|3 OMEEERGE 10 28 [RZEMRECNT S FZ4 ] (200348 H)

H\EE 10110

(HERED T 24 ) 2 29pf, HAERE FBNER,

HERMBARES, BANGRESS, 0AASREPS, DALKRAE

Fa HRERNMAR SR, HEwRA2 ) —= pips, AARIERERSES (CLET 00, SHEMsres)

(hitpfishgjp %M &, [BHEEH] ~)
(L1 F i #)
IL R F0E i o e b

L REEA R A3 L OSBRI A i & 2 LROWBITERS N, BEMAHMKR EEROD THibhE<&Th

2.
(1) Mi=ErmE+{T5 BRI I~ 350 T, R h
e Eie &k

IV, =il b Rizh v vty oy

LOREESRER, +RRRED T ey R eIz RiET B,

2

L RS Y L2, AR ER AW, - FEM A D By WEED Ot ) 2 I E L SR WA i kY L2

#mbﬂﬂmtzmﬁﬂuaﬁsﬁbnaﬁefaa.ﬂﬁﬁ#thyVﬁgﬁﬁ.&ﬁuwtr.ﬁ#ﬁ&.amoﬂw
Mi.ﬂ&i!ﬁ.w—v+»v—ﬂ—aammn&mw.+—Afﬁa:&m§£Lu

3.mﬁwwthyymﬁ#uvssmn.mufnﬁnmmmuemnxmmmfa:5mww¢wnu¢amu_;uuu
WRBONI, QK Rk (GREEDIF®R) , 26IREYRE WElTRE RN M, BRAMEREL Y oRESYR
ﬁﬂ&%towrﬂﬂnmﬁihé.ﬂEﬁ#)tU?#Mﬁ#ﬁ.ﬂEﬂ&&ﬂ.ﬁ-ﬁﬁf$of5,%mﬂﬁ%ﬁu.
B, T, mmmr.czf:mvcmm:zo:ens;w:a:;owf. FRRER LA B,

1. REH D+ 2y LR ESN TX 282 T EE R, MRFLS IR TS 2 EEICHE L 205 e R
ﬁﬁytuyykﬂwaﬂé?bé.&&#mmﬁﬂbaﬁ&-Rﬁfwﬁﬁﬁﬁakﬂﬁaﬂéﬂ&u.ﬁﬂﬂmﬂﬂkm

OFREERT S,

5. BIED L) Y ONEIR, —EBNe LEHOBIES Y ) X RRICIRRL, —E W 5.

6. HBENKLAYE, HEREVPHHRETRETES L5 0, MEHY L+ U Vit L Titbhizthida s, 7=
SEIZECT, MECHN, HemEBEant, Ei. AL T ORIz o, WAL LR <2 ThE.

7. RECPRIBETRERAS, RNEES I kT, MIREOMBHICOMAZOA L 5 ebicit, BisREWMEDRAN 2 Y, 20

MEEFRIED € ) 0 PR O0E L5 IcRld 5,

B MMl Tty AL, BESOREOR KT, BRI L THOLS<2Th S,

2), BRICHIT D MEFNREICOVTI, REESW
W10 FRAMER L 72 DRIEFNIREICET 29 1 K54
v (200348 HAR) | (#3) HrBELy<2Th5
:&ﬂﬁﬂéhTW6.:mZGmﬁﬁmm?BﬂEﬁ
V) VYORERIAMENTEY, SERETFE
Wi H MR T BIEShB 10, EhicEsiizh
TN ORISR SR TS,

HEOBENY A+ U o0&
BRGEGHE S MRREOPE S OMRO BB
REEEERFELRIED Y 2 ) 2 713 THORR) ©

HY, TNHEMOERE LTELL<ETHY, M
TE DBz B L THRBED & 5 129 % ol
HRMIEMMEQOH A KT 4 2 ici - T BEMASR Y B
nTna,

D T2 2V IELTIL WK RIERE S0k
W B T T, RO BB L Py 1 A B L

ANERND - B - R LB — PSR L 22D k5 2t
MAEME L 5 Z LARENTVD, AR ERMBE IR
MBDLDALFNT — a LT, HYRRIER
ERTTHL LG, AERMBMICBOTRETS - L
BTSN DRz - BIEFICBIE LM OM k248 5
BREATIEMTH Y, 2008 FRERRIC 616 H108
BRENTVS (nttp/fishgjp) . HIHEREAEME L LCE
Eéhrw%HlﬂﬁﬂEmBﬂwav&U.ﬁﬁ?d
HRORIED 724 ) > VICHEL T2 H MOHRREE &
BB OMATRR & A 5. F MARELEE 07 48
6 AR 72 R = 2 I B Rt 2 R 2Bk
BMEWMEZLTH 65 2L HHTHLEBANS |,
BIZHEERE OBE, BREOLOINT B RY
THBRENE S BHORKNAE FOWE, SEOHEED
Tk, LR Y T D B R O AGE
LT3 Zensy, EhMEREOBRS, Wik,
MRS & THCICHRAEREHSEB L T 2184




H@E 101: 10

%<, HRURMO EBE L HRIMESTE TS
B2V, L{REDL S Rr—ATIRDON TS D VIE
EFRIGEOEEREEMES R TR EA T2 7
25 L0 b, FEMENTETNWT, RBIOSED
B THEAZLTW HRAEEMESRIED Y £
TITEUPPDE~ETHSL LA TVS, BEEREWY
MERERED Lol AF > ATIRA2L, WETHIIT
FULETHRATS LW HERRWEELZTWS., Wih
RLTHBmESINFELTH-TH, FRLFhold,
274Xy bOBRTINE, FHMEK, BIRE, EA
B2 ICIE LTy — A5 o — 2 TR B A 4 2
THEIETHOEEELL,

(GBS HHR P T i 2 E i el s T8
M) ASREIT S, AREMER L L TiliE Fisaic iy
#lA TS (hitp//genetopia.md.shinshu-w.acjp/index.htm).
ek, LPFEEBOWTILRETRHRO L A7 LMEDAE
DO TRILTWS Z AR TS, 200044 A
T PRICERICEL LR ANREEZRLHLEL
T, KRB e ¥ O85TE MRS C oMz T- e o HLER
{0 AidEsh G, 2008 FHALE, 40 60 2L Lok TR
[ZFBRIT A2 2 WM AL 5 _EAYY & IMER} & il
ML TRIZERMSTONR TS (ML TR
(WP E R Ok — A ~<— http/jhmg.org/about/index.
html &),

15 FH A 25 1 27 SR 9 B BTG )~ I IR 2 P L
el o iz e EIc R I 7 — Fiv s a8
SHlcwiz THEREREFERAY) LR, RETBHE
fIoEERICH L THREEFIE LR 5B ok
MIZWP BB L TRz o) P &2 T
2.

BEHO A2 A TORE

ek, Bzt o XnsFRMLLIE Ntfai
M LW EHICRRREND &5 TR ICIEL T
OHRRICMTIHBE NS A A -T2 -T, Rz
FRIRFEOLR P> ROBIEEN T ) » ZXiITBWT
ITRRRITES C BREORHUSPLTH - TS, ki
B E TS & 272 0 BHICH L TR
HRITHS L 0 ERAWERRESTREIC > TE .
BE - 254 bREDLIRBERSPENTRZBLE
I K> TEHIRBEWMEA LI 5 0 H R B
BFEEITRAIDBRREOTY —RITIE RS

BEORELY Y 731

bRALHIEE-TEE,
BERBBEoRRERAN THREEH 223 LRIE
FEBPTONSyr— A LEWIH L, FHicfEvig
hy ) o (BEREN) 27 > RICHBOBRY (8
EAREEZSLORY : AHOBZIZYD X 5 bk
boTwah), FROBY GEFFEOAR), HfEER
OATE, BRI EEBCTSLATHELZEYD
TEHEMRTDH), THIZOWT, R TAMRIC5ME L
FOHMGH (RINFR), Lo RESARICA->TE
THEYEZALORWUNZEE L T 5 Rl A g2 1w
RS Lok TETWS, —H, RESLRETICH
T 5N (REESMHERICRL2VES0D), &
ERAOBRN, BRE, RETOEWR YTk =y
MEOHELTH3HTHY, £2LOBEDIYEY Y
FAEF OFEER I IES & RERFIE AL OB E E &
A —s8=F o T LA 5 MR B 2175 LA
EVBLDT < 2D Z EAE N,

BEHD ) Y SDBFERS

BEHT YTl BEREBORE - Fik:
FOAREOBLLIAN (7542 b) WL T, %
Ei LOBRAASOBRBCTHRELTMCTES L 50
H R 2RI 2 7T, BRARNY RIT 12265 2 0 ) 72 i
FREL, TRTOIEMITLHTHS. REEHIT L EY
ZIEBWTRZ A b EBIEDY ) > FHILE
LORFEEMEICESE, SEEERaIa=b—
L3 AT, ZoBE T O YR X h
5. BIEL T ) ATk LT AR EE 2
B ET TRV I LICMET <2 TdS. AR
BERTTS, WaRiI—imickbink dicki
THZENMETHS.

