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Abstract  Objective: To analyze the molecular genetics and clinical characteristics of 3 children with syndrom-
ic deafness were analyzed to clarify their causative genes and genetic characteristics. Methods: The medical records
of 3 children and their parents were collected and analyzed, including physical examination, hearing evaluation,
temporal bone CT, and cranial MRI. Whole-exome sequencing( WES) was used to screen for pathogenic gene vari-
ants, and Sanger sequencing was used to verify the candidate positive variants in the probands and their parents.
Results: All 3 patients were female with normal intelligence. Patient 1 and 3 had a family history of deafness.
which conformed to the pattern of autosomal dominant inheritance. All three patients had bilateral profound sen-
sorineural hearing impairment with bright-blue sclera. Other phenotypes included hypertelorism(patient 1), mul-
tiple dyschromatosis(patient 2), and yellowish hair(patient 2) , blepharoptosis(patient 3). Patient 3 had bilateral
vestibular enlargement, internal auditory canal enlargement, and bilateral inner ear malformations. Mother of pa-
tient 1 had only left mild hearing impairment; mother of patient 3 had bilateral hearing impairment with unilateral
bright-blue sclera and yellowish hair. WES detected heterozygous variants, PAX3 ¢. 811C>T, MITF c. 632T>
C, and SOX10 c. 1359_1360 insGCCCCACA, in patient 1, 2, and 3, respectively. The variants in patient 1 and 3
were inherited from their mothers who had hearing impairment, and MITF variant in patient 2 may be a spontane-

ous variation. The final diagnoses were that patient 1 with Waardenburg syndrome type 1(WS1), and the mother
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of patient 1, patient 2, patient 3, and the mother of patient 3 with WS2. Conclusion: WS is a syndromic deafness,

and the main clinical features include autosomal dominant inheritance and scleral pigment abnormalities. Howev-

er, the findings of this study show that there is still phenotypic heterogeneity in WS even caused by the same gene

variant, so it depends on genetic tests to confirm the diagnosis; The gene variant of patient 1 and 2 was never been

reported in other patients, which expands the pathogenic variant spectrum of WS,

Key words syndromic deafness; Waardenburg syndrome; molecular genetics; clinical features

Waardenburg %% & fE ( Waardenburg syn-
drome, WS) J& — Bl b (0 {4 I 14 358 4% 19 25 5 i 5
T P2 W g B RS R far 2% B2 I Waardenburg
QIS ARIE . BRIERE MRS, WS B35 11l IR
FEOE IR A IR | B R B BRE A %) €8, 2% S5 o A 466 9 B
HE L PRI R TR 3R R L JE B S A 2 B E
IR NS A R i i IS 1 A 177 N S LN
A B E-FR- IR G IR 8 W - Rk
fIE” . FEAEKIE B N, WS ) &40 1/42000,
HEATE IR RA R 20%, 5 A 56 R T
FIBERF RN 2% ~5%, LI R HFEBEHE N 0. 9% ~
2.8 WS B A R 1 35 AL S T 1 A R A S R
P R A LI R R AIE £ 240 4 A, WS1~4, Hop
DL WS1 1 WS2 AHXFH WL, HETCUEEA 7 0~ WS
HwH W PAX3,MITF ,SOX10,SNAI2,EN-
DRB.EDN3 fl KITLGY", Hirfh PAX3 78
TLF WS1 f1 WS3 55 . MITF fil SOX 10 %5 5%
W] UL F WS2 f WS4 e,

AR FE T 3 A B F 4100 P (whole-exome se-
quencing, WES)Xf 3 ™Il IR BE )l WS L i 17 2
PRSI, 23 B WS 19 38t 5 Je 2= 0 5 0 o, B 17
SR I ME T 2 ANE WS BB T R P B0
PEAE A AT
1 #&BE5FE
1.1 &R TER

4N 2021 4F 3 H—2022 4F 3 H 75 % b B B0
RN T2 PR AL 2 R Be AT N T H
FARFREIL, AFRLT HEABX ARE
B 10 BE 25 51 25 it
1.2 FHi:

