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[ Abstract | Objective: To investigate molecular and clinical characteristics of children
with permanent congenital hypothyroidism (CH) in Yunnan, China. Methods: The clinical
data of 40 children with CH diagnosed and treated in the First People’s Hospital of Yunnan
Province during January 2016 and January 2019 were retrospectively analyzed. All children
were followed up to 3 years old, and Gesell intelligent score was evaluated at age of 1, 2 and
3 years, respectively. Developmental status and prognosis were evaluated. Next-generation
sequencing (NGS) was used to screen all exons and exon-intron boundary sequences of the
27 known CH associated genes, and the relationship between genotypes and clinical
phenotypes was analyzed. Results: Among the 40 children, the thyroid related pathogenic
gene mutations were detected in 23 cases with a rate of 57.5%, and a total of 32 mutations of
8 genes were detected. Mutations in DUOX2, TPO and TSHR genes were the most common
ones with mutation frequencies of 65.9%(29/44), 11.4%(5/44) and 9.1%(4/44), respectively.
DUOX2 gene mutations were detected in 17 children with CH, and a total of 17 mutation
types were detected. p.K530* was the most common mutation in DUOX2 gene, accounting
for 20.7%(6/29). There was no significant difference in physical development and
intelligence assessment between children with DUOX2 heterozygous mutation and
compound heterozygous mutations. None of patients could terminate medication at
3 years of the follow-up and all of them were provisionally assessed as permanent CH.
The physical and mental development assessment of children with other gene mutations
were also in the normal range. Conclusion: The detection rate of DUOX2, TPO and TSHR
pathogenic mutations are high among children with permanent CH in Yunnan area, and no

correlation is observed between gene mutation types and prognosis in children with CH.

[ Key words | Congenital hypothyroidism; Gene mutation; Neonatal screening; Thyroid
hormone; High-throughput sequencing

[ 45EKIE | & KoM T ARAE ) AR R JE (congenital hypothyroidism, CH) ; S A AL (dual
oxidase, DUOX) ; 4% ¥ 3k B8 % (thyroid-stimulating  hormone , TSH) ; ¥ JX A% 2 (thyrox-
ine,T4) ;i & T4 (free T4 ,FT4) ; Z 88 B & ZBR (triiodothyronine , T3) ; % & T3 (free
T3,FT3) ; ¥ KA it BALH B4 (thyroid peroxidase, TPO) ; 42 ¥ 3k B8 2 % 4K (thyrotropin
receptor, TSHR) ; X £ 4l # %% B 4% & 1 A (transducin B-like 1 X-linked gene,



- 308 - WHT R 2 (BE24RR) Journal of Zhejiang University(Medical Sciences )

TBL1X) ; B AL B 2 B2 BLAR B (iodotyrosine  deiodinase,1YD) ; Be st & 2 B (paired box
gene, PAX) ; % 9% 3% & # K 7% (immunoglobulin superfamily, IGSF) ; DUOX % 3 B -

(DUOX maturation factor, DUOXA)

CH Z—Fa Wl S8 ER R E %G
FARAS & Bt i L N - iR . =/
X CH B3N 1/3579~1/2610, 54 FH L%
(1/4000~1/3000) 355>, R4 CH 2 Fis i
FiAR H 25 B (H R ALRI ST B AN . CH &
BRI R B A SRR IR ER A R4 5,
S A R EEEORKE . [ Vaisman 2
2004 4F B UK MR DUOX 23 K 2878 S5 CH Y 0
B LIS HE PR 878 S 3 CH kAR PR ok % |
TR AR AV A LA B e R R R 6 R ] 1 56 R A7 A I
BB R BRI CH LR %
AR P % A L S 5 R R A AR S | AR 5T X 40
i CH 2B LI ADCTORMIE T T 404, BB QT

