3+ % %= PCR ¥ J 731 3+ (primers)i¢ 2 PCR A& # (product)
i @ G ipd Bk o 4o~ {FRe 8 e DNA iE 7 multiplex PCR & &
i » #2224 S PCR 2% » J* B~ B2 template > @ &4 C
P 2 R P T B B BT R Y B33 RRA A K
multiplex PCR * J& 0% 2 > 12 £& =t dmultiplex PCR 5 395 @
7 10 1 =+ = Bhendfpy o
B. Primer extension *. J& :
5y ArE Hend | é"] = éz =22 H multiplex PCR 5 &
«}Lﬂ » 3k 3+ primer exte,nslon }; )’@;ma = (primers) > iz d 31 5 B4 5
B RERED T %" ﬁ&(Ttall) CILR A AR TR BT
J& &9 primer extensmn E.«f" . R 7 PE'(EI AT Rl @ i¢ 1 SNaPshot
F@ﬂk%¢ﬁ1M@x% %omﬂ—ﬁéq LY L ]
oo RIRE %ﬁ3¢ﬁia{mﬁ#ﬂmoimp;’#P“ﬁ
~ primer extension * & 513 ¢ 2 &2 multiplex PCR #72& 24 0 % B
templates 3 & {5 > & * &7 2 F ¥ k7 ddATP ~ ddTTP ~ ddGTP
f= ddCTP 14 :& {7 single base extension (SBE)» &> Rl d ** 7% 42
BT HBETAS T 2 RS ¥ K i TR RA TR

7 o
“~

D. 2R &RETRE AT
Primer extension & 3 » i¥ ﬂ\l‘%%ﬁ BRI - L FFT R LT
B RE T A 17 0 @B K 5 ABI 3730 Genetic Analyzer » 2_{s T ¥ &
17 % R Fl 2 A T AL o

(2). A A TGP L ok
dviEd BER S 2 A2 - BRAFFEEL T SR AT
WAL > @ igd TR S E 0 pl DNA R 4TH chR R0 fE
T_o AEZY @ * #7ETF ch SNaPshot £ FlH&R|I1 E4eskd M A FlHa
BT Birfe M 0 MR RLiE 20-40 B R R ETE T AR AT T
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k'?t
sy
T

WD 8 AR SERI L e 0 AR T T R -

B B FH GRS AR DR B EHBEI T

LRPEER ERTE - Rl

ii. 2k Fl4& B @ 12 #7475 e SNaPshot 2 FlH& Bl 1 & Rz 18 -

.2 AFHeR L L EHRREED RiFkp 1 L @RS ko
12 ¢z SNaPshot jp|zEi% 2 » B F| e & FE R 5 2k o

iv. £4F 1 > iv % 3% > &9 b i3 SNaPshot A& Flig k|1 & chg 5T & %
TFES o

(3). FERRECAR A FlfR iRl & o
E AT RI L BT S~ A 0 W R A Rk 3
e 2 wRARE R 3 - BEARFRPIA OISR EF
VRGBS e 2 4 b’L’r%‘z{ K E o mod A AFE T SRR eh
SNaPshot A Fl#R|1 & » 2 AL R LB uE# & L4 pl1 B gk
CALE A SE T S AT v’L'rLé: SEAEE R TR RGO Rk
R “*— Rl B e dih WREE 4 2 o B F P & BESS 2
 LE AR - RATOR R AR K R R AR
ETRT R e R LR T s %‘?m{\&#ﬁ"'ﬂ 12 FE s SNaPshot 25 14 i
3 g aed o pE o d RV W AR R R < R S A TR
% > mmﬁ,\; A, 4 %-47.;5—;1;0
Rt mfwﬂz}%%f*\ R RN T T
H?ﬁm TR AR R B LB 200 B 2t Bl e s R E R
SR B A SRR FE - R ER Bk o i 200 B RE Y &3R4
60 & 100 B 525 » ¥ d AAEFEFRTH i Fle B & e A T8
ﬂ’ﬂ“@iﬁ%? aaﬁ AF R 1 L oad o His o agept
200 W FCAR IR CpET D A TR EZ e Y 3 ggrﬂ
BR o oHBEBLARY B #&&;ﬁlz SRS SR O uﬁ‘m
T FIHR R E AP B Sk pl 1 B oan TATR ) (sensitivity)& T
2 1% | (specificity) °

4). R AFRPIL Eadd7FHA
AP R4S FREPME B G RARE fﬂgwﬁéﬂ%ézﬁ'l&/fr; ok
WA > PR i o Jd 5t SNaPshot A FIHR R 2 F i * TA R
HIF A T St F R e A % DNA 24 % > 7 i DNA &
BRikP o2 - R L@ nERE> T - PR I - &
SRR AR AT R A TR B e F e

(2) *275% & w0 B4R A& 12 %7(Pre-implantation genetic diagnosis,
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PGD)

1§k i & 3 83539
f‘l"ﬁ'% A ﬁéqﬁ% ﬁ" g7 mﬁ’rﬂ”‘ﬁ%ﬁl‘ 'T—]p o A} /{4’3:1 }ﬁia R 4
«‘T‘\—%i’i’f: CENEmO B o AP AU REE R E R A
B

2. PGD :& 7 /i A2

B2 ERiniEi e 7 - BB I FFE- we c919-2A>G X % B
WRIBHT > 22 Gk PGD B AR(T A 1 X B2 R EMPSBEE ) A58 %
B £ 12 GenomiPhi technology = primer extension mini-sequencing % = j >
St popE A R A F B P f T I P T H - e
c919-2A>G R R B PIEMT o FHin D 2 2 e I‘Jc & §*(Chen et al,
2008) » ¥R F o

His o0 A2 3 srpejie o 8 or BB A h L 0 IR T A A
ImiR QP PTG TRy LR E < el gl FILET o AR 18 o R W R e
ARG p (B '

—, P

NPT PR T WA
aéw@gﬁw’*Fyﬁﬁﬁéwﬂtm%ﬁ’UEW—éWﬂ
SEIENFEIE S S B DP(I)AE A A W G IR F O & (automated

auditory brainstem response; AJ\BR)%& /Ell«’éf_ IO R R R 2
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S

=
4
i~

Fop dRRRFL AT RE R A APy
() ¥LEBAFIRRIEGST 2D A
(=) SLC2644 & F1% % 2 B op 4]
(2) GJB2 A F1% & 2 B %8
(z) # 3 12STRNA A F]% & 2 2 305 841

(1) b

ZRe R BEEA A TR R TRA Y

(=) 73 PR iR % TR 4 B R i %

(Z) FHE R M A2z AF 21 2

(2) rs = Boa g@;}g E ¥ ?i‘l‘; srjrfi{,
)

(oo

(2) & &
o !
&h/‘rr
\" g
& -
Tl
-
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FomA HBPRFLATNERHEER AT R
Ll Y

—P:~\

1

() ¥LRBRAFREEFF2ZNA

CRRSERE TR A PIRAR

AEY - EwpEE T B ATE 900 BAEF R B4 SR RIE -~ &3
1900 5 bl > &% F 95 pile ARG 2 AT - A A 450
oy ol TR T EA B TR2ERE CTRARAESESR 2
"R ARE o MIFLARAZ T A LA AT AR B Aem ATt 0 AR
7 4 GJB2 (Cx26) ~ SLC2644 (PDS)% #> %48 12S rRNA & = &L L2 B
BATEERBFp o F b A5 150 BpE 0 AT R R
4L T2z 0 | 2 AFHBE > & 42 GJB6 (Cx30) ~ #5048 m.3243 2 £
T m.7445 F gL Ra d R ’}‘IR»EEF] B RmBUT AR AN
Rz BAR A Fleipl o

38R b 4o A }ﬁa éz(audltory neuropathy) ~branchio-oto-renal
(BOR): 1% ## ~ Usher = }irlfiiﬁ Alport SRS LY SRR P T
T ¥ T OTOE # 7) ‘EYAI':“E'T‘F] USH2A4 # F12 COL4A45 £ 7% &
7 ﬁ%*ﬁ/? ;i | - - ‘, :

3 At q@fﬁ(zowﬂu i) Mﬂ 02 99 B pok 2 RSN
ZRZEFALAFART ﬁhst%*ﬁzﬁ —,—"-a 144 ll?p%’\%”ﬁpxpi‘ﬂ;%
* B SLC26A4 £ F12. R twple B > T L g AR HY 2o

DB AT 2 R T RZ R 2P L bl o LT &P oo

Bz 2 T ¥ LARAFNRREREFFIZAE 277 ~ %
Foe o (=) @ FAPERRS > X EIE 420 B 2% 3 TSLC2644
AFRE 2 HRBWPH, 27O ~ 8% 5304 0 (2)) PIAFE
101 % Pendred = [ﬁ‘_llfa‘l‘f\f' “ A < ek E RE 2T TGIB2 A
FE2HRBPH 2T ~BE - F - (2) AHETI2E
Phm AR A AR 7% 2 TR 12S rRNA A TR R 2
HRBPF 2O 8% 530 0 (2)) 0 d NFLEFF RS
#%g@ﬁmO@%pnnﬁvaﬁ%;;ﬁo

ﬂ\lﬂf;’i‘*’?2007ﬁ§ﬂ420 z]}{@;}ﬁ'ﬁ ERS- N3 Prd ﬁ}l%g‘ ,I»_l_,lj%-lﬂ
B4R AT TR L PR o 2 420 B FOFAT 4 34 (proband)2 B
?ﬁ%%—%%’%p*&&ﬂa\@mk%k@\uaﬁﬁﬁﬁ’ﬂﬁ
WRB BAFIRE 2 FEFFESF > HERIEAT o
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SE FUEES

A

420 B ROEL 420 A AR Y O ZAF AR ATA TR 4

L
(1). SLC26A4 % 7]

Q).

3).

4.

420 A7 4o ;é—‘ﬁ Pk g 90 ¥ Eﬁsé\ﬁé Pendred = jE iF 2 s\ 2L i
AW EkE o nAFAR 000 kR EE Y 4T LT 5
2 & SLC2644 # )% % (i.e. homozygous + compound heterozygous) » 27
¥ 355 1 B R %(.e. heterozygous) > 16 &R A B HiT P R & o
AETEFER 10 AR % c230A>T (pK77) » ¢.919-2A>G
¢.1001+5G>C ~ c.1115C>T (p.A372V) ~ c.1160C>T (p.A387V) ~ c.1229C>T
(p.TA10M) ~ ¢.1343C>T (p.S448L) ~ ¢.1489G>C (p.G497R) ~ ¢.2162C>T
(p.T72IM)2 ¢.2168A>G (p.H723R) » # ¢ ¢.230A>T ~ ¢.1001+5G>C -
c.1160C>T ~ ¢.1343C>T 22 ¢.1489G>C 5 A g 32 3t I’%’ FTRE @
c.919-2A>G (IVS7-2A>G) R A R A B % L2 R% > k975 R %2 84% >
BT WA SLC2644 A F)2. R %k > BRPET F -
[0 B 4ck A 487 o REBFSEE2644 AFIR% 5 pL236P (16%) ~
p.T416P (15%)% c.1001+1A>G (14%)(Campbell et al.,, 2001); @ p & A
b e SLC26A4. 2 7\%5] $0p.H723R (53%)(Tsukamoto et al.,
2003)] MR |
GJB2 ) ==
3 GJB2 AT AT I R TH B TR B | (allele variant) - # ¢
7 c.109G>A (p.V3T)&'3 ¥.a 'w@ e Rpog ERFLs
(2)GJB2 $FI1% 3 24 sp s iy e R %A 3 0 1 c.235delC
Boi ok o AR S R0 A kK Y 03 11 45 ¢235delC
® %2 F 4] &3 (homozygote) > 16 & 54 F — ¢235delC %% H @
GJB2 £ %1% 2 2_4F & £ 4] & 3 (compound heterozygote) °
88 12S rRNA £ 7]
420 TBW"’&%%%’S’*" Pooxg 12 fﬁ#”ﬁé%?ﬁ‘k’ + 3 ok sE8 12S rRNA
m.1555A>G % %4 B4~ 4% F?—“k F 3 k58 12S rRNA m.961delT+C(n)
R (RBEPDARL) w4 12 M i MLIS55A>G % %2 3% 3t
050 mpE R E A mISSSASG R % 4 B G AW
m.961delT+C(n) ¥ £ 2 7% A3+ 3 20 =725 = A + 3 m.961delT+C(n)
R INHB RYEIFLE S 2 AHFERL 12S IRNA R ¥ 4o
m.1494C>T % % % (Young et al., 2005; Zhao et al., 2004a; Zhao et al.,
2004b) > Bl A A3 AFT 7 ATy 2 B R3E o
T3 A BATFIRE LA AR R
£ L BB AAEF L2 GJB2 AT p.VITL %8 » Pl 420 4~ 452
WY WG SLC2644 RFIRB 24 0 B AR PRRIDY § GIB2
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A FIR %A LA 12STRNA A FIR%F 5 4 § L4 12S rRNA £ %)
RELp A AR PFEREDY G GIB2 AFIR % SLC2644 1 FIR
$F o RA 0 %- GIB2 AFIpVITI B AL+ 24822 0 Rl
WeRl I § - SLC2644 %1 c919-2A>G # & o fad 3% Lp L F AL
PEEA D EE AR ABTRT A G p V3T HB AL T AR
SLC26A44 # F c.919-2A>G $ 3 ¥ it 5 & ¥ Fa ¢ o

3. RRATREEF I PR

ek 207 TSR RAFTRES T 0 ¥ LF 5 SLC2644 2
CI19-2A>G 2% > H A+ y 2 FAFE 7 oo T L 74 5 | (allele
frequency) 5 12.1% > it #i GJB2 2. ¢.235delC R 1 4.5% 5 & ° & & H
R Wk % SLC2644 R R AR R AL FFF > iR GIB2 2%
MR A mISS5A>G R TR A AR A v oaE @ AL FHE SR AR R K §
42.9% o

e H A AL X AT R RE A BB E 4 & F13] (genotype) A
ﬁiiﬁ’fk—%ﬂi%ﬂﬁﬁﬁé’gu@Agﬂyafi’mﬁﬁ
&%gﬁé,ﬁﬁﬁggﬁ&&ﬁ%hﬁ?;z%@ﬁ¥1%m’ﬁ&u
LA RRE R ATR RS T8 allele frequency)z 1b B 2 o 32 B § A )
RS e el 18 2l SDC26AY R RS MR - Ao g AR
T2 AP (AT A FARRASEARGEREF L B EORE L)

(RS S RIS R R R R T B
RO 1304 a2 van Al o0 11/

4. g A RIRET R FIR o B AR
420 BICAR IR 325 B RES Fradch o H i 95 B RERIfch
RARE? o od 427 0 Froafidf 7387 SLC2644 7k F1% % itis
A FHE S RECE R ¢ s AR 725 B (16.2% vs. 8.4%, Chi-square test, p <
005) A AR AFRFHBATHIF » 3 TP AFHEFLE o 20
o SLC2644 AR A ehk (o > B BB 3 A FLR(Fe)e 8- H v RE
A B v aea Bl TERA 34 355 (hearing loss pattern) 2 % T FAE A2
B | (hearing level)¥ # 4p (£ 7)o @ [ R & drw §f 1 (logistic regression)
Qﬁmﬁ?’P—%*ﬁﬁﬁﬁﬁﬁ’i%ﬁ%%lﬁﬁﬁ%%ﬁ@
SLC2644 A F14| A (6 £ B ehd & F]5 (2 ) o
TR OEFEATH~? Ffra ROFTARALG » RF 2 LR (data
not shown) °

sz B3ve 2y  REEARBRADBAFG TR < R
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E 2V N - j\g * }Jﬁﬁﬁ’}?‘r‘f’]:jf}‘ak vl N H B BT A e o R
Iﬁ%fﬂmﬁﬁ%gp e 3 S5 B o F L G 2 %—Bﬁﬁsﬂzif’?%;’gﬁﬁﬂﬁgz%—
L Ny SN »]J:&:/,;a kiR F R S AR £ F BT AT
1 B2t @ (Wu et al., 2008b) °

(= )SLC2644 # F1% % 2 H 84

1 AFIREELART
(1). SLC26A44 éﬂ%sﬂl

Eri Y Sy ]ﬁ]l’}ffﬁw AR AT 2009 £ £ A 47 A2 101
1# Pendred = g i ¥ {r 2t iF 3 3] < 3 ek F 7282 SLC2644 A 7%
B é 7o it 420 B 7% ¥ 2 Pendred = Linfi«‘—ff SR EFA S e
Hokp p2E s E B r AT R 2 725 F AT ®R A 0 B 101
BRIEA AL EE Y 0 £ 37 23 c9192A>G R 2L R AL S
(homozygote) * 1 & 5 p.T41OM %2 %2 kAl &+ > 1 &% pHT23R 2 %
ZRAEF > 24 LEAF AR ZHE A E R A E S (compound
heterozygote) ; 21 & & ¥ /5 ¥ — c919-2A>G % g2 R A& 3
(heterozygote) » 3 ‘&5 .E“i,} T }\3‘%‘ BAIES - @2 > 101 B
foR bt 63 (62%)“‘ B2 B SLC2644 AR % 0 24
2(24%)F 45 3] 1 FRE > 14+’£’~'(1°4%)FIJ%’}\IKII PRE(E )

AFEA 2 .-*%&rz« WA AR AR A S F L 17 R
SLC2644 £ %) %% &s(coding reglon)mzimsz;ﬂ. v e 1l BHEERR
(missense mutation) ~2 N %(ﬁénsense mutation) ~ 1 B 45 /4 % %
(frameshlft mutation)/Z 2 3 R FE S R % (splice site mutatlon)

Hig o x5 1% real-time PCR 2. = j% > #%:% 38 #4551 B %
BRAFRIEIP R 440X faq’é‘ﬂ X EFE SLC2644 25 F) %7 %
2. M3k % % % (deletion mutation)> % % & 7+ 38 *’éz? e % SR H 3 SLC2644
A F] 20k 21 B exons 2 normalized ratio (SLC26A44 amplicons /
reference amplicon) & =3+ 0.92 - 1.08 2 & > @ A F § A Flshkfh ¥ 2 4+ 2
X

(2). B ¥ L SLC26A44 # F1% £ —c.919-2A>G R ® 2 A=k
b AFT G AT5 Len SLC2644 A F1% B ¢ 5¢.919-2A>G (IVS7-2A>G)
REERE L REY L OTF REZT6.7%  FLEFFT G =
- s iRp Ak R (founder effect) ; = 2R p T4 382 % | (hot
spot mutation) = @ &AL R B BEFiT2. T DNA %38 | (DNA markers)
WP AR AR K- R RE -
EY %_F‘ - R R AT A L6 L 7 i c.919-2A>G 45 & 7]
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(T3 e+ RE) AR FHENEFT - f@; c.919-2A>G %1% &
(P WEAL SRR LAk R AL AR A
ikt PCRF BEDNA BT A2 32 % rf&"]«gi‘ | (genotype)
P32 ??”ﬁé%é?ﬁ—'ﬁ CI19-2A>G R #2172 4 B X 8 & A TP &
(minor allele frequency, MAF) > 0.1 " ¥ - ¥ 5 4112 % £ (smgle
nucleotide polymorphism, SNP) : JST160568 ~ JST089508 ~ JST160566 %
JST160565 (Japanese Science and Technology Agency, JSNP database:
http:/snp.ims.u-tokyo.ac.jp) - # 4 B H - ¥ H g AL g B &
CI919-2A>G R ¥R 2 4pH =% > d 53 =L w i D JSTI60568 —
2186bp — ¢.919-2A>G — 215bp — JST089508 — 1998 bp —
JST160566 — 79bp — JST160565 - I pF > i B~ 50 # 84 & ¥ & B4 7w
HL L RFE S MR

AR PEEHET 016 tFALF RBL LY o0
JST160568 ~ JST089508 ~ JIST160566 % JST160565 % w ek 3 2.
A F14| (Fisher’s exact test, all p < 0.001) (% 4 ) @ %3+d ot 4 BE -

FR SR B 2 c9192856 R & o H g 2] |, (haplotype) » B
FRN6 tA 4 A £t 32058 S M 30 i 4 ¢ R(94%) P 3 3
A A (B ) 0 B i A2 _c.919-2A>G ﬁ% N N s £
koo S S R B2 ol ¥ S ls(Wu'et al., 2005a) -