RS E K R R B B I DR B kL, $E AT HE
BHRB B R EK DR &N REF 2
(TR g Sl S A I [+ o o 1l A M A ==
(A mEFLEE B (B) ZAMMEEE & (C). 315 W
i, X=[2A—(0.2119C+3.909)1/C,Y=[2A—
(0.2497B+3.909) ]/B.W=X+Y+ (A/B) (WK
S, W R 1. 95) . IR IR W J) 2 R I 5617
W 75 S0 B AR 772 ) Bo75 & 55 (DPOAE) (W %
1 T F i CABR) W e F2 28 W (ASSR) 4%, [A] B A7
W CT .3k i MRT A2 A1 B K AR 55
1.3 R

PR BRILR R E I EEMERE G X
3 B JLEFT WES Rz, Hod, 1) 1 88 LR Se ik &

R HAHE 3 NBYFEAT WES #6061 2 Fifil 3 L
JEN WES 5 0 , FH T 56 31 5 328 BA M X A8 S5 1
Sanger Wl 7 Y16 Se il & K HAC B it 47 . R
JL R Ho A BRIl 2~ 3 mL, £E Chigene (B R & )7
Mk & 22 58 b o A R A\ dE 50 4T trio-
WES, WES ¥ M The xGen Exome Research
Panel v1. 0(IDT 22 w], 36 &) A & 2 4 408 e
TR FSCEM ., ] NovaSeq6000 % 41l
JFAX (Tlumina, 3 [B) #4758 5 007 . W% i A2
FOBCHE A 1 DR R B RS T RT AR AR A R L K
AR HERR Y 58 . W P TR EE D 100X, 4
i F 20 DNA JP 91 56 AR T 99% . WES %4l
SR WG e REEEE =6 25 #H1TH )
A AR WA B 2% A0 AT, AR <50 bp W94 A/ K
(indeD) Fl i 52 2 %0 dfs . I A Chigene H AR 3% 42
INEANESANE TR NS, Wi s TR
A IS N A S 4 L AL 45 dbSNP, ClinVar, HG-
MD pro.gnomAD L\ K OMIM %t 2 . %) i A ¥
H 1 3 DR A S o AT R AE 67 R TR A R (minor allele
frequency ., MAF) | B #f¢ 18 & 1) HOws 1 A1 SCHk LA &
7 S B DRURH G e Y T R, R KR S Y B0 PR AR
P28 B B2 2t ML 22 5 3 4] 2% % & ( American
College of Medical Genetics, ACMG) Iffi IR 52 Bk 8
B AT 50 9, 43 o B 1 (pathogenic) | 7T BE BUW
(likely pathogenic) . EUii M A W i Cuncertain sig-
nificance) . 7] it B ¥ (likely benign) 1 B 4 (be-
nign) . R Y 5L AR S A L S LA BE 3 A ik
17 Sanger P ¥ 50 3F s WES #2718 4b i 192 DB 5+
ROFE R, 38 3 9 55 5% cDNA RY SERT 2% )% & & PCR
(RT-PCRO#ZAT HI i 45 DAL p 5 I 48 0E . A 58
e K B DR 1 2 7% e S R PAX3: NM 181458,
MITF :NM_000248 #1 SOX10:NM_006941,
2 HR

3 B L URAT I 27 Bl PR AR A L 5 DR A ) 445 SR
KWW R 1, 3 MBI ERMWE R K K Sanger
D 36 E 235 2R i R 3R B3 0 DL 1~6, Hor,
HBIL2 B HBEARRBERESR, REFT Sanger Ml
JP . Hob o 1 LA IREE RS T8 . R A7 mm, N
[BIHE 36 mm, ZMEEIEE 74 mm, W #5880 =2. 75(>
L.95) X775 WS Byl FRI2 Wibr i . SR . 2% A&
JUBE 2% TC IR BE S 5 B At Sk T 8w JE o HLACA 26
BRPEWT )T B, Hlm R RR AR A R R WS2,
WES # 14 PAX3c. 811C>T (p. Arg271Cys) J 5L



