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Monogenic Thyroid Disorder

Sun Wook Cho and Young Joo Park

Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

Monogenic disorder is a single gene disorder resulted of a single mutated gene. Monogenic disorder has
benefits in early diagnosis and precious prediction of disease course. Furthermore, monogenic disorder could
provide an informative knowledge to the understanding of related pathophysiology. Thyroid monogenic
disorder could occur in various steps, such as thyroid development, hormonogenesis, TSH-receptor signaling.
thyroid hormone transport and end organ response. Here, we reviewed of congenital hypothyroidism,
congenital hyperthyroidism and thyroid hormone resistance syndrome.
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» TSH-receptor signaling:
TSH-p

* Hypothalamic-pituitary
disorders: TR, Pit, PROP1,
LHx3, HESX1

Hypothalamus

TRH -+
¥

* TSH-receptor signaling:
TSH-R, GNAS1

PTEN, APC, RECQL2
FOXP3

Pituitary
* Thyroid development: PAX8,
TTF1, TTF2
* Thyroid hormonogenesis:
NIS, TPO, THOX2, PDS, Tg

* Thyroid tumorigenesis: RET,

* Thyroid autoimmunity: AIRE,

Thyroid

* Thyroid hormone transport:
TBG, TTR, Albumin
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Miscellaneous

» Cystinosis: CTNC
= Thyrotoxic periodic paralysis: KCNE3

Chromosomal disorders

* Down's syndrome: Trisomy 21

* DiGeorge/CATCH22 syndrome: 22q11del
* Turner's syndrome: XO

* Smith-Magenis syndrome: 17p11del

* 1p terminal deletion: 1p36del

Fig. 1. Monogenic disorders
of thyroid disease. Genes
associated with thyroid gland
development, thyroid hormone
synthesis, transport, action thr—
ough TSH receptor or central

End-organ response regulation by Hypothalamus—
* Thyroid hormone transport: MCT8 Pituitary—Thyroid axis could be
* Thyroid hormone action: TrB

* Thyroid hormone metabolism: SBP2

a cause of monogenic thyroid

A}

5, 17
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=

T/EBP),

FOXEl (TTF-2, TITF2, FKHLI12), PAX-8, NKX2.5 71
2] 3 thyroid stimulating hormone (TSH) 4849 &=
Awol7t walA gk’

o 1:]-2 O]—o:] ] 7H\l-

monogenesis) 2 HO|=

A g (dyshor-
L2 A 9 15%% Z}A] 5

th! o] & AFAMA| AA (autosomal recessive) -3-7

disease.

Aoz Ry AT ZE Aho] o8] oA 0.
2 71kt TSHE| dFe = el 27171 S71gt
/4% (goiter) o] AR = F-27F Wt NIS (sodium
iodide symporter), SLC26A4 (t}7]%5%d anion exchan-
ger®l pendrin THEH -.‘?r;ﬂxl'), thyroperoxidase TPO),
dual oxidase 2 (DUOXZ),6) DUOX mutation factor 2
(DUOXAZ),6) dehalogenase 1 (DEHAL1)7) and thyro-
gobulin (Tg)" 56 xFEeA0l7} o|oh cigho] 9]
1, o] % Ty §Ake] BAol7} 71 Bho] Aol
Tt Tg A A= 270 kb9 single copy gene 2.2 &Y
A 8H O] #Feh(8q24.2-8q24.3)0f] Y X|5te] lod, 8.5
kbo] HAAF HE9(coding sequence) S EJI5FIL §lO
38702] Ofs(eson) © 2 Lol 7 TR Te LA
o 0% Solzjoz EAsh Wrrwo R A of %
Aol A AAPEIS, A B2 R0 ARHol AHEE
o PAAES 71 BN T He SRS Kol
oA _Tﬂ-%‘ﬂ—’,‘—i %]'%75.‘ AR perchlorate discharge test) ]|
A Tg 27ke] AR ol
i 4 Sick. WA Tg Slel T2 o] Uelo
B 27le] B0l ol glev, olE %)
ZdHo|= AAA AT ERE AL A&lstc]
=9do| RS A Ed, PRT EY(splicing site)
9] HIK117}), £7]%5 A I =(premature stop codon)2]
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| Prim

ary newborn screening for CH |

Elevated circulating TSH

¢ e Clinical examination
Diagnosis of CH

Biochemical thyroid tests
Thyroid: presence,

Radioiodine or technetium scintigraphy

Thyroid ultrasound
location and size

A 4 A 4 A 4

Athyreosis Ectopic | Orthoptic hypoplasia |

NKX2.1/TTF-1 FOXE1/TTF-2 PAX8
Respiratory distress || Cloft palate Renal anomaly

Choreoathetosis Choanal atresia
Bifid epiglottis
Spiky hair

Thyroid dysgenesis
and resistance of TSH

v A
Normal Goiter
_A._’.‘—,:j;.!.