BEHD 2 A TOBOBENTERS

() BECHTIERPZVDLEIIIETS
brETIR TRE LvSEREHLEAN T T a
A=—THFoTNAZENT Uy r—FlELR Y THLHS
Micle>TWa, Zhd etz P RizEHHFOF
RBIZEAZENEHZATWSS, RzomEcMLE
OB LEMASIEET 2OV HIRTSHSD. — %N
ITite b7/ AT OMERICL Y, BLAYTATOR
BIZITRIETAD D> TWEZ EAHLMICAR-TE
TWHORMAOMENBERTH S,




732 FER K

& O—BNLREERILRIET 2WATH Y, 5h -
BIICED X5 A WRITRIE, AMEMIER L
ﬂorhékm@h.Lmb.:ﬂuk%&ﬁﬂf&a
FﬂﬁJﬁﬂmﬁﬁ#?Kﬁhéﬁﬂ%hﬁﬁfﬁ&ﬁj
EERBLTRETAHAOZ LEFEL S OTIRA <,
NRZ] VS BGEHS> TV 40, Thbbiltl: ro
RBDEDRIE TR L TOAHEDO S L2507
HD. ETRUITIRMML, BRE TLAX—, Wk
CREAETATORB L REFSIEL TWS L 1nv s
SEEBVIL, M- WA RS Z L ARETH S,

(2) MICHEERZVSLEBRLTHSS

mﬁwmmuam<im&m&nﬂsf&5.%mm
BEDT VA VOBABTY, ¥bHEMORRICEIL
N&é&hﬁlﬁmﬁhﬂﬁﬁ.&(K#*ﬂ#ﬁﬁm
ERAZINSMES S b o KY 7 REBL SRS
DERTIHWATOIEITE . &0 b REIT 6,
IR L THEA S 2 O TRAR DB L NS 2 L A -un
ﬁﬂfwéﬂ%ﬁ%(.iﬁkwmmbbf%oxﬁk
DERFF AR OB Y 5 b M ERT 5 BB A
6.titiLEOEKOMﬁfE:otQM§R%t
EEEOANDBZTRNTWDIETTHS, £, +<
TOADED L 5 A BNIE W A T R L 32 ik
THEY, TRTORETRPIAER 2 A ¥ e, H
R B R 2 IS W T AT AR 12 12 7
S5F TRINE) 220 20RMERONZAEDEIZE -
THEIELS0TH S, Lizsi->T TARIMERBER
RS TWBOTHY, TRTOASRERORE ST
DB EVIEZFETDILNWECHD, Efe, 8
R=rRYx—ar) Thy, TRN) TRV LY
W5 ZLARETHY, TREFRE] &0 5 5T
ShLL 2w,

(3) FiMELAAMENT ST

G, MBEOBIED Y v ) v 2T RIEERE O
P TITOND Z LD <D L PSS, Mo
WTLMO%RE LA, HRERRE e TETh 20
!E%ﬁﬂ%&»&wPtL&ﬂ*ﬂ&%ﬁﬁiﬁMﬁ
ENTOVRNZ LIS L AU LRV, o
S OMEMEAM L WY, BERICH L TS AT
WH%mMTEﬁéﬁiﬁEﬁK;%:Ea:#—&a
PHRETHDEVIRERAY v bABB. LItk
RAEBERE UL 0 U TIX AU L, LI O 2 3 oo
Nénfﬁh’ME?%MQ%%&&&KE%LKB&

HRBEEE 101:10

WRKDAT v FICiELe Z o2 ihic 3 X 5 4 80 % 0
M3,

(@) REERVICGD > TNBZLERTRHLER
5

BERREORE, BMSATEORETICMLTH
BoTWHHFHERP NPT UEZ B Z LARETSH
B,

HEOBREGHY Y

HRWRHT 284 5 % R O O K512,
BERED DI 42 H Y Tl B0 25T b hos - L aik
Vo ZOXS Ry —ATRIEREZ@MD ok 5 75 9H8
m<.m&%&ﬁuiaﬁﬁaﬁﬁﬁlUﬂ$AE#?
HESRTOIHPRT YT Y 2% % LICENOT &,
WG, WERLIZONTAH DT BT 2 2 b AT
HThs, Ththicalil T, -f5miEicT 2
LR, KRFOBBRLEOMES T+ ) > Z3iib
ns,

< BETRAECRENRSMTONBTE LD
B FSICBET 5 b 0T, Sk (L s
SO FN DN B Z DY 50, BB
B FHHRREIETH D98 TR THD Y 22
9 Lok bOThs, #KIOL5lr—2T
RSSOV A ST s, B{E S Mic
%o TOBERUEMBORERETOS L, I bav
UTRIEERUAZIZEL A Y A L FAREER I - 1
B A & T D RS FAS LT 5
FRHE L 0T 0, o B G50 T e o e R
BRE L DWEITIERRR (RRHREART S X
LA EEOTD I D ITFT 70 AR & 72 2 25,
BEEOWMBIITL A L RLRATH D OTHRINHIRE
ZLLICRIEA T YL ZNCES, WFhicLTh
EmﬁﬁrﬁﬂbmuﬁofhéﬁﬁmﬂlUﬂ&ﬂﬁ
WIS TTRE L 42 5.

HIENTEENT, (RIGH I 2 & OBeat OB b [k
E%ﬁ#%t#ﬁﬁbﬂé:&ﬁ%h.b#@fﬁ&%
RSN 25 T IR Y |5 el it o s o T X ho T
WADHBARTH Y, Wi AT B I L <1t — 8
Mzart Y2 oh T,

WIRICLTODENER D2 542y Mok b5
bONRRBOT, MEHY 42 ) o ¥ DA S 71
23 X CHADRD D LOICHIELTHS Z Lich 3,




HREE 101:10

BB T—-RARSFTA
BYNGT-ATOBRBELATAIE
ASHVRIAETAS—T5

Ur—2 11G/B2ift e T ERA R E St r— % (11 2)
M 2 W
BERBER ) —=> /Y THBLIEHZ 2SS,

ABR.ASSR I X V) fIERERE L BEDHIL 60 H THIRER 24

Al TiEZEB L 20 RIBIEZA 601 COR To sl

T 5 50-70dB Wi Tho7t, 165 HTA
CHEMDALMETVREAE Y F—2 a3 d1Th

5. MRELSOfEMIEAV. MEE CT TIXNH A EA

Elxiguy,

WHREE : WBILIENEE ), R L.
ZOEFIZML T G/B2 (Cx26) OERIZOWTHEE

L7k Z 2% 235delC %35 1 U5 176-191 dell6 45 1 &\
22007V —A7 PERBRBWEShE REIL

235delC ERELHOT L% 1 k5t (hetero), M

176-191 del16 R A FOT L A% 1 £ (hetero) #

NENRFY VT (REE) ThoTWAZLMEREN

k.

BEHD AV ITORARS

EECMELT

B A =KL

G/B2 (Cx26) Biz-fFiidRMOBERRO—-2TH

HEORi=zhr ) 733

¥ vy THIGHOEa - FT5REFTHD. MFN
TRIEHHP Limbus OREMIE, 2078 L@
f, BRI TSZLMm6hTHS, —haoll
B EWICEYy » TESTRHIILERO v p7—2
EERL, AV AL FDVY AL 20 MELTWS
ZEBmehTwS, B EERAZLEHWT AT
<EMT 5.