. | . _;;'-,; : |
G. ARz rmyzwdp | B
BTk AP *fa;iku\ 5 SLC26A4 A w1 A e & 38 5 H( &
LGSR R ;}H:]w;m,; AIET e A B £ o
'b‘."%ﬁéﬂi‘li/ﬂ\i‘?rﬁ B e s g et J)I* Hoorigip A2 ﬁsr]%ﬂ@i
A4 %A 5 ¥ H- R #(le heterozygous)z i X @FEFE N F - R ¥
(i.e. homozygous + compound heterozygous)2_ 4= 4% 3 1 fj‘u%”ﬁ - %
RERFTRF O P IELR G2 A RAT GB2 A AT A
5 if! L% 12 (4 truncating R % & missense R ¥)4c L FH A 0 R E
F # (Snoeckx et al., 2005) » *F7 7 ¥ 2 o

dod L AT o 4R pff‘—ﬂz R ”l/ﬁa\ﬁ' ~ ¥ ;{J‘Hﬁ(":ﬁ_’\ E %@#F

ﬁi@iﬂfﬁ?&* Bl1A; > 22 SLC2644 A 7122 /& » Tﬁfiﬁzﬁifﬁ?&‘? o @ o Ak

- RELA R A ’F"fé%f%zdﬁ.”‘]bt’% RREFARALRE 23

E— R FIELR Y ”%Tp?'fﬁ‘z BA - B NI erﬂ;,j;m +H- %
RhdeFfE Y- R4 M v 55 TEAR % (hidden mutation) -
#2518 [ 4 3185 (phenocopying, 7 i § B - R %2 4 4o R K
i RA F1 ) 2 "H £ 344 | (haploinsufficiency) & %4 - # & A B
o R 5 A EZ#E%;E'T @ T2 & A %] | (modifier gene) (T * 2_ ¥ it o

| T =
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(4). SLC26A44 # F]183& % (promoter) % FOXI1 3 Flz_ X F|% 2

g HBER A LRI T E - RELAAF R LA LL R
L TIEE R 0 kit - HIF SLC2644 A FHE R (promoter)i
SLC26A44 3k Flerii 551+ —FOXI] K FIAF § R % %% B - ho -
FOEH M- B SLC2644 A F1RGE F 2 % B —c.-2554G>A *F > AR
TV E © FOEY A3 I SLC2644 A FIRGE T & FOXII A Fl2. % % (%
— )oSLC26A4 & FIRiE T 2 c.-2554G>A $ BB 5 (v B R T 2
PHEL(W - - b) > 2 IR Y 0 & p.GAITR R4 B 23R
AR A BEA AR - R AI(EL - a) &R R SR

(5). E a4 45
S EP SLC26A4 A FITEFRR 2V N mE o AT AR T A
BRI R 2 SLC26A4 #im A F] | 2 H 2] o dow Hmm o d 4
7 c919-2A>GC R ¥ 2 ¢ MEHE R4k > AL FF AT
23 R 21 F c9192A>G k% EUET R A2 TR
(diplotype) » ¥ %"&tffri%ﬁL‘lfs AF sl AR R 2 SLC2644 ¥ 18

AT 2HE AP T & B’*S'I%ruﬁfﬁlﬂér]ﬁﬁ—; | (minor allele
frequency, MAF) > 0,032_ ¥ - % & &y ﬁi 3 Al % R @ rs#2248464 (intron

2) ~ rs#2248465 (intron 2) » rs#2712212 (intfon 6) ~ rs#3839817 (intron 6) ~
rs#2395911 (intron 8) » rs#207%ﬂ'54" (mtron 10) » rs#2072065 (intron 10)fr
rs#2301634 (intron 19) 5 | F— LSLC26A4 HEBAFZHE2A o ok L=
s s 21 B A ARSI & s SLC26A4 W AF > Haot g 9FH
-’E"']’_“F!%E-?iﬂj‘ffo.z’ et LRER R % x:‘?SLC26A4B£'_’]
2_ intron F o PR R EZAH z@;éh& ¥oar - BER 4 3 #icEh(Wu et al.,
2009b) o FRE e =R R G BFPsiE- BT o

(6). -

i
A =4
R

T\4

R g BT 0 SLC2644 75 F1R % R A Pendred = Jg i ¥ {r2tyg i3
|« Bk v 2 e R ER 2 R FF R 0 RS e
Mok Eop A 0 BN ST FFY SLC2644 2 A FIR R TR o T
gk Bp v ik onf 8 it SLC2644 A 712 R ¥R
B 'ZELIF%I—]’T"f’r&ﬁﬁ?1971glﬁpllp£/p}§‘

)

#ﬁw&i%‘—

}\-
g

2. WO 2 aE
(1). BJ»SI—]_E#“% =y S1026a4tm1Dontuh/tm1Dontuhig@,ﬁt z T fﬁ»“”%%‘vﬂi
P A% 5 © % C5TBL/6 (B6)1f RS HET NF 4 SLC2644
& %] c9192A>G R ¥ 2 F A] & + (homozygous) & F] & # &
Slc26a4™!Pomh/imiDoniuh 7 g a1 £ 3 (heterozygous) & ¥ B i &
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Sle26a4 ™™ok s i % A B i F st % (auditory brainstem response,
ABR) > mMisgrH B4 £ fco % 4oBl L o 1R o Sle26gq™IPoniuh/imiDontu
JRZBEMIRIEE B A e 120 A L flET o 2 2 B Al &
Fooom ERAEE R 2K o B Al & F (heterozygous) 78 F] B H &
Slc26a4™™ """ gl pn ¥ EA 0 T AR B ORN EE A SR S
Eig e

f’? ; ﬁ’?‘%ﬁﬁ & r*_],aa #, E’( Slcz6a4tm1D0ntuh/tm1Dontuh ? 2/‘] 45% 7 ﬁj‘i
3] % #f (head-tilting) 2 $&£B] B (circling) 2. 7 5 #i-5° (Bl - = A)- i rotorod
IR T L IR Sle26g4™ PPN | 8 % g 2 T 4o e L
£ B B(circling) 7 5 #3% 2. /] B » H 3% rotorod #2% £ £ (B = B) °

(2). & 7] & 8 Slcz6a4tmlD0ntuh/tmIDontuh 2 ﬁ’i%‘J z ‘—B“T%“ § % i

z%'ﬂ.%l 8 Slc26a4tm1D0ntuh/tmIDontuh 2 ﬁzr’%'l 1‘#—3:'5 % Lo g T T

BRI TR E (R O - FHMgET » 77 EEIIP #H

= % (endolymphatic sac)# ~ (Bl 2z D) F 5 P H % -k

(endolymphatic hydrops) (Bl=-'T" B) s &£ w2 8 i- (B~ 7 D)% B ¥Rz n

# X (stria vascularis)® & (Bl= I : F) -.Confocal ¥ & & e v LRI PN

B L inep 4 20 I G 4R S (B]L A ) 7 i pendrin p B A G chin B

IS RS Y &gﬂ’(‘@i‘?) LR o ] R 0 R
R AR A ,,é,\r]an ﬁ-’}m *F.fr o

|

(Z)GJB2 AR % R 2 ﬁiuﬁs%##

1. GJB2 £ 7] pV37I RRAFFHR ’fﬁé SRR
P MRy AR IR N 0 AT RREA RS B R
‘é».fﬁif'a&é’%l%éﬂ*ﬁa‘ﬁlﬁa AARTA AR 2 AR e R ROEAA 4T 0 Y
ABFpVITIHEERFFEETH SR LMY 2 2FEZ ”‘J
AITE R RS O TERE P VITIRE AW NAFATHREELT L
TRE 2 ERF B
(1). $+is 2 TP S ~ g A A FIF] A &2 ROERTA 47
32009 # 17— £ 732 @i e g A SRR RE
FrAFEREI e Z(- )7 420 B RIF] T RIEY SR A AL Sbo
i% % GENDEAF #£ 3% 2. 2 ] » 356 4= 4% ,aé ZRPARR ZGERIE
ERVIOERGERATY BRI - P y3539‘1005 RIS A
PR RERR A 0 G HRE
pV3ITT & TERIRERE CTEERIYP RE | 2 THERE | 2
¥i5 3L 714 & (allele frequency) 4 %) 5 12.8% ~ 30.3%% 9.2% (% + = »
chi-square test, p<0.001) - "d£R 3 ¢ B2 ¥ » FiE 77 (20.5%) & 47 4
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% ;éﬁ—'ﬁ % p.V371 I 3] £ + (homozygote) > 7 i & >~ d ¥ P 2 4F % (0.092)
drdg iz @ Rendp ¥ B (& -+ w > chi-square goodness-of-fit test, p < 0.001) »

A G R 56 B p VI A EF FRIER S RIER AT
(segregation analysis) ° — &/ % > p.V37l 4] & + B B &2 725 = f Fdf
2 FRA- AR B2 pVITL R A& 3 o 4 A RIBTE F 2 FH
HF(B+4 o gp 4 I-5) -

(). 2318 2 geFk
ARG R 86 p.VITL A &+ 2 172 154 ¢ 48 % = '3 SNP
B2 RFIRA RERES 172 GRS R-HEA - S0Py
V3Tl $BEFAEFRF A GHWITY § - 2238472 T §r2
L x%%ﬂ%&? AR T - W3 GIB2 A F]IEAE % (promoter) 2 H
52 GJB6 A TFI(R - L)EFRYBF > RIBALIH B REE -

A8 £ I 2 M

B AT 86 & pVBTIRALS & 2 Tok 2 R3] BF H RS 8
z\,{yi,]_lﬁa?ﬁ_’ﬁﬂ {E};}F’ﬂ/}\p'iﬁ%”i zl,ﬁr%gﬂ_,xe_.ﬂf‘ f&m
i A Y WA TR 3 ﬁ%yélﬂﬂ64”0°m“”&m

Ao X g L(67(%))“"/]35L?'%EL;" ﬁ.ﬂi/ﬁrff\ ju, Ho %K/w\v}ﬁaw-,ﬁ%;bv}fiaﬁ

(3). & 713

Lo %iﬂfw’&ﬁﬁﬁféé OESICoER  E-E:N
ESFIR I PARE Y e ”1LrT z " iF A0 J(composr[e audiogram)

.ﬁi—#iiGBZ%ﬂhB&MC:%#ﬁ’pVWNFAQ*%%,
B 2R 4 L 2 FOAR & gk o ;

2. GJB2 £ Fp V3Tl % L & & & [ I 4p
(). "RFHReHHReEAFINEEI R, F

1005 % 3% 2 fh A Fofldod & 2 977 o 8- HANTKET > A
1 Zigw SCOT€ ~ Za-tone SCOTE 2 Zpigh SCOTE Fr A % Fé—‘k SRR S
FiogeddMuot2 LB (L") m 25 rikip| GJB2 A ¥ &
FREL > 30U Zigw SCOTE ™ Zyotone SCOTE % Zpigh SCOTE #7F A 11 4R
7r O Rt vs B T fim(Hardy-Weinberg equilibrium) e

GJB2 A F & $ B BL (=39 ok i P 44 P8 0 2 A F| A A F 4o d L A o
7T 0 30U Ziow SCOTE % Zgqone SCOTE #7 Fe 4 2. F B B VI ¥t PR %2 » p V371 1
Z_ AT A4 F § A F £ B (Fisher’s exact test, p = 0.014 & p = 0.043,
respectively) » 4 %] Z_p.V371 & 4] & & %rﬂ‘“' | 2% % G| MAR RS & ¢ 4R
B4 # L 2 % B (odds ratio, OR){ 4 % & i 6.0 (95% CI, 1.3-27.1)4v
5u%%a¢&%9yk—ﬁ¢ﬁﬂﬁﬁszéﬂﬂiﬂﬁﬁﬁ%ﬁ
MEF LA (X 1)
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3.

(2). Z scores ¥2 £ F]7]

SR PVITIRELRFARREZIM G A7 L1 E pV3TI
%R A FA 2 Zigw score~Zs.gone SCOTE % Zpigh sCOTEe 42 = - #7757 p.V3TI
e Al & F 2. Zigw Score ~ Zy.tone SCOTE % Zpigh SCOTC 3258 F 1 ¥ = A F1A| X
’é—‘ﬁ % (Analysis of variance [ANOVA], post hoc test with the Tukey
multiple comparison procedure, all p < 0.001) > @ >+ 12 [ B & 211w 5 2
(logistic regression)tc it H i + 3 F]+ {5 > p.V3Tl A FA| W& &R A4 TR
MEPM(E-+-)-

3 hm e FR 2. A 1 & ) ;L‘
(1). 5 B2 ¥ 28]

% 3 ™4 4] G/B2 A FIE pV3Tl % & GJB2 A
pIRES2-AcGFP1 F 48~ W|# # 1 Hela fw?z (5> & = B /% (Western
blotting)+* ﬁ@: 0 FE 2 AR5 K2 A GJB2 A F1E p.V3TI
%3 GJB2 %ﬂ«f;»w FROE RS L H(F= L= A) e Ba o
2.9% 4 | GJB2 4 F)Z2_ transient Hela oo A > ¥ E’Lﬁ ¢ connexin26
oo FrA AR R 2 gapJunctlonplaque(}'ﬁ?] L+ - B ZBlHE) A
2 pv371%§1 GJB? ,g!_ar?yHeLa e (Bl + = B W# ) Bl

S PBE 2 gap]unctlonplaqﬁe (F,: Tiazt 55 By KAL)

(2). %HLiE EA7 7 (dye transfek testy, |1/

SHAR PVITI R R RE E e o W GIB2 R FhA R AT
Wi 4 A oA T2 e PR A Pe B Lucifer Yellow ei@ i% o 4o@l - + =
#7151 0 12 scrape dye transfer 5077 3% > i& {7 Lucifer Yellow £7i8 1% & #i o
W EE R o p. V3Tl %2 GJB2 £ F)2_ Hela ‘@ B > Lucifer Yellow
A RTT 4 AE £ o fRie - 2 FEI 0 B @?7 | % KFTF TR T 2
A B e & GJR2MIPonbimIDontuh e 2 i1 vivo mﬁﬁ 7 (Chang et al., 2008)°

F Ad s 2

poav AFTy e 3t CSTBL/6 (BO)2 -] Rtk 2w 3 5 I 3% 3 GJB2 3 F]p. V3Tl
%3‘1 7 P?"’}'] @ 3 BJ&'—]F_#' =y G]bztmIDontuh/tmIDontuh y ¥z G\;%@'ﬁ’??&f’?; }.@’fﬁ
EL ° Z;,,,.r) g,ﬁl'._gt gﬁﬁ:F y pV37I %aﬁl P":'ft'] @ 3 f{!}rﬂﬁ#ﬁ Q GJthmIDontuh/tm]Dontuh
CRARERE A G LA S ARL) o &R 5D ¥ (R
Stz ARIT)e lfﬂ@ﬂé#ﬂﬂ AL FAFIEHRZ A QF > Ll At s
WAL T AR AR LR (R e B
G]bztmIDontuh/tmIDontuh I ‘T%\ B ALPESC(R: 1) jad
GjbztmIDontuh/tmIDontuh Zti!irﬂ—%l H R H AL _EL‘%? v FHm2 B4 445; ~ 1Y
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g~ mmpd mg o

i

7B {8 e (T - H Ty o

(z) 5% 12S rRNA A 71 8 2 8 5o 4

l. #58 m1555A>G 2 RAFFERTAH SHRP rELFFSF2 H
Tk % fx
WAL Y A 000 A EE TN SR FEI L 2 o0
()P 420 B FOED £ 32(<3%) B 7% £35 152 £ 4 F F mISS5A>G
R 2Ra > FREFTEFRS 5 T J 6 7% ) (multiplex family)2 " #
| 72% | (simplex family) - B % 5 6] 525 ¢ % i 11%F 7 m.1555A>G R
$ohT o FE- FEVFA LU SR LT REG P R LA LHE

Pl sp 4 B2 3 5 mIS55A>G R # o
EHa 3o % MIS55A>G RBPEAH AP o H2 FERB LA

"
f

R 152 Lot P W3 LA G B §orid & ORI o 7 Avd *v?fgé'ifi??#
Z 3B 1R %EFFET”* BV R o2 EFRBC TR A mI555A>G R ¥ TR
Bz £ & FlF o

b ORIR 2 A e X R (proband)f }'{&" ARG AR A - S C o
- REP ’&P‘ﬂ'%?ﬁ%\‘ﬁ ST B R éﬁﬁ-ﬁ*‘ﬁrxﬁﬂ‘éﬁww}@ f’*{‘&#ﬁ'
RS} RN A RS a%“fwi% KT W R AT A A ﬁ’a*\ ¢
E.Y Fﬂ‘(ﬂ *L“) % F?’fo'“ a-x”":‘—"%p_, | (penetrance)™ + % 4p ¢ :
B pEY BT 4258 % Jya?‘. 4_,:5 :,\.ﬁ}—?}%olf‘?\*
N 2 W% d 13%A 78%7 E G N T

ihl

2. R AE mI5S55A>G ¥R % A I%'?(mutation load) z_#
1R RELRA A AT AR mISS5A>G R
fx%é j7 | (mutation load)F B > #F 7 #4973 F 7 £ m.1555A>G
REZFESE o HRIE mI5S55A>G 2 %2 TR (homoplasmy)*' rg
%‘U (heteroplasmy) o 4B = - A~ #7515 275 F F R m.1555A>G R ¥
XWEHE AW ’}* I{ia N %‘r(homoplasmlc) RE T AR R
m.1555A>G 2 %2 2% 7o B2ALT R A m1555A>G R TRk £ fcz
A S R

3. P AHDNAY £ 34 47
#BTR T RGFEHEEE R R A MELT &M DNA "“%
(DNA background) 7 Fﬁ? PR - 3 R AU mUSS5A>G RE 2 RIE I
%%ar@m’u%ﬂﬁﬁﬁWéﬂW’ﬁiﬁ°
A7 w10 B R2E ﬂ,aw, T DNA B 232 23] - 10 B 7257 >
FOBRFESHREEHF 2B REREZH A2 BRERE 2 M
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Hu 3B 7ER A HEEHEB -DZ2 N¥e £ 22 > AT FIRTET F R
ERE Y & mS55A>G R ArA /AR E EE T H F LR A - 42
doBER % o A AT A B E ¢ 0 3 mUIS55A ¢ - £ R % 2h(hot spot)
L B

F-2g  HEFSARAZAPMELTRIET » 7 S DNA ¥
B2 RER I 2R (B L4 ) mnHP HEH ALZ B s &3
bR 5 B> ™ H 23 F Pl <ot Bg 5 5 B (Chi-square test, p=0.018 » % =
LZ)e oA H IR NG BRI AR R HE TR 2L TSR
¢ (Wu et al., 2007) ©

H

«%ﬁi

HTIR o

4. ‘oz yrAp B 2K Fl2 Ak F] 2 3
1 BT FOEL TR A M E R e AR B AL T2 2K T
BRI ﬂu;zr S-4T3 Lo bl R E GIB2A P12 TRMUA FIE 2 & 5 %
2o -i%%ﬁ:rﬁ*"JJ%M ”"%%FGJB2Z{£"]i TRMU %1% % » ¥ &t =

F 7 2 W A mUS55A>G R R TRk f k. £ & TS o

#

W
it

*WQP”%T’W*%%H fﬂawﬁﬁzﬁ P L
m.1555A>G % % 2 ﬁm 343%WM“§$M?.’ﬁﬁﬁ L REN%-
b3 g ok ﬁ‘ﬂﬂi%p@rﬁﬂ%ﬂﬂﬁﬁ S HEAR o A
-r”ﬂm@pm1ﬁ&vGﬁ%wn<ﬁ«gA ST RS R AR -
m.1555A>G % % 2 x%éﬁdLWiﬁﬁMéf]z£ﬂ%g w2l A
MISSSASGR § Tk 2 e € EF] 579 F 200 3 L B 33 4od 2 HF 0
TR MRS (WREHEE) AR 0 - A 2 F IR g 2 R
CARUHER R A2 A R

(%]

(

) SFEm

FAREE B EL B AR AT MR - BARKRABFEL LN
SRR R FIE o 4 B F T B IR A BT O B e Rl AR
PR RAREAN SRR R A PAFIRE B GIB2 (R Cx26)4 5]
SLC2644 (# 4§ PDS) & F1% .4l 12SIRNA AF1 % = BARA TS ¥ 2 -
d$mméqJ%@”mp”’”ﬁﬁﬁﬂkéﬂ%ﬂwwﬁ@ Tk 4 e -

TABFL2RATISREAFEHERZA#ET 2 ﬁ“’ﬁ Eﬂw’\,»\.,]aa%ik%
ﬂ%ﬂgﬂjﬁs%}# | > R AR ATk A 2#HE o
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A4

FRA L B EGHE A R R 2 TR T

(=) A FHRRIEFIRR A 1 B gRdE » TS S %
1.

