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Genetic Background of Congenital Hearing LosSS
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Understanding the genetic background of hearing loss is important since almost 50% of the cases of profound
hearing loss are caused by genetic factors. Until now, more than 150 causative genes have been identified.
In this review, classification of genetic hearing loss (syndromic versus non—syndromic, recessive versus
dominant, X—linked and mitochondrial), pitfalls in elucidating causative genes, anatomy of the inner ear,
introduction of the most common syndromic hearing loss, introduction of the most common non—syndromic
hearing loss—causing genes, mitochondrial and multifactorial hearing losses were discussed. Moreover,
clinical approaches to the patients with hereditary hearing loss and genetic counseling were also explained
briefly. Finally, future directions of the hereditary hearing loss research in Korean population were

presented.
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Fig. 1. Classification of the patients with prelingual hearing loss.
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Waardenburg—Shah syndrome (Type IV)
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Table 2. Classification of Usher Syndrome

Types Hearing loss Vestibular function Retinitis pigmentosa

Type 1 profound, congenital absent onset in the first decade

Type 1I sloping audiogram, congenital normal onset in the first or second decade

Type I progressive variable variable
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/\]ﬁ/ﬂ u}fgy)r ’\]7&]'0301 Ex o 7L7—Vd7§/‘3 U o _%7] ]

A5 oA Aol W= A& o g R gsict.

5) Charcot—Marie—Tooth (CMT) &z

W2 A A A7 Z (peripheral optic neuropathy) ¥ &%
S F AR 5_‘:]' T AT Xq21.32-24¢] CMTX5
9] o] Holo] 93| AAMA Aoz FHEE CMT =%

g uk Qlom'? Hroli= Xq22.39] PRPSI 37}
o]7} o]2]gk CMT F%* gxpollA] thAte] Fhofst

Hol S el 752 WskE op7] s Kl | =

=
IbA, DENAE H[S37A B4 9 18% 5 #4151, DFENA
3,6,8,12,14,19 5 dF-E A sl dF& o555 F
o] whstHY . DENS umx] 1-3%2] Hqlo] wu,
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Table 3. Causative Genes and Loci of Nonsyndromic Hearing Loss

Locus Chrlg(r:na(iisoonmal Gene Onset Audiometric profiles PL%%??;S'?QSS
DFNA1 5031 DIAPH?  Postlingual/in the first decade Low frequency HL Progressive
DFNA2 1p35.1 GJB3 Postlingual/in the second decade High frequency HL Progressive
1p34 KCNQ4
DFNA3 13g11—-q12 GJB2 Prelingual
13q12 GJB6
DFNA4 19913 MYH14 Postlingual Flat/gently downsloping
DFNAS 7015 DFNAS  Postlingual/in the first decade High frequency HL Progressive
DFNAG/14/38 4p16.1 WFST Prelingual Low frequency HL Progressive
DFNA8/12 11022—q24 TECTA Mid—frequency HL
DFNA9 14912—-913 COCH Postlingual/in the second decade High frequency HL Progressive
DFNA10 6023 EYA4 Postlingual/in the third decade Flat/gently downsloping
DFNA11 11913.5 MYO7A Postlingual/in the first decade
DFNA13 6p21.3 COL11A2  Postlingual/in the second decade Mid—frequency HL
DFNA15 5031 POU4F3  Postlingual High frequency HL Progressive
DFNA17 22911.2 MYH9
DFNA20/26 17925 ACTGT
DFNA22 6013 MYoe6
DFNA28 8022 TFCP2L3 Flat/gently downsloping
DFNA36 9913—g21 ™CT1
DFNA39 4g21. 3 DSPP High frequency HL Progressive
DFNA48 12913—q14 MYOTA
DFNB1 13g11—q12 GJB2? Prelingual
13q12 GJBE
DFNB2 11913.5 MYO7A Pre— and postlingual
DFNB3 17p11.2 MYO15  Prelingual Stationary
DFNB4 7931 SLC26A4 Stationary, Progressive
DFNB6 3p21 TMIE Prelingual Stationary
DFNB7/11 9g13—g21 ™CT1
DFNB8/10 21g22.3 TMPRSS3  Pre— and postlingual Progressive, stationary
DFNB9 2p22—p23 OTOF Prelingual Stationary
DFNB12 10g21—qg22 CDHZ3
DFNB16 15015 STRC
DFNB18 11p15.1 USHIC
DFNB21 11922—-q24 TECTA
DFNB22 16p12.2 OTOA
DFNB29 21922.3 CLDN14
DFNB30 10p11.1 MYO3A
DFNB31 9g32—q34 DFN37
DFNB36 1p36.31 ESPN
DFNB37 6g13 MYoe6
DFN2 Xqg22 POU3F4  Prelingual Whole frequency HL Stationary, profound HL
DFN3 Xg21.1 Progressive, mixed >
progress to profound HL
DFN4 Xp21 Stationary, profound HL
DFN6 Xp22 Postlingual / in the first decade High frequency HL > Progressive, severe to

