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Genetic Variations of Congenital Hypothyroidism
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Congenital hypothyroidism (CH) is detected at a rate of 1 in 3,000 to 4,000 live births, making it the
most common congenital endocrine disorder worldwide. CH is most commonly caused by defects in thyroid
development leading to thyroid dysgenesis or dyshormonogenesis. Congenital hypothyroidism is usually
sporadic, but up to 2% of cases of thyroid dysgenesis are familial, and CH caused by organification defects
1s often inherited in a recessive manner. The candidate genes associated with this genetically hetero-
geneous disorder fall into two main groups: those causing thyroid gland dysgenesis and those causing
dyshormonogenesis. Genes associated with thyroid gland dysgenesis include the TSHR gene in non—
syndromic CH, and Gsa and the thyroid transcription factor (77F—1, TTF-2, and Pax—8) genes, which
are associated with different complex syndromes that include CH. Among genes associated with dyshor-
monogenesis, the 7P0 and TG genes were initially described, and more recently PDS, NIS, and THOXZ
gene defects. There is some evidence for a third group of CH conditions associated with iodothyronine
transporter defects that are, in turn, associated with severe neurological sequelae.
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Table 1. Genes Associated with Congenital Hypothyroidism
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F2i= TSHR #3247} QoL 514 7]
RAow TITF—1, TITF-2 Pax—8%
GNASIE & 5 Stk Pl 328 A a3 e 4
© =2 thyroid peroxidase®} ## ¥ TPO, thyroglobulin¥}
#HHAY TG, sodium iodide symporterS} THE NIS, pend-
rin?} ¥dE PDSS} Ftofl 818131 thyroid oxidase 29} ¥
A THOXZ2 T°] Atk (Table 1).
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1. LA HN BX(dysgenesis)

HIS5 75 Aske= ks tE4] ARl TSHR
AR A o £ AlEe] AIskaL Sl A SR
= FEA(TSHR) ¢ TSH 415 A9 =2 ofdirh, TSH
Gsa s EA3lsto] AxY cAMPE S7HA171t} TSHR
kel ol Qlsf TSHell theh vhekst A4l Kol
TSH A@dS 2HA 5w A4 37H4 2P 0% et 1)
2 R} I (fully compensated) & 2H= 48592 TSH
© 7k Qloy I sE S ARl AElEA B
W 7= FABH A A7) Aoy AR
Rt} 2) 74 »AF ) (partially compensated) & %+
% 1§)Toi TSH7]' #7].301 01 @-}J—/\ﬂ jeio] O‘t7}
7k Aol 3) %9 KAk ] (severe uncom-
pensated) & Zti= AT 7 A g 2HEO| wlg w2

R A AR e FEAE Bl A 2

[¢]

oo
01' 01N

E

y

Defective Gene Protein Inheritance Consequences

TSHR (TSH receptor) Autosomal recessive Resistance to TSH

TITF—1 (NKX-2.1) Autosomal dominant Variable thyroid hypoplasia, neurologic disorders, pulmonary problems
TITF=2 (FOXE-1) Autosomal recessive Thyroid agenesis, choanal atresia, spiky hair

PAX—-8 Autosomal dominant Thyroid dysgenesis, renal hemiagenesis

GNAST Autosomal dominant Resistance to TSH, Albright hereditary osteodystrophy

NIS (Sodim iodide symporter) Autosomal recessive Inability to transport iodide

TPO (Thyroid peroxidase) Autosomal recessive Defective organification of iodide

TG (Thyroglobulin) Autosomal recessive Defective synthesis of thyroid hormone

PDS Autosomal recessive Pendred’s syndrome: hearing loss and organification defect in thyroid

THOX2 (Thyroid oxidase 2) Autosomal dominant

Organification defect
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A7 el AA 7t o) wolxld S Hulst He 5 zk
=207 RuEa vt TSHR F+32R= G4 14q31¢]
sk 9719] exonCZ FAIEH] Tt FHAL tigo
2 3 Ao v E2 M= (79 F 3WelA] T 9
FHA WolZ BTV, YBQIJME yig= wglor} S3)
7 Mo (RA50H) 7} Q= A o.® wag wp gl TSHR
XS] R450H 538 A3 Wole Arlst @3S 2t vt
H {5 WoRE Q= 9 oF1d4] (subclinical) 3373441 A
stes fehs Bloz duA Qi

WA B F-A9 A=Y T 715 ASHE et

1) TITF-2 (FOXEI1), Pax—
8% GNASI= & -+ SUth °l& Bt TG 7342} TPO
FRARe] HAfe]] Hhofel= Jx}i’ﬂ Hijo}7] 137t e] Ay 3t
o] gl ¥oletAl

TITF=1, TITF=2 +3AR= wijopr] 1dAe] 4y gl o
Fol Fofst= AAL AAE dheslele AR Y sk
H-2lel whe} vhekst 718s FkEth

TITF—1< thyroglobulin (TG), thyroid peroxidase (TPO),
TSHR 2 #2] U3 A|E2] surfactant protein BS] ZA}e]|
ks 0}143} H o} u-e] AxfolA] R A
Ho |7} wg gk A9 o] 9} #Esto] wh] Algo}

