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(HZE] B 70 IR ERCRIE I AERGEAE (CH) BULBRIEME G 1 o WA (GNAS) JERH A
HARIRZEZ K o (THRA ) FEBEAT ARIT 08T, IF025 88T GNAS Al THRA SEPH 2848 R 5 CH B LI IR
PR ZRISE R ik e 70 Blmad Bl LA s o CH AYEJL, SRAEANE M IFIEFT DNA BEAHRE,
FHZARI T AR GNAS F THRA JEPI i 758 A8 iy, AR A 015 AR oy B e R S8 AR 1 ot . 46 R 70
Bl CH L, 3BIEIL (4% ) Kb o Flr GNAS & A4S L2878 (AL4G 3 FhEL LN 28725 R 6 Rl as ) , 4
LK A 1 f THRA R 23S ¢.508ASG(p.I170V), Zeid A=W B 2E - 15 A1 ACMG/AMP 8 75 20 4 BH 2
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An analysis of GNAS and THRA gene mutations in children with congenital
hypothyroidism
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Abstract: Objective  To preliminarily investigate the relationship between stimulatory G protein o subunit
(GNAS) and thyroid hormone receptor o (THRA) gene mutations and clinical phenotypes in children with congenital
hypothyroidism (CH). Methods A total of 70 children with CH diagnosed by neonatal screening were enrolled. Their
peripheral blood samples were collected to extract genomic DNA. GNAS and THRA genes were screened for mutations
using next-generation sequencing. Bioinformatics software was used to analyze the pathogenicity of gene mutations.
Results  Of the 70 children with CH, nine missense mutations (three known mutations and six novel mutations) in the
GNAS gene were detected in three patients (4%), and one gene polymorphism, ¢.508A>G(p.I170V), in the THRA gene
was detected in four patients. The analysis results of bioinformatics software and ACMG/AMP guidelines showed that
the two GNAS gene mutations [¢.301C>T(p.R101C) and ¢.334G>A(p.E112K)] were more likely to be pathogenic. Three
children with GNAS gene mutations showed different degrees of hypothyroidism. Conclusions GNAS gene mutations
are related to the development of CH, and children with CH have different clinical manifestations. THRA gene mutations
may not be associated with CH. [Chin J Contemp Pediatr, 2019, 21(7): 680-684]
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Bz, Bk T R E MR RB &, M
& CH W& mALE R E 2, IRt agm T
JUR S CH &G BOR LS, b 80%~85%
FHARIRE T AR, 10%~15% 3 AR AR 5305
BEig ¥, 5% Jyd ik dE CHY!, i —/NER A HUIR
i s 28 B S AR i A CH', L 9 2
CH 1) &9 15 BB 3L PR 22 A5 4 o6 V1, AR 30Xt 70 441
CH ALY HR PR sl 88 25 B SONAIR R PR DG SE A
ALFE R AE G 8 A o WEE (stimulatory G protein o
subunit, GNAS ) LK A1 AZEHUIR IR 324K o.( thyroid
hormone receptor o, THRA ) F&[H ™ gk 47 AR )5
AT, IR HIE R AL CH LI IR
AL (BB FR, A CH PEHAE L2 i 2 W
RS BRI T B BRI SER
1 #RERE®
1.1 HRIH
AWFFEBEEL 2017 47 7 H % 2018 4% 2 k3K
Biwtis HC 2 A LA 124 CH [ 70 fi] &
JLHEAT R R 2 AR i e 43T, Herh 53 36 441, %z 34 4],
SERAERE R 3.8 £2.8 % . H7 AR LI A ARG ) AL R
i, AEHR AR ZE (thyroid stimulating hormone,
TSH) = 10 mIU/L, FRAGIGHT A JL LS TSH A
BB R AL 2 (free thyroxine 4, FT4) , 4l TSH
HKETHR (B %R 0.30~4.80 plU/mL ) 1M FT4
IKFFEAE (S 9.01~19.05 pmol/L ) N T2
Wik CH. Fra LY 2id HUR B 5 iy, Horp
FOIR RS AD 15 6], FORIRE B AR 4 61, HURAR
S0 1, HURIRTRIE MR 4 51, BRI/ 1
B, HARRMAHIRR AT IER . Rk
BT THIX, Hk AT 70 DRIMSEERIFKEE .
A 5T O ARAS ] B AL R 2 o e %t R e B 2
B2 I, L IRORE A 1) 2R £ RGN 24 345 HUL
K Id A ) 2
1.2 CH f#&iXIe