progress to whole fregency

profound

Abbrivation : HL, hearing loss
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thekst 7HA o] fAd A AR & Esto] A E7HA
Aol AT WelA Qlvk(http://webhost.ua.ac.be/
hhh/accessed at May 19, 2009). o]&] gt ARz} Sof|=
FTFTA A WER fFARke dA s AR QT 1
T 4370 B8] FAA7F g A o=l (Table 3), 1 W17}

T AR NE Aolekd o 2k

I
—
o
)
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1. Connexin genes (DFNB1, DFNA2, DFNA3)

6712 connexin subgroup< connexone &M, 21753t
AEQ] f-AFt connexon®} gap—junction channels< 343
3= B (membrane protein) ©]BF* °Y. Gap junctione
A2 Apolof] #2- giate} o] & AFA7E s b o]
A zfe] ool A7 2h9- tellA] W o] ZHg o] =28 A
o] AtEo] Y A 2YaP?. THFoIAE 13
NE T+ connexin FAAEC] EAS=, 1A} 25 A
Zq B9 FEFE FEAY, WA nEF A A
o] A2l FA=}F T 50%E *HA3k= DENB1< chromosome
13ql1—12¢°l YX3t connexin 26 F-AA(GIB2) Ao] =
UFe] Xl 5 DFNB1©] AoF AA| W $219] 20%14 Rle]
a1, A A2 2.8% A KA (carrier) 2= Ao #H &
AT Y e sfjel A= GIB29) EAwol )t nEF
T A Aol A A Sk HlE0] 8.2%E KalE o], A
F9] Aehis Aol 5 Hol= Aoz AR, G/B2 A
Ztof| A o] ZdHol= A A A (DFENBL) 2l 94
30 (DFNA3) ol M &= s m, 71 ghell e @2 9] G/B2
A7} o] 2do] urel A gkt oL 9T ZeAmo] o) EAL B
W GJ/B2 73 A} position 139014 stop codone WEE
35delGE W9l DFNB12] 60% ©]/d<lA d1glo] gta 4] =
T W el A o] fadat WolE As| o stttk o]
A7 E ek et frEfRlel M= 167del T7F &3 2102 B
nHgen? Sl Ao AT Axel AR
235delC, E114G so] &3t Bs o] JIF
H7b glgo]l wE A wel sy v dggle
2,0727 9] Aot N MES o] g3l AlBE that i Aol
A=, p.V371 Hol7) 1.35% % 7 &3, ¢.253delCE
1.25%% 1 thgow B8 Aow nuygt?, vio],
+ = Aol &l GIB2 AN A p.DA6ES} p. T86R

o r

So]4 43

O

= =

o] - 7HA] Al ZARo7t g E Lo, A2t A A -
At dyow Frgo] B,

gk, Connexin 31 (GIB3) & -¢/d-F4 (DFNA2) ¢ €<l
o deA Y. GIB3 AR A4 1p35-p33ell 9
A8k, F2 109] AdolG5S F AN AAE e et
= Rog nuEw o we GAA 13q11-ql2¢] 9
A3}k Connexin 30 (GIB6) 2 GIB22} 7}7to]ef $x]staL
2454 (DFNA3) 9] g2lo] Aty 1 ¢Jef], connexin 32
(GIBD) = A9AA §4& 3h= Charcot Marie Tooth
syndrome .2 4&# 4 it}

