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HE R PR HVAR I oh ik oA i 2 L
DUOX2 KPR w5

R MwmeAR” FAC xS’ xEE AR B
(L FHRFEFRANREL S FEANFRAE, LA FhH 260021

2. HEREWMBEERABRA, LA FH 266003; 3. FHXFEWBERASLHE, LA FE  266003;
4 FHXFWBEER LB P, LR FH 266003 )

[(F5E ] HH o RIEHRIRIIGERGEIE ( congenital hypothyroidism, CH ) & JL DUOX2 HE[H 284535
IR, JFRIAE TN R — R AR, O CH LAY SE RIS W A A F SR LBk . 7% M 10
] CH P B R A 28 LA & I 20 P S BURE P 2 DNA, SR T PCR 97 B4 A0 B 4200 55 () J7 %) DUOX2 42 &B4M
BT R G A, BEER 7E 1 L R I DUOX2 A 45 28 AN BT cDNA 11 3632 5 &4k T G>A 1Y
RAF (¢.G3632A) , FEEE 1211 B FAOR R A AU ER (pRI21IH) o £ 3 FIEJLT R DUOX2 JEH
17 /M3 cDNA B 2033 {7 5 A= T T>C 878 (. T2033C ), FHUGE 678 B T-HI4 AR 7% Joks 2% ( p.H678R ) .
BRI AS S N 2 G TR L RAE . 2518 CH BBJLAAE DUOX2 JERZR G848, AR figs R &E i)
AERYRICAS AT S8 CH 5 PR RS BRI AY O R 1 R RARA, T it — i o .
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DUOX2 mutations in children with congenital hypothyroidism

CHAI Jian, YANG Xiao-Long, GUO Ming-Zhen, LIU Lu, LIU Shi-Guo, YAN Sheng-Li, GE Yin-Lin. Department
of Biochemistry and Molecular Biology, Qingdao University, Qingdao, Shandong 266021, China (Ge Y-L, Email:
geyinlin@126.com)

Abstract: Objective To study the features of DUOX2 mutations and genotype-phenotype relationship in children
with congenital hypothyroidism (CH), in order to provide evidence for gene diagnosis and gene treatment of CH. Methods
Blood samples were collected from 10 CH children with thyromegaly. Genomic DNA was extracted from peripheral
blood leukocytes. All exons of DUOX2 gene were analyzed using PCR and direct sequencing. Results  G3632A
mutation in the exon 28 of DUOX2 that may result in arginine to histidine substitution at codon 1211 was found in one
patient. T2033C mutation in the exon 17 of DUOX2 that may result in histidine to arginine substitution at codon 678 was
found in three patients. They were all heterozygous mutations. Conclusions Heterozygous mutations in DUOX2 may
affect protein function and cause CH. The relationship between DUOX2 genotypes and clinical phenotypes is unclear
and needs further studies. [Chin J Contemp Pediatr, 2015, 17(1): 40-44]
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Je R ME WO B D) B W B AE (congenital A HIRLE. B BERATSE, SUHEEMHA LK
hypothyroidism, CH ) J2 5 % UL 935 A= JL A 43 Wb = MR IIKE . CH FZER PRI E SR (4
W5, KIGRZIN 1/3000~1/40001, 24 FIR R T GE 15% ) 5% H R BE % B A4 (thyroid dysgenesis, TD,
AR, ArSERACHEE R AEFIIREIRT . AR A 85%) HliE, REMFREIHTREE T A4,

[k HE ] 2014-07-15; [ 4252 HH] | 2014-09-02

[ 4T H ] FRARB2ERES (81170812) 5 IWARE ANTANTRIAFTZ A SBHGTRITE (2013) 4F58 (5) 5.
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BLFE G (5% ) . S0 (30%~45% ) Mk & A
B (35%~40%) "', 5 PAX8. WK FH T 1
(TTF-1) | HURBREL SRR T2 (TTF-2) SEHUR R
ek P N R BYIE R, A, HOIR
MREE A SR ORI R K ) 55
O AL ARG R DR BRI 25 BRI 43 D A6 e R 1) 6 IR
FRAN R, EEAFE RIS A LR (TPO) | H
RIEERE M (TG) . Na/l [d] [ #84A& (NIS) | g
PRI ( DEHALL ) . XUEALREE 2 ( dualoxidase2,
DUOX2 ) SFFE[H, XSS H A8 (st L N2 h
8 QRN SUE g N b LD VN 37 e o R
CH M SE R FE R 245, DUOX2 & [R] 28 A8 i of ik
2 BN E 1O
A DUOX2 fii T Y ik 15q15.3 X8k, KEEZ