KAEWAT 3~7 d B JLEY 2 BRI T g4+
iRy b, R ] 53 308 vk A i - TSH,
QT i A TSH = 10 mIU/L, 043 80585 A= JL A )
b2 5 SOk - G 2 AN 1L TSH A T4,
TSH KF-FHE 1T FT4 ACEREAR T2 W8 CH.

1.3 DNAIREUK PCR # 1%

IR 70 4 CH AEJLAYSI AL, 2 1 421 56 R
2 DNA $2IGAGH & Ui 6 (JEst RARAE R
PR T ) 4T DNA $205, W44 &L 10 pg DNA
i F #8759 & 4B #% ( Covaris S220, Thermo Fisher
Scientific, & [ ) X H BT, EEKE N
150~250 bp ) 7 Beif4T PCR 973
14 ZRAUFEEREZERE

F 55 & SureSelect Human All Exon V5 Kit
(Agilent, 35[E ) 3k GNAS FI THRA % [K 4h i
T, Zead i FAh 5 A Mumina Hiseq X ten
P& (Mumina, FEE) SR F2Hr
1.5 EWEEFSN

FIH Mlumina pipeline CASAVA v1.8.2 & f4:%} —
RellIE IR RN ap 4 €T HESEE SRR 22/ i g TN
JE £ 3CHR Al Human Gene Mutation Database ( HGMD )
Bl e b AT He5 CH AHSCHY BAZ IR Z 51 (SNP)
fii /&, 5 dbSNP (http://www.nchi.nlm.nih.gov/
projects/SNP/) . 1000 Genomes Project ( http:/ftp.
nchi.nlm.nih.gov/ )l Exome Sequencing Project( http://
evs.gs.washington.edw/EVS/ ) 8¢ B4 B Bl b 17 b
X, st i /NS BE AR >0.05 15 1 1 [F]
M GRAS F5F FH Sorting Intolerant from Tolerant( SIFT,
http://provean.jcvi.org/index.php ) . Polymorphism
Phenotyping v2 ( PolyPhen-2, http://genetics.bwh.
harvard.edu/pph2/) I MutationTaster ( http://www.
mutationtaster.org/ ) FA X 1€ H ok 1 5 L 28748 i
FrEUR PRI fm AR 5 [ B 2 gt A 2 R K]
Hzbe (ACMG ) K SEE s bhes (AMP)
AR PFA i T X R B S50 i PR 7 e A T O 1 o B o

2 #R

2.1 GNAS #1 THRA EE =2l 45 R

1E 70 7] CH L, 3 B4 H GNAS 28 & F
BEHRAE (R 1), TEARFFAREP A L%
N A%, HAAs 3 FhERMEEHE R ¢.1225C>G(p.
L409V). ¢.1412C>G(p.P471R), ¢.334G>A(p.
E112K), L K6 g i 2 B 28 42 : ¢.301C>T(p.
RI101C). c.478C>T(p.R160C), ¢.433C>T(p.R145C).
¢.436C>T(p.R146C). ¢.2407C>T(p.R803C),
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cA81C>T(pR161C); Hf I ZEAs E112K B4E 334 [ 245K A7 T Goloco 45417 15, Goloco 3%
PO G AR AL A, S5 R BRI E LR GSE  HWRET RO T AR G SRR, Mk
IS 112 (7 & LR th A IR AR I iR, DA S AR FEIRARI Gsa 25 DI REZ 25 M, 7E 4 1
FLHZ27E RI01C BY55 301 fflcEerh C A2 RL T, 45 BJLPIRGI Hi[E] 17 THRA B 2225 ¢.508 A>G(p.
T B A G i 2 Y 2R 101 3 2 BRI 1170V) (%£2) .
b SR AR B R, X WS S8 A8V B TE Gsa 2K