1 XWH5FH*%

L1 X %

[l B AT 2016 4F 1 H 220194 1 H &</
BH— NRERCHT A LB A 51218 10 40 Bl =
M CHB LM R, CHEBILHZ 4RI N
15~30 d, Hrf B E 1901, Ltk 21 ], AR D2
AL, HHUIRER B B e bk 250 DI ; @ik
AR BRG], HERRARE . O A5 KA X
Y A P 5 QPR FHER R ) B R
HAHCLE G IR s O H B R I s 3
AHHGE 28 B LSS BRIV [R5 B R 45,
I = pe R 2 AR B2 D25 4 (2019GJ048) 5
1.2 {3 A

HrAz JLTSH M &7 & AutoDELFIA® Neonatal
hTSH A 2524 Wallac - Oy /A Fl 7= i 4= H sl [R] 73 B¢
WP A AL Wallac-AotuDELFIA®1235
Automatic Immunoassay System 4 H 3T fLIX
Panthera-Puncher' " 9 2% 2% PerkinElmer /A &) 72
i 3 2RI ZH DNA 2 BGAH) & QIAamp DNA Mini
P51 Qiagen 28 F] 7= i ; fy il 5 /7 R 42 Hllumina
HiSeq 2000 473 [E llumina 2y 7] 7 i
1.3 CHUfi&FRiZ ik

Foe HR o 2B L s i 2 B R A (2010 4F
) ) B SR R A L B A T I R
T3 d P SE RGN, A% S HER) i B R

XFTSHAMIETF 8 mIU/LIREHAE LA M &2 A, 5 A4
TR S0 it — 2R 17 TSH T4 (FT4 T3 Al
FT3, IEH{EIEE . TSH 0. 3~4. 6 mIU/L, T4}
55. 40~161. 25 nmol/L, FT4 4 10. 44~24. 38 pmol/L,
T3 4 1. 01~2. 96 nmol/L,FT3 4 2. 77~6. 31 pmol /L,
X T IME FT4 KPR F AL BRI TSH 7K -5 F
Rl BRI CH™, Fi i s LA T H
AR (0, 2230 ) P o A
1.4 R i 3 i) o ) 3 PR 5 A

X2 W HA IR B 5 0 S 24
AL, R4 LA REANE AR A 453 mL, £
Jie VU 2 BRATLEE | P4 Fae B ) S 4 A 150 I B i
K12 DNA J5 38 i iR R B (dbs) A IRA
A HEAT I, S AT O 5 55 CH A D& 1 27 A4S 3 A
(HESX1 .LHX3 .LHX4 .SOX3 .0TX2 .PROPI .
POUIFI .TRHR .TSHB .LEPR .TPO .TSHR .TBLIX .
IYD .PAX8 .NKX2-1 FOXEI IGSFI NKX2-5.
JAGI .GLIS3 .CDCA8 . TG .DUOX2 .DUOXA2 .
SLC5AS5 SLC26A4) . 2 B8 NJSHEIR A8 S 088 I S
ClinVar B85 e R BUR PR RSN . S5 R EE
e SRR A 2Rt s R [ PR R S T
2015 4R 4R Y T 91 A% S5 A R 1 b O R A
FE” O SR s R P T
1.5 BJLREV AR

P A LA s B LEE P4 G R A £
SIS I IA T e I RE YT S, BT L
e T2 BEVIGIT , s IAE 1 2 f3 B AT 46 &
o REE SR RS IR R B R R4 ALAS HIR R
FIRTT R AE TR
1.6 Sil¢irik

RHISPSS 22, 04k A T8I b . RS A3
AT TR GOR TR = AR 22 (3 £5) 2o, 41H]
Fb 38R 7 25 53 01 5 THERCE R B8 (B 93 %)
[n(%) ]F/R. P<0.05 HESFAHFIT¥FE L.