3 22kb, H 34 MM FH. HEIPER DUOX2
IR A — N E LR K N 26 (1915 5 IR B
JE i 1522 R FTR AL Y. DUOX2 2 H & —Fh
T R R 108 60 200 e o B TR 2R B AR 11, C o
G DA o EHELEHF— FAD 5
NADPH 45 G107 55, N it 4% i S AL P i R 45 4 1
— AN AR LS A 1, DUOX2 19454 I T H: ¢ 3
X385 NADPH 4L 2 (NOX2 ) A 50% HH{IHE:,
H &S K o — A E WA 254 (5 TPO
H 43% FALEE ) 7, DUOX2 245 4% i P i ity 11
(Ca®/NADPH ) % bR R HEALTEPERR 4y, LA
Wt A b E (H,0,) o EAIMFZHF5RUESE DUOX2
DI RE BRI 2228 2 P EUT R H,0, ToikA R, &
25 g CHM™, H B FTE P 2T DUOX2 K 5848
RIFFEAR D, ARBFGEIEELT 10 B 208 5 LT A i
24 CH P HUR BRI B LVE A IE S 5, X3
LR 2 AR IR R E AT 40T, B L CH 1Y)
BTG PEATIZ WA AT SR — 2 i B
HER

1 ARSI

1.1 HRM&Z

oK 15 R TR AR LB i A5 ot 10 4] CH

BIERBEFER S, Hrh B 6 B, 2ot 4 4],
Wy 73 %8, AdkbrifE: Bk LR A b Bk
JR R (TSH) = 20 plU/mL %, B K i
TSH. FT3. FT4, #fi€ CH F AT " Te HUR AR
ok B R A A, HURBRA B IE R IR . WY
XK APE R I PE CH, o 7 451 g A4 FFUR e e
oK AME CH, 3 Bk £ HAR B B s CH, 1
WFFEARAT T 5 K2E BB A 3 22 51 2 It i
BILEE SR
1.2 E[FZH DNA 2B

B JLAM B O 2 mL BT R R AT
%, SR TIANGEN 7 DNA $2 Bt ) & 4> i % 42
HUAM A 13 41 DNA . FJ ] Nanodrop2000 fif 4%
AN 66 3 ( Thermo Scientific ) X 2B DNA
AT EE A RN, 2 s OD {Hh 1.82~1.98,
WP H AL 60.0 ng/ul., i 368.8 ng/ul,
1.3 PCR¥ i

FIH Primer 5 8 F 3351 9197 15 DUOX2 fiy
AN T, H Invitrogen ARG G (£1) .
PCR [V : 20 uL PCR R 2% g 5 200 nM
dNTPs, 80 ng DNA #if, . FIE5I4 0.5 uM,
1.25 U Taq WA, 1 x reaction buffer ( 10 mM Tris
HCl, pH 8.3, 50 mM KCI, 2.5mM MgCl,) . PCR
JLR 5 F: 95 °C HUAE P 5 min, 35 4N #F
94°C 455, 55~65°C 455, 72°C 45, 72°C L IEfif
7 min, FEIRZE 4°C,
1.4 PCR ¥ &=l Fr

PCR 9" 34 7= W 25 2% Byt g W 86 e FiL Uk 43 85 R
£ PCR =9 3100, A UVP BER UL A GEET T
EUG S, T AR A B AL W — 25717 . PCR 7=
1A I A A R R T B
1.5 EYEEESR