HTol= GIB29] Wort 54 a8 dRHEE
a}7] % ghokar ahe, A A A o' f N7
W37 Atk Zbu) 5 (mutilating keratoderma) & 4 ©7]=
Vohwinkel %13 9A] A3 4 50 keratitis—

ichtyosis—deafness =& So] oo ZaHr}s" 6,

2. Unconventional myosin genes
(DFNA11, DFNB2, DFNB3)

Myosin actin®} Z2gsto] 29 o), £4]|, L8555,
A3E0)E 5 o] o3 ee A 0 G zolE 25
oAl WA= myosin?= . FE|C] unconventional
myosin®] =, TR AlZA ] A W ol et
tip link®] 717845 28 3h= o8-S gt} Myosin 1] 9l
T Eu g el FHjsHA 793 G S Bolw, WY,

M 4] (retinitis pigmentosa) & H.o]i= A
1B% Usher <3 +-2 myosin VIIAS] Aol 3ojs)=
MYO7A 2748] ool 711}V, o] fd7 b w5
73 g 8] dRle) 7] = gt A 11q13.590 914 g DFNB2
2 28| % st P, DFNAL1S a7 = s ™),
¢, DFNB39 €<l f&dAZ+= o unconventional
myosing! myosin XVE BAsH= MY0157F el b,

3. SLC26A4(pendrin) gene (DFNB4)

QIE Q] & ZHAZE 7oA AdofHs A Jo
X 7q31¢°] 9= SLC26A4 2] S o) 7}
[e)

2 APFAE] B A S 4 A

7
=,
Al
1:}68>,

A ¥

1e
rﬂ kr

oX.
o
R=)

fS =

o]
¥9

XO‘| b pu
S5 4 S 5o DENB4R Bad

]_



4., TECTA a, B—tectorin gene (DFNA8, DFNA12,
DFNB21)

119 A el 91Xek= TECTA
tectorine B—tectorin® ¥ non—collagenous matrix=
ghEth o] fRixke] Wol: rhekst Ef:ﬂfﬂ & BT
DFNA8¥ DNFA129] 7Z-- AHA vjxlaA] dad-& Ho lU%
0 DFNB219] €92lo] ¥7|% s},

A A2 o

5. COL11A2 (collagen 11) gene (DFNA13, DFNB53)

A collagen vl-¢- ThFeh - AF = o] Foi 2] lrh.
ojofli= theFst W o] glowm o] 58] Wol= theket I

e UEbdth A1 9] Hol= 294 S
nesis imperfecta) <, A48 2] WHol= Alport =51 5
#ee}t. COL1IAZ= A1139 WA 2] 2 subunits %W =
Frzpolm o] {2} o]z T3t Fulrol WAYsk= ’6“?3’—“4
A 4 W5 3 (DFNAL3) & f-23kt), o] f-3#1e]
FER o= Gl (tectorial membrane) W] w3
24949 (collagen fibril) 3AHHo] vkAE e}, a3,
T AAAA A0 7 FAEE 7 AL Bol o] 3
SAE THAlel g AT A3 6p21.3eA AEE
COL11A22) WolE A5t om, o]i= DFNB53 2.2 W
99

BT
o

(osteoge-

1~N'

4

$m

.