2 & B

2.1 HJLEEHRAEN
40 1) CH LR 23 4G HE FE PR 28 28 | 46 H R
H57.5%(23/40) , Hodr 19 4G H 1 Fh 3k K 28 48
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(82.6%),f%5DUOX2 . TPO ,TSHR .TBLIX .
DUOXA2 FIIGSF 155575 5 A {5 K6t 2 oo e PR 58 4%
(17.4%) , HrfDUOX2+PAX8%75 1 i ,DUOX 2+
TPOSEE 245] , DUOX2+1YDFE7% 145, 23 g JLAE
Ky 8 N2 A8 KL PR (g 32 Fh g AR 6 W 4045 17 Fh
DUOX2RAS S5FTPORAE AFPTSHRIFEAE 25
TBLI1X %78 e DUOXA2 IYD PAXS IGSF 197545
1R (1), Hrh 2450 (75. 0%) 5 HUR IS E A
S KA OG5 S AR RSO — A5 14 2 B 4l Sy
DUOX2 . TPOFMITSHR, 7315 65. 9%(29/44) |
11. 4%(5/44)F19. 1%(4/44) . Z5RHER, DUOX2
HHAREE X BILP R RS, B
p. K530%{37 1, 28 AR TE 25 g b X B L3k a8 UL
2.2 DUOX2FEH R K B ILAE K E B IH

17 9 52 LAG HE DUOX2FE R R AR | SRASHTHCHN
29, K Y 17 Fh R AR R B 4 L RAE  To LR
A5 BT S8R Rk R G AR 98 AR M AR 43 ) L
58.6%(17/29) .24. 1%(7/29) .10. 3%(3/29) FlI
6.9%(2/29), Hdp. K530 R A8k % & , o5
20. 7%(6/29) . SBIKM B DUOX2FE P I 5878
12 BRI BIDUOX2EER G G245 3728 . BrafilE
JL(f4 10 B 11 i 16) S E:H A —J7 A Rg
MIAh A BB LACRER AT T H A 2 R A7 a5 e
(£2), G5RAER , DUOX2FEHIE A ARERAE

17 151 58 L 28 HUOAR BR R 0 22 305 1) e 7 4
7451 FRCR IR 25 oK DL B 8 S, 8 81 FRCIR AR A R
HUR AR SR an A HUIR AR R B A 245 161, 8L
ACHREHUIR BRI REAE B0, bR 61 4 A9 13 B4 Il
PR HCIR IR D e 8R4, Hoar 8 LA EE HUIR IR T fig
YIS H . B 2 8 Fnfl 114354 I PAXS .,
TPOFUYDHEH F 55748 , 51 2 FOIR B ke 451] 8 FH
R E B AL, EREILAK L B IPAL R [
Lo FFA BILTE 3 2 I B RE s 5 i 24, R H
KAMECH(F2), DUOX2IEH Z8 & 575 5
DUOX2RHN G G G 3N A K E B IRbRTEA4
W4 2 S G2 L (¥P>0.05) , 7R
DUOX2FER AR5 5 CH HULTUS JC i A1 ¢
P W3,
2.3 HAh CHAHCHEE P 2228 KB UK LB TE

FRDUOX25E7 41 K i B9 TPO \TSHR . TBLIX |
PAX8 IYD IGSF1 X DUOXA2K: A 575 8 ) LI HET ]
LHAREL 4015 DUOX 2K 58738 ) LG HIR

WA BB W 2, VI TSHRIE R S A J 5 5872
SR ORISR0 , 1 B TSHRAR & 58728 LI
HURIR R B IEH , AXIGSF1  TBLIX e DUOXA2K:IA
Ay A BBOLIPEHCR R . Bk B L A A% &
B (EE AE L) B R (Kiagh Kdiz
Bl GENMEAT R BT M AL ST R WAL
IEHEHEI(£3),
3 it i