&1 CHZEJLH GNAS EEREHELER

WL RIS R
BE e i e R IR GNAS J£/H
TSH (pmol/L)  FT4 (uU/mL)

1 4 1% 9 f >100 8.12 R ¢.1225C>G(p.L409V)
c.1412C>G(p.P47IR)
.301C>T(p.R101C)

c.478C>T(p.R160C)
2 B 9% 5H >100 6.29 IEH ¢.433C>T(p.R145C)
c.436C>T(p.R146C)
¢.2407C>T(p.R8O3C)
c481C>T(p.R161C)
3 H 8 H >100 <5.15 EH# ¢.334G>A(p.E112K)
TE: [TSHIEHUIRARELER s [FT4]iiF& HURIRER . R iR R B LA AR
%2 CHEJILY THRA EFRTHELER
B2 R 25
0 P i — AR IR 5 THRA JE[H
TSH (pmol/L) FT4 (uIU/mL)
1 5 34 7H 34 6.33 W ¢.508A>G(p.1170V)
2 & 1% 7H >100 <5.15 B ¢.508A>G(p.1170V)
3 & 6 H >100 5.73 1w ¢.508A>G(p.1170V)
4 I 7% 7 14.85 <5.15 1IEH ¢.508A>G(p.1170V)
TE: [TSH] R ACIRARSLEE s [FT4] iFss FURAR S . Rh AR R B LA AL AR
2.2 GNAS EERTAYEEFEN A ARAME 0~0.452 2 8] W 7R B AR 5

| H] SIFT. PolyPhen-2 J MutationTaster 4 MutationTaster F A4 PEAL b, F000 25 5 10 A5 40 0
W25 53 BT 3 i A H R 1) 9 B GNAS it R 5848 Tt B S DR AR S5 (A B0 PR R

PEATBURPETI o34 (23) o 78 SIFT R4l HRAE ACMG/AMP 57 %F 9 Fit GNAS 3 [H 2848
L R AR AR ) <0.05 Ak B R 5 TR AT AR R, PIFPEERI 2R 4E ¢.301C>T(p.
50 Ry Al 24372 A5 55 AE PolyPhen-2 A4 1FA% R101C) 1 ¢.334G>A(p.E112K) N Al REBUR M 7E

443 7F 0.957~1 Z [ £/~ Al GEVE R AYA & AR 5, Higy 7 B EA R BE R 2578 L3 3,
4537 0.453~0.956 2 [6) £/~ vl GEPE — A &
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#* 3 97 GNAS EFE RIETH R TN
CNAS BRI SIFT el e 2 Mutation ACMG/AMP
AR L SIEIRAEAL Taster

¢.301C>T p.RI10IC HE R o Gz ]
¢.334G>A p.E112K [ Z3% Gk TN ot Al REECR
¢.433C>T p.R145C HE R ot R PEA]
¢.436C>T p.R146C fE R ot R PEA
c.478C>T p.R160C HE R otk A
.481C>T p.R161C HE R ok A
.1225C>G p.L409V fiE R otk e
.1412C>G p.P471R FE R otk A
¢.2407C>T p.R803C ik R ot A

23 ERFRBESRNBMXER

70 8 LTE R AR L A kg, iR TSH
YW RT R, TR AT 2 A 48k HOIR R
R4 niz 70 i CH LRI HUR AR S an . H
ARBRABAA L HURBR RS /1N S HR B o
TETE GNAS 2 &8 1y 3 ] CH B2 L+, 1 5
JUR ™, BOR B S R O S8, B AR LI
A4k R R IR Il TSH>100 pmol/L, H A2 J5 14
AIFiG M A R Z, BRI R 33.3 pg,
2B UBE 2R 2 0] PRGBS A FELRIE T s 2 5 AR
JUR ™=, A Lo A 25 5 7 /2 BRI TSH
254 pmol/L, HHAR Bt 75 o UL S8, 6 %7 B A3
WUEAS I, BRI, 006 IR 20 e HDR R 2= 58]
N 60 pg, Bl AR F R AR T RE K T — B A
ARlmE RS 35 BILEARIE T, ORI
RIS H, B LG A S5 5 Bon 2 BRI TSH
11.9 pmol/L, KAETHE. T2, WIHHIHZEH R
BRZE RNl 6.25 ng, RIS FAR MR TR &= A 2
VIR Z5 R i, BRI A HIR R T e el (T AE
(TSH 24 3.61 pmol/LL) o FHIUL AT UL, #5747 AN [F] %%
AR GNAS BEPRI 5275 CH &8 LY IG R R IAF
FER KB Z 5], AR H GNAS FE K 245 1Y UL
HUIR IR & B IS DA AN AR TR
3 itig
CH 5 WA J L A I R, an
RAKBHZW AR 2 SBUENE R, #id L
15 A AR T Jre RN 22 e FRAR R 2R I I 2 2 R K
T CH B EARGRM AL, HE&CHEY