S v

A | Dyshormonogenesis |
S
i
;
! | Abnormal PDT]| | Normal PDT |
1
!"
! pPloD  TIOD
Vi \AA/ v
e TPO ® TG (+serum TG levels)
e DUOX2 L {tserum || e DEHAL1 (+serum TG levels)
e DUOXA2 | TCevels)|i e NIS (no radioiodide uptake)
® SLC26A4 (congenital deafness)

Fig. 2. Molecular genetic approaches of congenital hypothyroidism (CH).'"
organification defect (PDT <90%), TIOD: total iodide organification defect (PDT>90%), NKX2.1: also known as TTF—1, TITF1,
or T/EBP, FOXE1: also known as TTF=2, TITF2 or FKHL15, PAX-8: paired box transcription factor 8, TSH: thyrotropin, TSHR:
receptor for TSH, NIS: sodium iodide symporter, SLC26A4: gene encoding pendrin (also known as PDS, Pendred syndrome),
a multifunctional anion exchanger, DEHAL1: iodotyrosine deiodinase, TG:

oxidase 2, DUOXA2: dual oxidase maturation factor A2,

(deletion) (67)]), S-A A} 4+ (insertion) (17])9] FAS
Bk 7P g2 WEg Hol: Edue] fAle
pR277X, p.C1058R, p.C1977S, p.RI511X, p.A2215D L
2] p.R2223HoO|Th

PDT: perchlorate discharge test, PIOD: partial iodide

thyroglobulin, TPO: thyroperoxidase, DUOX2: dual

AT E AGHZEZ(hyroid
hormone resistance syndrome)

A 2R (PS4 thyroid hormone resis-

S AdAH oo ot AHA A 7| 5#5HE tance syndrome 2-2 resistance to thyroid hormone

A "obrlo] & IS Bof 23odArR Ad (TH) S22 523 Q= ole B2 23o] 4
o) Asolet 2t Sogel L il ool 2gsh  gmeesl ol dolel ABYE s die 3
2 Hobe] AHNFS WAk, AHY APE B Aojol, Ao AEEAOIA BT vhE IS
Sto] AT ER AARE GHAEARS B8lo] TR 22 WA 40000 2] Aol F 1959] vlmofAf @
SAApolo] ot MAA WAMZISANES Aet  AHECh 19679 B RR S84 (TRA)| A}
Skal, L-thyroxines 4 W2 Fsto] 24 Al 84 Hol7} A5 BaE olF, I/ NEZTe| ==
WAV ST WS ad WANEE] ATHE ge AT thule] o MCTS), USRS thate] of4)
HIE ATk Sk & oh2 dPolas Fed & Yoyl fxiRkHol(SBP2) 7E BalE T QlThTable 2).
AoflA S € TSHO skrt FAgtsitts 27t 9) WIHE =29 28] AFES 72 & A= 7Hs
of o @ At g Aol 7o rs Bad [fAARRo] o]9jo = e
229 28 Ay durd 2T oA EE

(second messengers) 5 TFFSE G- A AFO] Ho 7} A|A]

Vol. 5, No. 2, 2012 86



Monogenic Thyroid Disorder

Table 2. Diagnosis of thyroid hormone resistance syndrome

Mutations in TR 8

Parameters Mutations in MCT8 Mutations in SECISBP2
GRTH PRTH

TSH High/normal High/normal High/normal High/normal
Total/free T4 High High Low High
Total/free T3 High High High Low
Reverse T3 High High Low High
TSH response to TRH Normal Normal Normal Normal
TSH response to T3 inhibition Impaired Impaired Normal Normal
Goiter +++ +++ No No
Thyrotoxic signs and symptoms No +++ No No
Neurological abnormalities No No ++++ No

GRTH: generalized resistance to thyroid hormone, PRTH: pituitary resistance to thyroid hormone