S A EIR RIS % 2 M R A F) S 0 2 TR A 1 B R A i

U)&ﬂ%%%%ﬁA B R fTS & A
AL - R~ 67 LA L DR M ST T 0 G2 E R A 2
WAL 267 Lopde ’ﬁlsf%&wm4éqﬁ 4 n
GJB2 A FI% % » ¥ 45 ¢ E%%éﬂx %%éqﬂ 2 45 b
Ao 11 A R s BRI E S i 4 o @ %Z%rﬂ?{
R o RIE R AT %%ﬁﬁm’frﬂzxf*%&ﬂﬁji
LS. S RE S Bl Wi HEFLE (A2 L)

(2). BHHE R E 41 DRSSk
FURGELEETAS PG O LRAEPRERTF 24 Lt EP
%ﬁK*””*ﬁ%mﬂﬁm’534?%Aﬂngpﬂﬁmop%

FRFDO L AP TIDAGCT ISR TR N F g iREa 0@
CR e Wgﬁﬂﬁ”*58’$4’wﬁ4’%%ﬁﬁﬁk 353
FERR A 0 A S {g{vﬁ if—Jp- 7o B H T FERPIER 2L FER

$’*97?*“%%giﬁi 'R

(3). B &M \(general hnlsar model, GLM)
A E-H %a'ﬁﬁﬁ—i\ "WFUL e H AR FlF AT o
E-ﬂé#%%&WEammw%ﬁ°ﬁ%%ﬁ AFIRRS %2R
BB B EFEL B P T DN Sk E & A B R( 4 - 2L
=)o

4). AF Pl FERE R F NI AP
PR 2T s BEro o MG EIPMRERFLF AFF AL B2
TE{8 o VARR HTIS B2 A 2 bl "R F L ETIRIRITE S 0 BT
TR SRS SRR o3 FIET AR AR S H R Y o M
R AN AT BeRtE o~ e o O TRRE A i = 22(Wu et al.,

2008a) °

2. 0 TR R TR N R 6] 4 1 B RS 4ok

rEFT AT 24 Lp R \li’r"l/}figtﬁ' WERR AL B~ SRS E S T
E"f”%\*lﬁa°24?—‘/,§3a 312 L %SLC26A4B£'_—171§E’* V12 FRIAF T
Ao P RAOATLARAcL - - = 97 PR AT R EY T3
7%4ﬁW? AR RRER AP ARG 12 4 2 S
=+ 3% 5 B 7% i (Fisher's exact test, p < 0.05)° @ g4 % SLC26A44 # F)
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RELEE B THRS Y 2 F S R LS e 2T
AR r—"*%—;r"%;“éi D88.5% A F FEE S |1 86.8% ~ T e
%
F\

)!\\‘ [

&
1«

*
10932% T H Fyeg 0 792%% (3 myEask 187.8% - &S 2

2HEL o F SLC2641 AFIRELLF o WRL 1D aER s S
/f{-“rlb"/ﬂp %&I‘-"fz\ﬁ»&?%‘bﬁimé\%f\ m'ﬁ»"'ﬂl«“"P\ﬂ“#q Ifr‘:a ’
AL HpRiE 2T IR PR ’iﬁd# % SLC26A4 # F12. R B+
R YRS FRIRIE {8 2 dp H(Wu et al., 2008a) e

() B3 »F M A2 AF B Y1 B

1. SNaPshot assay 2_ #1%¥

AR R AT 24~ % SNaPshot assay » %135 8 70 20w opad 2 2 TR
B EPFRABRT L2202 § A% L8> a 12 2= SNaPshot ¥ & »
TRt 20 BAFIREEF2 Ffy ot 20 BPARAFIRE R 9 B
GJB2 # 7% £ (7 ¢.109G>A ~c.124G>A ~¢.187G>T ~¢.230G>A ~ ¢.235delC ~
¢.299_300delAT~c.427C>T ~c.508 509insAACG & ¢.571T>C)~9 & SLC26A44
A Fl % R (7 c230A>T. -~ .919-2A>G-~ €.1001+5G>C ~ c.1115C>T ~
c.1160C>T ~ ¢.1229C>T.» c.1489G>C ~ eR162C>T # c. 2168A>G) 11 2 & i
F 558 12S rRNA A 715 2 (m. 961deI,T+C(n)bh’ m.1555A>G) (%= + )@
FHRE 4 2% 97§ % ’wm#%ﬂ%ﬂ+&ﬁfaﬁ%éﬂﬁwm»
EREECI R € R R T {m\%f 98%(Wu et al., 2008b) -

SNaPshot » J& & ’“’%%&P 2 51 % (primers)4- % = - 4 77 o @
SNaPshot * J& * Lr&a:':a.‘,%ﬁrﬁ] "L”LT’I‘ v & - AT B EL T R T
FEE 23 aF - RAIMERIRR L R A3 R oA T RS
HRAEFARAEFEFRATL -

2. ATFERIL Bt 2 il

AT RN TR ER 24 BRI AFIRPILFE b EFd 5
FARAGFET AR A u @Y BRERET TR 2 E SNaPshot HFo 5
Hie (7B B A FIRRBAFR 2214 BLRRFEL AL REEY 126 =
(58.9%)% 7 2" - BAFIRE -1 GIB2 A FA T 0 £ F 4l Ak B
L FF 2 BRE N SLC26A4é'—] T OoRAEG 13 2F 16 A4
Apéﬂ;’*%%é 2 pREZ 1 BRRESFF 14 fi?%”&é%?ﬁjﬁ%”ﬁ
m.1555A>G % B (4= L) 3 - =4 3 SLC2644 # 7] c919-2A>G *
c.235C>T 4f & £ 4] & &+ (compound heterozygous)ir}fis A Rld AT 2
SNaPshot assay ¥ & # 4% ¢.235C>T %2 »m 2 ZR B HE At of‘“fv‘?ﬁ e
*P?%P%’SM%Mt%ﬁéW%ﬂﬁmwm”*kaﬁ FE
(accuracy)® £ 99%11 + o & - oA 2Rl & > ¢ 7 DNA i IR
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(=)

1.

SNaPshot » & > ¥ "# i< 3 #7 5 % 300 = 12 7 (Wu et al., 2009a) -

JREE F % ¥ &8 Sar s

=y e N

AP BLE - LR Wk EL T EA G SLC2644 AFR A LS
(homozygous) ¢.919-2A>G % % - ;Z},%;E_ B3 A RERRE (W= - a)>
T RETR 4 E!‘J&E:F ARl % W -k 2 Mondini T A 2(E= L -
b) o AHE ¢ 2 & o w2 BB A L RIRR

2. PGD % #2(PGD cycle)

()

R E D H - 0% c.9192A>G R B RIBLANI - AAT Y £ 03 7%
7% % PGD fAR(% 2~ - ) o % - = PGD BALE ki i+ b £
%0 H DA PGD R 0 ARG R 12 @R e 2 S
7+ %7 4 #2°5(PGDI - PGDYVPGD3 &2 PGD6) 5 % > & ¥ 3 154
(PGDA~PGDT £ PGDI2)A 4 % 8+ 5. $ip 42:(PGDS - PGDS - PGDO -
PGDI0  PGD11) RifF.5 B e 8kn k- % £ amis 47130001
6 A8 L ESR 3 2A(PGDL PAD2 ¥ PGDIE » + A > £ % 7 &
:;ﬁ;i#;iﬁgﬁsgp;o- |=;;"’.

LAV A2 AT R \V

RAET RN - R TIE A RSO E RS0 A T SLC2644 AFRE
(ﬂ,_—L:_) ;Z'"”‘k"b’“2009&5 Phlg g a4, 4 R DPOAE %
B #EM "#F £ & (automated auditory brainstem response, AABR)#& B > &g 7
TR #‘(15‘55]::4%)"

RIS
g g

1 RRATLAAE 0 AE TSRS ER RS R R

&I—]Jf@ ZERRATRY o E’F“‘fp\ﬁ IR SN VR SN S —fn | # g@#ﬁ%ﬂ%;p |2 %
FEP AR A 1 B HR £ TS 2 2%~ B R 2T A A 5 SNaPshot Ak 4 B H i
RAR TR 2 R E R R - b2 R F AR A TID A e
ST R LS B IE AN ATIE R Rt o
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T
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AT Zm o T ?‘k Pk MR E B2 0T m1555A>G R B TRk
F B BT A T 0 AAa & A7 D B F % % (Torroni et al., 1999) - A4 3
L2t - BEFLAME 23§ B F mISS5A>G R R TRk & iR
4 oo PIEF R LS R § A% R (Luetal., 2009) ©

I

o

. B A mI555A>G R 242k
B “h BT m.1S55A>G R % 2 Mk 4 177 1 (phylogenetic study) s 45 &)
m.1555A>G 2%V MR I F 2RI E 2 ¥ (Abe et al., 1998;
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Hutchin et al., 1997; Torroni et al., 1999) » A% 7 A r g i eni % o A7 7
FIFA mISS55A>C R ¥ FIE R F - 2% A B AB-DF-
M7 2 N*% fpend 23 BEx B F 28R p 30— A2 4nBL R % > @ A0 4 458
AF ¢ 0 2 mUIS55A ¢ - # R g 2h(hot spot) 0 4 R ®

SR

4. ] &
AFE BT 0 BA R B A SR ROEY 0 R m1555A>G
RELREFF 113%’m” bl RE HEFSFLRE N% 352
FooRET A LIS RRT RGP SR SRRy O Rl fTE

a?pnnﬁmx}i%%ﬁO*%P”’P RN A B A
mM.1555A>G R 2 2% ir s me P Ap M A T2 A TR o 2l g JA
m.1555A>GC R %Ak 22 €2 FF o Fz > FEHEH  wwHEHF
b0 g g2 MRS (TR ) ARM o - A 2R ey
FAARLHEE FRHE A2 E R -

() HEBRATRE 2477

e B it W&%&L@%ﬂ;ﬁ%ﬁ@&é’Wngww¢ﬂé
oo s B E Kér]’ﬁa%ijlégﬁjq&l T2 30 o H 3 4% }F‘am ﬁz’ is
ﬁ—ziéﬂﬁ@wﬁzw’ iﬁufﬁﬁ EA GURY O RF AETAT
ﬁﬂ*ﬂ %éﬂ VEp Ak AR R AR it AR
AREEES %#Wﬂﬁﬁ!w» A bR s o H LR q LR

2 Kl &zév\ P B RFE R AT m“.{”_‘\‘f"
1-é%%ﬁ@%#@ﬁ%ﬁ@AﬂEAM%igrﬁga]j@wﬁﬁj

5k‘ifa?f*%é ’]‘gﬁf?ﬁ&{@ﬂ%ivv‘]& L A N SR A RN = i 2 2
FEAG PR S %rﬂ%@ﬁ%ﬂ%ﬁ;ﬁ' o B E A gLt
W% W0 8 B BOR R Z# 7:.2% ~ 6 B % = 4] Usher “ g i3 725 ~ M2 5
Alport = 33 3% » £ A w4 % EVA] &%) ~ USH24 % 713 COL4AS &
FIEEFTRLHR - Bz L7 B A3t - BOR g GHE 7%k BT EYAI
AF pQI3X 2% > L i o

2.0 w2 FE[PET LR R HALIPRFRIH9EAL
WEEE G HEIAR G E A o AP ke vz FRPE AR
AL nih® A o ot > 2L G aﬂljg@.@_g@ﬁ% SRR IS
iz F lB(ABR)A L LA frE 3 & F «13 #- 1% B (otoacoustic emission,
OAE) » @ 7 # fF s 3t BAA  %
Ry 3 o LA SRR R A FE L B4 SR 7R
2. 2% A R AREA SRR TRIEY MY ST RlD OTOF # %2
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p.E1700Q % % (Chiu et al., 2010)

3.0 B2 RRER 0 RETRTINGR]Y E 2

“*’*W’?ﬂ BT B @RI TR R FIE AN T
FLoo 2R3 AT engEw| 2 ¥ ;\oﬁx‘ﬁ’annﬂg E]F NEEIR 2L 33 Rz
BB RA LR T AR R KONOY A DR E i
A4 B3 A U s £t & a8 (Hildebrand et al., 2008) « 3% 418 F) &7
T BIPE F R e 4 2 B B S T § R R T L Rp L B
BAF w2 A FEHEATIEFRERR

(=) &#

B4 ek Koo AP APE QAL ATIRF R 2 A S RS
I IEARAR - f’“l??]‘#"?ﬁ*}&%izé SR LAFIRE E’sr]“‘ Lt SN
ESN T ¥ eI ﬁi{}fs%}ﬁﬁf TRADT R RA > v F S FET FAPE
Foe LT ﬁwﬂﬁéﬂ*—m ﬁfﬁs?iiﬂr}wﬁwjﬁsﬂé@i Fm I 1
B REEFTAFIRRE EF 2 g T F d"].vﬁ‘m?ym)%* PR
RS SN S &ﬁAW;ﬁg& §-viaE PR AT ERT LSRR
FRL O H e AR BTAE AT gt“#ﬁ’¢“%ﬂgﬁﬂ%1 P A
lrgﬁﬂ Eq “'TSA\ F\:B'g\w° .
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o nA R A FIH R TR

(=) MATFRRISE RIRR A 1 B HRf ~ &S 2 %

1.

A 1 DRt & % 2 F1 &

AL BgRtE r LGITE R AR LB IR REE I LER
%@;}F’ o ﬁJ—:n‘—', ) j—v',;*':erF «JI'—E- 3.4{q~7 }F‘SA ) ijﬂbzgfg{: A /5 &\g\. 5L © d 5
S ’\lﬂx&fél’bg‘.—,j@g fr«‘ﬁ P EEREM £ n’v_‘“,{kr,g}riafk CREER
FEFYETFARG ORFFES I EEFRFRESRAAIE S T H
TFRIE A A x dg e - B AFRA L PSR P e e £
jis & # (Hammes et al., 2002; McConkey Robbins et al., 2004) ~ £ 1 B g & *
#p & (Nicholas et al., 2006) ~ jt¥# 7% 7 £ # (Cullen et al., 2004a; Gantz et al.,
2003; Rubinstein et al., 1999) ~ =7 2 & & i@ -3¢ (Geers et al., 2003) 2 22 %5
1@ % &ae(Kim et al., 2006; Papsin, 2005)% 1 B ¥52 jisis % »ch B o H

RS BRI R E i R 6] N B vy
N EGE K F 0 L m?lﬁ‘% Ly B 2 %?E%ésf%ﬁ—f o FRdm o NEIE R F
2P o ¢ it A RS ek S e

ﬁ/z#ftl—fffm%{&ﬁ'ﬂ}ﬁi%\r]° E_«Lﬂ’ﬂa‘%ﬁwm/?#ﬁi‘%—x wH R
ME SR M | &=

:| 'T |
r2 3k FlR L % TR A e %

(1) == }I% R
AFILE - R AR BRI TG R 5 A 1 BRI S %
FRAp R TR AP 2T - LF N G/B2 ATFIRE
5 A BEXAIRHGE > L W F T LREF 452 2 % (Cullen et al,
2004b; Dahl et al., 2003; Fukushima et al., 2002; Green et al., 2002; Lustig
et al., 2004; Matsushiro et al., 2002; Sinnathuray et al., 2004a; Sinnathuray
et al., 2004b; Taitelbaum-Swead et al., 2000) > X @ > T EF T 5 4o 2. &K
P
a. YA % GJB2 A 7% R ¢
dewh etk o K LA B A TR X AW GIB2 AFIHE
SLC2644 A F1% B 2 448 12S rRNA £ 7% B~ ¥ L - LA
FREI a‘r“f:}:{.ﬂ:}l%%,ﬁﬁ v kL 2 rE e 1 GIB2 A F) p. V3T % 8 > :r”#
T SLC2644 A F1% B e A L3 F 5 GIB2 A FIH B e £
Bk WY GJB2 A TR R 3Rt » A3 772 Ko
b. ki & HHB *P Plag R F- 22375
hREE Y 0 F W H Y é'—]%ﬁg"AlﬂﬁfS,{ﬁ,gn\%7 Rd it
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Mo f22a B Bop A A3 BRI S R R E o F bR G AT
FoAPRE  RHAFFFLACFAZHEESE SR FARF

Eﬁ’;%‘_ /E‘J o

Q) AFF %

Bt R GERAATRHSE AR CTEET 0 EE YR

VUL R FERIA 1 B RS ok @ AR FlR R 2 P GJB2 AR T %
B oa S SLC26A4 A FI% B 2 #5488 12S rRNA A F|% 8 2 5 »
AT o R AL DA R RACT

a.
b.

FURGEBETA O RN RFUTE T 2244
FUATRRIEET A BT F SLC2644 PR %> LIF 18 22
ptho @ *ﬁﬁ“ | GJB2 A F1% B &2 4 1 B affE » jiF(s + 052 B F
M TR G R RE L Y B B2 R TIRR e e
iR oo

d B E S (4o '.;—;)g_g.,};;fg), 21 3 TR R % (4o SLC2644 &
FIR%)F Mo~ A HEES S LR Mo AT B
fo b B iRl g S0 4 1 BOHRIETS Sp g AP IR > R %
- ¥+ (confounding factor)’ R

SENSER ROy E T I fﬂ—i‘ ﬁgeneral linear model, GLM) » 11}z
r[hl%r_]+ ,_4%)?;%#”5/? % 2 8 @\ﬁ J_%,q,\**—l_
ua—ljrﬁr]-—l-fg’l’?ajﬂ zém&;nﬁﬁfg»m,g,;\{&igmﬁ B
dtR(E = L) “|, !,1..:_

3. ATIRRISE AL AL ELRE
g@@atgﬂf%a&ﬁiﬁé\ﬁ;$%%ﬁé’#P;%%’
ARAFIRRFAE AR kf,&?fp » S BT X HF 20 R ;fﬂ%ﬂ o JLIE ZF IR
7 W GJB2 ATFIR R SLC26A4 A F1 %% > 77 A3 H 8 A B A 7%
Bodok ’ﬁ'{%ﬁ m.1555A>G % % (Tono et al., 1998) ~ OTOF # F] % % (Rouillon
et al., 2006) ~ % — | Usher = jt i ¥ (Pennings et al., 2006) ~ DFNA9 It
(Vermeire et al., 2006) ~ 12 2 DFNAL17 J5 * (Hildebrand et al., 2006) -
AFTRE  ARPERGRE A SR B ATFH LR E IR
Lo aARIAGEN &P FRARATRE OB AREA LS PR
foA L BggR2 (T% > GEYEN RS e B RDEREH S uRkY G2
BAFIRBF A L4 1 DRt » (S S0 U2 FFRHp R

N
L

LT {8
TR A ERS AR i 2 Fibl s @ "R F) S ETIRRITE S 0 PV TRIR) TS A

FLNT  URAE L RRERFLT AP
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HFApgAp = > BB R Y > Mg BT E A4 1 TR

LA 4F 2 :}Iisf;n ° F&—‘ﬁfr.
o 3R }I%A,HU‘WG\ »x(Wu et al., 2008a) °

fon i

(=) A B»aF M A2 LAFB %1 B

1. 12 SNaPshot assay it {7 Fodf 72 F12
(1) SNaPshot assay 2_ #%¢

BEATT LT 2 }F*J% b 7% 5 12 SNaPshot $Litre Rl 45U & %
(Bardien et al., 2009; Cassandrini et al., 2006) » & A% 7 2 & £k * 3%
W PR S B R R ALT]

AFT Y ATET g 2 4~ % SNaPshot assay » %345 2% 7?2 w0 #1aE 2 2 F
MR EREASY L2 20 3R BAFS BB 4 2 2 = SNaPshot
FR >zt 20 BAFIREE>2 - H {8 A8 3 #3%38 SNaPshot
FAR A TR PRI L 42% MU 214 BRI A TR Rl 728 > ©
BR R P R RAES A T2 AT A o

W

(2). SNaPshot =g 8t X : < B,
F LA 0 14 SNaPshot = 2 327 ZEAR A FlH R > 3 T A iRRE

i i

a. & F . w;___;'.l_.‘-
?é*&”“*”—anm@%ﬂTRj Wil 10 B A F1 %R 2k
Ft o FR AR ﬁ%ﬂ%ﬂmx 040 Bt s o RIR F i
N}Laﬁmwmﬁﬁ ﬂﬁ@wA?A;&ﬂﬁéw %P -
CEATE

b. = AL
AFTF i {7 2 = SNaPshot ¥ pina & > 7RI 5% 300 =~ U p > 2
P Rz E- SR BT LD

c. Tz A A A TR g
d ** SNaPshot s * R IZ 2 F f|* multiplex PCR > F]}* & 7 4 &
WP eni-gh > ¥ 3 %iwkﬁm%mﬁQt%w%mtgﬁqﬁ
/??’%]" T’% * 8% 3 PCR 951 F 4e X F BT ¥ > @ JF 17 2>
HRE

d. zA4R -

SNaPshot z& Bk Rl & {6 T enpy &t > 23 B XA ZF = 240 —3 F
*K{?'??i’;‘f%ii'“"';-;13/::\’}’?"* Lr'ﬂ DNA %5 ik %
- R 12 {7 SNaPshot & Flta ] |

2. #1% e B 6 FRAR A TR RIE L R
P el 0 50 DNA B3R RAE ¥ 7 S RATA Rl 2 4
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(1. " H 484 9 % f& 1+, (single-strand conformation polymorphism,
SSCP)(Adato et al., 1997) :
g 5 A A AP BT T A i e £ R e )3
P LRI LI PR R PR S B 26 4
AR AERNLBBRART TR RA B P ™ 4T w2 DHPLC
%,.4%71;0?3‘{@#5'%?]’]‘@7'?‘]** ’45!’1’?2‘—’\}‘\?'53%51? [ g
BL o FIP A & ThA O R & o

(2). T ® »xic ;% 4p & #7 (denaturing high performance liquid chromatography,
DHPLC)(Prasad et al., 2004) :
P2, RIZ G B FEE-PCR A 4 Ao fh 2. 2 3V - DNA *K/\ﬁ*’}]&‘_ M
PERET R FEEERE PRSI FREN RS @ +d
HPLC ? B2 A 3a @37 k2 g BT B P (retention time) ¢ 2 15
d UV 2 B+ xi’f'l Hh% o Hakghs - S A N FER UFUfﬂfrx
AR ¥V - T‘%&#ﬁé—'—”ﬁ/?"g PR EE - R
BB 3’&%%‘%*&%%‘%&« » F]te A & IFERA N iR R o

(3). "5+ ¥ & ¥ (arrayed primerextension, APEX)(Cremers et al., 2007;
Gardner et al., 2006)

HRp nj’-'k%%"qﬁ;ﬁ—* (#l3° %*:F&;SNP CRF BRI A 5%
SET e AT ) &JQDNA G PCR M 2 i3 ) 1+ 15 > 21 %
é_ga F gl F 2 A * m@ﬁ» | DNA %‘\;«jﬁr&hf MR BT 448

& % 26 1 dANTP 4): i BT 3 g d BE g T
%7?']#{%"?%5‘%%'—_ 5h Pﬂ’*%ﬁz?ﬁtp'ﬁf\%l‘”ﬂé 4 BLP 5
%ﬁmw%@%’—iww%ﬁﬁr%Fﬁiomw IRy
BT &0 AT SRR RS T A @7 5 R
HU® B4 F % #O08% M 2 4) 8+ Sz R ATE
PV R A 2040 B RFE lﬁﬁ‘r'%’]‘éa Boa kN fER 2
SNaPshot £ FI4& Bl H it » 7 i i 5 L 3f o