FARALHA A B . H BB ZEIE SE 0 &R AL A
FEHCRIEE B A2 HURBR NI REAT . X
CH FIHUR PRS2 5 VAR T o AR AR &
W CH AR 5 ARG, RUFFTRAHA 70 4
2o LI A2 o CH L, E1 X HDIR AR ol
VB ROV T AIAESCIE, B GNAS £ AT THRA
FEREAT AR 7 AR i Ay, 255 & 4% (3/70 )
1) CH fLAETE T BEBUR M GNAS SR 24, Tife
THRA FEPR & R BT SES0m T SE R 28728

A GNAS FEH AT 20913, 75 13 MR T,
ity B N AE GTP B G 3 G 8 o 7Y
(Gsa) ", Gso AT LI S EE IR 15 57 5,
RN ANZ ARG TSH Z 4R . e HURAR I R B
HORER S A FAR 55 RV ER A2 AR 55 55 20 B Y 13
of B AN R A R R P L RN IR B C 5
TAEMHERGEEA Y, W cAMP 1A M, Gsa iE
P 2385 FA SRS TT LA | FH R B 200 e o 4 B % ik
FHIR AR S 2R o b i) 1. Y GNAS SE[H kAR R AR
22 H Gsa AT PERRAL, cAMP kb, i
51 TSHR {5 % #% 5%, F3 CH &4 ",
GNAS RNTE AR L Zh gk, (HRLE DR IR
AP E TR BAIXTEZL . Romanet 25 W HRE T 1
WIIEA = EIlfG R RIE CH B LAETE GNAS [ 3
WS GEE , A CH 95 PR 22 W L& S b At
THEEMUEE . FRIE M= GNAS B %45 FE CH
AR SCAIFSY, FEARHIESE 70 i CH L RS 3
] GNAS BEPRIZ 519878, LAy o Al L5712,
FLHE 6 P 28 A8 F1 3 B 2 I 2848, il 3 ACMG/
AMP H8 g 5341 4 30 2 F Bk DR 9 728 W] 8 A B0 1 R
RRAE, 502 ¢.301C>T(p.R101C) Fl ¢.334G>A(p.
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E112K), fEfHERERIE, 3 filHE CNAS JEFE 548
() R OLIG R R IR, 1B L P 28 48 5 8L
[ R B0 2 ] ) 5 AR AT 2%

&AMk, CH &bl i AN B, 3% X
CH KIRpEEH A e iz, HhHRIR A &
NG AR U PN 3 6 I A O ) 366 PR 28 AR F 9
2, ARG Z 0 FHCR I ok R 28 B RN A A DG 3
AT . A SO g8 A LR AR #i2  CH 19 70
1 5 JLIEAT GNAS F1 THRA L — G, 45
KB THRA H& R A H o] BEBOm ML 28 48, T
GNAS X 228kt #38 5 4%, 24 ACMG/AMP
6 T o3BT 2 B 2 i L PR 98 A48 Ay ] BB B0 1 5 TR 58

A5, Uil GNAS ZEN Y CH MR A —E 1Y%
B o

ZE LRTIR, ASHESE CH L GNAS JEH %8
AR A AR, R DR R 5l PR AR BB A
RIS, W6 GNAS JEP 5 CH &R A ¢
P, 5 2 RAEA S AN [ XA AR A i
A, (R ZE DI RE SRR, GNAS FE[AI 5 L
Bk, X CH BB W . il . 8L
W SR FIWT S S 2 iRk ds
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