ZWEO T

HEIhSE~REET V- a kb3,
BREMTIZ v LB S,

AR AP AL TCE (R DRR S 5 ARR R N T
#iMllE TR BRI o HIM

B E RO L EORNE 2T HMMEYSH S
ARG SR TS, Tabt 235delC AW 54 51
HTIIMEREENN S HESDTWDOIHL, VaTI
A SEM CITERE T~ HETHS, £
REAYIZ inactivating mutation (KEERBLUF £ 2
AEY) A4+ S 4E T non-inactivating mutation ( 3
A ABER) MG ER I L THEOREE
WHETHD Z LA BRIZRoTNS,

# ol PE4E AR

LA OEROMGEFIZRVZ LARETS (£h
I Rt B M BT 2 IS MR R OB S W
REESZELHS)

# itk IR

HIEEEICITMER, ATHEERHWTAE —F15F

iog 235del C 176-191 del 16bp
e+ | (hetero) (hetero)
0
10
20
- 30
ﬁgVA
» 60
dB oo $_
80 b
90— A ATHE
100 & wes [ = S N RE
110} A an %, 235 del C
o0 50 000 5000 o0 0 176-191 del 16bp
W Hz (#&hetero)

B2 5r—RA1:GBZREFERPRVWESLEr—2



™ R K

FIRAND Z LAHBE B,

Z O MV 100 dB i o i M BEE 2 52 L6 9 JT I,
RS B3 ST CERM A BT U AR L] COR T 50-
T0dB BIEDEN L M6, | E8B L TLRIESA
LRAWZ L, BMIETRET GIBZ (Cx26) OERMIR
HCHDHZ LAMW S ATl ) O EIHIE RAMW AL =
&y ATHEORBAEWZ LASHMEEh TS D L%
HEZHEDE1R6 HTATHER AN 2 L7
TOFRA, ATAH MM SIS b 2 ¥ —
FribFicAote, BIE, "EVF—LavhfioTin
D, AIHHOBIESEZ 55 8EI0IZ8BO 2 & =
AL (NHIZER) 2800, AHE2RUBEIEZTOWN
A D Z L EMMT 5, KBS GIB2 ERIC X 2 i
TR AN LA 2 ERT T SiESssm v o b
HEEhTwa,

BEICE® LT

R R R R A OB

BUZMEEEL R < THLMIETFAMELTWS D L 2"E
FIN LTI 5, MGt T0%2590 3 5 kS R
EAZMD, tLAJASHELEOBEOH NS0,

B O mREE

FRRIIZOEBOTLAOHAELEL LTHTLS S
DT, ZOBRROESIZ1/4OMETHEBOTERT L L
% 2 A T REE MBI 5.

Wit P

AN HFD GIB2M T H T 100% 7052 O Rk

HREHE 101:10

EVWIREE LD v 7 A 1/50X1/50%1/4=1/10000),
HEPREECTHSREE 1/50%1/2=1/100, L7At-
TEBLZ 1%0MECHERSEThE - Licks,

W BEABRAETHSHE 2/3 X HENRNETH
H0H% 1/50 x 1/4 = 1/300

EONTHI/NNTHD L2 ELD EWThols
THRIRAMBIZAR S HRIBRICHL 25D T
o, FRSRERRLFLTITRL < BT A 2 izl
KEMCIE TOREW LvaThiFs o LATETH
o.

7 REE ORI

HTH BN OER OB EITR > TEH D BT A
WEBTHRULTELWI LTV, GIB2ORIFELY
/60T, 2FARIL~AWBZ LAY, BLu
ZETRARVWI EERUITS, LEM->THOMIETY
VL, HOWFSHE-Tehs b, Holsdni
HEWS Z w2t s,

[r—= 2] SLC26A4 MiEFERBRBNE SR r— %
(1 3)

1P : 6 M.

3 IRBFICHEOBN AN S 1123, ABR I2 kb 50-
T0dB B OMEL EDIZE, WA CT TRk
KDBBHHENTWS, BHOEWIZMHEGC D E OGS
5. FRMMZ A . Wi O RS 0 R LT
HHATVBBMBENR K —F23FF 2 A =T,

38 IVS7-2A5G H723R
- 10 (hetero) (hetero)
of—
10
20
30 -
-
Y 50
o ] | ]
dB 4 = =9
A ™ X
a0 s
'\’ P_z]s—
100 =y FUHH
110 | IVS7-2A5G
120 5350 500 1,000 2066 5,000 500 H723R
A Hz (#&hetero)

B3 r—R2:SLC26A4 BETENRNRVESHEF—2




HBEE 101:10

BRI EILENED, WiciaeEsL.

ZOERICML T SLC26A4 RiETFERICHOLTHRE
Licl 24 IVST-2A>GERB L UHIZIRERD 250
TERAEH E iz, REIZIVST-2A>GEREZLHOT L
v 1 AFsS (hetero), REElZ HT23R EREFHST L
Wi 1 AFh (hetero) FhFhx+ V7T (REF) iz
o TWAZ LAHBEENT,

BEND LY A TORBES

MECHELT

BHED £ H =X L

A A i e A T I B 35 @ 80 ~ 90% 12 SLC26A4 Mz
TERBBWVESIRTEY, Lo b bRERMNEL %2
HILTWAD, SLC26A4 B{s+13 Pendred i BF $3 X U8
REARTRLA 2 0F 5 JEaE RILRERE (Vb 5 MTREATFIE K
i) OREAREFTHL bR TNES, Kl
HiEREnE A% L5, HikEKTFIEKIEE OM, branchio-
oto-renal fEWBEAR Y oL LME S TEY,
SLC26A4 BizFERDBWEZHRVWERIZIZBOR
EHEAEZ LN TNA,

SLC26A4 Biz T 02— K428 A THD Pendrin 124
HSLHRRO A 4 o ukicllts Z a6 h, 0
WIEE TANEANE, BE PRREoREE S L&
ABNTWS, L, Pendred it REBF (i HEAK FFE K A8
S Z LA S AT 2, NEEAHE K % k- 1o Ik i
BEEERENEAE (A L llfe L m S BIETH S Z LSS M
ot WRBROMICILE L OBITRASFEET S L
AEEEShTWA, HIC X - TIXNEEAR L Ko,
R, B K EONERELES ZL8h
5.

YU LR E2RNTEP YT L RET 5.

T T#

Wi REACHF I A 2 - T RGP e D & 5 Ac gy 72
HERLERTZEMRLATWS, Thbb, 1) Mk
HRIOEEWE, 2) EKFHTIZA-Bgap 20F5, 3) I
WEME &1, 1) Flhk L b IRESERTT 285
Zv, BWHEBO X 5hF e LTHBEAE (minor head
trauma) PG TN TWSAS, BEICEKET2 L EHO
WA LSV, BHICIEEA LB EOREIC
Y5O THERT S L HRET S, B hkE
WD, HEREWR 2 Y —=2 % pass THIEHR D
HEEhTWS,

REORELY Y Y 735

2iltfn R/ RBR O M

B ICEROME L REORIE I HMMEO LW
LG Sh TV,

# RlifEEAR

HIT0%DEMTHENEMHES, HEVvIZEhERIZHF
WHIHERT 2 Z LA S0, £ 128 30% O (7 AR IGE %
&% (Pendred fEMEE), ZOMWE 10 ELFE Iz 5
PIZa D ZEAE L, SR IC R 2 i S ok <
THRRYICRBRIRZ & 6L 5 o[l S 20 TH
RWBEREL L T Z 2T E Ly, FURIMILE
WUEAMTTI, T4 XERRELRT L%, £h
I FARRAR A A o 12 0 I DR R A3 5.

# itk R

B WHBAERICIE AT O FRMHT2 2 k2%
b,

HALEAY > Ao 2 FElfmMs fEShT
WA DIZHT S ElIT L Twew, SRR
ML TS T THENEHNER TS 2 LA
FVWOTHEROZ t vF 1 FRIEDICTHZI LS
FELV, EEMBEHROBD SN VIR L
TIRALHHEOMIGICR S, 8T A THE Okl
BETHS,

REBICELT

MEHOMER Y SRkt bdb b, FiFoR
TRETRRERICAIWMENHB L ERWTS,

MEICEEL T

(AP YA EREREEXZ NS G/B2 L [HE
ORIz 5)

B RAEES R EE DR

HEAOWRE

# e ik oo i g

7RI # o

SLC26A4 ORI F WK 2 5 8320859 1/100
/200 RIEEEZ HRTNS,

[(¥—A3] 2 bar kY 7Fil{ET 1555 BRAOEE
hicor—2 (E4)

fiE A - 59 ML,

10 A 6 BERE, HUhASH - fzhS & < (o BRI iE
SBLhrotk. MEBICHEIETLTVWS Z L AR
EhYBZBLE MTMENOREZBOENESRO
EHGRABVEHTAZ LicLE. B REOERIC