(4). "Invader 4 #7 | (Invader assay)(Abe et al., 2007)
Invader 4 47 & * — B atfcn S BR PPEAEE > RS 7 L
B b faight 2 RPips o v E i s Brite Rl A FIR#
SNP o 73 > RIp M AFIEPIBHMIZE RE > D 2308 25 2 5
- BRI R R FREF LT R LG 2

3. SNaPshot FAf A& F]H& B $ vz ficsh
ATy 303 SNaPshot assay PF > & ¥ i ¥ Len2 BAFHE -
4v GJB2 7k F¢¢.235delC & % 1o p. V371 % £ ~SLC2644 3 F1:11¢,919-2A>G
R LR R AR mI555A>G 2% 0 & ¢ % - B screening panel 0 12 %
B NF o Aok = Loty 0 214 ,:»II?E AP E AL R 2 B GJB2 A7)
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(

I

)

HR T KRB 2B SLC2644 A FIHE[L: ¥V 6 ?7?)’5&31."']4‘3&:)’55&«
&% = B screening panel = FE3L %7] ~ 14 P J R A m.1555A>G %
B b3 62 2(29.0%)*" % — & SNaPshot screening panel T 12 7g 2_3k F1#
%7 @ & F £ i€ {7 % - B SNaPshot screening panel > i& @ { 4v *§ i< B & Fojie
E-N NI

SNaPshot FEAR 2 Fle BRI Bis 2 ')

AEFT P 0 F - 2% F SLC2644 3£ F) c.919-2A>G %2 c.235C>T 47 & &
3] & & (compound heterozygous)z Ji 4+ > H c.235C>T # R B At N - )42
d >t A7 3 2. SNaPshot assay “7H# P|2. BLi= 7 A & 35 c.235C>T % 8 » A =
= SNaPshot FCAF & Flk Rl 2 *L4] -

R o dezom ’AFE 3 SLC2644 35 F1ATiE 7 205w 17 Ifﬁ?ﬁﬁ’“ B
~ SLC26A4 A FIR B 2 5 4 » A7 5505 P 4 o RS A
FHEHF 2B SLC2644 A FI%E o F]gt > AP Wik c.235C>T FREA
e d o AR PR A AT 2 e

it

ﬂf%ﬁ‘r’ﬂ%ﬁ"“%ﬁ’?éh SNaPshot%@Eé"]#ﬁ/?H@ﬁ’ N
FEF B BNE BT/ W$’VFT [ BEh (1) %5 F - ZHRFT R
i 5 BREEE Q) :,ng-’fgg 20 lgi%g‘;;,f_y\;\j\,ypfﬁ 2
“Mxmaum'o) ﬁﬁﬂﬁ%w?%ﬂy%wﬂﬁ% QW#W*%
ﬁ,m)&ﬁn% BERBEE L B DNACE kY > 7T -
- SRS imi’ﬁmwm%ﬁiﬂﬁﬂﬁﬁﬁiﬁﬁﬁ%i%”
ﬁrﬁﬁﬁﬁ‘%%ﬁ&ﬁﬁiﬂ%ﬁ’ﬁi?ﬁ%iﬁﬁ’kﬁ{ﬁﬁ
Ay mEHES A ENERP AE

AL AT A T 8

CE R R - b2 81—’?3%};1‘75_;’{@#?5’5?]%&%?

o B 0T AL 1T A E B A T ER(PGD) 2 44> & 5t
Fes— ¥ 4 SLC2644 £ c9192A>G R%2 325 2 T - LKA i1
#f%ﬂoM%%&wéﬂ SrpLiEE S B N B H AT A H Y

(ﬂd\

357 9 je Hoa i (cystic fibrosis) ~ 4 1+ B n (thalassemia) ~ AR 3 552 fm
fég(retmoblastoma) R IE R % %5k (spinal muscular atrophy, SMA)% > 2%

)gk Fmg o s F R BRI AFILE2Z 20 0 A7 APEIR 2
Foblo Fa R TR T A EHEZ o

2. MRNEFRPRAATLE RS G 2 4R



(1) B225% B w0 A T2 %72 T8 B
RS E R A FBES Y LR ’**’“Eé'—]f){% 8 B 1T 1% b7 A
B ® v it~ 5 A FIE ok 0 4o ® 7 4 & ek (Huntington’s disease)
(Rechitsky et al., 2002) 2 f¢ % /% Bk Jx (Alzheimer’s disease) (Verlinsky et
al., 2002) ; ¥ - * & > 73 "Ef?’iz_’?évfg"fﬁa'é‘fl HLA typing—*ﬁ IR
HLA #p 2 P 5 > #bd :‘_isz’» ISESEERTLERVE S o S N
RS ) R R wmw@* ORI SR
RoOFFEAT
a. v s F A TR
@ :;gf;,a:; 4o BRCA X% - ¥ B pd g a2 "7 - g o
SN P (0T LI R o R IR iE FE % {4 12 (Robertson,
2003) FAFRRS AT o RRAET R E R kL A& o
B & AT 'L«l?? Y RERBALRET 0 R F R AT
AT AREL G
b. & * 39?5 % k@ HLA typing :
TEF A e E RS HLAtyping » § #2 5X 2 2 2y
i (1nstrumentation)L&% 5 «L’:ﬁ E{J.p,\sﬁ: ) ;z SLd g R Rniad A
mE - LR K‘#"Lri § 208850 5 92 75 % Rk w HLA typing ¥ &
7 & (de Wert, 2005 Penmllgs et al. 2002)
: - .,-;_—’_"!-“.'
() EAE R & FD w@;%m%w%ﬂm Hmy§
g}fwrs/\ﬁAvnF,’iﬁ At %)‘ f}?;m’ A x’,wﬁﬁAFﬂi &,
W A ;(F—rs/,,\ﬁ AREFLH G L AR o b s
$IB ¢ ¢ E R R ESEF R 1 45 £ R 1 g (Dennis,
2004; Hayry, 2004) » 4g 5 # > §T 2 ¥ ¢ * i E BRI 203 & s
Ho AT 4o
a. HHGEALR R A Faprs s ¥ 2802 90 % ko HLA typing » #< %
R ARH R e
b. ¥ 22 BAFHR > 4o GJB2 4 F c.35delG r c.235delC % % -
"B G Hc2 SLC26A4 7R % B3 D}E%’j*}}ia;?iﬂr r.t7» HE R
RAES B/ RIF S EoL ai % X e AN NP SR R AR
. ApRCTH EERFAR  ho R BT AR ER L% d i
BBy s kL 2 RETL @A TREDSEN R F
A LR A R >RSI AP FET I s ALY RE L - AP
e o FREHHESEPLREFAIRA S PRS2 AFF
FP i B o fes it o sl B R O] 0 {303 PR F
FRAFRAFIBE 2 LR o
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3. % BB AT AR T2 R DR TS F o FGAE A TP e

e A o P iy i E A R AR R L e A
100 & » #x& &5 7 3] 50 # 2 % A F144 % M(The Hereditary Hearing Loss
Homepage, http://webhost.ua.ac.be/hhh/) (Hilgert et al., 2008) - 4-4+3 & X 7]
%%%’ﬁ&ﬂmwﬂﬁizﬁﬁ’&W%ﬁf*fr%%ﬁ?iﬁﬁﬁJ
(embryo haplotyping) ¥ ix 7 #78* ¥ (Renwick et al., 2007) - 3% 78 Fjiv > % %ﬁ d
TR A F R n#i»éﬂ?ﬁ—@c P ILH|RIRIE L S AT F A @ F A '1«‘}*“’% °
J* pLIE ATHOSEE . Y -’1L AL T e #ﬁ(crossover)n‘v 74 A&
i (recombination) » @ W IE 7 2 o

(z) &

AL ER O RAFZ A FIRRISEF &9 % LITER A 1 B gL LS A %
&ﬂﬁﬁ@ﬁ?%ﬁ@*’#%@ip;@upﬁ$ﬁ$\m$ﬁmgﬂ%@

2R RFRRLFH L S T E S AFLL ERE LR PR FE D
?“TLF"W FCAR 2 Tl p] LG AT AT 2 A& TR Rl 2 A ey
£ REEATRE Y BB Rl FHEDET S 55 2 b hEn ) TR ER
;}Fk‘ Lo 2 & el et o '

f
s |
|

(ot
|

| ==
|| "[ | |

el g 1l
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(=) AFF 218352 Ak 3w

(z) iz ¥ LRARAFIRARRE A2 LHF 7
(Z) Efp: WAFe PEFI2 CLBATIRE ik
(z) Pfe: du §LBp2 A5y

() "R fI* FOPRFAFIREESFH s 2R AT
(=) 42 37 AR Ry 2 A

(=) EAz: 2% 2 5c R— B A TIR RAER 5 - 23 97

rm-[ ] L ST
G B W
l.l?'l'.’gi"ff Tr-’—" —gr la?" ~
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(=) AF721iB832%2 A%

WA g ko ZATEFESFY 0 WA T s RO RFL AT RE
2 pIBEAY U E ORI A THRRIZTRAE BT £ K308 o

ol BHRA L AT G RE A AT REEF T R E AR
ﬁr’ﬂ* EHGHEFL ¥ LATEE - AFAZ LRI a2 E g

i ﬁsﬂ‘m’ﬁ#,m‘%""%\‘ B OB AT RRIZTRAE R - B
NS i&é?@ﬂ T AT 1 eharak s T #E | (translate) 3| Tk F 5% 0 10F v §T s
Bt

AV hhd & 2L LA KP1 Fr Bz L2 TR ARIBISB
G ke PoAE s 2 LARRY] 0 FIRE B Ao

Liefe: ¥ LA RAFIREROpBILE S Fl2 L%

2. ‘BA AT FiFATY AR AFIRE Gk
3ﬂﬁﬁﬁ%#iﬂffgﬂp*

4 P A B AP RFANREES FL L AR AR
5£ﬁﬁ%i@m% Fo 5 gl

6. £ 421 2% fird so f SR FHR RHER T - 2 W2

(-) = ¥ LD RAFR *ffﬁr*'%ﬂ 47 %

S o ﬂiﬁﬁ""TLf"m_ﬁ@}égg_jF% BJ;J’],,. f«r}%ﬁ‘i A\—;‘ff,‘s@§,}§ﬁ
FRIIR R UL +f~wm\wr\%ﬁ*é CR AL FLATIRE AT A
EN R RV ﬁjz;l;g%,kﬁ: A AP G = el ﬁfﬂiﬁm s E SRR FA PR
FoRY A EIFTRESES- EVRARATRE 2 mRop s 2 R
BT R RAFRE N EEY FRAFF 22T

FLABAFRE 2 LR 1841

(1) GJB2 %] p.V371 % & ¥R FIF 2 1541
AFETHFR > G/B2 AFIpVITIRE 2 EFHETIY AR EA SHR
PR EEMRIFZESLIME DRst ER T BRI T4
Heo BrfzH LmLﬂIﬁaﬁg‘ﬁ’ I IBEE LR FF o AN
AR P 2 - o

(2) SLC2644 AFIS R ERAFPRF L AL
P s e fT g o BT R SLC26A4 A FIR R € R > KA 0 5
o A g IR E i o frak L - B3R 2 IR o o 3t SLC2644 £
ﬂ%ﬂtﬁ%%%%ﬁiﬁ&BFEHWﬁ%A%’ﬁﬁﬁzﬁﬂzw
B EBHETRAL R4

(@ﬂCMMéﬂ%ﬂﬁ‘ﬁ%%&iﬁiﬁﬂ
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SLC2644 A F1RE A Tomk 2 AL B4 4 > AP BB F 2 /& 7
- R T RAURE S BT L m kiRl 4R AR BRY

2. AR ATIRE N RFY FEFIL AT
(1) GJB2 A% p V3Tl %L 2 g R 7 &

WBd S ESE T GB2 AT pVITI R B 1 K 4 s A
FIHE F 1T 10% (Dai et al., 2009; Hwa et al., 2003) » & & 3 f’}(}ﬁa]ﬁ‘/\
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PART I. Genetic epidemiology and molecular pathology of
hereditary hearing impairment

Outlines
1. Genetic epidemiology of common deafness genes in Taiwanese
2. SLC26A44 mutations and the pathogenetic mechanisms

A. SLC26A4 mutations in humans
B. SLC26A4 mutations in mice

3. GJB2 mutations and the pathogenetic mechanisms

A. The p.V37I variant vs. idiopathic sensorineural hearing impairment
B. The p. V371 variant vs. age-related hearing impairment

4. Mitochondrial 12S rRNA mutations and-the pathogenetic mechanisms

1. Genetic _epidemiology of common d'_ééfness genes in_Taiwanese: Prospective
mutation screening of three common deafness genes in a large Taiwanese
cohort with idiopathic bilateral sensorineural hearing impairment reveals a
difference in the results between families from hospitals and those from
rehabilitation facilities.

Background

Molecular genetic analysis provides us with a powerful tool in approaching
patients with sensorineural hearing loss of unknown cause. Among a plethora of
deafness genes discovered in the past decade, certain genes are more important
than others from an epidemiologic perspective. These genes include GJB2,
SLC26A44 and mitochondria 12S rRNA gene. Not only do the mutations of these
genes demonstrate a universal distribution, but the frequencies of these mutations
in the hearing-impaired population are also much higher than the frequencies of
other mutations. One of the most important findings that we have learned from
past years’ researches is that different ethnic groups showed different mutation
spectra for each deafness gene. Consequently, establishment of a database for each
ethnic group becomes indispensable, and the ethnic background should be

considered whenever genetic counseling for hereditary hearing impairment is
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performed.

Accurate epidemiological data of common deafness genes are essential to improve
the efficiency and the cost of molecular diagnosis. They may depend on several
factors, including a clear delineation of the source of patients being studied. In the
present study, we hypothesize that idiopathic sensorineural hearing-impaired
patients of different sources might reveal discrepancies in the epidemiological
results of genetic screening, because patients of different sources might
demonstrate distinct clinical or audiologic features and thus result in biased
selection of subjects.

To elucidate the relative importance of mutations of the common deafness genes
in the Taiwanese population and to verify our hypothesis, we conducted a
prospective project screening mutations in GJB2, SLC2644 and the mitochondria
12S rRNA gene in families with idiopathic bilateral sensorineural hearing loss,
and compared the prevalence of common mutations between families of different
sources.

Patients and Methods _

We conducted a prospective project screéhing mutations in GJB2, SLC26A44 and
mitochondria 12S rRNA gene mn'a total of 420, Taiwanese families with idiopathic
bilateral sensorineural hearing loé.s,.fp,f _ii»/liich 305 families were recruited from
hospitals and 95 from heating rehabilitation fadilities. Allele frequencies of
common mutations in these threéi gegés and distributions of the corresponding
genotypes were then compared between the'.tv&_{o groups.

Results o

The allele frequencies of variants in'SLC26A44, GJB2 and mitochondria 12S rRNA
in the probands of the 420 families were 14.4%, 21.7% and 3.8%, respectively.
The allele frequency of SLC2644 mutations in the hospital group was
significantly higher than that in the rehabilitation facility group (16.2% vs. 8.4%,
chi-square test, p < 0.05); whereas no difference in the frequencies of GJB2
variants and mitochondria 12S rRNA variants was found between the two groups.
Distributions of probands classified by SLC2644 genotypes were also different
between the two groups (chi-square test, p < 0.05). Accordingly, a discrepancy in
the genetic screening results might exist between different sources of idiopathic
hearing-impaired patients. Further analysis of audiological results and
construction of a logistic regression model showed that different audiological
features, namely hearing levels and hearing loss patterns, might be responsible for
the unequal distributions of mutations and probands between the hospital and
rehabilitation facility groups.

Conclusion
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The source of patients might affect the results of genetic screening for idiopathic
hearing impairment. Patient source should therefore always be labeled with clarity
when the results of genetic epidemiological studies for idiopathic hearing

impairment are being reported.

SLC26A4 mutations and the pathogenetic mechanisms

A. SLC26A4 mutations in_humans: Phenotypic analyses and mutation
screening of the SLC26A4 and FOXI1 genes in 101 Taiwanese families
with bilateral nonsyndromic enlarged vestibular aqueduct (DFNB4) or
Pendred syndrome.

Background

Recessive mutations in the SLC26A44 gene are responsible for non-syndromic
enlarged vestibular aqueduct (EVA) and Pendred syndrome. However, in some
affected families, only one or zero mutated allele can be identified, together
with the fact that there is no-clear corfelation between SLC26A44 genotypes and
clinical phenotypes, hampering the acecuracy of genetic counseling. To
elucidate the genetic compdéitign_ of non-syndromic EVA and Pendred
syndrome, we screened telated g%i‘émic fragments for genetic variants in a
large Taiwanese cohortand aﬁalyze:E(i the phenotypic and genotypic results.
Patients and Methods " 1V

We used direct sequencing and quantitati\./e polymerase chain reaction (PCR)
to screen 101 families with non-syndromic EVA or Pendred syndrome for
mutations in the SLC26A44 coding regions. For those with zero or one mutation
detected, genetic variants were then screened in the SLC2644 promoter and
the FOXII transcription factor gene. Meanwhile, the phenotypes, including the
radiological findings, the presence of goiters and the audiological results were
correlated with the genotypes. Haplotypes of the SLC26A44 alleles without
mutations detected were also investigated to explore mutations in non-coding
regions.

Results

Mutation screening in the SLC26A44 coding regions detected two mutations in
63 (62%) families, one mutation in 24 (24%) families and no mutation in 14
(14%) families. The radiological findings, the presence of goiters and the
audiological results were not different among probands (i.e. index cases of the
families) with different SLC2644 genotypes. Specifically, probands

heterozygous for SLC2644 mutations demonstrated clinical features
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indistinguishable from those with two mutated alleles, implicating that there
might be undetected mutations. However, except for a variant (c.-2554G>A of
SLC26A44) with possible pathological consequences, no definite mutation was
detected after extensive screening in the SLC26A44 promoter and FOXII. In
other words, most Taiwanese families with non-syndromic EVA or Pendred
syndrome might not result from aberrance in the transcriptional control of
SLC26A44 by FOXII. Meanwhile, exploration of undetected mutations in the
SLC26A44 non-coding regions revealed 9 divergent haplotypes among the 21
no-mutation-detected SLC26A44 alleles of the ¢.919-2A>G heterozygotes,
indicating that there might be no common and predominant mutations in the
SLC26A44 introns.

Conclusion

There is no significant difference in phenotypes among patients with different
SLC26A44 genotypes. The similarity in clinical features between probands with
one mutation and those with two mutations and the co-segregation of the
mutation with the phenotype in pedigrees indicate the presence of undetected
mutations. The transcriptional contfol of .SLC2644 by FOXII1 appears to
contribute minimally .to non-syndromid EVA or Pendred syndrome in
Taiwanese. The divergence '.o.ft:__hépiotypes ‘of the no-mutation-detected
SLC26A44 alleles excludes the p%?é’-ibiliw of predominant founder intronic

mutations.

. SLC26A4 mutations in mice: Characterization of phenotypes in knock-in
mice with SLC26A4 ¢.919-2A>G mutation.

Background

Recessive mutations in SLC26A44 are responsible for non-syndromic enlarged
vestibular aqueduct (EVA) and Pendred syndrome (PS), two disorders
commonly encountered in children with hearing impairment. Among more
than 100 SLC26A44 mutations identified to date, ¢.919-2A>G is by far the most
prevalent mutation in Taiwanese, and the second most prevalent in Japanese.
In the present study, we established a knock-in mouse model homozygous for
the ¢.919-2A>G mutation, Slc26a4™Poruh/imiDontuh  and  explored the
associated audiological and vestibular phenotypes.

Materials and Methods

The phenotypes of Slc26a4™ ! PortuimiDontuh

were characterized by behavioral

observations, audiologic assessment using auditory brainstem response (ABR)
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and distortion production otoacoustic emissions (DPOAE), and balance
assessment using rotorod testing. Inner ear morphology was investigated using
H&E staining, fluorescence confocal microscopy and electron microscopy.
Result

45% of the Slc26a4™!Porh/miDoniuh yice demonstrated pronounced head
tilting and circling behaviors, as well as severely impaired balancing ability on
rotorod testing. All Slc26a4™ Poruh/imiDontuh rice revealed profound hearing
loss (> 120 dB SPL) on ABR and absent OAEs at 3 weeks. Histological
studies using H&E staining showed enlarged endolymphatic duct and sac,
endolymphatic hydrops in the cochlea, and atrophy of stria vascularis.
Fluorescence confocal microscopy and electron microscopy demonstrated
degeneration of hair cells in the organ of Corti.

Conclusion

4tm1Dontuh/tm1D0ntuh

Preliminary characterization of the Sic26a mice revealed

phenotypes reminiscent of those observed in the human counterpart. The
Slc26a4™ ! Pontuh/ mIDontuh i ceymight thus:serve as a good animal model for
patients segregating SLC26A4 mutatib'ns, and can be utilized for therapeutic
researches in the future.

3

3. GJB2 mutations and the pathoqéneti'c mechanisms
A. The p.V37l variant vs. idiopathic sensorineural hearing impairment:
Pathogenetic role of the deafness-reiated p.vV371 variant of GJB2:
evidences from a large clinical cohort, cell-line studies and the knock-in
mouse model.