52 1

AT, 45,3 Bl Waardenburg 255 i (8 L2 T 18 £ 27 Bl R 7 AE 23

+ 109 -

55 O RE SR M 7L R E ACMG I IR 52 B 48
%A B W HUR . PS1+ PM1+ PM2+ PP1+
PP3;PS1.i% 748 7 5 O i 1Y B0 A8 54 & M R 1Y
IR AR s PML A SCAR S5 F 8 B 8 1) B0 A8
SEAE A BB AR S HAE T B0 PSR AR X S
PM2. it 1E % AN BEECE B %l 0;PPL. 2
PIRAER Z P 4Ly B9 PP3 . £ A 48 3 5 1 10 1y
ARSI GERE =YD A s, B 2 BJLR I
MITFec. 632T>C(p. Leu211Pro) . B JLA 3% H i
REERAIIE W, % JBIZ KA BE N A KRR
P ACMG #8 B 43 9%} W] B8 B3 : PS4 _Supporting
+PM1+PM2-+PP3+PP4; PS4 Supporting; i P4
WAL h 2 AN IEE A LA R, B S PM2;
PMI 3% 5 AR AT 80w s X (A8 A2 47 10 bp

TEEI NAEFE 3 UL AT FERAR)  PM2. I 1 IE# A
FERCHE EAR N 03 PP3 . 20 G811 7 i B0 48 7
X HE R (F R P2 ) A 52 PP4 . AR S #5310 3R
Y AR A b L R AL e . ] 3 R LA I
1 SOX 10c. 1359 _1360ins GCCCCACA H # fith %8
A5 3 p. Hisd54 Alafs 78 50 P2 b 438 0 8O
s BEBUREA B H AR R R R E ACMG
S B P PVSL Strong + PM2+ PP1 + PP4;
PVS1_Strong: ¥ k T HE (loss of function) ZF & K
PR BURHLE] A 2 & AETE 37 K, B A& 5]k
o SR B i o i DX SO B T D e AT B B s PMI2
JIEA 1 H AN BEBE AR R 05 PPL . 2848 5 9589 7
KA 8 PPA A S A I RA K
JE A A 5 o A R 5 A G

F1 36I7A WS BILIERBFMEMS FiSHER

i H i1 EJL il 2 L il 3 L

51 kY 7 7

B W AE % 1% 444 10 % 104 A 2% 84A

RJ% U BE R LT

A 20 ) 25 L LSS AR B 4 58 WU 52 i L, AR B, B AN AU, A2 LG T R

R

ABR/dB nHL WA =>95 X =98 XU =95

DPOAE B K51 A5l

ASSR/dB nHL B 5> 95 XA ¥4 >100 L9747 >>95

AR K A 0L SR EU R WiE CT #7m WA i e K,
WEil 9 A Sk /5 MRI 32 7% XU
P H- I I

P B S5 22 N % 2 WT g B 4 T VG i R I
A LB, & O

ety PAX3 MITF SOX10

AT & . 811C>T €. 632T>C c. 1359_1360ins GCCCCACA

IR ol AR p. Arg271Cys p. Leu211Pro p. His454 Alafs

W22 W WS1 WS2 WS2

50X10¢.1359_1360 ins
GCCCCACAZ B RE

.

m N .

50X10¢.1359_1360 ins @
GCCCCACAZ A RE

B2 fl2BILKE
B3 3z

la: KA E1bSEIESH 1 A0 IR 90 JUIR (L0 (A Sk 78 78D

B 1
BIRIEARRI 2a. KR ;20 560EH 2 SUR Z I QI LA K878 s 20 JeTE & 2 W 1 26 5
RREBERIGERRR 3a:F R 3b: IEH 3 AR B OB OF KPR 72 LI T8 3c. BIEE 3 BERARE
YL CLL A F Sk R .