CH J&—Fis WL A JLEE P 7 IR I B A5
LR WIS AR R L2 W AE T 2 S 80™
EIRAE AR ) R B R, BRI R & R
2y CHIR R 4 35% , 50% A9 B LA7 76 ik 248
HUIRIR & B A 22005 CHIG IR 0 65% , ZEA ] 5%
R E PRI T RS BRI R AR A
A& B FE N 4055 PAXS . TSHR NKX2-1 FOXEI |
NKX2-5FHHEXSE | 58 gy R Bk 5 i M it
15 s FUR BRI R B iR AT A C L R 5 DUOX2 |
DUOXA2 .TPO TG .SLC26A4 SLCSASHIYD% 4
SRt B R )
T, HETE N ANSET CH Y4 F B9 A %
W% | DR I 5 AR L FH 18 A ) L s i A
G AR B R R E BT 5
Xf 2 e M X CH BE R 228 I I 5 S AT 4 , ARFY
TE 40151 2 P b X CH AR LA H 23 A7 7E AH DG 3
RI9EAE | GRS K 480 57. 5%(23/40) , 24 Fh 5742
HA G HURIRE R A U EEEA E, 5 75. 0%
(24/32) . RANTEGRT =ML FE K HDUOX2 . TPO
FITSHR , 735 15 65. 9%(29/44) [11. 4%(5/44)F1
9. 1%(4/44) . XL INAT 2 R HL X B A= )L CH
Mt JRYT s L E RIS TR

ARSCHERHR R 1741 (42. 5% ) CH LK H
DUOX2%E75 | DUOX 211y i 575 2% Sk [ O Fn 1
AV D R TR e R g R 5
KUIDUOX2 K H 575 Al G J& 4 WA CH & 2B 1Y
FEGRAH R . MG 7 R ) — Lo HiE B
N, TPORER 578 J& 3 B R G et 19 i DL
J PR 227 ST Rl R B SR £ 2 A
FHIFFRINN ,, DUOX2IER 5 RAF 22 S8t CH
X, BEARAGHRGRAZ 5K AMECHME
KPR R S BIAEAEDUOX 2HEF 2 45 5%
15(29. 4%,5/17) , 12GIFFAEDUOX 23R B B A
RAF(70. 6%,12/17) , BT} 2 3 % B4 AS BE i
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Table 1 Thirty-two mutations of 8 gene in 23 children with congenital hypothyroidism

SR e sfA) K 1] GEAAN AR GPHE BONER R (%)

DUOX2 ST 14 c. 1588A>T p. K530% T X o 6 13.6
(NM_014080.4) gy oo 7 ¢. 2048G>T p. R683L B TTREEON 3 6.8
AN T20 ¢. 2654G>T p. R885L X Gz e 3 6.8

HhET28 c. 3693+1G>T splicing Eig) Boiw 3 6.8

ShBF25 c. 3329G>A p. R1110Q il SL AT REEUR 2 4.5

VN c. 605_621delAGC p. GIn202Argfs*93 Bk oW 1 2.3

TGGCGTCGGGGCCC
INEF6 ¢ 647_656delAGAACCCCC p. delGluAsnProLeu216_219in- e Hom 1 2.3