Background

p.V371, a GJB2 allele with debatable pathogenicity frequently identified in
East Asians, was reported to contribute to mild-to-moderate sensorineural
hearing impairment (SNHI). The purpose of the study is to elucidate the
pathogenicity of p.V37I through investigations in a clinical cohort, cell-lines
and the knock-in mouse model.

Methods and Materials

A total of 732 unrelated Han Chinese patients with idiopathic non-syndromic
SNHI and 1005 Han Chinese controls were enrolled. According to the
GENDEAF criteria, 356 were classified as severe-to-profound SNHI, and 376
were classified as mild-to-moderate SNHI. The allele frequencies and

genotype distributions of p.V371 were compared among the groups, and the
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corresponding phenotypes were analyzed. The pathogenetic mechanisms of
p.V371 were then investigated in cell-lines by transfecting HCx26wt and the
p.V371 variant into HeLa cells. A knock-in mouse model homozygous for
p. V371, Gjp2mIPonuhimiDontuh (g also established.

Results

Allele frequencies of p.V37I in these two groups and the controls were 12.8%,
30.3% and 9.2%, respectively (chi-square test, p < 0.001). Both patients with
severe-to-profound SNHI and those with mild-to-moderate SNHI revealed a
deviated genotype distribution from estimation (chi-square goodness-of-fit test,
both p < 0.001). Homozygosity for p.V37I was identified in 77 (20.5%) and 9
(2.5%) patients with mild-to-moderate and severe-to-profound SNHI,
respectively, and co-segregated with the phenotypes of SNHI in 56 kindreds.
Further mutation screening in the GJB2 promoter and GJB6 coding regions
did not detect sequence variants in the 86 p.V371 homozygotes, excluding the
possibility of a near-by mutation in linkage disequilibrium with p.V371. HelLa
cells transfected with p.V37l expressed protein levels comparable to those
transfected with HCx26wt, but '‘were lé'ss able to form clear junctional plaques
and demonstrated a less.permeability for intercellular dye transfer. Preliminary
characterization of the audiol‘p_gi_éf_al" phenotype in Gjp2™!Pontuh/imiDonuu
revealed near-normal hearing levelsat 4 weeks.

Conclusion 1 |

Homozygosity for GJB2-’p.VB7I allele '.is__ stfongly associated with idiopathic
mild-to-moderate sensorincural hearing.: impairment in Taiwanese, and
demonstrates a diverse spectrum of audiologic phenotypes. Further functional
genetic studies in cell lines and knock-in mice indicated that p.V37I might

mildly impact the function of connexin26.

. The p.V371 variant vs. age-related hearing impairment: The contribution
of GJB2 (Connexin26) variant alleles to age-related hearing impairment.

Background

Age-related hearing impairment (ARHI), the most common form of hearing
impairment in humans, is a complex disease caused by an interaction between
environmental and genetic factors. It has been postulated that genes leading to
monogenic hearing impairment might also be susceptibility genes for ARHI.
The purpose of this study is to investigate the association between ARHI and

variant alleles of GJB2, of which the mutations are the most important cause
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of monogenic hearing impairment worldwide.

Patients and Methods

A total of 1005 Taiwanese volunteers (all were Han Chinese, aged 40 to 80 y)
were included in the analyses, and were classified into controls (the 1/3
subjects with better hearing, n=335) or cases (the 1/3 subjects with worse
hearing, n=335) according to the Ziow, Zs-tone and Zpien scores converted from
their original frequency-specific hearing thresholds. Seven sequence variants
in the coding region of GJB2, including ¢.79G>A, c.109G>A, c.235delC,
c.299 300delAT, c¢.341A>G, ¢.368C>A and c.608T>C, were genotyped and
then correlated to the audiological phenotypes.

Results

Among the 7 sequence variants, genotype distributions of the ¢.109G>A allele
were different between cases and controls classified according to the Z,,,, and
Z4tone scores (Fisher’s exact test, p < 0.05). Further analyses revealed subjects
with the 44 genotype demonstrated significantly higher Ziy, Zs-tone and Zpign
scores than those with the G4 'or GG genotype (ANOVA with post hoc Tukey
multiple comparison procedure, all ;5'< 0.001). The A4 genotype was still
significantly associated.with"ARHI after'ether non-genetic factors had been
adjusted by logistic regression 'r.n(jl_(j,el_s'.-Accordiﬁgly, the c.109A allele of GJB2
might contribute to ARHL'in Han fii'?i\'ﬁanese via a recessive mode.

Conclusion '3

The association betweeniG.JB2 and ARHI supports the hypotheses that genes
responsible for monogenic  hearing impéirment and genes regulating the
potassium homeostasis in the inner ear might be susceptibility genes for ARHI.
The significant variety in the audiological phenotypes of subjects homozygous
for ¢.109A implicates the presence of other factors modulating the
development of ARHI.

4. Mitochondrial 12S rRNA mutations and the pathogenetic mechanisms:
Prevalence and clinical features of the mitochondrial m.1555A>G mutation in
Taiwanese patients with idiopathic sensorineural hearing loss and association
of haplogroup F with low penetrance in three families.

Background
The m.1555A>G mutation in the mitochondria 12S rRNA gene has been reported
to be an important cause of non-syndromic hereditary hearing loss. However,

remarkable inter-familial and intra-familial variations in the phenotypes of the
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mutation preclude precise prognosis during genetic counseling. Hence, this study
was performed to explore the factors which might contribute to the differences in
the phenotypes, including aminoglycoside exposure, mutation load and
mitochondrial DNA (mtDNA) background. Also reported were the prevalence and
the clinical features of the m.1555A>G mutation in hearing-impaired Taiwanese
patients.

Patients and Methods

Mutations in the 12S rRNA gene were screened in a panel of 315 unrelated
Taiwanese families with idiopathic sensorineural hearing loss. Clinical features in
families with m.1555A>G mutation were analyzed, and the roles of
aminoglycoside exposure, mutation load and mtDNA background in disease
expression were investigated. Penetrance was then compared among families with
different mtDNA backgrounds.

Results

The m.1555A>G mutation was identified in a total of ten (3.2%) families, and was
characterized clinically by progressive, post-lingual and bilaterally symmetric
sensorineural hearing loss ‘and normal té'mporal bone radiological results. The
m.1555A>G mutation was.homoplasmic (i.e.all the mitochondrial DNA carries
the mutation) in all matrilineal rélaﬁveé ih these 10 pedigrees. Among the 44
hearing-impaired relatives ‘of the 10 pcﬁlgrees only two recalled definite episodes
of aminoglycoside-induced hearlng loss mtDNA backgrounds in these 10 families
could be categorized into 6imain haplogroups (A, B, D, F, M7, N*), including
three families belonging to haplogroup E; two belonging to haplogroup A, two
belonging to haplogroup M7, and three belonging to haplogroups B, N* and D,
respectively. Penetrance differed among various haplogroups, and certain
haplogroups appeared to be associated with a lower penetrance, like the three
haplogroup F families, in which the penetrance ranged from 13 to 33%. Further
analysis confirmed a heterogeneous distribution of hearing-impaired subjects
among various haplogroups (chi-square test, p = 0.018).

Conclusion

The mitochondrial m.1555A>G mutation accounted for 3.2% of the Taiwanese
families (0% of the simplex families and 11% of multiplex families respectively)
with sensorineural hearing impairment of unknown etiology. Since it was
identified in a variety of mtDNA backgrounds, the mutation appeared to arise
from multiple origins in Taiwanese. As subjects with various haplogroups
demonstrated different penetrance, mtDNA background might exert effects on the

disease expression of the m.1555A>G mutation.

110



PART I11. Novel clinical applications of genetic examination
in the field of hereditary hearing impairment

Outlines

1. Role of genetic diagnosis in predicting the outcome after cochlear implantation

2.

Development of an efficient and low-cost diagnostic tool to promote genetic
examination in Taiwanese patients with hearing impairment
Application of pre-implantation genetic diagnosis (PGD) to hereditary hearing

impairment

1.

Role of genetic diagnosis in predicting the outcome after cochlear

implantation _in_children: Genetic diagnosis and imaging results are the

predominant predictors determining the speech perception performance
outcome after cochlear implantation in Children.

Background

Research over time has shown.that early identification of hearing loss followed by
rehabilitation procedures, such as hea{{@g aid usage commencing during the first 6
months of life, significantly increases"';tzﬁe' leveliof language development, speech
intelligibility and emotional stability=For| those Wwho get limited benefits from
hearing aids and fail to reach’ communiGation milestones because of the severity of
their hearing impairment, cochlear‘implantation has been demonstrated to be an
effective intervention and is currently regarded as the treatment of last resort.
Bypassing the sensory organ of the inner ear, cochlear implants (CI) activate
auditory nerve fibers directly, transmitting auditory signals through the central
neural pathway and ultimately yielding speech understanding in the cortex. The
performance outcome with CI, however, varies significantly among implantees. A
plethora of factors, including age of implantation, duration of implant use, amount
of residual hearing, primary mode of communication before operation, and
presence of certain inner ear malformations (IEMs) such as narrow internal
auditory canal (IAC), have been proposed to influence the outcome. Still, a
panoramic prediction of CI results remains unavailable thus far, largely because
pediatric SNHI is extremely heterogeneous in its etiology. As an invasive and
expensive surgical procedure, identification of the most crucial predictors of CI
outcome is of paramount importance, since it may help steer appropriate
rehabilitation programs and expectations by clinical workers, schools and families.

The purpose of the study is to investigate the roles of genetic diagnosis, image
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results, as well as other prognostic factors in predicting the long-term outcome
with cochlear implant (CI) in children.

Patients and Methods

The study prospectively enrolled 67 consecutive implantees who had a minimum
of 3 years’ experience with the device. Image results of inner ear were obtained,
and mutations were screened in 3 genes commonly associated with hearing
impairment: GJB2, SLC26A44 and the mitochondria 12S rRNA gene. Speech
perception performance, expressed by speech recognition scores of 5 parameters,
was compared according to genetic diagnosis and image results, respectively.
General linear model was constructed to testify the predicting values of specific
genetic and image results after adjusting other prognostic factors.

Results

Twenty-two (33%) children harbored genetic mutations, including 18 with
SLC26A44 mutations and 4 with GJB2 mutations. When classified by image
findings, 33 (49%) children revealed inner ear malformations (IEMs), inclusive of
9 with narrow internal auditory canal (IAC).and 24 with other IEMs. Children
with SLC26A44 or GJB2 mutations exhibit'ed excellent speech recognition scores,
whereas children with narrow JAC performedimore poorly as compared to those
with other IEMs or those without IEMs Géneral linear model confirmed that both
narrow IAC and SLC2644 mutatlons correlated” with the speech perception
outcome, indicating that genetlc d1agn051s and- image results are the two
predominant factors determining the outcome with CT.

Conclusion : '

In pediatric CI candidates, both geneti¢c examination and image study might be
included in the battery of pre-operative evaluations before proceeding to

implantation.

Development of an efficient and low-cost diagnostic tool to promote genetic
examination in Taiwanese patients with hearing impairment: Application of
SNaPshot® multiplex assays for simultaneous multigene mutation screening
In patients with idiopathic sensorineural hearing impairment.

Background

The genetic basis of idiopathic non-syndromic SNHI is particularly heterogeneous,
making the efficient molecular diagnosis of individual patients challenging. More
than 100 genes are associated with deafness, and to date, at least 46 genes have

been identified to cause non-syndromic hereditary hearing impairment (The
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Hereditary Hearing Loss Homepage, http://webhost.ua.ac.be/hhh/). Although
mutations in certain genes including GJB2, SLC2644 and the mitochondrial
12SrRNA gene have been shown to be much more prevalent than other genes in
many populations, comprehensive screening of mutations in these genes using
conventional genotyping techniques, such as direct sequencing, remains a
laborious task. Based on genetic epidemiological data obtained from previous
studies, several high throughput strategies like microarray technology and the
Invader assay, have been developed to help screen for mutations. Since both the
mutation spectra and the complexity of the mutation spectra in common
deafness-associated genes differ among populations, it is possible that each
population might require a different strategy for optimal rapid genetic examination.
The purpose of the study is to develop a cost-effective and robust genetic
diagnostic tool for patients with idiopathic non-syndromic sensorineural hearing
impairment.

Patients and Methods

Twenty common sequence variants in GJB2;SLC26A44, and the mitochondrial 12S
rRNA gene were selected based on our. previous epidemiological study. These
variants were analyzed using/the SNaPshoi technique. The efficacies of the
SNaPshot multiplex assays weré, .qgtefn.l‘ined by using a prospective cohort
composed of 214 unrelated Taiwanp"e-?,'é*' ioatients with idiopathic sensorineural
hearing impairment. The resultsl of E‘:ﬁe assays “were compared to the results
obtained by direct sequencing. | .

Results :

We developed a diagnostic technique consisting of two consecutive panels of
SNaPshot multiplex assays, with each panel screening 10 common sequence
variants. Theoretically, this design can detect more than 98% of the known
deafness-associated sequence variants in Taiwanese individuals. A total of 126
(58.9%) patients were diagnosed as having at least one sequence variant using the
SNaPshot multiplex assays. In total, the SNaPshot assays yielded an accuracy of
more than 99%.

Conclusion

The strengths of SNaPshot multiplex assays include high accuracy, high
sensitivity, high flexibility (the examination panel can be easily expanded for
additional mutations), low cost (<10 US dollars per patient), and easy
implementation for any institute with a DNA sequencer. Although only 20 to 30
mutations can be examined in two to three runs of the SNaPshot assay, this
technology may be suitable for first-pass screening of deafness-associated

mutations in populations with a relatively homogeneous ethnic background.
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3. Application of pre-implantation genetic diagnosis (PGD) to hereditary
hearing impairment: Pre-implantation genetic diagnosis (embryo screening)
for enlarged vestibular aqueduct due to SLC26A4 mutation.

Background

Once the mutations responsible for deafness in a family are confirmed, pre-natal
diagnosis (PND) using chorionic villus sampling or amniocentesis can be
performed to screen and subsequently terminate an affected pregnancy. However,
PND is not an acceptable option to many families for ethical, psychological or
religious reasons. For these families, pre-implantation genetic diagnosis (PGD)
offers an alternative, with the opportunity of beginning a pregnancy with a
disease-free embryo, thus circumventing the need for late diagnosis and
termination. PGD has been performed for many monogenic disorders, including
cystic fibrosis, beta-thalassemia,imyotonic dystrophy, Huntington’s disease and
fragile X syndrome. However, the apﬁlication of PGD to hereditary hearing
impairment has not been explored.

Patients and Methods =YY

In the present study, we reported '-TtH:é- “development and application of PGD
protocols to address enlarged Vesfibula;ﬁ-'aqueduct (EVA), which is a common type
of hereditary hearing impairment ‘assogciated with'mutations in the SLC2644 gene.
The family requesting PGD ‘had ‘a*history of EVA, segregating the SLC2644
¢.919-2A>G mutation. In short, the PGD process was composed of two steps: the
development of a single-cell testing protocol and clinical PGD cycles (i.e.,
selection and implantation of unaffected embryos using the single-cell testing
protocol).

Results

First, protocols for genetic testing in a single cell were established for the
c.919-2A>G mutation using GenomiPhi technology and primer extension
mini-sequencing. These protocols were validated on single lymphocytes collected
from both parents and their affected child. Two clinical PGD cycles were then
performed for the parents, with the second cycle successfully leading to a
singleton pregnancy. The baby was homozygous for the wild type SLC26A44 allele
and revealed a normal audiological phenotype after birth.

Conclusion

To our knowledge, there has not ever been reported in the literature describing

successful PGD in families with genetic hearing impairment. In our opinion, the
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application of PGD in the field of hereditary hearing impairment involves fewer
ethical controversies than other novel applications of PGD and traditional
indications for PGD for other monogenic diseases. Therefore, the approach
demonstrated in the present study can also be used in a large number of families

with other types of hereditary hearing impairment.
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Japanese Science and Technology Agency (JSNP database:

http://snp.ims.u-tokyo.ac.jp)

MitoMap, http://www.mitomap.org/

Pendred/BOR Homepage, http://www.healthcare.uiowa.edu/labs/pendredandbor/

SNP database, http://www.ncbi.nlm.nih.gov/projects/SNP/
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B B2 A SRR T REA G
b BEE RIS B0 A % 2 1000 4 ¢}
BNl N EEaP R TR € e

He = 52
aqlﬁf’?v/v\{
’dc’u I I

- i

"E ¥ ) (syndromic)® 2Ly i 3
I rqi**"“‘f;lj 9% 30:70-

_m
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34 e

$23 FGAE | (3/1000)
33% 67%
2l AT AT
I
70% 30%
2 g 3 T i)
I
20% 75% 2~3% 2~3%
DFNA DFNB DFN ﬂ‘\’if‘s"sl%%DNA:ﬁ
1-54 1-67 1-8 m.1555A>G %
44 WAl WA WER Pmd

e

B EF

IER
H

XFeH LM
4 (non-syndromic) = #g »



1)

1. mtDNA background

al o i555A>G6 22

oiNe;

3. Nuclear factors

O
o
of%

m.1555A>G

\——/

2. Homoplasmy vs. heteroplasmy

OOO O
OOO O o
e e

4. Environmental factors:
aminoglycoside?

v 67 i RS m1555ASG B[#TeR Hachis

B R4S mISSSASG RATEE R & fus
4] : N
1. 448 2 #1482 (mitochondrial géﬁome); 3% Eiﬁ #* | (haplogroup)
2. R ARYE 1555A>G 2 %2 [ B F | (homoplasmy)= " £ & | (heteroplasmy)
3.
4

0% 1 T 4

sb 4 TE 8 5B
eSS Xo W2 T
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KA/
FARRAIS RNA 555A>GH £ »
o 71 8 S Aminoglycoside i 4 » AT L1 &1t o

e

SRBIRERGE HHIE o

Fop A HRRIIE § RS 128 tRNAG FlHamIS55A>G R % 0 AP § w2
«‘ffi A i ulii R RA AR Y ‘_;f:' Y 2 £ 5 XA :}I;; A “;f.&'/j:%%”_ifjw{- )
WFEF I #ﬂﬁ?&%ﬁ'%ié? A OB SR GRS 2 B4 E
oo ' '
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Slc26a4 ¢.919-2A>G

(bMQ-323G13)

. 12.47 kb |
1 1
" 5.36 kb 1 1.68kb ., 7.11 kb |
| 11 | | | 1
Notl BamHI (PL451) EcoRI (PL451) Spel
29136332 29120471 20128882 29123860
Loes 6 Lo mEsm L—17.3 g — 10—
1oxp FRT FRT %
(t<c)

Neo5’'D Neo3'U

MclproD2

Slc26a4 p.H723R

(bMQ-323G13)

14.65 kb
| ]
I 1
| Shortarm~3.28kb , I Long arm~9.47 kb |
| 1 | |
BD:29114617 ATG>ACG
— 17— S N “IFZO—H*
Notl Sall Bam HI EcoRI Not1 YU:29102534
AU:29114975 CU:29112034 E19F: JD: Spel
DD:29111695 2D:29102172

29111637 29110259

Slc26a4 £ %] ¢.919-2A>G ¥ £ 2 p.H723R % £ 2 plasmid constructs

BT Slc26a4 1% c.919-2A>G 2 pHT723R % f A F§ # B ehi 7 3 > A8
TETR AR F S & Gk A T2 Sle26a4 £ F) c919-2A>G & p.HT23R % %
2. 3k F]4F # 48 (plasmid construct)
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McS Multiple cloning site

(591-665)

pIRES2-AcGFP1 Bst Xl (1254)

anf/ 53kb  pgrpy
S B
e P ori Not | {1976)

=2 61 &1 621 &3 641 651 BE1

GCTAGCGCTACCGGACTCAGATCTCGAGCTCAAGCTTCGAATTCTGCAGTCGACGGTACCGLGGGCCCGEGATCL.  IRES

Nhel Ecoar Il Byl Xhol  ~ EcoRT ol Sall Sacll ;JfamHl

Small

pIRESZ -AcGFP1 % %% - : .;,_..-;
*F 7 ¥ * pIRES2-AcGFPI %‘rﬁ:@h’r E.“’“]zagf‘ﬁ o AF2 5 11 PCR ~ £4F WA w3
ror 4 w] 3 (wild type)GJB2 44 815 2 4 p. V3171 $98 GJB2 £ 7B 5|7 DNA ¥
Bt > 4| ps EcoRl Fr BamHI Je T i 2% - 4 #l 2. DNA é_#ﬂqﬁ%

pIRES2-AcGFP1 5 %8 » 2 {542 » ;2 F > E.coli » -
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[ |
—l-x -WI - Wild type
/ /

./ 4

Plasmid
(pIRES2-AcGFP)
cloning

transfection

HeLa cell

¥ qme R 2 Hilﬂp {?;%H § H/M

AL AR A FIE ﬁ#ﬁﬁ%"m\ Vvst;r 5 #ﬁ% 44 GJB2 AFFHZ A
p.V371 % % GJB2 & F1F '?f'mHeLa e ?‘H £t s e connexin26 F-v B
rg fe '—’EU i B ooy %zp p.V371 % 2 ”’ﬂ"? GJB2 A F1 & el 58 o
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Gjb2 Kl construct map

GTG-2ATG
AU BD cu DD EU \ FD Yu D
33412 32007 28620 28390 25206 24806 24805 24038 19887 19416
'

8.6 kb Eco RI 1.9 kb Bam HI 5.4 kb

Lox P

- Neo cassette

Linearized enzyme: Not |

Gjb2 &£ 7] p.V37l % £ 2 piasﬁu%\tlctnswct“/r
AT Gb2 A F) p.VITL R LT N R e mﬁs % PR TR IR G R
4 % B A Fl2 Gb2 A7) p. V37l PR ) 3 %4 (plasmid construct)
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SNaPshot ddNTP Primer Extension Kit

Anneal Primer

. Interrogation target
Primer 9 9

™ CCATGACTGATTCC
rempiate —NNNNNNAGCCTGGTACTGACTAAG N

Ready Reaction mix comprised of: ddGTP
AmpliTag®DNA ddc
TP
Polymerase, FS+ Buffer + ddUTP Ezzﬁ]nigaa;gdPrimer

ddATP
CCATGACTGATTC
NNNNNNAGCCTGGTACTGACTAAGG
Repeat

Single Tube
Multiplexed SBE Reactions

\_ LA_LA_\

_ __
_— T — 7 -_—C— G — Template
\__ C—_
_ gggs Extend and | Primers designed with tails
AmpliTaq®FS 1\ 20 | Terminate Primer | of differing lengths
\l/lultiplex up to 10 reactions
_ \_ . ., I
T T— —c¢c— A A—™ —c—
\__ G__ C
c S—
l l l Electrophoresisl l l

A ..