Bl 1 BILKRERIGKRFRI



+ 110 -

s A - S W e S 0 41 8k i ks

%37 %

¥ v
B%F5: TGGTTTAGCAACCGCCGTGCAAGATGGAGGA B%F5: AGGACAATCACAACCTGAGTAAGTTGGTTTT

TGGTTTAGCAACCGCCGTGCAAGATGGAGGA

| |

I ' ol | : 1
(I ‘\ (] i | ‘
Nl i [ |

| (L AL ( [[[]{]1 I-1: Il N
| | \'H‘\ IM‘ | | \‘ | |

[\ AU U |“"J‘ I [/l

RRARINERARNSGRRSRNE AR LT

v

TGGTTTAGCAACCGCTGTGCAAGATGGAGGA

“ \" ! ) A

\ I N y | (NN

o Nl haon o | |
1-2: ’M f | | f “‘-H\‘ [t ‘
\‘ " |

| A
1l
¥ {1
TGGTTTAGCAACCGCTGTGCAAGATGGAGGA POV LY
| I B

|

N | [ I

\
| 1 M
11

|
I IR AT Il
| MR | | .
ARSI R AR AN A AR -1 I |
|
"

AGGACAATCACAACCTGAGTAAGTTGGTTTT
)

\\f |
N | |“\.‘ AANANEARA

¥
AGGACAATCACAACCCGAGTAAGTTGGTTTT ot MR )
\ M

B%KF5:GTCCCACAGCCCCACAICACTGGGAGCAGCCA
GTCCCACA[GCCCCACAICACTGGGAGCAGCCA

Y v N 1
I e , - N MLy g
[ LNl Eaz AT A AL “m‘ Al
(/) VAT AL (i U

| N
IRIR] ““\ I

N
|
‘1‘.,‘ ULy

o =
GTCCCACAIGCCCCACAGCCCCACAICACTGGG
—

GTCCCACA[GCCCCACAGCCCCACACACTGGG
o T I, i
AT (] f

( f [

il ‘ Y BRIN |
w1z p TR R ol A AL
M ‘ ““; VIR Al [N | "f‘]"

AR ARARERRAARAR DL RA AR
HR3

g .
e Q™
/—fk/ _h\A

RImEEH j
A\ e}

p-Leu211Pro

¢ ) e ¢ L

-

[
{ ,é\ S~
C % Q
)

b-HLH-Zip TAD 419

’ N £ ‘ w)) [y %
(‘/w 2
V¥ +
w/

Y (o o g (W A1), sdy
%00 REGITIEIrn . Sy SI Ny, tow S SIS ANy
Yoo, n s Lgna " SR et S \L;?» B
;\‘\P LN R & N v < L& ',\:f\'\ b PR
J N . = 2 P\ & N\ o D \>
"o «r ~ f X T & -2 n 1 v "y

El4 Sanger MWFWRIF3IFBILIRERXFHRHTR 4a:.FFH 1:PAX3c. 811C>T;4b: F & 2: MITFec. 632T>C;4c:

F % 3:50X10c. 1359 _1360insGCCCCACA; E 5 i3 2JLEE CT.MRI
BRAL 1.5 B 3 5c: WU PN T T84 R, S W W0 E T (L0 85 3k B ) 5 5d WU B 8 % & W TR
6a: 28 SEARTELE RS MG 7 6b . BP A BUER (U454 6. MITFp. L211P 2828 (W 8 (1 4544

TRENCEME QLSBT
6d. BF AR G5 R T A& .

3 tig

WS /& i T #f 405 41 I (neural crest cells,
NCO A 5% FEW —M iy, AKEBRE
TN B A L IR RRE P R 22T ok R T IR
JEIH NCC., B v iy 58 60 22 240 f 4R o B s 1l 8 2
e ] J2 1 v () 20 A, G RR E R E  H A
e o S 8 O R SN N B N (7 5 v =
EEMEN . XMBET NCC % kTS 8n—
F 0 LA R AR A L D B8 S w5 AR T T ) BE A
EEM WS I RFFAES . U WS 35 3 2 R
FRAE 2 WSI A RPEH . R 50 AR PR 58
WS2 R A5 WS 2L, H WS2 F & B A IR F 1