TinsTTTCCCCCGAGACTC sLeuSerProGluThrArgfs*81

HNEF13 c. 1462G>A p. G488R e Al figEUR 1 2.3

HMEF13 c. 1546C>T p. R516C B IRIRESCRI] 1 2.3

AT 1S c. 1708C>T p. Q570% T X CiNizEE o) 1 2.3

T 17 ¢. 2054T>C p. V685A BRSO IRRESCRM 1 2.3

HhEF20 c. 2635G>A p. E879K L o 1 2.3

SR F22 . 2921G>A p. R974H BRSO IRREESCRM 1 2.3

A28 ¢. 3391G>T p. A11318 B ImIRESCRE] 1 2.3

HMEF30 c. 3974A>G p. H1325R B IRRESCRE] 1 2.3

AR TF32 c. 4348T>C p- Y1450H RS IR REH 1 2.3

S T34 ¢. 4537G>C p. G1513R B mRESCGRE] 1 2.3

TPO HhEF9 c. 1450G>A p. V484M X Gk e 1 2.3

(NM_000547.5) 4} g9 c. 1471C>T p. R491C W AT REEOR 1 2.3

HhEEF10 c. 1682C>T p. T561M 5L GO 1 2.3

ShEF1L c. 1949G>A p. G650E RS IRREESCGRM 1 2.3

A3 ¢. 2268dupT p. E757* Te X o 1 2.3

TSHR SRET10 c. 1295A>G p. N432S X Al iR 1 2.3

(NM_000369.2) 41 710 c. 1454C>A p. A485D X Gk e 1 2.3

ST 10 c. 1538C>T p. T513M X LNz e 1 2.3

ANEF10 c. 1638G>A p. W546* I X ] eSO 1 2.3

TBLIX A c. 139C>T p. R47* TGS Gk U 1 2.3

(NM_005647.3)  gp3 77 . 611C>A p. S204% TN TREEOR 1 2.3

PAX8 HhEF3 c. 164A>G p. H55R BRSO IRIRESCGRIM 1 2.3
(NM_003466. 3)

1YD SN F4 ¢. 599G>C p. G200A BESC O IRREESCGRIM 1 2.3
(NM_203395. 2)

IGSF1 ST 14 . 2471C>T p. S824F S RS 1 2.3

(NM_001170961. 1)
DUOXA2 BT c. 738C>G p. Y246% Jo X Gk U 1 2.3

(NM_207581. 3)

splicing: BIYI S ; DUOX : SR AL ; TPO ; TR NG AL W TSHR : A2 R ISR 20K TBLIX X 9% 5 R RREA I LRE R PAX
Box €2 s 1Y D - AL IR 2 R A LR ; IGSF : S kel AR I ; DUOXA : DUOX AN 1,

152 UG PG K ANE CH RS RI I AR, CHRE—FZRI N B | A 1Ak

CHFEI, SHOK 2% P WOHGE AR —B, TR S A — E7E2IRIRTE CHBUR R BL 2  (H I 1
SCHORMEA B> HE g E LU s 25 i 8L RBISCRIFAR B —Xd 1, IR AR BT CHAR LYY
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Table 2 Genotypes and phenotypes of congenital hypothyroidism children with DUOX2 gene mutations

i gy M TSH (mIU/L) FT4  HORIR DUOX 23 A s 5 B 3 RETARIR

T g e (pmol/L) MK GRAEAIR) HFRAE  FHR (pg/d)
1 5 29 333.0 118.0 4.8 EH p- H1325R (1)) PAXS 80.0
2 i 16 103.0  98.0 5.4 B p- V685A (1) TPO 75.0
3 T 15 20.0 17.0 5.0 E% p. R885L(H}) ¥ 17.5
4 L 27 70.9  100.0 2.9 AR p- R1110Q(—) pn 60. 0
5 i 18 25.0  19.0 9.4 EH p- K530% () ¥ 40.0
6 5B 23 2.3 46.9 9.9 N p- K530%(%)/p. R1110Q (k) T 37.5
7 E’S 15 10.7 15.6  10.2 AR p.- K530%(4)/p. R885L(H}) Jo 37.5
8 §-q 25 92.8 150.0 0.3 AN p- R885L(HE)/p. Q570%(4L) IYD 62.5
9 L 18 131.0  124.7 7.1 1EH p- K530%(5) /splicing (£}) ¥ 75.0
0 %« 19 237.0  14.2 9.2 K p. A1131S(—)/p. RO7AH (#}) ¥ 25.0
1 % 26 17.9  71.9 6.1 AR p- K530% () /splicing(—) TPO 37.5
2 % 30 32.4  111.9 5.1 1EH p- K530%(%)/p. Y1450H (&) T 37.5
13 B 15 23.0 16.5 5.0 N p. E87T9K(£})/p. R516C(AL) ¥ 30.0
14 =& 22 28.0 9.8 5.1 W p- R683L(H))/p. G488R(AL) Jo 20.0
15 B 17 110.0  100.0 5.6 N p- R683L(4L) /splicing(£)) T 25.0
16 % 24 25.4 385 8.1 K p. R683L(A)/p. GI513R(—) T 25.0
17 5 20 85.0 67.0 7.9 IEH p. GIn202Argfs*93(%)/p. delGluAsnPro- o 62.5