SNaPshot £ * R =

SNaPshot £ F]# 8| ¢ * SNaPshot™ kit (ABI)> fe FE*t % % % % = 2E:2 7 multiplex
PCR 7 Js1s » 1% primer extension i+ Fid T =L 2 F kpge MisH Py
Fiz %3 o
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Eag Sperm

r"-'-“““',"'J
O+&
l Using IVF techniques

Blastomere
Remove ane

or two cells /
for testing

‘ —p TestDNAor test result
chromosomes / \

Genetic disorder Genetic disorder
excluded detected
embryo implanted embryo discarded

9&.’?;—; R AFE li*i"r(PGD),nq?}_ﬁé 8 | I -

PLE TR AR F P r(pre- 1mplemtat1 h genetl&idlagnoms PGD)iniAz1 & & 7 = #
9? : /Eﬁ’;b_%f - ¥z ¢919-2A>G f\%,ﬂh%ﬁ/?d:}iﬁv Higr A 14 s Pojir s 34
P ETRE R SRS Y 5 N mRR PR 5 B (TS B U TR H - e LT
LT GE S ED ¥ s~ * #8857 o (IVFE, in vitro fertilization)
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JST160569 JST160568 JST160567 JST089508 JST160566 JST160565
-2234 bp -2185 bp -1883 bp +215 bp +2213 bp +2292 bp
A/T T/C TCTTT/ - A/C G/C C/G

’I I\f‘: -“:! T l '.1\1) I
L i 1| I I L I | i ! |
Iiaﬁ- BEMB 105.35:‘!} Ftﬂi..ﬁ‘ahh Ill]E..'BﬂHb ldl.’u‘!llm :

% ¥ 5 &
NS Q V'O NN
(;\”("c;\”((’ (3\\‘9 q@(;\@’ é\'{oé\”b Common haplotype
S Y
homozygotes

SLC26A4 £ %] ¢.919- IASG % @‘}«L ﬁ L,L{ ¥

16 %z c919-2A>G k3| & 3 f\,%‘ ?&"&rkﬁ—"ﬁ S5+ JST160568 ~ JST089508 -
JST160566 %2 JST160565 % » &%ﬁﬁaé&vﬁif&_ A5 @ 4 HE - Py
Fe 5 Al %R 2 c9192A>G 2 %1 T H £3] | (haplotype) » PIEH 16 &
A7 e F,éa—g L3232 4 MY 530 1ERd RE(94%)HE AR AR 0 BT T
PR A2 c9192A>G RET i K & e L o

%ald gL

./I_;F
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) . O
-1 1-2
Exon13 { \]\f’ fll”}Zﬁi T\/\TT
+/p.G497R +1+
ATAGGGT GGAG ATAGGAT GG AG
Promoter . {\
fi f\ n
+/+ ‘ +/c.-2554G>A
/ 1I-1
ATCTCC GTTTA
Exonl3 |l"|i'| |"| r_|, |"| |"|
Ilﬁll IInI'J\L.
+/p.G497R
Promoter . ,\ T ’ll ’
+/c.-2554G>A
b
Bos taurus ARACRGETGAL -—————- TICTA-————- LAGTGAGTAATTTGATGTGITIARTATARCE
Homo sapiens CRGGAGRAGETTGCCTTATARAGCCCAAGTGAGTARTCTARGGTGTITARTAT CACE

Macacamulatta ~ RRRCAGETGARGGITGCCTIGTARRGCCCAGETGAGTARTCTARGGTGTTTARTATCACE

Rattus norvegicus RRRTAGETGACACTIGAT TTAGRRAGCTREGCGTGAGTARTCAGAGETCTTCRACETRACE

Mus musculus  RRATAGETGAGRCTTGATTTAGARAGCCAGTGTGAGTALYCGGARGTGITT ---CTARCE
\d

Bos taurus BATEA R TTGEGT GEAGRGRGCCAGCTGI TACCACCICCTACTCTTCTGT ITICRARAGGC
Homo sapiens  ATTZRRTAGGETGEAGRGRGCAAGCTGTTATTTCCTCCTACTCTTICTGITTTTARARAGT
Macacamulatta | RTTRRATRAGEGTGGGEAGAGCAAGCTETTATTTCCICCTACTCITCTGITTTCARARRGE
Rattus norvegicus fi--—-—--- GAT-GGGAGR-CCAGCTGTGTTTAGCTCCCAGTCIT -TCTCTTTARAGAGT
Mus musculus  B-—————— GAT-GGGRAGR-CCAGCTRTGITTAGCTCCCAGTCTTITCICITTARRARG

SLC26A4 # F]iaie % 2. C.-2554G>A % £

SLC26A44 #5 F1 A2 % 2. c.-2554G>A F B Be2L 5 0f 1t F F R R F 2 PiH pa(b) > e
WRERTA TP 0 27 pGAITR R A B[ A A MY > A BRI AR -
o IR(a) 0 & A oar i“,%—,’f—!i’(:;ﬁaﬁ o
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A B
2.00uY 160

Slc26a4 tm1Dontuh/tm1Dontuh ‘
*
140
132R(A) —!

OW\WMAM‘_‘_ L
R 120
TLZROAY e

i Slc26a4 +/+ 100 |
60

S55R{ AN

[ N WU
A5RCA) a0 &
O\,_..rw\_,—_v_-—u—\_/L,—\_.__._—_

40R{A)

(e e e —
weewy 20 1
RO
35R{A)Y 0
20R{A) Sle26a4+/+ Sle26a4+/ Sle26a4tmiDontuh /
—————r——r— 77— —————— tmiDontuh tmi1Dontuh
0 1 2 3 4 5 6 7 & 9 10 11 12ms n=30 n=25 n=25

*:p<0.05

HH

HH
—HH

-

S|C26a4tm1D0ntuh/tm1DontuhLﬁ;# %tﬁ'ﬁ: | r” iil

A. ¢919-2A>G % .‘%"‘ e A g oy ZE!—‘ 3! ﬁ| e Ig\‘r Slél,:B6a4tm1._Dontuh/tm1Dontuh 2 %@'H.”{fl&'ﬁ'% F b
¥4 h 120 & F nfl]l/ga;'r , _'{ﬁg\gnfl l/)i’jk'l ) f&gﬁafﬁﬁli‘.’\{@:fﬁ .

B. c9192A>G R % 2 & b N1 R M MR E S S ATIE R
(Slc26a4 ™ mPomthy 3 w5 4 4 (SIC26GAYE BB GRS 0282 L A b @ 50
g .
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latency to fall (s)

Sle26a4+/+

SI026a4tm1Dontuh/tm1Dontuh_t T

A. A FE e B Slc26aq™ PO
B. Rotorod 5% ¥ % 3. Slc26a4™"
2 YeE] B (circling) {7 5 #5372 )

Slc26a4tm1Dontuh / tmDontuh  Slc26a4tm1Dontuh / tm1Dontuh
(without circling) (circling)

x +p<0.05
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fﬁz) ; [__7%?,;%;! Hede™ » ¥ RRIIP # i(endolymphatlc sac)# ~ (D) » (ED
endolymphatic duct; ES, endolymphatic sac; S, saccule; SE, semicircular canal; U,
utricle)
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Slc26a4 +/+ Slc26a4 tmibontut/tmibontuh  Slc26ad */*  Slc26a4 tmiDontuh/tm1Dontuh

tm1Dontuh/tm1Dontuh L &
2 % 27
Slc26a4 2 g /

A F B He & Sle26aq™Ponih Dol sy 3, i F IR # = -k *8 (endolymphatic

OC, organ of Corti; RM, Reissner membrane; SL, spiral ligament; SV, stria

vascularis)
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20 pm
Slc26a4 */+* S/c26a4 tm1Dontuh/tm1Dontuh

S|C26a4tmlDontuh/tmlDontuh_t P\ L i 3.3:'“
Confocal % Y %ﬁj&ﬁ? ﬁ?—%:’f‘] Slc26a4tm];D0ntuh/tm1Dontuh Ztill‘ '—:FI _BE :Ih% Ef\'. F\ B L oyprp i QL

(%) ° (OHC, outer hair cells; IHC, inner hair cells)
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100 pm

Sic26a4 */* S/c26a4 tm1Dontuh / tm1Dontuh

SIC26a4tmlD0ntuh/tm1Dontuh nE2 pendrln EETT
Slc26a4™ Ponuh/miDoniuh 4 w4 &1 pendrin &} B spiral ligament * 2 A i 22 4

oo ¥ wildtype F s RAE TP EZLE -
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Genotype
distributions

~ |

Association between
p.V371 & idiopathic SNHI?

T

Phenotype
characterization in
p.V371 homozygotes

Allele

Segregation

frequencies analyses

1. Haplotype analysis
2. Mutation screening in
GJBZ promoter & GJB6

GIB2 A F|p.V37l 2 A FPE THEERFLFA L inE

AL R RE AR R BB TS s A AT A G2 LB
e B SE 17 RS 4T A B F pVITI R R & B R A SRR 2 A M
B RFHEAAFTEREEF R > T FE pVITI 32 2 RA > T E
REAFSEFRE 2 Axopiedl -
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0 0
10— 10
20 20
30 30
40 40
50 50
60 F'706 60 _,/ \
70 70 ‘q(
80 80 \
100 27y oLy 100
110 D——’ 110
120 120
1252505001K 2K 4K 8K I-1 I-2 125250500 1K 2K 4K 8K
p.V371/wt p.V371/p.V371
30y 29y‘ 28y 26y 22y‘
o =m ®
II-1 112 1I-3 1I-4 II-5
p.V37I/wt  p.V37I/p.V371 p.V37I/p.V37L p.V371/p.V371 p.V37I/p.V37l
] AN .JJE—
A —
AN —
\
\ A
AN w4 N\
N \‘ \\
\ N
A
\
pva7l e d 2 pessa it - ||| S5
?:ﬁ#ﬁ%%wwéﬂpWﬂ%l&+ﬁﬁﬁ% b e AR 2

56 B p V3T I Al & 3 FoE AR GO A +‘i‘(segregatlon analy51s) o — A F o
PVITL I3l &+ % B & 3% SRR 2 Rk i 255 pVITI 3 &
Fop A R RAREE L HS F (o ¢ TSy
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=
h
b

No mutations! No mutations!
Direct sequencing Primer
I | F————- Primer p.V37I
—
5 — M |-~ 1] B -
promoter
GJB6 GJB2

M : untranslated region

* GJB2 & F e % (promoter) 2 At 2 GIBE R FIHF % 8

T pVITL R R K AR R s, AR IET § - 22 SR T e
FRBERRI > AT - HWIGIB2 H F]RLE % (promoter) 2 H 52
GJB6 A FIi (7 R R BAH > RIDAH I H 6 REE -

4
*
=+
E
7~
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10

40 A

50
60

70

80 N =0\
\ NN \x.
% ﬁx's\ h

110
120

Hearing level (dBHL)

125 250 500 1K 2K 4K 8K
Frequency (Hz)

— p.V37I x 2
- .235delC x 2

GJB2 £ F1p.V371 ¥2 ¢.235delC 3| £ 3 2.4 £ .+ W
¥ - ¥ L2 GJB2 %] c.235delC % %4p# > p.V3TI A & 3 Tk F B4 LR
922 POAR & M
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WT  p.V37l

34KD ——
26KD ——

20 pum

HCx26wt-GFP p.V371-GFP

TAEEEEEEREY _

A. & ELE R B 074 4] GIB2 A 14 p V3Tl B GJB2 ATt kv TR £
10 - S S|

B. »viE 4 0¥ 4 A GJB2 4 F)2. transient Helba m#@tx ¥ » ¥ LR F|d connexin26
v F A7) 2R R 2 gap junction'plaque (B = Bl % Ef) 0 @ L p V3T ¥
2 GJB2 # %]2. Hela ‘m®2 [ » P> A= P &g 2_ gap junction plaque (B + B
TER) o (GL: T303-E 5 By KARLT)
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=
I

.
In

HCx26wt p.V37I Control

% ¥ 38 1% (dye transfer test)# 7
12 scrape dye transfer e 3% 7 & (7| Lucifer Yellow #0i i% 1t f o 44 & % B 7 >

p.V371 % £ GJB2 # ¥]2. HeLa % »aLucifer Yellow 58 1% 0% 4 Aaz £ o i
- H 2R RN T —N L = ;L“ AR 2 HolE) B R G.JB 2" Dontul/tm1Dontuh 17 in

. PEE
VIVO =7 £}

165



. p <0.01
9WA/\N\& 8 | < 0.05 |
Gjb 2 tm1Dontuh/ tmiDontuh ’—;\
W ol

TW/\/\M—

FOBA) 40 F

FOECA)

65ECA)

GOBCA) 30

T
50BAY

jb 2 tm1Dontuh/ tmi1Dontuh 20

A0BCA)Y

AV A R
2WECAY
T I i e i N,
20BCA>
2EBCAY 0
Gjb2+/+ Gjb2+/tm1Dontuh Gjb2 tm1Dontuh/
W e~
20B¢AY tm1Dontuh
s 0 1 # 3 &4 & ©6 ¥ B8 8 10 11 12Zms n=19 n=9 n=47

GJBZtmlDontuh/tmlDontuh 3 ﬁfg %
PV3TL %8I 4) £ 5 B FIE#
days)%rr%&" RERE = "?EL*%‘ Vep g *#?(A gl—r) Ty

vmwlmatm,a#m@ﬁ”&m ey SR S N T
AR AR A SR B(B gﬁf}“@%ﬂ@f'
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Gjb 2 * ./ + Gjb 2 tm1Dontuh/tmi1Dontuh

G JthmlDontuh/tmlDontuh 2 F\ 4 B

PVITL B k1l £+ A F R I E

T2 pReRF AP Y
(T ® B; OC, organ of Corti; RM

ane; SV, stria vascularis) °
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10
Family 7 = 20— 9

HL)

E——L g A 70 o |

6 T 50— I
| | | | L—| —’—‘ 560 I1I- L\
) (”\ ) s =)}

T 80

ﬁ i' | T 90 T
0 : N

& J A\ A
N N2 N3 N4NS N6 V7 N8 N9 IO 100 N
o %
120

125 250 500 1K 2K 4K 8K
Frequency (Hz)

¥ % m.1555A>G 2 %??;Ef%e e
P- foRY o EARLES R AR L5 ﬁrsé‘*r*‘%‘?*%%é@‘a'r*%@ﬁ’ 3
sakin ¥ 2 fE T T TR #a?aa?”’%‘ ?‘M& F"’*%&#Fﬁfié” [ERUE S

s
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CEEE

( J—
D_
D_
D_
g
2
<
[y
(=]

Family 1
m1 | me
% O
/Iﬂl m-2 mI-3 -8
iyl ]
) Q) ()
Vi 2 V3 -6
Family 2 Jra :J Famlly 3
1 12 B ‘ ."
11 12
L ssesem
-1 o2 U3 04 05 16 . oy
;:_—). X 7 ma n-2
m ma
Family 4 M—]_l _’.1.2
L X X L L L 1 1
O 0O 050 BO OO0 O 4
I-1 o-2 o-3 -4 -5 o&€ 0.7 I8 09 o1 o1
L L] [ 1]
'j OO [:] @
M4 M2 me me mS ms 7
Family 5 [(—0
I-1 I-2
1 (%J ] (%l fﬁix Q
m-1 -z -3 I II-5 -6 n-7 II-8 -
-| -
L 00 Oxd
11 m-2 o3 oI/ N\ s
/I\"-l -2
LFLF TT—
Family 11 Family 12
1 12
'_7' B
11 12 E_F 12
Family 16 [:J—

[ ]
o o

I-1 II-;

a
@

-

: {I] -

oy
a[j'l_
g
~ e
5C

Family 6

.

- :"‘\. Ol

w2 -3 V-4 IV-5 e W3

V1 w6 IV-7
Family 8 Family 9
[0
I1 ‘ I2
g ove O i L
1 12 -3 | 4 15 |
| Jl m-1 Im-2 I3

mi 02 o3 | o4 5 I
- . .’4\. #‘
I‘._..
m-l_/ulz m-3 I+ 05
Family 13
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# 5A0 m.1S55A>G R # Tk # AL RERF LR 12

* e Rp2ER > # T B S (penetrance)”t * A ARR 1 F o ROEP FEiT L L2
B FLFERNE G -3 L8 B L RSEN A g FE s L pE2 th AR
Fd 13%3 78%* % o (Horizontal lines above the symbols indicate individuals who
were interviewed, and dots indicate individuals who received audiologic examination
and DNA sampling. Asterisks indicate individual who developed hearing loss after

exposure to aminoglycoside.)
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JZF%

Family 7 =
I-1 ‘% % II-5
NP S v A i
II1-1 II1-2 III-3 II1-4 III-5 II1-6  III-7 II1- 8‘/"III -9 I11-10 ITI-11I11-12 III-131II1-14
1 Q2 22 HUE 2 2

4 H L " - ._"_'.-{._ .
C mI-1 1-2 I1-2 mI-3+11-6- III-8. III-9 1Iv-1 1IV-2 IV-5 IV-6

A ,-"I-o- i .'__\. =X
& o O
l‘j—-'?\ﬁ};f;l | > T 2 "eg@;' * R[4 3 (mi155 A>G—l‘r’"?x%

,/\7?}?“:’&:@ , l;jb :%\ Pﬁ?ﬁ—
%‘xﬂ%fﬁ » Bt R A

”2 bands; homoplasic mutation: 1

TR 7 oA m. 1555A>

(homoplasmlc) TRV 4‘?‘;&:“

m.1SSSA>G % % Tk 4 #ER B

B vy
N b v

band; heterplasmy: 3 bands) 2 g, e
o - " i
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Bl- 4

1.0
0.78
[ ]
[}
8 | o8 067
© o
2 0.50
c [ ]
[}
o

0030 @031 @033

00.21
@0.15
@0.13

A B N* D M7 F Haplogroup

11 == 7
F A M.1555A>G R % ¢ B SRS DNA ' 2 a2
HE#Ee A2 Ap M 1TRIE 70 7 e Al DNA # 8 2 525/ > i
Adpke o m HY HEHAS B TEENES S Mo 5 HEHF B KAy

Z 7 B o (Penetrance = affected matrilineal relatives / total matrilineal relatives)
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el ) Ll £ [ 1)
A 400
GJB2 SLC26A4
Gag €.299_300delAT ¢.1489G>C
w0 j-1096>A / m.961delT
7 . | m.1555A>G l ' SLC26A4
¢.1160C>T
w) G c.235delC SLC26A4 \ i
“ €.919-2A>G
100
0 =2 L A
30 40 50 60
B 400
GJB2
Ap— ©1096>A sLcz6A4
300 SLC26A4 ¢.1001+5G>C
€.1229C>T l
200
100

SNaPshot £ Fli& Rl 2. & %
Ao AFIRERET T HEIE
FEe » a7 FEsasd }\a""_;g}{?é}
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a 0
10
20
: a
= 40 -
& - -
S 50
2 60
[}
2 1R O—Od :
s 80 )\ /C)_C)
(0]
: Ao & 4
90
100 ~ é
110 d ../
120
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- 420 B REA IR E L ARTHE

Probands from

Total Probands from o
. _ rehabilitation
Variables probands hospitals facilities
(n=420) (n=325)
(n=95)

Age (yr, median [range]) 8 [1-57] 10 [1-57]° 5[1-20]*
Gender (M : F) 215:205 167 : 158° 48 : 47°
Familial : Sporadic 114 : 306 95:230° 19:76°
Clinical diagnosis

Syndromic 29 22°¢ 7¢

Non-syndromic 391 303 88

Without IEMs 288 217°¢ 71°¢

With EVA or MD 85 73°¢ 12°¢

With other IEMs 18 13°¢ 5¢
Cochlear implantation

Yes : No 894331 | “,.58:267¢ 31:64¢

IEM = inner ear malformationy EVA = enlarged vestibular aqueduct; MD = Mondini’s
dysplasia (incomplete partition of ¢ochlea).

* Mann-Whitney U test, p < 0.01, L
b Chi-square test, p > 0.05.