Sa: BN B HE Y 5 5b: XU P4 H- 5 . -
6 MITF ZEEMRELEHER

eI s WS3 A& LA Tl KRN, DB R E A
HH SR AUEEAENALEEAR BB EEAR,
SPGB R e AR, WSe 5 WS2 R Al
.0 WSt BE A RMEE S S i i e,
WS = 212 Wi b i AL 45 . O 56 KR &t
QT P 2R 50 O3k B R /D @ Pk 57 (W
FREC>1. 95 BD AL 384 98, 8 WL F WS s @ % 4
R ES L . KBS W bR S . O % P B
Wi Q—FH.JAERFEHE; QBRI K @5
EBAR:;ORAKRGO P ZRLELZH) ., WSH
LW AL 2 N EERWAR .1 AN FEER
WibRfE N 2 AR ES Wi bR D ARFIE L 3



5 2

AT, 45,3 Bl Waardenburg 255 i (8 L2 T 18 £ 27 Bl R 7 AE 23 « 111 -

BILYW AR RS AR ML AR SN
RFI 25 E 24 WS i EZi2 W, H, 61
LA /IR B 1S 98, £F & WST, (H HBE R TE Sk
11 5 B B8 5 o, AN PR 4% B B T g R A, kT
AEJE A N 4 RAE , SR %R R PAXS AR 510 K
YA R A A PAXS H 30 4R 200 i A i B AR 3 Al 15 100
BIKIRE E T 2018 4 Somashekar ZEUY B 98 1Y
WS K& M B ILE L AR CHER AL E., HAR
i 2 .41 3 BIL KA 3 B ILMHE RS WS2 I IR
FFAF .

PAX3 BT 2 S etk I, gfi 3% 5 N+
PAX3, HRRAiF & A o B AR <P . PAX 3 4
W% S T H1 N 3 DNA 454 38 (2 2 1ic %F 45 14 3%
PD il [E) 45 #38 HD) |\ C S 5% 55 38005 30 /\ ik 3
AN, HATEZMRIE T4 95% 1) PAX 3 78 544
57 & B C X 235 A4 S5 R [R) VR 45 A Bk 2 5N 6
SR T ELHp 2 SANE TIRAE KA RE . H
WA 6 S/ 5 S A T R UR 25 A sk HD
TR IEFRTRIL TS 220~277 435 1 4> DNA 4%
AL TR 25 A % A Y DNA 41, 5 E 6 254
B PD b [R]85 8 45 T i R DR A S A
HD 287838 i3 W 3R 25 M 3k HD (0 ¥ %, o i 5% i 45
AT & R E 1 . T8O PAXS 5 DNA 4545 B
iRt PAXS i Tl a5 A B A BAE A 8
JICRT T Uit e PR A Sy 1 410 1) 8 38 T A T S e i
B ANmMEEROEZMEOER ETS 0
fk, Bl PAX3 0] 5 MITF % 5 b 55 b U i i
KAEA TS & W06 FifE) MITF ¥ 5%, dn 5
SOX10 #h[E E38 MITF B3k, SOX10 i id 5
MITF Ja8hF M m BERFIF 454, LiH MITF
(REE SEIEPEDS , Al 0L PAXS EUA fE E R (6 R
Ui % B 15 5 1) LS /E . Song %Y
WFoT &I, WS B 1 W g 461 2 £ 56 ] 3k R A8 i
S, Hoh WS1 # 3 PAX3 R KRR
52.3% . XPE—# KW T PAX3 BOAXKMWEAT
{55 0 s Y B A .

MITF J:HEN T 3 54w, 4mid 1 4
/INHR B T A 26 #% 5% IR F (microphthalmia associat-
ed transcription factor) , J& 2 15 Z Ff bl 22 085 20 g 1)
EREE R NEREO KM LT 5.
S B AR AR R B OCEEE Y 1 AN F SR
F-078  MITF & i 419 A2 R 40 A%, & — b
A R - AU E B S A R B BE 45 #9 (bHILH-
Zip) G S R 7 iz g5 At 44 A E LR 4H . B
AR B RS AR S DNA 25 &8, HLgh
B S8 B PEXT MITF 2 B3 00 1 6 1k 1 5 206
EEAMMEH. Brownstein 51K E T —4 WS K
ZEF T NM_198159. 3: MITF c. 935T > C (p.
Leu312Pro) 44 & 78 5, 1% 78 5 i T MITF i 1 42