=

T s Thekgt *]7374] s TI‘HL h?}?). T3k Ak
Wk ol 7k el A 07 Hopa ¥ wdaln i o]
QoS AL, B gAR= A 14q130] X &t
AL 3719 exonl & TAE O] 910w, 42 kDa2] TS
i

TITF-2% A7 ofu e} Q15 oot whui ol A
W Shol] whet A A 442 Rlolrt s A A
B4, TG, vl #H W WSt me]ske(spiky hair) &
o] %*ﬁfﬂﬁ‘r . TITF—2% forkhead/winged helix E=m|Ql
ol AR QIR Al A 9q220] AEka AL 1719]
exonl.Z FAE o] Utk

Pax—8%- paired =Ml HAF QIAFEA o] 7] ko
DNA A% TrRlo] Qlal 7HRA] dide]] ML 293t EHlolE
ZEan Itk ks A 2q12—ql40l IA]skaL 1AL 1171
°] exon & I 0] Qlom AT A|ES] TS fEskal
FARE 7es 7HIRE £ fHAte] vlol& s &4 Al
Ardolut gl 1 Aslgo] whysks 49w ok, &
fFRAAR= TPO, TG 9l NIS #3719 dAks &4dsir 7]l

TG +32k] promoters &/d3tst] ¢lall TITF-1 4
al

9 A AEHIE GrH. B AR e 2838 2
A S 74 el ekt Fabed) B8 g nelt
bS]

TPO 744k 2w} A o] Q7] wiiel] 724
Agto] HEH7|E shaL Ao HEE d-Eo] 9lorw
A B FAFH0] BEET| = S,

GNAS]I (stimulatory G protein a subunit gene, Gsa)
2= AAA 209139l $1Ash 1371€] exon® -4
Hol a1, FA ek TS AlZEuolu Al 8 25 E
AUz A dgs viziehs ges gt A4rldt TSH
Ade debdlie 2 2ol Al bright #3074 Zol9U%s
o] ek = =t of= A AA *é Q%‘rgi 2l 4,
SHA x| o] GAIF, Hlwk, AL, o] A3lskE SH o
%2 gk

2, ZaM s22 MM "X (dyshormonogensis)

W z=28 A S v 2ok AFHE 2o Ee
sodium iodide symporter (NIS) el &3 3= o5
sto] FAbsl=4ol 3| AlslE 1 TGY tyrosine residues
9} Adslo] jodotyrosines 34
tion). H]ZA] FEIQ! iodotyrosine residues<
A& A T4 T37F wHsoiztt

W s=22 B Fdy A" AR, sodium
iodide symporter®} I E NIS, thyroid peroxidase2} ¥
H¥ TPO, thyroglobulin®} ##¥ TG pendrind #H ¥
PDS¢} # ol 8113 thyroid oxidase 29} #A® THOXZ
o] vk (Fig. 1).

NIS f387= 44 19pell f1A1sh 157]2] exonl. &
T/3= o] lth 1271¢] wEa E=HlE ZH= 65 kDa 271
o] M} whul o 7 yhE A wiy) ofn) e Wk B A
o]l XFH . 1A 2] 714 et 9121819 iodine

A

o

3t} (iodide organifica-
coupling ¥}

Fsto] AAE AL HZ o] gA7]= Es st Wo7t
S 739 iodine 2] 0]501] FFE FA = P75 A
s g0 /“H% EOM] k. 34 29 o]
T oheket

30 ﬂllo

T o] =
qEe %

TPO Zﬁ}* A s23 A FAY 7 S35k el
o7 adHA o odide?] Ag}, 7713}, A sl #
oJ3}= thyroid peroxidase® ¥s3}sl= F-ARZA 7344

W 5L Fute] 1800 IE AT el tyrosine
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Fig. 1. Genes and enzymes involved in thyroid hormone synthesis
of follicular cellse).
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=84 G EE 2] flal A o® Fas H0, 840
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Alo] g ofef-prt Zeff Sof YN Wolrt HarE L Qi

PDS +32k= 4A 7qell f1A18kH 21709) exonO. 2
TAEH 78T 99 (cochlea) oA TAFTTHY . B fA
A= 7807019 ofn| Ak, 11719 transmembrane domain
o7 7% chloride—iodide transporter®A] o3 A3E
o] Hut F-9le) fIAEte] @ e =9 &S wizfeth & 4
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hormone transporter&
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F32, TSH 233} #69 TSHB 23477, wakeA) &
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Transkent
[ Maternal anti-TSH receptor antibody
THOX2

History, examination
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Posill\oe Derchla'ate discharge test
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Glard but
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uptake
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!

l Extra-thyroid anomalies |

Cleft palate/spiky hair — TI7F2

TSHR Renal anomaly — PAX-8
PAX-8| | Neonatal respiratory distress/chorea
— TITF1
Albright hereditary osteodystrophy
» GNASI

Fig. 2. An algorithm for investigating the candidate genes in congenital hypothyroidismg).
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