> Wil

¢ Chi-square test for heterogeneity'in distriﬁiltion of clifiical diagnosis, df =3, p >
0.05. s
d Chi-square test, p < 0.05.
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2o N A0B %Y EF LA B AT AR R L

) Codon No. of variant
Exon Nucleotide change
change alleles
SLC26A4
3 ¢.230A>T p.K771 1
3’ Int 7 c.919-2A>G splice acceptor 102
5’ Int 8 c.1001+5G>C splice donor 1
9 c.1115C>T p.A372V 3
10 c.1160C>T p.A387V 2
10 c.1229C>T p.T410M 3
12 c.1343C>T p-S448L 3
13 c.1489G>C p.-G497R 1
19 c.2162C>T p.T721M 1
19 c.2168A>G p-H723R 4
GJB2
2 c.109G>A* p.V37I* 129
2 c.124G>A p.E42K 2
2 c.187G=T" p-V63L 1
2 ¢.230G>A L p.W77X 1
2 ¢2350eld | <~ || frameshift 38
2 ¢.299 300delAT == fratheshift 8
2 c.427C>T “ pRI43W 1
2 ¢.508 509msAACG. frameshift 1
2 c.571T>C p.F191L 1
Mito. 12S rRNA
- m.1555A>G - 12
- m.961delT+C(n) - 4

* Pathogenicity unclear.
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=~ Fr(GroupA)Z FiF ity « (Group B)ide3d (¢ ¥ AR RAFIR A HB AT F hL B

Total

Variant alleles no.

Variant alleles no.

Variant alleles no.

Comparison

between group

Genes/Variant alleles _ (%) in (%) in
(%) in the 420 b . A&B
. Group A Group B
probands p-value
SLC26A4
c.919-2A>G 102 (12.1%) 90 (13.8%) 12 (6.3%) p<0.05¢
Others 19 (2.3%) 15 (2:3%) 4 (2.1%) p>0.05°
Total 121 (14.4%) 105 (16.2%). 16 (8.4%) p<0.05
GJB2 }
p.-V371 129 (15.4%) 103 (15.8%) 226 (13.7%) p>0.05
¢.235delC 38 (4.5%) 26/(4.0%) 12 (6.3%) p>0.05¢
Others 15 (1.8%) I (.1.7'%) - 4 (2.1%) p>0.05°
Total 182 (21.7%) : _140_(21.5:%) 42 (22.1%) p>0.05
Mito. 12S rRNA , 4
m.1555A>G 12 (2.9%) 11 (3:4%) 1 (1.1%) p>0.05°
m.961delT+C(n) 4 (1.0%)) 3 (0.9%) 1 (1.1%) -
Total 16 (3.8%) 14 (4.3%) 2 (2.1%) p>0.05°

* 840 GJB2 and SLC26A4 alleles, but 420 mitochondria 12S rRNA alleles.
® 650 GJB2 and SLC26A44 alleles, but 325 mitochondria 12S rRNA alleles.
€190 GJB2 and SLC26A4 alleles, but 95 mitochondria 12S rRNA alleles.

4 Chi-square test.
° Fisher’s exact test.
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7 - %r;-‘u(Group Az FiE4 ¢ < (Group B 45 B ? SLC26A4 # 7]

EUETRE A

Probands of group A Probands of group B

Genotypes (n=325) (n=95)
no. (%) no. (%)
2 variant alleles detected 40 (12 %)* 7 (7%)*
1 variant allele detected 25 (8%)* 2 2%)*
No variant detected 260 (80%)* 86 (91%)"

* Chi-square test for heterogeneity in distribution of genotype prevalence, df = 2, p
<0.05. :

4= NI
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%7 ~ Fra(GroupA)z Feizsa it < (Group B)d= 42 38-% ¥ J4 B e v
P

o3
Probands of Probands of
Total
Variable group A group B (n=420)
(n=325) (n=95)
no. (%)
no. (%) no. (%)
Hearing loss patterns
Fluctuating 67 (21%) 13 (14%) 80 (19%)
Progressive 108 (33%) 10 (11%) 118 (28%)
Stationary 150 (46%) 72 (76%) 222 (53%)
— p<0.01*
Audiogram configurations
Sloping 196 (60%) 46 (48%) 242 (58%)
Flat type 120 (37%) 46 (48%) 166 (40%)
Low tone 3 (1%) 1 (1%) 4 (1%)
Others 6(2%) 2 (2%) 8 (2%)
— p>0.05"
Hearing levels : _ _
Mild (20~40dBHL) 2341%) - 4 (4%) 27 (6%)
Moderate (41~70 dBHL) 108 (33:?'/;))' 16 (17%) 124 (30%)
Severe (71~95 dBHL) 94/(29%) 33 (35%) 127 (30%)
Profound (> 95 dBHL) * 100(31%) 42 (44%) 142 (34%)
.t p<0.01°

* Chi-square test for heterogeneity in distribution of hearing loss patterns between

probands from hospitals and those from rehabilitation facilities, df = 2, p < 0.01.

b Chi-square test for heterogeneity in distribution of audiogram configurations

between probands from hospitals and those from rehabilitation facilities, df = 3, p

>0.05.

¢ Chi-square test for heterogeneity in distribution of hearing levels between

probands from hospitals and those from rehabilitation facilities, df = 3, p < 0.01.
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25~ N REATREFL TS F g SLC26A4 A F1T 2 p M 12

Variable Adjusted OR 95% CI p-value®
Age 1.01° 0.97 - 1.05 0.580
Gender (male) 1.01 0.45-2.23 0.988
Hearing loss pattern

Stationary 1.00

Fluctuating 148.83 50.84 —435.72 <0.001

Progressive 4.51 1.31 -15.55 0.017
Audiogram configuration

Non-sloping 1.00

Sloping 2.49 1.05-5.89 0.039
Hearing level

Mild + Moderate 1.00

Severe + Profound 1398 1.62-9.49 0.003

OR = odds ratio; CI = confidence inter\_/a_i_.

' Wald test.

® Odds ratio for per one-year change.

|

o= '-;i.:“
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%=~ 3+ 101 B Pendred < i # fr 2 330 4 B ¥k ¥ 7352 SLC26A4
S

No. (%) of families by No. of SLC2644

mutations
Zero One Two
Multiplex families (n=32) 3 4 25
Simplex families (n=69) 11 20 38
Total (n=101) 14 24 63

Multiplex families, more than one familial member affected ; simplex families, only

one familial member affected.
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# A~ 101 B Pendred = g i ¥ e & ¥ 3] < W -k F 7382 SLC26A4
AF%E

No. of variant

Exon Nucleotide change Codon change
alleles*

3 c.230A>T p.K771 1
3 ¢.235C>T p.R79X 1
3 c.281C>T p.T94I1 2
7 c.916 _917insG p-V306GfsX24 1
3’ Int 7 c.919-2A>G splice acceptor 115
5’ Int 8 c.1001+5G>C splice donor 1
9 c.1115C>T p.A372V 4
10 c.1160C>T p.A387V 2
10 c.1174A>T p-N392Y 1
10 c.1225C>T p.R40§C 1
10 c.1229C>T p.T410M 4
12 c.1343C>T T piSa4sL 3
13 c.1489G>C pl.-'f;}497R 1
57 Int 15 c.1705+5G>A1" ! Ispliee donor 1
16 c.1786C>T p-Q596X 1
19 c.2162C>T p. T721M 1
19 c.2168A>G p.H723R 10
Total 150

* Among the 202 SLC26A44 alleles of the 101 probands.
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4 > WCcIO192A>G RAEF ~ RAEF 2 HREYTRFTZ SNP & 47
JST160568
Subjects CC CT TT P-value
¢.919-2A>G x2 (n=16) 0 0 16 P<.001"
c.919-2A>G x1 (n=16) 0 3 13
Controls (n=50) 3 19 28"
JST089508
Subjects CcC CA AA P-value
¢.919-2A>G x2 (n=16) 16° 0 0 P<.0001°
c.919-2A>G x1 (n=16) 8 8 0
Controls (n=50) 8" 22 20
JST160566
Subjects CcC €G GG P-value
¢.919-2A>G x2 (n=16) .‘15° . 0 P<.0001 ©
¢.919-2A>G x1 (n=16) )Y 0
Controls (n=50) 4° ::“ 20 26
JST160565 NIEd '_
Subjects GG dc cC P-value
c.919-2A>G x2 (n=16) 14¢ 2 0 P <.00011¢
c.919-2A>G x1 (n=16) 5 7 4
Controls (n=50) 6 23 21

“ Rows combined for Fisher’s exact test;

* Rows combined for Fisher’s exact test; ° Rows combined for Fisher’s exact test;

4 Rows combined for Fisher’s exact test
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% L ~ SLC26A4 A F1 A& 2 A2 M d

Probands Oth band Probands Probands
r proban
with 2 alleles P O0S ith 1 with 0
] with 2 mutated
of truncating el mutated mutated p-value*
alleles
mutations allele allele
(n=24)
(n=39) (n=24) (n=14)
Types of IEMs, n (%)
Isolated EVA 15 (38) 12.(50) 10 (42) 8 (57) 0.60
EVA + other IEMs 24 (62) 12 (50) 14 (58) 6 (43)
Goiter, n (%) 3(8) 2(®) / % 2.(8) 0(0) 0.86
Hearing levels, dBHL, mean (SD) 86.2 (17.7) 87.4 (7.1 8210 (19.0) 81.1(23.9) 0.63
Fluctuating hearing loss, n (%) 33 (85) 19 (7:'9) 16 .(67) 7 (50) 0.06
Sloping audiogram, n (%) 29 (74) 17 (71) 18 (75) 7 (50) 0.36

IEM = inner ear malformation; EVA = enlarged vestibular-aqueduct.

* p-value by y2 or Fisher’s exact test for categorical variables and ANOVA for continuous variables.
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4 L - ~SLC26A4 A Figie % (promoter)2 FOXI1 A F]2 A F1% R

_ No. (%) of
Gene/Region Nucleotide change Codon change
alleles™

SLC26A4 promoter

Region 1 (c.-2988 to c.-2258) c.-2554G>A - 1 (1)

Region 2 (c.-1063 to c.-325) c.-964A>C - 19 (25)
FOXI1

Exon 1 c.279G>As p:RI3R 35 (46)

* Among the 76 alleles of the 38 probands with 1 or 0 mutateci;@LC26A4 allele detected.
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#4221 £ c9192A>G R A& F p A 2 AR S R % SLC26A4 s A 72 B 2 7

Haplotype No. (%) of

alleles

rs#2248464 rs#2248465  rs#2712212  rs#3839817  rs#2395911 rs#2072064 rs#2072065 rs#2301634 (n=21)
A C T TCTTT A T T T 4(19)
A C T TCTTT C A C T 4(19)
T C C TCTTT C A C T 1(5)
T C T TCTTT A T T T 3 (14)
T C T TCTTT y A C T 1(5)
T T C TCTTT N A C T 1(5)
T T C ; A = T T T 1(5)
T T T TCTTT A T T T 3 (14)
T T T TCTTT P 8 A C T 3 (14)
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2Lz AR ERATIRERBATEFZ R

Allele no. (%)

Genes/Variant alleles Severe-to- Mild-to-
profound moderate Control ¢
SNHI? SNHI®
GJB2
p.V371 91 (12.8)¢ 228 (30.3)° 184 (9.2)
Other definite mutations 48 (6.7) 28 (3.7) 5(0.2)
SLC26A4
Definite mutations 144 (20.2) 48 (6.4) NA
Mito. 12S rRNA
m.1555A>G 16 (4.5) 15 (4.0) NA

*712 GJB2 and SLC26A4 alleles, but 356 mitochondria 12S rRNA alleles.
® 752 GJB2 and SLC26A44 alleles, but 376 mitochondria 12S rRNA alleles.
©2010 GJB2 alleles. : _

¢ Chi-square test, p = 0.007 as compared to "TTe. control group.

¢ Chi-square test, p < 0.001 as compared to the control group.

NA = not available v o

196



Ale REF/RIFEF PVITI $EATFYASF 2 L

Genotype (n)
p-value
p.V371/p.V371  p.V37l/others others/others

Mild-to-moderate SNHI (n=376)

Observed no. 77 74 225 p <0.001*

Expected no.** 3.2 62.8 310
Severe-to-profound SNHI

(n=356)
Observed no. 9 73 274 p<0.001*
Expected no. 3.0 59.5 293.5

* Chi-square goodness-of-fit test.

** Assumed allele frequency of p.V37L=10.092/ -¢- A
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24T 3R pVITI A TR A A THRARAS 2L

. p.V371/p.V3T7l p.V37I/MT* Others
Variable p-value
(n=86) (n=12) (n=634)
Male, n (%) 52 (60) 6 (50) 295 (47) 0.55%*
Age, median [range], y 16 [1-54] 18 [2-42] 12.5 [1-75] 0.61%***
Hearing levels, mean (SD), dBHL 48.5 (18.7) 58.5(27.0) 73.2 (25.9) < 0.00]1****
Hearing loss patterns, n (%)
Fluctuating 4(5) 0(0) 113 (18) 0.11%**
Progressive 49 (57) 6:(50) 218 (34)
Stationary 33 (38)4 . 6 (50) 303 (48)
Audiogram configurations, n (%o)
Sloping 49 (57) (1 67) 330 (52) 0.40%*
Flat type 29 (34) <=4 (33) 254 (40)
High tone 7(8) N £ 18 (3)
Others 1 (RE 0 (0) 32 (5)

* MT indicates other GJB2 mutations, including 9 ¢.235delC mutation-and 3 ¢.299 300delAT mutation.

** P-value by y2 or Fisher’s exact test.

*#%* Wilcoxon rank-sum test.

*AAEx ANOVA, post hoc test for significance with the Tukey multiple comparison procedure: genotype p.V371/p. V371
vs others, p < 0.001.
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%142 ~1005 &2 3F A AFH (mean (S.D.)orn (%))

Variables Value
Age (years) 56.4 (9.0)
Male sex (%) 487 (48.5)
Smoking (%) 137 (13.6)
Alcohol consumption (%) 292 (29.1)
Coronary heart disease (%) 49 (4.9)
Cerebral vascular disease (%) 5(0.5)
Hypertension (%) 188 (18.7)
Diabetes (%) 82 (8.2)
Hyperlipidemia (%) 84 (8.4)
Renal disease (%) 14 (1.4)

=0 '“5 1
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B Zhigh SCOres % A R BB HRBEEH ~ [ 0]2 LR

L=~ & Ziow, Zatone &
Ziow Z4tone Zhigh
Case Controls P Case Controls P Case Controls P
(n=335) (n=335) -value (n=335) (n=335) -value (n=335) (n=335) -value
M:F 163:172 161:174 0.92 178 : 157 153 :182 0.06 183 : 152 161:174 0.10
Age (mean+SD) 56.4+99 573+84 022 56.3+99 574+84 0.11 564+9.0 56.7+8.2 0.73

+ i r:illi‘ I"'
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RN < ZIow, Z4-t0ne

21 Zpghscores B A R e B HB e A T2 A F

Zlow Z4-tone Zhigh
Loci Genotype  Case Controls Odds ratio Case Controls Odds ratio Case Controls QOdds ratio
(n=335) (n=335) (95% CI) (n=335) (n=335) (95% CI) (n=335) (n=335) (95% CI)
c.79G>A? G/G 183 186 1.0 171 196 1.0 165 196 1.0
G/A 123 128 1.0 (0.7-1.4) 137 123 1.3 (0.9-1.8) 142 121 1.4 (1.0-1.9)
A/A 29 21 1.4 (0.8-2.8) 27 16 1.9 (1.0-3.7) 28 18 1.9 (1.0-3.5)
c.109bG>A G/G 281 281 1.0 273 282 1.0 275 283 1.0
G/A 42 52 0.8 (0.5-1.3) 51 51 1.0 (0.7-1.6) 51 50 0.5 (0.3-3.8)
A/A 12 2 6.0 (1.3-27.1) 11 2 5.7 (1.3-25.9) 9 2 2.2 (0.5-10.3)
c.235delC 1/1* 333 333 1.0 333 333 1.0 333 334 1.0
1/2 2 2 1.0 (0.1-7.1) 2 2 1.0 (0.1-7.1) 2 1 0.5 (0.1-5.5)
2/2 0 0 -- —Q Yy 0 -- 0 0 --
c.341A>G¢ A/A 213 220 1.0 2'0_1!'!"_ 229 1.0 201 236 1.0
A/G 103 106 1.0 (0.7-1.4) _ Ill'ig' 2 98 1.3 (0.9-1.7) 120 91 1.6 (1.1-2.2)
G/G 19 9 2.2 (1.0-4.9) | 1725 y 2.4 (1.0-5.6) 14 8 2.1 (0.9-5.0)
c.368C>A Cc/C 330 325 1.0 ©r \32g 326 1.0 327 324 1.0
C/A 5 10 0.5 (0.2-1.5) b 9 0.7 (0.2-1.9) 8 11 0.7 (0.3-1.8)
A/A 0 0 -- 0 0 -- 0 0 --
c.607T>C T/T 304 301 1.0 301 298 1.0 306 303 1.0
T/C 27 32 0.8 (0.5-1.4) 30 35 0.9 (0.5-1.4) 28 32 0.9 (0.5-1.5)
Cc/C 4 2 2.0 (0.4-10.9) 4 2 2.0 (0.4-10.9) 1 0 --

Abbreviation: CI, confidence interval

*The wild type allele is denoted by allele 1 and the mutant allele is denoted by allele 2

* Genotype distribution: p = 0.039 for Zpig scores (Fisher’s exact test).
® Genotype distribution: p = 0.014 for Ziow and p = 0.043 for Zy.ene scores (Fisher’s exact test).
¢ Genotype distribution: p = 0.015 for Zyign scores (Fisher’s exact test).
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Frequencies
Haplotype* Case Control Nominal P Permuted P**
Ziow Study
G-G-A-T 0.565 0.595 0.257 0.254
A-G-G-T 0.201 0.179 0.302 0.320
G-A-A-T 0.096 0.082 0.365 0.415
A-G-A-T 0.066 0.068 0.910 0.922
G-G-A-C 0.052 0.053 0.926 0.989
Zhigh study s
G-G-A-T 0.537 0.622 0.002 0.002*
A-G-G-T 0.211 0.151 0.005 0.003*
G-A-A-T 0.101 / .~.19.079 0.157 0.185
A-G-A-T 0.082 0’075 0.651 0.681
G-G-A-C 0.045 0:047 0.831 0.877
Zstone Study :
G-G-A-T 0.527 0.616 0.001 0.001*
A-G-G-T 0.203 0.163 0.058 0.060
G-A-A-T 0.107 0.081 0.106 0.137
A-G-A-T 0.080 0.060 0.146 0.174
G-G-A-C 0.057 0.056 0.871 0.862

*Haplotype composed of ¢.79G>A - ¢.109G>A - ¢.341A>G - c.607T>C

**Permutation 10,000 times.
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%=+ ~ 7k c109G>A Et!}ﬂi'tlj-iiﬁ‘j Ziow, Zatone &

Zhigh SCOres

Ziow Z4-t0ne Zhigh
c.109G>A (n) Mean SD SE Mean SD SE Mean SD SE
Total (n=1005) 1.37 1.08  0.03 0.91 0.95  0.03 0.46 0.89  0.03
GG (n=838) 1.36 1.06  0.04 0.90 093  0.03 0.43 0.86  0.03
GA (n=150) 1.29 1.04  0.08 0.88 091  0.07 0.51 0.90  0.07
AA (n=17) 2.67 148  0.36 2.06 1153, 037 1.48 1.53 037
p - value <0.001* <0:001* <0.001*

Abbreviations: SD, standard deviation; SE, standard error./” \

* Analysis of variance, post hoc test for significance with the Takey| multiple’ comparison procedure:

genotype AA vs genotype GA, p < 0.001; genotype A4A'Vs génotlgipe GG, p <0.001
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224 CRENTE

a. RFATEFREH P FF (Zow scores)

Analysis of Maximum Likelihood Estimates 95% CI for
Exp(B)

Parameter DF Estimate SE Wald x2 p-value  Exp(B) Lower Upper
Intercept 1 -0.38 0.37 1.05 0.31 0.7
Genotype 44 at c.109G>A 1 1.79 0.77 5.40 0.02* 6.0 1.3 27.3
Sex 1 0.10 0.18 0.34 0.56 1.1 0.8 1.6
Coronary heart disease 1 0.21 0.37. 0:32 0.58 1.2 0.6 2.6
Hypertension 1 -0.05 0.22 0.04 0.84 1.0 0.6 1.5
Diabetes 1 0.39 0.31 - .::1 63 0.20 1.5 0.8 2.7
Hyperlipidemia 1 -0.11 0.31 'o 12 _0.73 0.9 0.5 1.6
Renal disease 1 090 67 || T4 0.20 2.5 0.6 9.7
Cerebral vascular disease 1 0.79 l.i9 _ 044 0.51 2.2 0.2 22.7
Smoking 1 0.11 0.08 .2.02 0.16 1.1 1.0 1.3
Alcohol consumption 1 -0.01 0.09 0.01 0.91 1.0 0.8 1.2
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b. BFarw fFRE @ 3 FF (Zy.one SCOTES)

Analysis of Maximum Likelihood Estimates 95% CI for
Exp(B)

Parameter DF Estimate SE Wald XZ p-value  Exp(B) Lower Upper
Intercept 1 1.64 0.78 4.43 0.64 1.2
Genotype A4 at c.109G>A 1 -0.23 0.18 1.75 0.03* 5.1 1.1 23.7
Sex 1 0.04 0.36 0.01 0.19 0.8 0.6 1.1
Coronary heart disease 1 -0.22 0.21 1.10 0.92 1.0 0.5 2.1
Hypertension 1 0.28 0.29 0.92 0.30 0.8 0.5 1.2
Diabetes 1 -0.17 0.30. 0.32 0.34 1.3 0.7 2.4
Hyperlipidemia 1 0.73 0.72 -.‘.;,_1.'04 10,57 0.8 0.5 1.5
Renal disease 1 -0.16 1.04 <002 0.31 2.0 0.5 8.5
Cercbral vascular discase 1 -0.03 0.08 0.8 )" 0ss 0.9 0.1 6.6
Smoking I 010 0.094 =g < 0,67 1.0 0.8 11
Alcohol consumption 1 0.04 0.07 0.27 0.26 1.1 0.9 1.3

Abbreviations: CI, confidence interval; DF, degree of freedom; SE, standard error.