Leu216_219insLeuSerProGluThrArgfs+81 (1)

— RIEAH s splicing: B YI 845, DUOX : BUEALEG ; TSH . £ AR BRI s FT4 U7 38 HURAR R ; PAX . B X &3 TPO . HER AR Ak

il 1Y D - RELAG i 2 PR TR .

R 3 AFZBIDUOX2FENFAL S KA HR IR BEIGR AL LAY E KA B I
Table 3 Growth and development of 17 congenital hypothyroidism children with DUOX2 gene mutation

(¥ +5)
IR R T I
jongen o HF ik e - - T AR
(em) (ke) (em)  Kiggh MALEE ERHETN B F A T (pe/d)
eSS
1% 5 74.9+1.7 9.8%20.7 45.7x1.1 90.4+6.6 95.8%+3.7 94.4+3.6 95.2+4.2 98.8+0.8 26.2+10.7
2% 5 87.7+3.1 12.7%£1.6 48.3%£0.8 93.2%+6.6 89.8%+3.3 91.2+3.8 87.0x6.3 91.6%5.9 32.0x15.4
3% 5 95.9+1.8 13.9%£1.6 49.1%£0.7 91.6%x4.1 95.4%£5.2 94.4%+2.4 95.4%+5.3 97.0%x4.5 36.0x24.6
HAIATE
1% 12 75.0%x1.1 9.6%0.4 46.3%x1.1 91.3+6.8 92.9+6.8 90.2%+7.5 87.3+7.8 94.1%£6.0 26.0+7.6
2% 12 87.4+£2.7 12.3+1.0 47.8+0.8 92.9+6.2 93.7+8.2 94.9+8.0 87.7+9.6 97.0%6.1 30.2+9.0
3% 12 95.6%£3.0 14.5+x1.1 48.6%x0.8 94.3+7.6 96.6+5.6 95.3+6.4 88.1+8.4 97.5+7.2 29.0+6.6

A 3 A e O R 0 T RE B e P, AR S
PRl sl P45 R 2R R PR SR A e 25

BEAL , CH 20 fih 7™ i B 2 15 B T 2 R 28
AR (R W ORI RE o A OB 445 CH L]
AP AEAE 2 PP R R AR Y Z WL TFDUOX2 FITPO%E
A5 3% 5 Wang 45 SR B OUE R 28 A5 1 61
i) B T R UL AR IR 9848 S DUOX2/ DUOXAT

WA 25 5, AT BB 5 A SCHORHRE A f 45 /0 DL AR A
B RO I 25 5 A ¢ . DUOX2/EH NADPH
AALEE R R, FLE AR H S B AR IR R
GRS AR BRI R E 50 . AR
DUOX 23R 5875 B L HUR BRIE S 15 7 5o K&
i 88. 2% (15/17) ,iX 5 R & 0F 58 i 4518 —
B F FF R AR Sl an AR OIR IR & B R 445 1 () 2
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BIFTPOZRE RS B8 K ITFIVDIL A RAE) X
BHDUOXZ 16 1] g3l 1o 5 Fo A A ff 2 28 1 AH BLAE
FHFEHUR AR % & ZAEBAMOTERT . SEH 28428
ST R S AR AR &2 | R R ) R o Pk 2 A
H T LT I ] REE R T Y 2 ok R
Aycan 2 PIBFGE I | ol FoAH 56 PR B R Bk
WES , DUOX I FIDUOX2 X H 28 28 4 S B0 B i
T, 52, Sun S P HRE , DUOX 2L R 5 4524
Aol A 54N BRI 5% B IS 1, 394 CH
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