T FR-MRAE 45 M B b i) — A 52 AR AT R AR . XA

0 0 2 R 2> e R R GE L B 1 DNA 25 4, ]

RERH (E — 2R Ak . PRt 2838 HEM ) 2 28 L A% A [ £z

SRR S o I R R R IE L BH 1k T DNA &5

&Lk T A A . M AlphaFold Xf

S AR RN Y A 11 45 A0 R AT TN L Sk B A R 1

IREE i 45 4 (| 6) . HE A3t 1020 ~20 %01

WS2 i 52 i MITF 78 5 515825, MITF 76 B &

F ALY 53k Pk OGS /E AT, Tachibana 552 #f

FER I MITF R85 B 200 W 24 R il 2% [, AR A

F1%) S5 Tl T i 0 TR i R T TR il A O R AR TR B

2 AN 53 A 2ok B R G BEAE T 5 ik A MITF 5 fif

Rkl RO R AN B = RS B K Sk K

R AA A € R U0 - DA S v 9 W i ) e i

I, WS2 1 (4, 58 UL E AT g it e il vl e & MITF

G 5| Y PR 6 R A0 I A b S R A5 R
SOX 10 FE 5 5 {7 78 Y ik 22q13.1 b, f7 5

ST H 12 SAN T A E . SOX10

B AL 466 DR MR R 7, 2

DNA %54 & F i B A 5 i 3 4 43 Chigh mobility

group. HMG) B AR IR 57 2 —1 . SOX10 F

BRI HMG 4514 B0R 51 0 45 6 #0513+

DNA.Z 5 AT HENIINAMERENKE .

2 SOX10 %748 % M Yy i B s Bt o K BOHL 5 I 3%

RS H A DNA IR R A s . AT 5 B NCC

VR P i A8 0 860 3R A0 M 55D & 7 S i OB T 2K

HE, gl WS2 AR A4 15% &

SOX 10 S g & B A BEFE & XE WS ] 2 17

AR BT E T R B SOX 10 78 5 30 19 WS

SR KA N H R A ME SRR T A R DY R Y

WS 8, XK H EH 5 KR AT RE N WA

e X 53 BILK I SOX 10 28 7 5514

SEHTEE DR A H i 1 3% B SC IR AH A7 [R] I —

AUESE SOX10 X H A FMEZENE. i 3 8Ll

AN T H IR AR, ARG 2 A~ H iR I

5, X e HL Ak 4 RE A SR
ARUPFEER T WS B jit A 5 o 1 0 2 1) S Joit

P, il PR B I Al GER 12 W WS $At T Z 44K

. BEAh . FRATIETEEY T PAX3.SOX 10 %

PR B B P 53

PR PR B A WA TR R 15 i

S 2% 3Lk

[1] Pingault V,Ente D, Dastot-Le MF, et al. Review and
update of mutations causing Waardenburg syndrome
[J]. Hum Mutat,2010,31(4) :391-406.

[2] Song J,Feng Y,Acke FR,et al. Hearing loss in Waar-
denburg syndrome:a systematic review[ ] ]. Clin Gen-
et,2016,89(4) :416-425.

[3] Huang S,Song J,He C,et al. Genetic insights, disease

mechanisms,and biological therapeutics for Waarden-



« 112 -

s A - S W e S 0 41 8k i ks

537 &

[4]

[6]

L7]

[8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

burg syndrome[ J]. Gene Ther,2022,29(9) :479-497.
B BRI L PAXS R R AR ] R
Waardenburg % & fif & & 3k A B 5 3% 7 55 4F 43 #F
(0. 0 PR B S50 o e 3K 350 0 Ak 2% 75 2021, 35 (7) : 621~
626.

Somashekar PH., Upadhyai P, Narayanan DL, et al.
Phenotypic diversity and genetic complexity of PAX3-
related Waardenburg syndrome[ J]. Am ] Med Genet
A,2020,182(12):2951-2958.

Wang J,Lu Y. Yan X, et al. Identification of novel
MITF mutations in Chinese families with Waarden-
burg syndrome type II[J]. Mol Genet Genom Med,
2021,9(9) :el770.