q3 ot ofe} oo chobain, 2o S0l 7171 20
ANMSEE 2879 SHAHO M= Sgel Aol st el Aok ol
chobghe, 2 ojiEe AabHel AL wEs o
TANBEES wx 2 AE o] AAE o A ERR] 27k} AEe] Hos 7
2% 28 (thyroid hormone recepror, TRIZ B4 7] THAITh QHol Al 2|2, ARA werolsgo] Leput
Lo etk AAEER SeAs A 793 o SRERNE oA Lol SeA s o
3uio] Qi SOl BHEOIA T, TRa®} TRAS) B AL Welth ZAAELS 458 sltjels Aeel
Fog o|ojct” 397t % Utk AT E AAE T.9] 371
1988\, (TH oA TRAS 9ol e = Bashm on|sx) e TsHe| 2u|g Exoz
BT o]F,% TRAS WEAMOLE FAABEE Y gtk LU0 R To Tk B Z7bstel TT, vl
Kol 71 ok Adlow welA g, 30lel T &S Ao ek (THE QAo 2 TSH
S 10008 ol4be] BAE OitoR Apetde B A4 Weked Eebmlel 7rdo] Wast A9vt wou,
$5%] BAOIA] TRA ] Qo)) BREATE 2 (THY} QA EE Aol Saapsolo] ofs) HAE
A B 2gAe] wolo] ofgk Aabie] Q4F b sk o] Agko] 7 mgo] Hch
o ) crRE, ol Eolgt Sl slEal  TRA SAAMolL A2 A 4-gAe] FhEA
5 WA S 2ol ga A el ojoit kel cabonyl erminug)®] CpG7} BO] BESHE 3
SESls A ERE 2870 ofE T Wal AE7h  ME(CpGurich hot spovo] SIA|5tH, Tyoke] ATAL
e, gAHBERe] 48 714 o] Wes ola o7 BEQIHcofacton ST AT olAFS
712 SRS waekT opo] Afol7t 9 Wk of  zeGEk”) @A 343 FHAlolN Sl w1

= 7|0t Holen, of F 325 TMle @Y H7IA L] "iA=
o

5

oF Zpo] 7} Q7] Wi So= Ayl itk tiEH ofu| At HISEE Blon], Y] 7Hl= 71429
Z AHAA o Z TRA SAzFHo| 7t Q= HLo= Alt) A< (deletion) 0| U 4F¢ (insertion) &2 AARFAXY S
Hog 7l sHete] OE S SRYohA Tt 7F ¥R H = SolsEA ™ol (frameshift mutation) 2 1}
S A5 Hole AFol o, W kAo TRA g Bk
iAo FJFo] T2 220 H|sto] F FPoll= A EStAH o R AHEY, TRA S| o+ Yy /-4
Wizeso dnrof o3t S4fol uEtAl =, A7 Aol wof T oY diY-FAdAK(wild type
g2 22 229 Fd®o] gFo] 2 dfole= allele) 5 7H= 7MAl= /g ol ghafl Hole iy
Aoz 7sA e HolAl "uth(Fig. 3) “dZHmutant allele; mTRB)E 7= 4% 3AE

TRA FdAgolo] ot il e=E g exk= 22 Yoz dystA "ot guabdeo] dojut
ddH oz WPAE, BIFSFol, sl T 8% B oME Hid A BT e R
off, Z2]ar BlW o] SAS Hol=tl, Y4 ol At st 71 HolA, faxte] A Aol oF
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Generalized RTH | | Pituitary RTH | | Peripheral RTH
TRH TRH TRH
/, V4 i
TS f
l l l Fig. 3. Clinical characteristics

Clinically euthyroid
(compensated)

Clinically hyperthyroid

GHAFe] T4 & (haploinsufficiency) 0] Y oj U=
A oftt. 032 WolT Y SHATt obIH §
HAfe] 82 BHTHE 94 QO] dominant
negative) &¥}7} F% 7]Ho|th webd mTRS 7HA
e Az EE Wdol

S4 GHYL Bolt vt
9, gAAEEe] Udlo] Hi AL Iy fHFL

ol Heh"”
fTHo| thet 2}
LR R

[e]
Hor) = ohnl, s as

B
e

ol
&
R
ok ox S R o

AgAZ AHEE & US AR 7= glck 1}
e AARE & HASERS BEchs A A
TSH ¥hgolut B2 229 vhg5 5T 4 glen
2 235y S44e o= o JlenR g Algst
Al = ojo .

= Zd2E TRE A A (knockout) TR
(TR 8 KO)®} ¥ o]-f-%d AH(mutation) 9] -7 AFA] € (kno-
ckin) OR-2(TR A KD)7F 9l TRB & AH=eH4 7]&
& olsfista, ddzas Ulig Ao HEAR

olgfo] =g F1 9tk TRA KO Up9-AL TRA
FAREES 7 AR RE #PPS BTh o

W YA (heterozygote) T2 HA RHFS Hol:

of thyroid hormone resistance
syndrome (RTH). Generalized
thyroid receptor (TR) 8 mu—
tation tends to show mental
retardation with no definite
abnormality of thyroid hormo—
nal function. When the effects
of TR B mutation is dominant
in pituitary rather than peri—
pheral tissues, patients show
clinical  hyperthyroidism. On
the contrary, the effects of TR 8
mutation is dominant in perip—
heral tissues rather than pi—
tuitary, hypothyroidism is the
main clinical manifestations.