736 T K

- 20 = —

- 10 —~ =

g
|
|

" 50l

MRl 101:10

gﬂ:ﬁ i

LS S

126 260 500 1,000 2,000 4,000 B,000
B He

B4 ¥—RZA3: IbarFYTRET IS5 ERSBOE SNy —2

HEFANS,
ZOBEICRIEFNRELEToLLE A, S haLE
U T BET 1555 BRERWEShE,

BEAD ) O TORES

BMEO A =L

1555A — G RN T I /7 Relikic 5 imag 2k L W
W5 T LA TREEFENICH LA ITE TS, b
NHONA T MM TIIN R LD D B
DF] %DBENZOEREFE->T VAT LIS MIC
RHTEHEY, ZOREFERIZESHBEBED S VA
1) A2 BEOYITLEMNCHAD B 0D EAEN X h
D, EEBEOHILT I/ REREHRICE 280
FICHED LHIB0% ICB RASRIMENS Z LA 64 L A
DT T 7 REREENTE M AT 2 B G L RS TE L
ZLEAMBENRTWS, £l AOATHEOMDAL
BEEGRICHE ZRMLIZEZA, ATHEREORN
10%iZ, F£7e7 I /BB EMTTIC X0 i g 4 X
Te LI AT EIERIZIRS - #160% M Z 0T R A - T
Wie, LT ZoBERIZIAEAOTEENEEED
WELRRED—>THEEHL BN, T3 /e
MH ARG THMEICEEOBREORIENTREER
L, 2P+ 5Z LEETH S,

BHEO Y%

1555A — G ERITT I / RaB¥ T E DI oo 5 ik
ZEEMASEY, ZoMETERICEZEBEORSE L

LT 1) BFRMETHIL, 2) @K 3 w10
HERE, 5) MEMWE, 6) HWMAMNS ZLAEn, )
REREASETT T2 MENH S, 8) MEERT2bLHEN
EMASIERIIEN, LENEFLNS, WEORREIZ
REAXENSH S0, —RONZEMISTNITY, T3
/ RCHE M TUE SO 5 2 B HBETIE, LM
MRELZRTI2WMA% . 7T /RSO
BEAES THRMASBDENABMENRIEZ L, 128
EHILETTETH S M AEME <, BN IZE hiE# A T
AR ETHS ZeNRETHS,

ERMEIH RN THSZ LRS00 ERE LG X
NTBYVHERERR Y ) —=> VTHETHZ LA
HThHD, BRECESTHFHEMITIIME L 20
WaENE,

7 i o 4R

HER LA OERO B SRR D LA BT 5,

7 ek o i

MR TH S, L oM RS
ERWD, kW HL 0 38ab 5 02 b 1 1 L
THATHEOBIEIZZ S, B CHATHEOREIL
BETHSD.

# B o Bl

T/ RS oO#R S 2R 52 Lo k) i
BHOE X FNTRETH S, BHH— KA YEAH
LTSS, ZoRETERBRITAANORERH
E0 Tl OMBE T IcHF S Txs00kEh




H ek 101 : 10

M TH S,

ZHRHRIZoOnWT
RUECLELRLAACELTEYGRIBED RS
5, EWICHEEESROFICOWTII— X% L LAt
HHZLERHTS,

BEHYL YL YRL
ERUES (M ey ]

EELEAS S THRE SO 2430 AR
BRECHBORKATFRTSZ LML,

7 sEfEie g -
NTOTFZAI-OEFALHINELA T TS
AI—THHENMERTHWS, Liti->TREN
1555 M AFF > TODWE, HRGKREIZIZIE 100%T
b5,
FEEASETH D L, BMENHZ L bbbl
W5, BEHT L) LV IBLTIRRICRICA b2
WE S iERT 3,
[r—Z 4] BEFR R E CRE TS E SR ot
Ba

RIEEFORECRIETIHESLAVBEL S, £
D K5 e (TIIBEMESE 22 YA 5 022 I H A5 2 4 4 8
ALBIEF AP LTS 083006 Rl S A%
Ve, R I O WA SR AN L
TVWRLWEESTWIHENEL, ZoBSINROE
Bo50%R 5 GRIEFOERMBITICMY) TH5
EVWHEET—5 (] 1) 2bLiRENY Y LY
il s,

[7r—=Z5) HRfabRx?
HALRBED Y LLLEBOBE, LEnTL< 5T
BRI DT A b P,

WU EEER A L S RETIMG LTS
Al 1/2 OETHRERSE SN TL SN H 5,
2har FY TREFSREOBE I REPRENS 213
WAENSZEHTHME LTL 5, RORERETIE100
BRMLL LD Z L Zh TV, Bifatkhitn
BB % & 2 METAMEL TWAIE, KERE T
RAL>TOVIIZAT L b EMIZ2S LIZRE 20,

BEORED Y Y 737

(r—25)

[r—=2 6] HRpa®is?

HALRBEOYLLhomM@GEN EEORS, LE
NTLHTFHMEIC2D0ELZRD v 0T, BREE
BEHERREL TS,

AENRBLTELT, MBT5 M0
DO, FEBIZPEL A ERRE 2R LTS AR
B LS. M PAMAE 5 B o RN - SUNARE
HBVRTFHRYEENAY » b sh3BEIC bR,
FRPIEIMT I A A O BBEFF I 128 e TR R Y
PG TR WD IE—-RICRTThbLZ . Bk
WHEER A OREEBN 25805 = LidH &4k
PRIETFICEDEN, CWTIHREFNRICE 2 S G0
BWEFRTDHENCED S fbattsih 30T, REH
B COWTIMEICHIET 2 L8255, [RiES0E
HIZMT5H 1 K702 Th V. BOICE L7oRE
A ICEITARRA) T2 REEOWREEN -
THRERFPVIRE) OBIZERL 2 ERLAVAIC
DVWTRRENTED, 251y bR ERL DL
EDOWTHREMRSZ LARDLA TS,

DRETIE A BECMTSRETE» 2 EHiz
L. E0AZHRTHLERNS Z b TES3 b TI,
WIERARLTLLS ZLNRETHS,

(r—AB)



738 Tl X

[r— 2 7] Bz B ETHREARNED D vda i
HEEREERE A L SRET A>TV A I LA
TODHHBANEN R EBEL Tha,

HLE, AN ol ic A2 bl iz
BBICH Y, RETERERYOF—L, GHEERLS
Yok v tamMprEhzRizlirEh Tn3008
RTHY., BATIZHBECHL TR ORRTBld
SEFI A Y v RSB TR Bt os
YHARB LR TR,

(r—27

3 R Fest (ol
S, ITRIEMEIESRED Y ) icB it S
Warmas b Bbhd, EREEERLLTO (X

e

Wk 101010

MO E B (ChnbbTF, T<To I B
BIKIL, Wb 2 MO R R I W8T 5 o M2
D, RISEOBEFORMENL TOELENBS, B
WRIC S I BRI BERRIB % b 5 Lo
bEEXERRIGICT 2 HINE 5 13555, ZORICHE
G172 TS T X B & 5 IR O IR Y 2 oW
MEZRITES Z LARDENS,

S UM

1) Morton CC and Nance WE : Newborn hearing screening—a
silent revolution. N Engl ] Med 354 : 2151 — 2164, 2006,

2) Usami S, Wagatsuma M, Fukuoka H, et al. : The responsible
genes in Japanese deafness patients and clinical application
using Invader assay. Acta Otolaryngol 128: 446 ~ 454, 2008,

3) Abe S, Yamaguchi T and Usami S : Application of deafness
diagnostic screening panel based on deafmess mutation/gene
database using invader assay. Genet Test 11:333~ 340, 2007,

4) FERIC 22X LR F— WO TN LR E
DN~ 1~02H, &EHE, W5, 2006,

SIRIBRE © TR o
T390-8621 AHiAB3-1-1
{2 2 IR B




MM 80(12) : 851-858, 2008

3. NRBEEEEIRA DX i
YR F2ENE, ATREEYY—,
HEBTIET /Y—CBIFDF—LEE

el % P

1 JEY

WERE, 512 PNH DR 3 405 KT HERE (X BE KR
A TR L oo 228, OEDOESED IR
HUZeiEd Iz L D, R L <O CHIEDR S ICH
iz sk LGz, ETERAMROMERIZ LD
SN & B 2B OIS T E A K S sk o
TETWS, FLBEHHITRATHEOSERIZL-
T EEMERRE R i O EE G st A, EEEE G
DRELTLALAZAN—IZEoTWE, 61T
CYNLAIER IZ Lo LT AHiEROMERICLH
ZHRDLDHH S,

216 DB, GO E R IIZET Y S
7o izis TN OBENEF—L0FED  (H S
B, /REHE, BEHREME, FEM, S8
BETEL, BREREERM A L) Pl Th B, £/
N DEHERE (2 BRI BRI D 2 B L ORI ()
I TIRER L E 2 AHICKE R L MM
H5, #HiEE ATLAHIZLD@Gon/-HEREE
HRNCIER L TEBOBEEZ R T 2dhiciznE)
T—iay, HEEN, £-Zho %A 24
TS REIc e 5, BElE, 20F, frEu, fExis
EAEMNILTED, HE NI Tk
ozt WEEEVR ALY %  EREDNIC 2D -
TETVSHHE, Bl CERISHEL 7 ki
DF—LED (FTBUHYHE, 5 5 PEBEH, WE
s, CRERRGZ:E) LREICL->TETWS, b
NbOIIMERERR 7 ) —= 7, BWidr6HE
W, oD (V) "EVF—vavETe il

DATLELTEAL, HEREHDE BUGE
Wi-5HTw2 (A1), KMTIEZHG MO
iz B S EM KPR G & & LR
DF—LEFEH DD H AL THEMT 5.