F] DNAMAN # {4 #1 VECTOR NTI %k 1 ik 17
WG BT, # R JL DUOX2 JERN 45 51 5
GenBank ' DUOX2 JE[HFF 81T EU X, AP &3
)L DUOX2 H: K AT REAETE T SR8 i, Mo HT
] HE DUOX2 J R 28 AR R FNRE AT B2 (LA A
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*1 DUOX2 EREHISIMKEETE=WKE
. . RN . . RN
1 Ty ‘Esz)‘ Ml sy 4 Ty E(j;z)‘ J
5-CATAGAGGACG  5-GGGAGCGCATA 5-TCTTTCCCTC 5-TTTGAAGGTGA
142 639 18+19 598
CCCTCAG-3 AGATTGC-3 CCTCTCT-3 TGCTCT-3
5 5-GGGAAGGTTCT  5-GTTGGGAGTCG 185 0 5-CACCTACCCA 5-AAAAATGCCTC .
GTCAGTGAAGT-3  GATGGGT-3 GCCTGAC-3 TTCCTCT-3
. 5-GGACGGTTTGT  5-GGGGAGGGAC 03 )l 5-AAGGGAGGA 5-CATCCAGCGCA 1
CACGTATGGC-3 GAGCGGTA-3 GGGCCAGT-3 TAGGG-3
su6  SAGGCCAACCGT  5-CTTGCACGCGA o ) 5-TTCATTTTGT 5-CTCAGGATGGT 315
GACGG-3 AGGGAG-3 GCCGCC-3 CGCTTAT-3
g CCCCATCTGTGE  5-CCCAAGGCAGE 67 23 5-ATGGAGCAAAGA  5-ACATAGCTTGG 490
AACC-3 TCATCT-3 : CAGAAGAA-3 CACAGG-3
5-GCCACTGCTCAA  5-GTCCCTTACCAT 5-CACCTGTGCC 5-AGCCCAGGAGA
R0 rerAGs GECEES 601 2425 ACTGAT-3 AACCATC-3 280
. 5-CGTAGTGCCAAT  5-ATCAGTAAATG 201 % 5-GCCAGCAGG S-CAAGAGCAGGA
AGTCG-3 GGGAAA-3 AAAGGAGTC-3 TGTAGAGGTG-3
i 5-GCAGCAAACAT  5-GAATCAGGGCT 214 || 2740 S-CCCGAATGT 5-AAGATTTGGCC 20
ACGCCAC-3 CATAGGG-3 GCTGTTGTC-3 TCTGTCG-3
. 5-GTGACTTCTAC 5-CCCTGAAACTG 403 " 5-AGAGGACAG S-CAGGACAGCTG
TTCCTCCAACT-3 TCTCCCTC-3 GTGCCATCA-3 CCAAG-3
l4e1s SACAGITICAGG  STCTGTAACTTCT o || 4, 5-TGTCTCCGTT 5-CCTCAAGTTTG 70
GATGG-3 TETITCICS TETCETE3 CCATCT-3
6 5-GGGACATCTGCT — 5-TCGCTGACCTT . 3 5-GGCCTCTGCT S-GCCATCCTGCTT o
GAATACCC-3 CTGCTT-3 GGGACTGT-3 ACGCT-3
- 5-AGGCTGAAGCA  5-CACCGAATCTC sip || 3pia  SAGTGCTGGE 5-CCTAGGTGGAT oo
GGGTC-3 ACAACA-3 CCGACTGT-3 TCTGATGGA-3
o 4= DUOX2 LK 5 17 A T KB T T>C R A%
5 (¢ T2033C) o Hifth CH LYK & 3 DUOX2
2.1 PCR # &= s R FEHZRAE

JIPAT PCR 357 28 5 By AR R e FEL DK 4 5
TN DNA AR AE AT B8, AT Rl 0L H B R
By AT R — RO A B S T
M2 Bem R INIUIE AT &, #5417 DNA I
2.2 DUOX2 EEFHESMNEF DNA MFLER

10 5] CH £ B R g i R B8 L3 #3547 DUOX2
FEH A A 4 DNA )%, 78 1 Bk AE CH &
JLHh & 38 DUOX2 5 28 b i T K A4 T G>A
M2 a8 (e.G3632A) , £ 3L (2
AAPE CH L, 118wt CH L) h & B

23 4MEERENH

i I B2E T KB, 5 28 AN T AR
£ T ¢DNA3632 (¢.G3632A ) , S 1211 B
TR ERAE NHERR (pRI2UIH) (K1), %
17 M T35 T ¢DNA2033 (¢.T2033C) , F3(
%5 678 BT I AR A RS 2R (p.H6T8R ) (1A
2) o [EE, fEAL DR KEL 485 SRR,
FIH DNAMAN #4471 DUOX2 1 Z HE )P 41 LT
XF, RIS 28 A SR AS A TR RS 1 X 5,
5517 MR F A AR SE X8
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WAYAVAVATAVAVNAYAVAVAVAVIVA
N VAVA NV NATATAVN AV

Bl 1 DUOX2 £ 28 SMNEFRIFRS M FF B
FAFMIFIE, FRAENLIN AJG Ze B WU (FikFim )
MR, & GG it

A JEH
B: IEH

3 it

CH &M A LI i WL N A ib e, FIR IR
RS CH MBORHEZ —, B AL A
BLAL S B R BRI A i o 81 S R B B
Wt BT 2 TPO M H0, 2 5. HATE H,0, 17
TEM ST, TPO A REH TCAILAL 5+ S AL LA HL
i, A HLELS TG v i s 22 FR ik 5L v A=
S R, R AR 3,5- AR, TR
iR HL0, 1B P Z R R R, 1,0,
DUOX2 b & i, — H DUOX2 FE R & H: 548,
I REBE, RREIEH A& H,0,, HBUAEE
AALFIA P, a1 L HIR IR R B A 2
AT ECH A,