6. COCH gene (DFNA9)

o] 2} ¥oli= 2050t Atolel] a5 tholl A Al =8z
A 233 B (DFNA9) & -3tk DNFA9= 94
S 59 o|AS EHIEIE R Meniere® 3} ZFA4ko
EALE) o] FREAS AEZ ] Wil o Z 4 YAl (spiral
ligament) £} Jﬂaﬂ7]-‘,’l’ o] A Ao AR,

1 cochline] EHoHH“ F ¢ %5 570l
L] H]’ “’4’ 018 %t cochling isoforml &= o] %24
A A= Al 714 FEIQ p63s, p4ds 123 p40s7) )
on QY ITor = Eo|3t 16kDa?) isoformo] 7 E o],
cochlin—tomoprotein (CTP)&}aL A sl

7. POU Transcription—Factor Genes

POU3F4= GAA| Xq21.1) 121 DEN32] Q¢ 321}

A L
o]t} 83 o)A o oIz SAo|n HEZI Ao T =2

3kl e, of= oA O}OM
2pe] wojolop?,

I O POU SRR POUAFS= 3 o)Akl 74A|19] 5
ol A3 24 A3t GMA 5¢31—-q33°l Y215 DFNALS
9 A9 FAAE A FHE sty BuEgio.

AR A Ee] EA5E B 5% A4
[e)

=

XN HEE B POUSF4 Trxﬂ

DEEE=2(0F HY HY

nEZ =g ol Az e A5k Sy DNASHE tHE &
kel 98 Fx(16,569bp) & AT} nlEZEE ot Q=
22tRNAS} 2rRNAE 1359 &S gaksie, o] whal e
ATP #Ao]} Aksl4 ¢14+3} (oxidative phosphorylation)
22 oA g2 WA g BA7) olek mtDNAE Wke] ]
sto] AeE ), wehd v EZEgol F1x1e] EAHo) g}
HAE 2 BARAS 545 B 32 FF mtDNA

o g gt FFrel wHksto] YEebd = Qlom, olefst
T (KSS),
epilepsy and ragged red fibers (MERRF), mitochondrial

Z5 71072 E Kerns—Sayre myoclonic

encephalopathy, lactic acidosis and stroke like episode
(MELAS) % #1299 =g 7} -s0ks = 120417340 dHgol 3l
tH(Table 4). BIZFA W5 88k mtDNAS] Wol=
A1 7 7HA7F BarE Sl o] F shbs A1555G ®io]
2, 1555A= AleFoll A aminogycoside 2] A §H-9]o] 7] wf &
o], A1555G H°]E aminoglycoside?] o]5A]el th3t 7<=
g ST ol#) st A1555G Mol Arab—

3 Israeli
o] 3k 7HA|l A 12SrRNA A1555G2] G714 WHo 7t 21&

O

LA o), T, Ak, ~TEUE, HTel= Fu e}
AR SANNE BuE v 91, FUelAE 19999

A1555G &AW 7F Ag wuEge?. o] gt
Aol homoplasmy & H.olw Ao} $kx}2] A-9-= F o]
7oA 1k aminoglycoside 5-2] o] 54 &2 0] §lo] & o]
7} Eoiztel whah W o] WA s @Ak o R Hof 314 29l
FAE E & nEZEol &

TR =

= A}C}E Tod— 7 o7

a "5 o



Table 4. Mitochondria—associated Syndromes

Gene Position of mutation Phenotype
Leucine tRNA 3243 MELAS (hearing loss)
DM (hearing loss)
Lysine tRNA 8344 MERRF (variable hearing loss)
Lysine tRNA 8356 MERRF (post—lingual, progressive hearing loss)
Several Heteroplasmic large deletion PEO (may have hearing loss)

KSS (may have hearing loss)

Abbreviations : DM, diabetes mellitus; KSS, Kerns—Sayre syndrome; MELAS, mitochondrial encephalopathy, lactic acidosis and stroke like
episode; MERRF, myoclonic epilepsy and ragged red fibers; PEO, progressive external ophthalmoplegia

o] E Leber’s Hereditary Optic Neuropathy (LHON)
o} #HAs]o] COI B4 tRNASer (UCN) &) A7445G ®io|7}
gaigih ol9f e VMY Wolele #4529 (palm-
oplantar keratoderma) £} 5 4
APl v EE=go} Bddwlo]o] 93 YA
sto} xlto] o] a1, 71 71 gk of X 7hA] W EshA|
ol AR 19 & O B2 aRll o8l S
AT QoY H o) AR 227 0
T Y B A mEZE ot 5
o 2¢]1(0.9%) &) W EZ=go} 734 A $AE