MERBEIOIU—-ZVTIC
BIFDF—LIED

JERFRLCLE 2002 4F 10 H & Bk ST R e
DG S b5, ZoWEEDT ThEREN, O F—
LMEY OB RIRE , o s A5 Lk R
F— TP TTaZoitbka-HETLHS,
SRR S YER R D s o A 2 L 6,
MEBAZ)—=vVDARICEEEB I RS,
HEmE»oMT L CollinE LD LI IZESH
PRELMETH -, BERARECH I REL
ZlhiEd 500z, RERTIE, HAEWR, &
AEL ANERL BEMIZ, MEETERIY, R, B
LB 2 W F hoREHH TH4E REEK
P RliRE 2y F— L2 ML, BERRAEREC
9 ST ELANFVEG ENh, FhEFhouM
ffsipe BRI ENTE 2 O L ) Afituncsk
SEE iz,

B2l cRRORAZ) =711 1, 2, 3
RMGRZ D 3 BEREIZ e > T A5 1 RISERDHEY
L, 2, 3ZUIHAMEEIYHEHY L Tw3, 2O
NEFERBRCHEBEEHL 22 813, OBBEE2NA
refer % Fif3 2 L, @iz —nibT3Z L,
@ED L) IR ZEA 20 TH- -, BRI
ROFERETREFEONMIIRE®RMETAC

* JER LAVSE @ AMAFERFEEI B RE (& MNP A B A AT v & —/ RIFULEEE R R4 - & —
Gl ) FHERIC— - (AMAFEZIHIERE (% 390-8621 JUFRIRAHIAG 3-1-1)

0014-3491 08/ ¥ 500/ 8 7 JCLS

HWaw sof#12% 20084 11 H 851




EECRHERL
2REHABT

ABR+ASSR
il {rFEH

1 BRMEREXETSEMETIL

1RAIY==4 w
WAEERI47 HERY

[ OAE | [B®ABR]

refer\\ ’/rafer
[E®ABR (&)

| mmsx

ZRAIV—=7
A BT ORI
HRBGHEL £ B

ABRI- & 2 B

| Emman

(" mmmpkmen )

M AR E 5 B8P IR AR R

ABR.ASSR. COR, Ef#ti
L MIETFEEH, BARRERE

N

>

M2 RERCETSMERE
WAL U—=—w T DN

WA ES B0 120 LT 3 SEMNCBR D w2 i3 &
WANETH- -0, BINETERBESI-E G
ZEEE AN X 1 (2008 £ 9 HBI{E T 48 faak
DL 95.8%), MEFHHMiHKE T THLEEDLIC,
FrElc AT A A L TS refer B L b7
U E RGBS (ABR) #HESREL 72 L, H
LN (OAE) T refer |27 - 7285 &3 HI) ABR
THBEEZ T T o RN AZEET St

L8, 1REA YOI EDbO TR
[l ABR 2%0ii &, BEALREEED W] b L T refer
R LD EMABIENTELLELZTL
3, CHUITERL, H BRI o
W42 a3 v AR 5 A Tillisd 6 7o F
RLEZTOVS,

¥ 7= RIFULIEFEIL 200 km (2h 7z BIEK i %
it 5700, YEIRTEEE S BRI & L et
THICEUTIE LV EW ) WYLIH 508, W
BT oW 7o T X E & L LT, (LABR,
B L i G B (ASSR), FefFbed BOSHE ) B
(COR) &\»o 2= UMTERAL DS IREZ: Z L ICZ,
2NV BERE LM o0 1 IR RHEE DS 5 2 &, B
OB TH, HIBB71v 747, ALY
e, bLUEH LM (HTF)
HffiEds b —F L ARG TE SERSEE LV
¥z, ENREEETHERRREOA L LT, 7
72 L #OMIc 2 TR & L THBO H SR
FHED s 2 UL 10 HEdt% 30T, iR ABR %
179 2 CHEH ) BN TH 2 {EMARFE
B EZB L CuEuTuns, Ihs
W7 2 H SR RSB oM R THh S 2 LI
wAEThHAL, FLEMMICI =2 -AVY—%
ITLT oS 1R, 2RAZ Y —= TR~
D74 —=FRy 2%&F5Twv 5 (hitp://www.
pref.nagano.jp, eisei hokenyob, hosihoken/sinsc
sinseiji news.htm), $fIcKELAT ) —=v T D

852 Huguwi so ¥ 12% 20084 11 H




B3 EFRMBRZECY—-OWT

itz i SR [EHERBNE L, P L T+ —
LEYPERELE S,

IIF REFRMIEEZEEY5Y—IC
BF2F—LIED

BN X 5 i RFFR T #TE R R o
PHERSAI X D Ve L 2 ), AL ZH1z 5
HAot, i, TEERE (R, T, BEA
EoPBRE, PR OMEL, ok KELR
HAaihh, ghoDRkDi-Ic, 2007 6 H,
BRI o ¥ - S (hup:
www.pref.nagano.jp eisei’ hokenyob, bosihoken,
nantyouji/ nantyouji.htm) .

BRI R v v —i2, i RBENE A
) == 7T refer & 7% - 7D & OIROMEL
ELT, HERBERRENEOREEATH DM
&, ZOBRDBWEE T ) AWK FE I
PehsitlEcii, MELTw3, Ay 71kt
& — 1 (M PP PR SR FHE ), /)
VEMERES BN (4 70), TABMETEL, W12 S
BidGhR (FE) THINL T, KFEHbICBiE
L, BhEEF TR 2RIF IR h Ty
5, FLPEARRL FroLENTHS (B3,
4),

(1) fanzhe - M3 - mifk - W) - A—nick
HHEH, FEFVZE, RN, o
BOWT 707 7 ADOEK

(2) PYGRERBY & ool : AW < D, F—
AL EDPE - R, BT F—LDa3—7 4 2 —
k

(3) BURE IR - HHIRMIE, REEDMH-T <

B4 EHANREIECYY—EPRLELICRRE
Lok 314

H5 RFRAEREXEEY Y- ERSORE

b

(4) EEm L - SHFEN N - PRS2 g L L
=HE2DOMME, HEExHKELEZ77I)—%
2H—off (H1[E), —2a—A L ¥ —DFHIT
(5) WADOMEROIE : Fr RETH A 7 ) —
=y VAR~ OUH, BREAEMERSOME
1. HESHEORR

2007 % 6 HOBAH 6 2008 43 HRHFEFTD
WS AIGrE 202, HE~ 955 FThHh, HEY
B> Twa, D955 % THESOE
My THEERSONE ) THREDFEM ) THrk ST
A7) ==y 7O E) MNTELHTHAS L
UFotshicis (H8).

HWRIAW S0 %W 12% 2008 11 H 853




6 RERMEBRXEt>Y—HBRONE

(1) YHIEZSoIFE, ¢ “FEZESE" 25 36%
E—F% v, KT BT 20%, kg - MR
18%, “EHF" 14%, “A—n" 7%, “#HR" 5%
THot, 2RAY ) —= v T - HERAR
W~ DWW T OZBIP, BB hOREHED
o DRAMEZBOTHAL S, MEE KT, i,
A — Lt ETORMES D 6 OMBENEPRG, B
(G & DR D e CONEE, REHE, PG
LB TR, RETESILE, FRZBON
<otz b LiczogkolikiEdons L
NENLBOREZLORA~NO LTS L
Bbhs,

(2) THiEgOWE 12, 1 BB L&) TR
ictrot-WE%E, #hEn My LLTAY
L#-, ZORSY “BER 18%, “HIEE" 29%, “F
" 17%, “HEET 17%, “Zoft" 19% L, EE
2 I I3 2 ks 8o o, BAT%
2D 3 M E o Twik (B6).