* p <0.05
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# = 1+ = ~ 10 ® Mm.1555A>G % % R3EA4~ 4 % *ﬁ‘ﬁi’ﬁ?ﬁ % R3]

Age/Sex Aminoglycosid PE &  Onsetof  Pattern of Hearing Audiogram Temporal bone  Penetrance

e exposure NE HL (y) HL levels Configuration =~ HRCT finding (%)
Proband 1 49/M - normal 10-20y  progressive =~ moderate  down-sloping NP 69%
Proband 2 43/F - normal 10-20y  progressive moderate ~ down-sloping NP 78%
Proband 3 7™M - normal <10y  progressive moderate down-sloping normal 67%
Proband 4 31/M - normal <10y  progressive moderate down-sloping normal 21%
Proband 5 7/F - normal <10y stationary moderate down-sloping normal 13%
Proband 6 37/M - normal <10y  progressive severe down-sloping normal 31%
Proband 7 38/M - normal 10-20y . progressive moderate  down-sloping normal 30%
Proband 8 45/F + normal >40y brdgges'si.ve severe down-sloping normal 33%
Proband 9 38/F - normal  10-20'y prog?é"séive severe down-sloping normal 15%
Proband 10 36/M - normal 10-20y I)Irog'r:éssivé .severe down-sloping normal 50%

PE, physical examination; NE, neurological examination; HL, hearing loss; HRCT, high resolution computed tomography; NP, not

performed.

“Penetrance = affected matrilineal relatives / total matrilineal relatives
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%2 L= MW DNA X 22 mISS5A>SG R BT 2 LR

No. of No. of hearing

subjects impaired subjects (%)
Haplogroup A 24 14 (58%)"
Haplogroup B 9 7 (78%)"
Haplogroup D 20 6 (30%)
Haplogroup F 33 5 (15%)"
Haplogroup M7 30 8 (27%)
Haplogroup N* 3 2 (67%)
Total 119 42 (37.5%)
Chi-square test for heterogeneity p=0.018

" p <0.05, post hoc chi-square test for difference between
one haplogroup and the combination ofithe other
haplogroups

=
e
-

207



Aot r VM RIFPAFIBRRSEZIFFRILEAR
SLC26A4 GJB2
Mutation (+)  Mutation (+)  Mutation (-)
Variable (n=18) (n=4) (n=45) P Value
Male, n (%) 7 (39) 3(75) 21 (47) A42%
Age, mean (SD), y 9.7 (3.6) 8.3(2.3) 9.5(3.0) T4%*
Age at implantation, mean (SD), y 5.7(3.2) 3.2(1.0) 4.4 (2.8) 18%*
Duration of implant use, mean (SD), y 3.7(1.4) 4.7 (2.0) 4.6 (1.7) J2%*
Pure-tone average before implantation, mean (SD), 98:7.(10.6) 103.5 (4.4) 103.0 (9.5) 27**
dBHL _ :
Achievement of open-set speech recognition, n (%) 18(100) 4 (100) 34 (76) .040*
Speech recognition scores, mean (SD), % Ll 2
Consonant :-:":'588.0 (7.2) 90.5 (1.9) 66.2 (38.6) 035"
Vowel 186.0 (6.1)" 81.5(8.4) 64.6 (38.0) 047"
Tone . 91.7°(6.3) 95.5(1.9) 71.0 (41.3) 064"
Phonetically-balanced word ' 792 (10.5) 73.5 (6.8) 56.3 (34.4) 018"
Sentence 89.9 (10.8) 93.3(5.4) 58.3(37.7) 001"
* Chi-square test for heterogeneity, df=2.
** ANOVA.

* ANOVA, Post hoc test significance (Tukey): consonant: SLC2644 mutation (+) versus mutation (-) (P=.047); vowel: SLC2644
mutation (+) versus mutation (-) (P=.044); phonetically-balanced word: SLC2644 mutation (+) versus mutation (-) (P=.017);
sentence: SLC2644 mutation (+) versus mutation (-) (P=.002).
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Narrow Other
IAC (+) IEMs (+) IEMs (-)
Variable (n=9) (n=24) (n=34) P Value
Male, n (%) 3(33) 10 (42) 18 (53) 49%
Age, mean (SD), y 7.3 (2.0) 9.0 (3.3) 9934 34%%
Age at implantation, mean (SD), y 3.4 (1.3) 49 (3.1) 49 (3.1) A0**
Duration of implant use, mean (SD), y 4.6 (1.6) 3.8(1.4) 4.8 (1.8) 08**
Pure-tone average before implantation, mean (SD), 10_6-3 9.7 98.4 (11.5) 103.1 (7.5) 06**
dBHL
Achievement of open-set speech recognition, n'(%) 2 (22) 23 (96) 31 (91) <.001*
Speech recognition scores, mean (SD), % = _.
Consonant ’178 (35.3) 82.4 (19.1) 81.1 (26.4) <.001"
Vowel 18.0 (35:7) 81.7 (18.3) 78.0 (26.3) <.001"
Tone 2483 (42:3) 88.2 (19.8) 85.7(27.9) <.001"
Phonetically-balanced word 14.7(29.1) 73.2 (19.0) 68.8 (25.2) <.001”
Sentence 15.7 (31.1) 80.3 (23.8) 73.4(29.4) <.001"

Abbreviations: IAC, internal auditory canal; IEM, inner ear malformation.

* Chi-square test for heterogeneity, df=2.
** ANOVA.

# ANOVA, Post hoc test significance (Tukey): consonant, vowel, tone, phonetically-balanced word and sentence: Narrow IAC

(+) versus other IEMs (+) (all P<.001), Narrow IAC (+) versus IEMs (-) (all P<.001).
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Variable B SE t-value P Value
Interception 231.82 168.84 1.37 =17
Narrow [AC -315.01 46.57 -6.76 <.001
Other IEMs -62.91 55.60 -1.13 =26
SLC26A4 mutation 124.40 59.98 2.07 =.04
GJB2 mutation 52.50 64.17 0.82 =42
Age at implantation, y -8.37 543 -1.54° =13
Duration of implant use, y -7.40 941 7 20,79+ =43
Residual hearing, dBHL 2.20 1.61 —~].36, =:18

Abbreviations: SE, standard error; IAC, internal auditory canei_;is_IEM, inner ear malformation.

0]
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Recognition score (%)

Patient Inner ear
No. SLC2644 genotype malformation Cons Vowel Tone B Sente
onant word  nce
Patients with SLC26A4 mutations
1 IVS7-2A>G/2168A>G E 90 90 94 82 99
2 IVS7-2A>G/IVST7-2A>G E 98 90 98 96 98
3 1229C>T/2162C>T E.M,V,S 92 74 84 58 84
4 IVS7-2A>G/1343C>T E,M,V,S 94 88 92 86 96
5 IVS7-2A>G/IVS7-2A>G E 94 96 100 92 100
6 IVS7-2A>G/1160C>T E 80 80 98 66 88
7 IVS7-2A>G/IVS7-2A>G E 90 86 88 82 99
8 IVS7-2A>G/wt E 90 88 94 82 84
9 IVS7-2A>G/wt E 78 84 94 70 59
10 IVS7-2A>G/IVS7-2A>G E 98 98 100 96 72
11 2168A>G/2168A>G E 76 82 80 72 80
12 IVS7-2A>G/TVS8+5G=>C M 82 86 96 68 94

(av'ér'_;g?gg)_.' 885 868 932 792 878
Patients without SLC26A4 mutations . _ :
13 wt/wt Gt CC, S, NI CNT OCNT OCNT CNT OCNT

14 wt/wt CCIS, NI~ “/CNT CNT CNT CNT CNT
15 wt/wt CHyVH,S,NI'" 8 78 98 64 71

16 wt/wt NI CNT CNT CNT CNT CNT
17 wt/wt CC, S, NI CNT CNT CNT CNT CNT
18 wt/wt CH,VH,S,NI CNT CNT CNT CNT CNT
19 wt/wt CH,VH,S,NI CNT CNT CNT CNT CNT
20 wt/wt CC,VH,S,WI 76 8 94 68 CNT
21 wt/wt CH, WI 84 78 90 74 28

22 wt/wt E 88 80 92 66 CNT
23 wt/wt M 88 8 100 84 83

24 wt/wt CH,V,S CNT CNT CNT CNT CNT

PB word, phonetically balanced word; E, enlarged vestibular aqueduct; V, vestibular enlargement;
S, semicircular canal dysplasia; M, incomplete partition of cochlea (Mondini’s dysplasia); wt,
wild type; CC, common cavity; NI, narrow internal auditory canal; CNT, can not test; CH,

cochlear hypoplasia; VH, vestibular hypoplasia; W1, wide internal auditory canal.
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# = L+ ~ ~ &@ 3 #7iE B~ SNaPshot multiplex assays 2 B i

Panel  Genes / Exons Nucleotide Change Codon Change
1 GJB2
2 c.109G>A* p.- V371
2 c.235delC frameshift
2 c.299 300delAT frameshift
SLC26A44
3 Int7 c.919-2A>G splice acceptor
5 Int 8 c.1001+5G>C splice donor
10 c.1160C>T p-A387V
10 c.1229C>T p.T410M
13 c.1489G>C p.G497R
Mito. 128 rRNA
- m.1555A>G -
- m.961delT+C(n)* = -
2 GJB2 '
2 CHRAGAS, p.E42K
2 ¢ 187G T 1=t pV63L
2 c23065A 4 || ¢ pW77X
2 c427C3T pR143W
2 ¢.508 509insAACE
2 cSTIT>C. p.F191L
SLC26A44
3 c.230A>T p-K771
9 c.1115C>T p-A372V
19 c.2162C>T p.T721M
19 c.2168A>G p.H723R

* Sequence variants with controversial pathogenicity.
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% = -+ 4 ~SNaPshot ¥ &2 % ## Rz 313 (primers)

Panel Genes Nucleotide Change Primer sequence Strand Prlm(?r Concentration
extension
wt  mut (LM)
1 GJB2 c.109G>A TTTTTCGCATTATGATCCTC sense G A 0.03
GJB2 c.235delC T(6)CCCACATCCGGCTATGGGCC sense  C T 0.06
GJB2 ¢.299 300delAT T(9)GCACGTGGCCTACCGGAGAC sense A G 0.03
SLC26A44 c.919-2A>G T(13)AATATGTTTTGTTTTATTTC sense A G 0.048
SLC26A44 ¢.1001+5G>C T(37)AATCCATCCCAAGGGGGTGA sense G C 0.012
SLC26A44 c.1160C>T TADTCTTCCTTAGGAATTCATTG sense C T 0.36
SLC26A44 c.1229C>T T(29)CACCACTGETCTTTICCCGCA sense C T 0.06
SLC26A44 ¢.1489G>C T@25)TCATTCTGGGGCTGGATCTC sense G C 0.048
Mito. 128 rRNA m.1555A>G T(21 )TACG@’AITTATATAGAGGAG sense A G 0.024
Mito. 128 rRNA m.961delT+C(n) T3 3)GAGTé’-‘I_TTTAGATCACCCCC sense T C 0.012
2 GJB2 c.124G>A T(6TCATCGTTGTGGETGCAAAG  sense G A 0.02
GJB2 c.187G>T TRHTGCAGCCAGGCTGCAAGAAC sense G T 0.12
GJB2 c.230G>A T(29)CATCTCCCACATCCGGCTAT sense G A 0.02
GJB2 c.427C>T T(37)ACACAAGCAGCATCTTCTTC sense C T 0.02
GJB2 c.508 509insAACG T(40)ATGCAGCGGCTGGTGAAGTGC sense A C 0.02
GJB2 c.571T>C T(13) GCCCACGGAGAAGACTGTCT sense T C 0.02
SLC26A44 c.230A>T CATCTTGGAGTGGCTCCCCA sense A T 0.02
SLC26A44 c.1115C>T T(17)ATTTTCCATCGCTGTGGTGG sense  C T 0.12
SLC26A44 c.2162C>T T(9)AAAGGACACATTCTTTTTGA sense C T 0.02
SLC26A44 c.2168A>G T(25)CACATTCTTTTTGACGGTCC sense A G 0.02

wt, wild type; mut, mutant.
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% = -~ X SNaPshot assay ikl &t & F1# % 5 ¢ 2 & F13

Genotypes No. of patients
GJB2
c.109G>A/ c.109G>A 29
c.109G>A / ¢.235delC 8
c.235delC / ¢.235delC 4
c.109G>A / wt 47*
c.235delC / wt 2
SLC26A44
c.919-2A>G / c.919-2A>G 7
c.919-2A>G / c.1115C>T 1
c.919-2A>G / c.2168A>G 5
c.919-2A>G / ¢.235C>T [ **
c.919-2A>G / wt 14
c.2168A>G / wt 1
Mito. 125 rRNA N/
m.1555A>G =t 4
Total 126

wt, wild type

* Probably not associated with deafiiess given the high
frequency of the GJB2 c.109G>A allelein Taiwanese.
**¢.235C>T (p.R79X) was detected by direct sequencing,

not by the SNaPshot assays.
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I

L- ~RGIR%ES X PGD B B2 % %

Cycle 1 Cycle 2
Fertilized eggs 19 27
Embryos biopsied 12 12
Amplification failures 4 0
Homozygous normal 1 4
Carrier 6 3
Affected 1 5
Embryos transferred 3 3
Ongoing pregnancy 0 1

4=
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=L SR A S RTEME @V T > SLC26A4 A

FIRE S4Bk 2 M
Class Number observed
M2: 2 mutated alleles detected 63
M1: 1 mutated allele detected 24
MO: no mutation detected 14
Total 101
Assumption
W 0.0002
Results
Ol 0.88
B 0.84
Pot 0.013
Error estimation
False positive for 1%
M1=DFNB4/Pendred syndrome -, '
False negative for 16:6%
MO=non-DFNB4/Pendred MR |
syndrome =

W, total prevalence of DFNB4 and Pendred Syndrome;

om, proportion of recessive cases due to SLC26A44 mutations;

B, proportion of detected mutated alleles among.all mufated alleles in SLC2644 gene;
Py, frequency of the set of all the mutated SLC26A44 alleles.
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No. (%) of families by

No. of SLC26A44 Method of

Reference Subjects enrolled . : Main results
mutations correlation
Two One
Pryoretal. 31 families (39 patients) with 11 10 Comparing All 11 PS subjects had 2 mutant
EVA (35%) (32%) (32%) SLC26A44 genotypes SLC26A4 alleles, whereas all 18

[ethnicity: mainly Caucasians]

Azaiez et al. 458 families (474 patients) with 66 89
non-syndromic EVA or PS

[ethnicity: mainly Caucasians]

(14%) _«(19%)  (66%)

o AT

across phenotypes

Comparing
SLC26A44 genotypes
across phenotypes

non-syndromic EVA subjects had
either 1 or 0 mutant alleles.

The distributions of SLC26A44
genotypes were different between PS
patients, non-syndromic Mondini
patients and non-syndromic EVA
patients, with PS patients most likely
to have 2 mutations.

Suzuki et al. 39 patients with non-syndromic 39 1 Comparing No correlation between SLC26A44
EVA or PS confirmed as having (100%) phenotypes across genotypes and goiter or hearing
biallelic SLC26A44 mutations ) SLC26A44 genotypes  severity.

[ethnicity: Japanese] i

This study 101 families with 63 24 Comparing No correlation between SLC26A44
non-syndromic EVA or PS (62%) (24%) (14%) phenotypes across genotypes and goiter, inner ear
[ethnicity: Han Chinese] SLC26A4 genotypes  malformation or hearing severity.

EVA = enlarged vestibular aqueduct; PS = Pendred syndrome.
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3 2 x4 — ~Sequences of the primers for quantitative PCR of the 21 SLC26A4 exons

Exons Sequence (5°-3”) Product size (bp)

Exonl F-CCCTTCGACCAAGGTGTCTGT 80
R-ACCCTTCCGCTGCCTTTATAG

Exon2 F-TCTTCCCCTCCGATCGTCCT 292
R-CCTCCCCAAGGCGTGGAC

Exon3 F-AAGAGAGCCTTTGGTGTGCTAAA 85
R-TCACTAAGCAGCCATTCCTTGA

Exon4 F-CATATGCCCTACTAGCTGCAGTTC 87
R-GATGTTCCAAAGATAAAGTATGTCAGGAT

Exon5 F-GGTGAGTTTAATGGTGGGATCTG 69
R-GCTGCTGGATACGAGAAAGTGTT

Exon6 F-GTGGCTTGCAGATTGGATTCAT 78
R-TGGAAGGCAGCAGCTGTTG

Exon7 F-GCGTGTAGCAGCAGGAAGTA 250
R-CCTTGTTTGTCAACCAAATAATG

Exon8 F-GAAAGTTCAGCATTATTTGGTTG 257
R-GGAGTATCAGTGAAATGAAGGTTG

Exon9 F-TCACTAGGTTTTTGCCTCCTGAA 77
R-CAGCGATGGAAAATGATGCA

Exonl0  F-CAGTCTCTTCCTTAGGAATTCATTGC 98
R-GGCCGTGCGGGAAAG( \ [ '

Exonl] F-GACACAAGGGAGAAGGACGA 236
R-AGGGAATGGTTTTCEATGTG _

Exonl2  F-AACAATCATCACATGGAAAACC | 193
R-TTATTTCAGATAAATATAGGE, | '~

Exonl3  F-TTTTCCCTAGGTTATCTGGGTGEITT 111
R-AACTCTCAGGACCACAGTCAACAG

Exonl4  F-TCCAAAATACGGCTGTTCC 187
R-ATGGAGCTGCTGAAACTTCAGG

Exonl5  F-CCTTGCTAAGTAGCCAGAAATG 254
R-TTGGACCCCAGTAAATACTTGT

Exonl6  F-CCTTTGAGAAATAGCCTTTCCAG 241
R-GCTCTCATCAGGGAAAGGAA

Exonl7  F-AAATAATGCTTTTGAGCCTGATGA 87
R-CCAATCCACTTGAATCTCTATTTCCT

Exonl8  F-TCCTGAGCAAGTAACTGAATGC 190
R-GAAAGGGCTTACGGGAAAGT

Exonl9  F-ACGACAACATTAGAAAGGACACATTC 91
R-ACCTTGACCCTCTTGAGATTTCAC

Exon20  F-CAGTGGAGCATCAGGTGGG 246
R-GTTCCCTGACAGTTCTTAATCAG

Exon21 F-ACAGGCTATGCGTACACTTGCA 83

R-CATTGAGGAAGTTTTGTCTTGTATTCC
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3 kw4 = ~ Sequences of the primers and conditions used for amplification of the SLC26A4 promoter and FOXI1

) Product Annealing
Gene/Region Sequence (5°-3”) )
size (bp) temperature (°C)
SLC26A4 promoter
Region 1 (¢.-2988 to ¢.-2258) F-AAGATACACATTTTGTGACC 731 56
R-AAGAGTAACTTAGCTTGG
Region 2 (c.-1063 to ¢.-325) F-TTGAAGATCTGTTGAAAGC 739 53
R-TTCTATATTAATAAGTCC
FOXI1
Exon 1 F-AGCCCAGCCCCAGCATGAGC 607 64.5
R-ACACTCAAAGECTCE TTACC
Exon 2 F-ACCCCCTTTCACTTTTGTATC 608 55

R-TGGCTCAGGAGCTGTTCTGTAC

219



3 x4 = ~ Sequences of the primers for PCR of the 11 TRMU exons

Annealing .
Exons Sequence (5°-3") Temperature Product size
0 (bp)
(°C)

Exonl F- ACAGCGCAGAAGAAGAGCAGT 58 572
R- ACTACACAGGTGGAGGGCGA

Exon2 F- CTCAGGCACCAAGATGGAAAC 56 492
R- GAGGCCTCTTGCAGTCTTCAG

Exon3 F- AACAAATGTTCGATGACTGACG 53 480
R-TACAGTTGTGACACCATCTCC

Exon4 F- ATCTCTATGTTTGGGTGC 50 420
R- ATGTGAATCCCATACAAGC

Exon5 F- GAGTGTTGATGTCTGCCTCTGA 53 453
R- CCTCAGCAAACTCCTCCATCT

Exon6,7 F- TCTAAGGCTCTGGCATCGTGT 56 491
R-GGACGACAGGAACTCTGGTCTAG

Exon8 F—GATGTGCTCAGGTGCTIQGT : ' 54 495
R—GACCAGCATACAACTC&:G‘CCTA

Exon9,10 F-TTCACATTCCATTCTGC = | ' 52 840
R-ATCCTCTCACAGTTGTCAE. | -

Exonll F-TAGTGAAGCCACTGG " . = 56 750

R-ATCCGACTATGTGTCC
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