§2
o
s

=
oy I
L o S

3
E
o
oY
>~
>
il
i
N>
0
ol

0, 7
o] Bollo} 57ke] WaLs) W] wato] W MES WS W
sklom, 12SrRNAC] C895T<9t 961-CC & F &7+ 4l

it BNl ek = S,

% (otosclerosis) < ] (otic capsule) F+$] Oﬂ Al
Azo] FAE = H3ow 200 ofAelA] F= g star A}
A5 dol 5ot T2 A4 (fissula
ante fenestrum) oA F-E] Z4 8}/ Al2tE o] 520 1S

wshar 2 gho] X3y 0}‘?4_ -5 Fsto] 22173 3

WEo] 0.2— 1%04 AEZ E’EW

I k‘l

= ¥4 XML OTSCMW OTSCSWM 8FF
ol o4 ¥ = A7} thekakA| ut o} & 7h#] vhal 7l -7

7= w2 X}Eoﬂ
o e = % OHOk
H

5?%01 QUi B7ole wlo] wl$- ofgitt. A
olete %}aowm % ol f 1 FE Aol srjeke
2sjoiof 30702 o] ol e 5 QL. o]
2 Aol 90l A7 NS el

itk BE AlAotel visl AEst7) 7= B2 EAALE Sk



PSPSPS

1o ol

L
i
2
1o
30
2
2
=
o
—
©

tzjo] Iélg_s}uﬂ ilx]ﬁ/\].é ;\] 811—3}‘:_ }\]Z:E-ﬂo] 214751-5]37_ o]
o), Sl A E 2006 222 A0} Wy A Al o3
717 A AR el B a7} 919lom 44,0668 9] 4148
ol A 18 2AFE AAlete] L o] 0.05% 9] NES
HYTY, 0] F 2007 delli= A=t 10787]2] E1k AHEQl o]
¢ Aol vy AMZA Aol wal B glon,
Hoj ol W ulE o #3 A} ARy E S =96) P eS|
Aok g AL A ARl 9) Sl 7k o] Fol A 1 glo] &
F ATH A7} /R, o] o) 2 A AR ol
s Al Aotel tlalAs SRS A, Sxlew
WEE A1 Qhell B 191 5o AT AR

ok Aol el = FHAARE A 10H°k gk = A

2

A} ofelg Zokebil HZERERRSAIAL, o &Y
ok ek, B/ BA} AL A ek A9 Usher
FFEA A 19 F97159) ol wolAw 28e B
75 walt,

4. 7IEH HA}

2 gt oS- =gl Mon-
Pendred =% |4} Waardenburg =%

H
Fol 5], HAA F1 BRI S ol F

F dA EAoll et 2AT e Ag7E ghae A o
AR AR gl 1 7)3do] At g el whe A £ o
9 A5 s Ak AR @ 5 A H QI olv] i
gol e dAfoll A o] A Ak A A eAE 2 =
o] B A FrepA Ry A] ZESofl Al g o] ' H ] el
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= L =819 ox]7} gt} Qe SAARE HA ) BHet
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9 gt
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A, ko vlofyd A7 el ol g, v St 7
% 249 F HA% ol 9lovt obd Ao H4 92 A
> GF B9H AP2A O FE, 25wE, 4D B A
1) Y o] HAolek, o]ele BH L o] 7] sz
A, AR 13 Bk Foll EAZF QLA Shelahi 7
g olujeh AalA o 2 e 444 oo AF7E AEAE A
e A7 AAPAE FalA Asof st