(3) TtHDEM 12 “~6 »A" 7%, "~1
B 6%, “~6 " 49% L% TEY, WA
R R 2 R L Tk Eh i A6 Wl
Ha T, UNEET 26 ORKS 26%5H
D, Yy =BTy, FHoiia A
rREs o L% oL shTws (B
7).

(4) T4 RIS A 2 ) — = > BT G
BAHBTHD L, 2EOMBEHICLEABIZET S
22 — =y PR R E ) & O HERIERFE
14 28%, itEdr—2% (106 r—R) K8 S

@7 BERRHBREEtYY—ARNKEOES

AN — = SRR P R DO IR T — A
11 34% Lo Tz, MAERICKREZRHAL
o - ¥ 12 {, Wb T O ERR D P
YA —= v 7 RZF TRV - REHP,
flafias % PR b - 72 R - REEOHBRNIEL % <,
NE, MEFEELLATH, My y—IIHT
BHo—ZOWILE DI WA D,

Pl FEMEBSS 1EHEYTHLH, BHE
fBH 100 {0 LoD H Y, ——ADEE,
SRS I TP IND, HRAR»LATY
HERRI O 2 9 R & ORI & DA TIRRAD
HEoLEATHRL TV, SHAEECHLTLH
S D% b Tl & LA 12y — A2k,
KO FHENAEY F—vaviciaba2i i l, |
UM% 4 LTl L =27 b LI - THET %
BT LS AR ETH D EBEATY
%, i —7 4 +— F T3 AHMRE
W, B, Rl L TERZhOBEZ/E R
WL 79 A THEIEEFIURERE, 2—F 1 1+ —
P4 A EHMEETHD,

\Y (EMAFEFERMIRERETIC
BIFBEFEF—LIED

B0 8 ({2 M Ao (S s e SO o4
R 2BT 2/ REHEXOHBTH S, B,
WETT A 0B & 2 (0 o 25 FEE 6 PR L= D\ T
THBE, F4 ORROZEHENE (Ho2TV
20hhh 5, FICERTHERBRER 7)) —=

854 HREm s0 %128 200811 H



(%s)
100.0

80.0
60.0[
40.0[

20.0

0 .
1999 2000 2001

_|,
i e, AR b o
0 A, L _y

o

A

2002 2003 2004 2005 2006 2007 (&)

8 FRSLN\EHERECHHS | BEBROWS (%) 0t
(1B M AP B2 P 50 B 775 P52 R o) R 51 3)

v T HHGE S N80 2003 (FRE 15) S (3
AMUZHENEE > TV 5, B FLY o
BWiO = — XHEE 2 IfEV, HIEEW O Bifiiz
FTETHELUBY 5HDS LIk TETY
D, Fith RIS A 2 ) — = 7 O #1208
WERMICERL, FWcHEMn T2 2L
koT, BEREZRIACHLD, 2OMYID
BT h 5D FIBE DV TR
D%\, NEAE, FIHEON I & i T 2 2 ASSR
HEKIGHE S X ckho708, Zhoofd
RHETERRTE & MRS (SRS oW 2 AT 5 =
Bl kD SRR % FrE L bR BEERE, e
HEOfiE%2 55 BRIEHMR T 2 2 L2 X D R
oo 5L RMEEEOM I 2 HE L T
Vw3,

B mnes smnens, =5
MBREREI 51 57~ L
E

WE o) 2 & MO P T, B (B
O, SOk t) oMioMnes X o
EDEBOOBEORIELMIZNL, FhFho
HMMEEED L F— AED RS > TEL,
BED & 2 AEMARZAEE I IHiPE T i3 ABR,
ASSR 7z & DMK E B AR 2T W P LR R
BiAsrys, COR HlBEEAEHI MM /s & DR S
LAY LT3, BOEDICHEEL /-
MR EE 2T, WEZIA 7 AL LT
EHAYy FRRKE Vv, FBLTETIBERIC
P L T, #rhi K 5 EE WPSSI - WISC-T1

L EOMEMmTICmMA, ITPA, HF-IEEBMHE
i, #MigEV BT (PVT-R), s, &6
(IR Rh SUEPERR B (SCTAW) PEfniasit
fifr, WoEfh EodiiitEmisflagbhe
TEHBREZHZBNCIEL Twa, Blao AL
HWEAEY F7—2 a3 » OFENME, FHicPELTLH
L oRMPEREEE L Tu3, 58, §
s TG 2 Pl REIC T WA b oh s,
LEFARLETOR I Zb>TwE, 20
D WET B FEE (V) AEYF—2 3 yasE
REhsMlUckhs tBbhs, FRERTHE
2l L Twv A BRRES IRk TE S LItk
TETHY, SBOTLA Y AN—IC %0l
Wi %, (AWM AEDRFBHTEEE Tl PET, NIRS
B ¥ e T 2 REBRAE FA KT 2 3 TICBIkR L T
505 LEAAZOMOBNICIZRHEEE, FER
El, BEWRAEAR T O WIS 2 E KBS ) e F— L%
WHE TS, NikgiEA2 =% — L a6 (V) »
EVF—varv&ifiIHbzam 3w EER
T3,

U BT, BinhorteUr
JICBIFEDF—LEE

INREB O BN O FE B ETFIc kB 2 &
BHRIGNTED, EXd SFEMIFE TR
BETlxMEE OB {: FigEichZHFEWTE-, 20
R, BlfE, M KYEIRED 30~40% o2 Tlls
FRWibslfilic 4 h), EEBE CHEBO T#%, B
PERER O A1 67 E 1B L TH A ARl 2 0L L T
(hakHictke-7:, 200857 HL b TR

Iwians so 12 % 2008 11 H 855




9 MEHYVEITORT

o) Mz 1 ie Wi 2 e PR AR (hep:
shinshu-u.acjp/senshin/senshin.html) & L Ta2&%
LTV LV ERBMICERICHTE 5 X5 124
T&,

Mz W kg LTI RER B O D S AR
L~ LTibh s 2 EWIRETH D, FERR
f L LT ORI LR PRI A B & BTt
BehZ0EvI FTHAL, HYT 5 BARAM
MO E®REZBMRL TuadhuEZ s, HA
MMERHE N RO E T L 29 X
CTOREORROHEORAEZ A7 5 A THRE
[ETRESH S,

¥ - MEEREIC B LTI, AR
f LW, SEEL ROEADRME LB
LR b S 128, BAEERDA » 7 4 —
AF - arvey b, AAOBEEIHRORE,
Befr 1o L 7 AR B OILY By, BREERTE O
AT ye )y P VICHL THIMEICTDN
Ritudz s,

R EEMER T Togifrcna Y
NF—a L, YA REEREETT S
LEbic, REMBMICELTRET S ILHT
13 1 2 B E T IC IR L 7RI #2485 PERH
<& b (http://jbmg.org/about), 2z 600 A
HOWYMEAN B A5, (T AP BE AR B
BRI BT L B {5 - 0290 V1K & 3T PRV
Nﬁkﬁmﬂﬁﬁﬂﬁﬁ+—bﬁﬁ&LfﬂMﬂ
Mk v FicYioTws (RK9), RO
f?- ﬂﬁﬁf?ﬁh{[ﬁﬁtaﬁm B L CiThhaEED

, B RRRE oW E, SEROBED T
ii’e :.;*Hri.f:ﬂt( B3 2 S0 3 SR RS A

ent.md.