Uh, S-S A (homozygote) TR e 2E
SHA 2 Z+o] A (sensorineural deafness), A7}

0] A (monochromatic vision)-& Hol o] & Tdo]
= Fol TRE §RAAES 7171 Abtoll Aol A
2% AApt B agol At
d 5ol TRA19] AES A o]
AES MZbol o] Qlo] & 4~
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ol=

rol

0

[> x

12
Ho

4 o>

= o
s ase

ox

gl ok rlo fok rir o

rl

>~
ﬂ.l{m o 1o
IR
o
o
o
[>
oL e o

B
£

ol

o

r>~

fol

[

rld
LN
a

Aol o

ﬂzrlonz
T
—
W 27
og oy 2
TSI
al

pacs

£ ori
-

=

Koy

&

o 22
Ho =)
e 32
R
5 b o
(@]

. TN
2 =
;r[r [0 of T
<

~ Mo
ot
3
rlr
o
ox
o
fu
4
)
n
rlr
3
.—I
=
=
i
iy
1o
i
d
!

o] @ A (heterozygote) TF-2o] A EHxpok
vl Fuje AL o] nuel 5
A (homozygote) 4] ol ZHAHIere] wrol

the Holot™ ofofl tisirle 3 A7+

g

ro

15

Lol e

E

wed o ofl off p® o ok

fo M oo S hu

Vol. 5, No. 2, 2012 88



Monogenic Thyroid Disorder

ZAMSER £457 9] FHAHO|(thyroid hormone
cell transporter defect)

WHlzes #8A0de |, A%, 1 A%, #A4

G &= MCT10, X]of &d3h= organic anion-transpor-
ting polypeptide (OATP) 1C1, 7ol E0]& Q1 OATPIBI
0] Q]of I=. Na+-taurocholate cotransporting polypeptide
[solute carrier family (SLC) 10Al], multidrug resistance-
associated proteins, the heterodimeric L-type amino acid
transporters (LATs) §©] HI1E o] 9,,113]'.22) olE =
MCTSS TRz 72 Safo] 1] o] Ao W
Aloll £A5te1” frixpdo] A AHSHY EAFS B
Aol AFE o] & Apghe] Hoj A& =, Fu}
223l WA F9ol Hx|stu, Eok H 22 ] nNE
TH(microvessel) O &= W@ E] o T37} FHu| el S Fat
Shdl Fa3 Qe gol LeiHct
o

MCT8 §42te] #olS 7}4l Shafoll ] LAtz 2

GRCR=S
WA Mol §414 (B RE Sbale] Sl
O] (thyroid hormone cell transporter defect) S0 &

1E o] AT 2R FHQ Fikdiffusion)
of ofsf A2z W= Sojztth= 1AL ZigelA o9
229 gl =o] 5524 %A (active transporter) & &+
gaIM Amobc PRAEER HHE SEHOR &
Asto], 7k Alszof|A o] Iz 22 A7 A2 &
olxoz zUELl Adoz AT Yok

MCTS 74K AFE @8R X X-u 245 5
2 9o FE(Xq132) Fofl fxd” 6719
(exon)T} 100 kb 0]Are] 71 A QI EE(intron)S X
3 glenl, SLCIs 2% 7150] 43 3ith. X-
AT FA/ES Bolul dd Rt = A
AA e, 45
Qlojerarol Seol AARALe] 7/
A

o 2% 9 rh [o

lo
o
o
i)
oot
)
o
offt
ol
)
lo
S ol

Ll oo 2 u oz o 2 o>
f
o
o
=

oo o
N
>
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XA ke o 2ol
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S A7 oA O] B Tio} e
reverse T35 HQl H & |28 SixjoA Ty ZAE
HolAE AT S A T BEE 9T - Yol
A Aok A Aleto] ohElL 797} Bk
A =9 Ty H5a¥2 5359 oA s =
o] HA| gon A7 A A 'Y Qe

Aol

AL Ty M3 Aol gaxtuole] Eaof ujet
Hwr} cepsteh, @A7EA B 127 Wol  2749)
T+ =AM o[ (missense mutation; Leu471Pro, Leu512
Pro), 2719] A Z|&% Ho](nonsense mutation; Arg245X,
Serd48X)= 0%, F2294, S AR} A+l 11e189, Ala224Val
AL 245%, e UtiA] o] BeEduol
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Fig. 4. Pathophysiology of congenital hypothyroidism. Congenital hypothyroidism shows diverse phenotypes according to the
ected cells, and disease onset*”

strength of thyroid stimulating hormone receptor (THSR), number of aff
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