o -

o 2
o o
2
do,

3% (empiric risk table)
2 5 7hsetrh ARt A7 L FES
10—16%A 5, th5-oll Hlojd ofo]5o] A foletd 1114 A
Q18] 7hsAd & Eoleth 178 Wote} 27 2] A totE 7h
X 7512 v otol €] 91340 6-7T%=E Eol5aL, -+ WA
ofo] = W oto] At Fu7} £xloleh A A gko] #oi3l
S 7FsAd0] Qlol 11 91842 25% % Sttt o] |y
QoA o7k vk S5 vl Ao A A9 d S
Ql Af-elle 0%, &3] FoE = A48 4= 50%
7] Eolxit BB 07 H 6-10%% A2 gafo}
7t EASETE DTS OPSE}. ek ozt Bloj
oh 3o 2 ArE o] 94 40.8% % SR -
27F & o A e ﬂl 374 Wdolebd AL i
3 AFEE 100%, FAAA 974 dolepd A=2] Y
52 50%7F Aok F- Rt *1& o A, Bl A ]

ry

=
!

oo
oX,
rlo
)
N
R
oX,
b
ofN
N
s
o
ol
=
—
ol
o
ue
o
o,
to,



20 ess-sM

5 7R Aol B o2 dAoks 7H #HE2 32.5%01t
obrkofe] v S flellA dEk nie) k2 A A S
7Fe/dol s2om wkef 519 9] ofe] 7} B ddotehd 11 v
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ol thdt fd S & w) ofF vk} frrixtels B4
e AR 94 g ol m g a4 Al w9 Aok
ok e S-S & u R RY Sl 5 BES
QFAY EA7F 28A =)Aok Dok o o1&
7R T2 AAE el oA, el E ol E YR
59| 53} 7R v g ThFEt R R o) 5 owkela AEshs
AL st e @X AR E AgeFa TehTe Ao
o RE AR} FHE BRSO A W) FEF A7 A
3 S b vEg "A ] A EoF & Bt
JEd

FH T BARAEE 7)) whde| g]lo] 71 EkA A
Al H= A B, 53] S A AR B o
ol frAAEo] sy e 1 vk &5 I BEE &
AR 57 9 1 7157 Aol thdt A v 2aks) 7l
Mg Aoz 7k o] Yo7ty 7o) uhyel B
Z2AQ7 Yol o) A fxo Bt FHAE2 75 &
o] B8 ZA|E| FEE Flojt), B3t o] = o] §-3F 2k,
N7k whE ol 9 X5y A, f32F X852 7He
Sofl tigk A7} 714581 Zlo|t

FAA A3 AF SolAo] EAsh, - dHHE &
ol algh vkl o] Q1F Bold& A drt &5 9
FA4 AR SAptol A o Frixke] Agho] B H )
A AAME T3k G4 O % screening & = W
& ZrohH, 3Harqlo] Bo)3t F-x1A) o] 4dS dhEslal 1 7|
A WolE T s AT X &4 02 FdE ofof it o
= 9J5te] ojg] 7|Fo] FEO R AFel= EYAS 7535
I AP B S5 AAE An|sh theket dEiobl
E:

ZE5 LRstojof sbH, @A th§F o]n] Q1 5-2}8} 3] €] o] 3 A
T3] (otologic research interest group) S FA 0.2 3fo]
| AAR AAA T 7]= A Aoz FA4 FH e 714
A9 e v A7 7 s AR A Foll o

o & olH| Q153 o] 9] €] V]E} 23} Bl 7] % 38t Fof AT
A=) o] SR, F=lel SolA]l #34d el V1A
2l X, A5 Vsl iE Ay B o 2 g Zlo) 7 thH
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AT E RAEANSE A1 A4
of gJsto] o] Foiz AUt (FA L5 A080588)

ZEx=

] oF 50%E F47 227k A0]7] Giol] el
F22 W32 olshehs 2 a3tk WA 15070 o3
o] FRIFRAAF] W1 Glek. ol¥l FAeAE f24 vy
o BF, A4 WY €9 79 B, F44 Byt e
golel ek 7%, FFEEAY VA, mEFEY 1, rEE
Sejob 24 v, 223 chelaby Wl el ekt
gk, o3 A B kL Babe] AR A ga R
2 Ay ksl st vhnhe 2 f204 Wgel e
oroz0) AT WS AAshuzt sk
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