Do Tirbi, Py 2 el iy 5
R HE, H2vRT, KitRoMEERL
Pl 2B EAGREHMEICLTL69 2
EDiE

! ATREEETOF—LIED
—AIAHt Y5 —0DOhHER

SOk 5 i HEEE Y I T S PERENY iR 12 B
ATV, RO CHEERRIE 0%
(blicBTETVALIRVAZVONBIRTH S
ERRLICIE 2 DD 2 9 FEN D B 45, L Wil
BRI TEE L Zevs, 207 R TR & il
ARG L 7T Y- b 0TI, 59 FROR
FHERTRED, SETALHEEMARY 2 oK
HEMohhTHTONTE R, 15T
AT NEEERE % 20800 - [N 5 R A
M, WHRICHL THIEAMICHEENa < 2 =
ir—soa yhilibh AR Lo, DL
RN, RUNSEH L TR EE O E Y
F—vavigpBETEATHEEMRICERL

£, Bl R - T - BOTRRE R b O Wis
v ATFABRDENDWRIEDH -T2,

FOrH IR0 E, 2006 (FHE18) 8 H
B MR E B A THE L ¥ —
(http://ent.md.shinshu-u.ac.jp/sucic/ sucic.html)
HeEic e MEI N, Ay 7k P —
1 (MBI H AR H SR L), /e
WA RENT (4 4), WEEFEOWME, T
W4 (24), RUIFULEEERE Y ¥ — AT
ATHEF—LZ ML TWS, ¥ —I3RF
FHBIRBEPI I B L T 2 2 H SRR & 3
PR i L iR, AL LIclEh, Ty b
r—AEBEAOLEDLTHAEY 7= a3 ¥AHTh

ha kHs®drshtws (E10),
ZzoHMIZ, OFLREREA 2 ) -y F TR
FEE X f, IR, Zo®%ic ALHHO¥ER

ML - YL L ZOlBEZRRNRET S,

D FFETELT ’»’»‘ﬁﬁﬁ‘k‘k#‘ﬁl Vi NIES G,
BOSHE(SHESE) CTHTAILRERLT S (b
% e bof, 5 WJ?H% b D MEEE YL OB
%, &P 'r—mfﬂiﬂ-m Hik LT 2) . GETEYE
=2 LT HEERYE T Y7 LEHERL, R

856 HOWREW 80 %129 2008 £ 11 H



10 ATRAEtE»9Y—TONEYT— 3 vOBF

BoEhwRUIETHE, Oty —TiElex2
VB SO BRI ER T 2 o R - ¥R
Mo bz, 29 FA Sl
P EGHE L, iR E S XIBE 1T
fJ~‘J.'1‘ﬁ£%z1;i%RJHﬂ-jw (T 6DORVED Y H5H
, BT 0 RE T oSS AT
l&ﬂﬂﬂwwnﬁ¢mmﬂﬁﬁka)\HHHﬁMWI
7GR T IE & 2 23 KL oM &, Si
BRI FHERONC) T—2 a v HEB LB
HBoTwa, % CDEMAY v 71
B F—LHWREEL T, TEROER, BEHEvwo
LR ATRAIGTELR  k>TETED, b
EONBATAHEO¥ EZiT 5 —Hicke>Tw
5, GREPEMN, SEEEL. 2RO EM A
Yo 728 LT -ADEbiIcHd 3L 7o
YI A BA L —= v T RTAD LI F—
(FhBEBIZEHTL L LIS

E8E (AIAEARY v UR )
BADEH

FLOERTH A A LNIEZ0%D (V) »
EVF—aripliths ot biifi-T, +—
LAED o3 AMD b EIc P fn S EBAT
NEOYROWIFIZh -0, NLNEOMRE%
+aics|l EE o0 T AENHO 1 2TCH B
EEZTOVS, BMAERERIEAELRE (B
BURMEED TSR TATHNE 2— 2 (http:
ent.md.shinshu-uw.ac.jp/ me/me.html) %d#lt, AL

2T

11 ATHEEYY—fRERO=OSH

MH R+ F 2 5 FiEEE L, A 5 BHBIRA,
Faan, (G oBm2MEBL 2. ALAE
frII‘s{ h#E(REOHFIZHEBAAFLTOAEE
AR AEL T, EHdioh ) >
‘\'}’.g“]fﬁ:@) (V) nEVNF—2arFT—HD
MNZBL AR v VAP E2ERTE L%
HELTWE, SDEI LAy YRS
BRRDATAHNHERF—LD-HELTHSL,
EHL T3 L2 LT3,

Rix, BEOREDF—LIED

CREERICATHE
L5 TATHEL Y —fHE8O
22g DL EAh, MESPUHES 2TV HRD
LARALT 7R E02ELELIC, 2HERNLY
FiEWEfroTws (A1), £7-Ho&ME0HE
2 (B12), 2V A7 A&hE, ¥ —FHHK
B KiEOZRSLEML, ATHEF—LO
AY w7 LR E P2 TVE, THHDH
@l TRUCKHAZ 2B ER L2 2=
r—ooa YRS LRIFIC A Y v 7 L O
Bk D, LLiIcx0ROEHEORELZHET
F—LTHB EVH)HFHERIEEN S

BbDIC

H M EHE (2 THEEE, (ZAEIRATH D, kL
TEWATIRAEVI LE2ENTIEA S 2y, HEE
RMEOEF EDICHYEDOIARHILAY, 5

ATHHA > & —hiPif L
ﬁMMwmt

HeEd® s0®12% 200811 H 857



12 ATAHtvY—fA&EROS, EaEORT

V2 eI O 1F e 3 W & I MI‘#‘HH f'r frve, Ui
OB RPRE SRR Sl L —=~
R = a— A, FNEEEMICGENL A6
IZEFrAZERTWLIRRICAST
WA EE L AL TIT S I YL SRR
RE Mo TVDE EV-THBRETIEAWL, L
L ohFEFTCHRTELL I,
BEEEREA 1T oI I HMHEREOATIR LI
PARAfAETH Y, % ORMMNLMERE & bIC,

% ¢ QEIYR Y v 7 EDF — LAEFHBHATH S,

LA S A T L b 2o 7RIS 12 PRHE,
B, fTlEvwoa7t

-'.z‘i'La-'J-_i

2 3

W wEHRE

= Ak - KHET - MREEE - JERE
Igﬁlﬁ ‘l‘ X 1@H‘]E‘§ Nalfdn
@AS HE320 2008

Ef3.990M (443,800 + #5%)

[1SBNS78-4.260-00609-5]

T OGN

b DA Z AL F FUBEIE R R

FIUE Lo fo b,
WILT A il
AT
ﬁ% #,
¥ H!f

5‘-‘5&‘4") Jdliii B,

Basie 2 LD % C BUR 2 B A C

Sl 7 P32 D A EIRE AL
“‘i.iji:}‘.‘_-ér{»h DF—NL{ED GJ‘EN,L'L‘{
. 3 2L A KRR ICP T 2 75
“F il i x'm%.'..ﬁa;' I3 TR ECH D

g BT 595
T HAERO WD R S
Thhipins B2 IR 5 0 X
B L LEHROEH > THHRIE S
AT L7 PALNH -
y—3 % TRIEEEEL sy —) L7l
Tl HENH D LM

c b\ % -'Lff.’ﬁ Kf"l‘f‘-‘
T Ty Lo

BriigE s,

bird

ﬁ?la—jwa

- [ERER

NH SMEMRERSD & D, EBNO—RERFEHEEICIR
l t.JJJ;L“‘}!EE['[HTJK&‘Q)THQ wellLT. ’f‘
NTCH., ECTHTEDEEMRRD ./ DI\DEETR )
BT A - W AITFED SHMOWMELET.

S ICHOW TOZEREER. 4k
&, CEEEBRLT L\/ s B2 »
SR RS~ OED BRI S

) CBEDNTIDDE
R {E L 1R (CHRRE T
LAILT v JEBETE
B

858 W S

80 #1295

2008 £ 11 B




HUMAN MUTATION Mutation in Briel #1008, 29:E37-E46, 2008 (Online)

MUTATION IN BRIEF
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Mutations in the human gene encoding cadherin23 (CDH23) cause Usher syndrome type 1D
(USHID) and nonsyndromic hearing loss. Individuals with Usher syndrome type I have
profound congenital deafness, vestibular areflexia and usually begin to exhibit signs of RP in
early adolescence. In the present study, we carried out the mutation analysis in all 69 exons
of the CDH23 gene in 56 Usher type 1 probands already screened for mutations in MY074.
A total of 18 of 56 subjects (32.1%) were observed to have one or two CDH23 variants that
are presumed to be pathologic. Twenty one different pathologic genome variants were
observed of which 15 were novel. Out of a total of 112 alleles, 31 (27.7%) were considered
pathologic. Based on our results it is estimated that about 20% of patients with Usher
syndrome type [ have CDH23 mutations. © 2008 Wiley-Liss, Inc

KEY WORDS: Usher syndrome, CDH23, Cadherins, ion, Retinitis Pig Hearing Loss

INTRODUCTION

Usher syndrome is an autosomal recessive disorder recognized as the most frequent cause of deaf-blindness; it
is estimated to account for ~10% of the pediatric deaf and hard of hearing (D/HOH) population (Kimberling,
2007). The frequency of Usher syndrome has been estimated to be 3.5/100,000 in Sweden and Finland (Nuutila,
1970; Grondhal, 1987), 3.2/100,000 in Colombia (Tamayo, et al., 1991), 4.4/100,000 in the United States
(Boughman, Vernon, and Shaver, 1983), and 4.2/100,000 (Espinos, et al., 1998) in Spain. A most recent report
(Sadeghi et al., 2004) from Sweden reported a overall prevalence of 3.3/100,000 with the estimate of the three
clinical subtypes being 1.4, 1.6, and 0.3 per 100,000 for type I, I1, and III respectively.