Pingault V,Zerad L, Bertani-Torres W, et al. SOX10.
20 years of phenotypic plurality and current under-
standing of its developmental function[J]. ] Med Gen-
et,2022,59(2) :105-114.

Fleck K, Erhardt G,Luhken G. From single nucleotide
substitutions up to chromosomal deletions: genetic
pause of leucism-associated disorders in animals[]].
Berl Munch Tierarztl Wochenschr, 2016, 129 (7/8) .
269-281.

D, I KR, &, T % Waardenburg 25 & 1iF & L
IR RS W 3 A LT, v A B Sk AN R A A
2021,56(1) :47-54.

WM, WakE, 5 #, S5 0 — AW T 5 R AE 3 B
Waardenburg £ & fiF 8 JL A (9 8 FH . I PR H- .
% 3k AN BE 24 75, 2021,35(10) :910-913,

Somashekar PH, Girisha KM, Nampoothiri S, et al.
Locus and allelic heterogeneity and phenotypic varia-
bility in Waardenburg syndrome [ J]. Clin Genet,
2019,95(3) :398-402.

Boudjadi S, Chatterjee B,Sun W,et al. The expression
and function of PAX3 in development and disease[ ] .
Gene,2018,666:145-157.

Pingault V, Ente D, Dastot-Le MF, et al. Review and
update of mutations causing Waardenburg syndrome
[J7]. Hum Mutat,2010,31(4) :391-406.

Birrane G, Soni A, Ladias JA. Structural basis for
DNA recognition by the human PAX3 homeodomain
[J]. Biochemistry,2009,48(6) :1148-1155.

Chi Y1

Homeodomain revisited: a lesson from dis-

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

ease-causing mutations [ ] ]. Hum Genet, 2005, 116
(6):433-444.
Lang D, Epstein JA. Sox10 and Pax3 physically inter-
act to mediate activation of a conserved c-RET enhan-
cer[J]. Hum Mol Genet,2003,12(8):937-945.
Alehabib E, Alinaghi S, Pourfatemi F,et al. Incom-
plete penetrance of MITF gene c. 943C>T mutation
in an extended family with Waardenburg syndrome
type 1I[J]. Int J Pediatr Otorhinolaryngol,2020,135:
110014.
Grill C,Bergsteinsdottir K, Ogmundsdottir MH , et al.
MITF mutations associated with pigment deficiency
syndromes and melanoma have different effects on
protein function[ J]. Hum Mol Genet, 2013,22(21):
4357-4367.
Brownstein Z,Gulsuner S, Walsh T.et al. Spectrum of
genes for inherited hearing loss in the Israeli Jewish
population, including the novel human deafness gene
ATOHI1[]]. Clin Genet,2020,98(4) :353-364.
Tachibana M, Takeda K, Nobukuni Y, et al. Ectopic
expression of MITF, a gene for Waardenburg syn-
drome type 2,converts fibroblasts to cells with mela-
nocyte characteristics[J]. Nat Genet,1996,14 (1) :50-
54.
Thongpradit S, Jinawath N, Javed A, et al. Novel
SOX10 Mutations in Waardenburg Syndrome: Func-
tional Characterization and Genotype-Phenotype Anal-
ysis[ J]. Front Genet,2020,11:589784.
Chaoui A, Watanabe Y, Touraine R, et al. Identifica-
tion and functional analysis of SOX10 missense muta-
tions in different subtypes of Waardenburg syndrome
[J]. Hum Mutat,2011,32(12) :1436-1449,
Elmaleh-Berges M, Baumann C,Noel-Petroff N,et al.
Spectrum of temporal bone abnormalities in patients
with Waardenburg syndrome and SOX10 mutations
[JJ. AJNR Am ] Neuroradiol, 2013, 34 (6): 1257-
1263.
T, BT T, B BB, AL SOX10 Kk K g€ A8 X
Waardenburg ZEAE B HE N B EZFWFmL]] h
BB Sk AR 447K, 2016, 51(11) - 832-837.

O3 B #1.2022-10-05)