F M 2002 4E " FE CH B %% h B R BE AT
DUOX2 JER R FEH UG, a5 NIEE Sk T
FGEE LRAS . T U RAE . B4 A AR Rk
RASTEN Y 20 ZFPA[AZER] DUOX2 B FI 842,
Moreno %5 "2V % 8 {91l i<t SR Fh BRI 56 kg BH A (27
PR CH A HUR BRI K S8 35 64T DUOX2 BE PR 2848
B, RELT 34 DUOX2 FER 445 RS (Q686X,
R701X, S965(sX29) , 53 4M7E 1 f 7k At CH &
HH KB R4A34X 455878 . Vigone %5 ' K HE 2
AT HLAL Bi B B A AP CH HE TR 77 R842X
1 R376W 1) DUOX2 & & 25 v 3 [ R 4%,
S IR 17 BB s B 1 CH R R B 1 )
LA DUOX2 & 44540 3 R 58 48 1) 7k Ak CH A&
¥, HZ75 N p.Q36H/p. $965(sX29, 1% H &
T Q36H 28 25 fff DUOX2 I P 5¢ 42 3t 22 1 5| e 1
KA CHo ARYE DL 38, AFFE 01 88 W) 20 4
M DUOX2 e H M 5 R HMA AR, B DUOX2 3
B SE (v SE P A B e A ] 5 iR i M CH R B A
G LR AN 5K AE CH. HJEXK, BEEW
Bl A, LD - eI 56 R 5%

Varela

!

N

B2 DUOX2 % 17 METFHMAMFE  A: %k
SEFRFEE, SOBRLA CT et (PR ) 5 Be A%

PIMFRIE, S TT 4l

BB b, Bk ARG 2%, Plarr 25 " HRIE T 1 6
BET M CH AR BRI R B B A A S A
Z 4y 5E7F (ins602 g -fsX300/D506N ) , A 35 #E
HF ins602 g Z2 A 2848, HHUIRIRIIBEIE R, 1A
B I AR IR B 25— il o th o 288
(D5S06N ) . BEAh, # Chiesa %5 " fiziH,
HAZRZT, A 4 AR HRHKEAZ G50
B g2 A8 (147986sX2/K628RfsX10) , H 3 A
SEFEIE CH, G R h AR B FER AR 2K
i, FUIRBREREERP A, 7. 9 B L-T4 P& kG,
FFOBR R T BB R 5 1E o 5 DA R AE AR B TSH
KRS, 2 N R IR L-T4 3097 15 6l
THAE BTG, [, Maruo 25 " 7E 2 45147 I 14k
CH B P R BT BB & & J A 2278 (H678R/
L1067S; A649E/R885Q) .

A ] 2 1Y DAL AR L X R BT 10 451
B M CH A FOIR AR i K 8L, #E47T DUOX2 3
M 98 A8 i 5, 7E 1 ] CH & L & 3 DUOX2 &
PR B A B 67 3 R 1 4% B PR R (e.C2101T)
RS B 701 B RS & R AR 4k Y
(p. R701X) , IR NTC LA . ABFFEEIUY
WFFET 4ok A INAR R IX (SR dx ) , HA&
LI PR EH L2 Rk Ak CH AERVIRAREII R . ASBFSY
XF 10 i CH A BRI oK L ETT DUOX2 2 [
Ji A A LT DNA T, 4558 & BRI R DUOX2 &
PR BRSSO SR I A PR 2878, il 28 Ah
TRASNET ¢DNA3632 (¢.G3632A) , SEH 1211
H TR AR A AR (pRI2IIH) , PR
517 48 8 F = AR T ¢DNA2033 (¢.T2033C) ,
R 678 W1 2H 2R L W AG 2R p.H6T8R ),
VIS LR, KRN R Wi LR, A&
RAIRE AR, LR AR T B R 1 AR
Al RE S EOE A RIS AR, S5HHE DIhg,
PR AR 55 Jr A B A8 AT BE 4 30 R D RE 1Y

fE—A~
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WAE, R N EURN R AT B — L IR
Ee AR A R AL N AR B VERAS, WHFEE
AR DUOX2 P BN S50 JE P 5 A% m] g5 | 8
HU I RERY U I 2L CH.
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