The standard classification of Usher syndrome recognizes three distinct clinical categories (Kimberling and
Moller, 1995; Smith et al., 1994). Type 1 is characterized by severe to profound congenital hearing impairment,
vestibular dysfunction, and prepubertal onset of the retinal degeneration; type Il is manifested by moderate to
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severe hearing impairment, normal vestibular function, and teenage onset of retinal degeneration. Type lII, the
least common form of Usher syndrome, presents with progressive hearing loss and a variable retinal and vestibular
phenotype.

At least six different loci are associated with the more severe, type 1 syndrome. These USHI1 genes have been
mapped to chromosomes 10q21.1(1F), 10q22.1(1D), 11q13.5(1B), 11p15.1(1C), 17q23-25(1G), and 21q21(1E)
(see the Hereditary Hearing Loss Homepage hitp://webhost.ua.ac.be/hhh/). There are no reported consistent
clinical differences between the five Usher type | genetic subtypes, so they are differentiated primarily on the basis
of either linkage analysis in linkage informative families or mutational analysis of the genes involved.

Five USH1 genes have been identified so far. Defects in myosin VIla, harmonin, cadherin 23, protocadherin
15, and sans are responsible for causing Usher syndrome type I subtypes B C, D, F and G, respectively (Weil et al.,
1995; Bitner-Glindzicz et al., 2000; Verpy et al., 2000; Ahmed et al., 2001; Alagramam et al., 2001; Bolz et al.,
2001; Bork et al., 2001; Weil et al., 2003).

USHID (MIM# 601067) was first mapped to the long arm of chromosome 10 (Wayne et al. 1996), a
chromosomal region that also contained DFNB/2 (MIM# 601386), a nonsyndromic deafness locus (Chaib et al.
1996). CDH23 (MIM# 605516) was subsequently identified as the gene responsible (Bolz et al., 2001; Bork et al.,
2001). It was later recognized that mutations in Cf{23 cause both Usher syndrome and nonsyndromic deafness
(Astuto et al., 2002). Only missense mutations of ('D/{23 have been observed in families with nonsyndromic
hearing loss, whereas nonsense, frame shift, splice site, and missense mutations have been observed in families
with Usher 1D (Astuto et al., 2002). No instance of isolated autosomal recessive retinitis pigmentosa has been
reported as due to pathologic variation in CDH23.

The murine ortholog is located on murine chromosome 10 and the mutant forms of murine CH23 give rise to
waltzer phenotype. The waltzer mouse exhibits deafness and vestibular dysfunction and shows disorganized,
splayed stercocilia (Di Palma et al., 2001; Holme et al., 2002). A strain-specific C/2/23 is likely responsible for
the modifier of deaf waddler (mdfw) and age-related hearing loss locus (ahf) (Noben-Trauth et al., 2003; Johnson
et al,. 2007).

CDH?23 has 69 exons and encodes a predicted 3354 amino acid protein with 27 cadherin extracellular (EC)
repeats, a transmembrane domain, and a unique cytoplasmic domain. Each extracellular domain contains
cadherin-specific amino acid motifs such as LDRE, DXD, DXNDN, highly conserved in sequence and spacing,
that are required for cadherin dimerization and Ca’*-binding (Rowlands et al.,, 2000). It is known that the
cytoplasmic domain can interact with another hair bundle protein, the PDZ domain containing protein known as
harmonin (Boeda et al., 2002; Siemens et al., 2002). Mutations in Harmonin are associated with Usher type 1C.
CDH23 is a putative calcium-dependent adhesion molecule required for proper morphogenesis of hair bundles of
the inner ear neurosensory cells (Frolenkov et al., 2004). Also, recent studies indicated that cadherin 23 is a
component of tip links thought to compose mechano- electrical transducer channels of the hair cells (Siemens et
al., 2004; Sollner et al., 2004).

In the present study, we report the results of mutation analysis in all 69 exons of the CD/H23 gene in 56
probands from Spain, the United States, and Sweden with Usher syndrome type | who had been previously
screened for mutations in MYO7A.

MATERIALS AND METHODS

Subjects

A total of 56 probands with Usher syndrome were sampled and studied. Families were collected in Spain (29
families), the United States (27 families), and Sweden (3 families). Subjects were classified as Usher I on the basis
of their clinical history and the results of their ophthalmologic, audiometric, and vestibular tests. We refer to
families with Usher syndrome Type | as those presenting with profound deafness, RP, and absent vestibular
function. In all affected patients, mutations in MYO74 were excluded by a previous mutation analysis of that gene.
A set of 96 genetically independent normal control samples from both Spain and the USA were studied. The local
human-subjects committees approved the present study, and informed consent was obtained from all participants.

Moutation analysis

Genomic DNA was extracted from peripheral blood samples by a Puregene kit (Gentra System). All 69 exons
including intron-exon boundaries of the CH23 gene were amplified by using polymerase chain reaction (PCR).
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After that, direct sequence of all exons was performed that included at least 50 bp into the introns from both the
3 and 5 splice sites. Contig assembly was performed using the Mutation Surveyor V2.61 program and DNASTAR
SeqMan V6 program. Nucleotide and codon numbering based on CD/H23 cDNA transcript variant | (GenBank
accession number NM _022124.3), wllh nt +1 being the A of the ATG start codon (codon 1)

(www.hgvs.org/ ymen). Domai bering depends on CDH23 sequence of UniProt/Swiss-Prot (accession
number Q9H251).
Splicing Program

All intronic variants as well as isocoding changes occurring within the coding region were analyzed by
University of Nebraska Bioinformatics group SpliceScan program

(htp://bioinformatics.ist.unomaha.edu/~achurban/) and BDGP splice site-prediction program
(httpz//www fruitfly.org/seq_tools/splice.html). The changes that have a possibility to create or to eliminate
splicing acceptor or donor activity and that are not present in control samples were considered pathologic.

Amino acid conservation

All missense mutations were analyzed about conservation and characterizations with The ConSeq program
(hup://conseq.bioinfo.tau.ac.il/ ).

RESULTS

In the present study, 56 Usher type I patients were screened for variation in the CD/f/23gene and their genotypes
are given in table 1. A total of 18 cases (32.1%) were observed to have one or two CDH23 variants presumed to
be pathogenic occurring in 31 (27.7%) chromosomes. Twenty one different pathologic varianis were observed of
which 15 were novel: ten missense mutations, one nonsense mutation, four deletion mutations and one splice-site
mutation (see Table 2 for a summary of individual pathogenic mutations). None of these DNA variants were
detected in 96 control samples.

Table 1. Genotypes of Patients with Usher type 1D

case number group Variant'
1251-1 Sweden €.336+1G>A/c.6337C>T
1290-1 Sweden €.336+1G>A/c.336+1G>A
1292-1 Sweden c336+1G>A/c.336+1G>A
3049-6 USA €.6050-9G>A/c.6050-9G>A
3083-1 USA c.1096G>A/c.3293A>G
3490-1 USA c.7127A>T/c.605027A>T
3510-1 USA €.7589C>T/c.2263C>T
4047 Spain €.2289+1G>A/c.5T88G>A
4048 Spain c.6346_6347delTT/c.6392delC
4049 Spain €.6050-9G>A/unknown
4050 Spain €.6050-9G=A/ ¢.6050-9G>A
4051 Spain €. 5734C>T/c.6049G=>A
4054 Spain ¢.8903T>C/unknown
4055 Spain c.6511delC/c.8722+ 1delG
4056 Spain €.5363C>T/unknown
4057 Spain c.8311G>A/unknown
4071 Spain c.4488G>C/unknown
4073 Spain c.3268G>A/c.3268G>A

! Nucleotide and codon numbering is based on the cDNA sequence NM_022124.3,




