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Anotace

Uvod do problému

Pendreddv syndrom je jednou z pfi¢in kongenitalni hypotyreézy na podkladé
dyshormonogeneze. Jedna se o autozomalné recesivné dédicné onemocnéni
definované jako asociace senzorineuralni hluchoty a dyshormonogenetické strumy.
Onemocnéni je zplsobeno mutacemi v PDS/SLC26A4 genu kédujicim pendrin -
aniontovy transportér, ktery je exprimovan hlavné ve stitné zZlaze a vnitfnim uchu.
Pendreddv syndrom ma vysokou variabilitu fenotypu, zejména co se tyCe poruchy
Stitné Zlazy. Dyshormonogeneze se projevi jen u 80 % pacientl jako eutyreoidni
nebo hypotyreoidni struma a jen zfidka je klinicky vyznamna jiz pfi narozeni, kdy
muaze byt diagnostikovana novorozeneckym screeningem. Vzhledem k jinym
vysokou frekvenci fenokopii, coz znaCné znesnadriuje klinické stanoveni této

diagnozy.

Védecké otazky

- role pendrinu v patogenezi kongenitalni hypotyredzy

- variabilita fenotypickych projevll mutaci v genu pro pendrin, mutace v genu pro
pendrin jako pfi¢ina syndromické hluchoty a strumy v porovnani s hluchotou a
strumou jiné etiologie

- molekularné genetickda podstata mechanisml v patogenezi kongenitalni

hypotyredzy versus fenokopie



Hypotéza

Dle dosavadnich studii je PDS/SLC26A4 gen jednim z kliCovych genu v patogenezi
kongenitalni hypotyredzy na podkladé dyshormonogeneze. Lze proto predpokladat,
Zze u urCité Casti déti s kongenitalni hypotyre6zou je pravé kvalitativni nebo
kvantitativni porucha pendrinu jeji pficinou. Jelikoz defekt v pendrinu souasné vede
k senzorineuralni nedoslychavosti, Ize mutace v PDS/SLC26A4 genu nalézt zejména
u déti s kombinovanym postizenim Stitné zlazy a sluchu. Porucha sluchu u déti s
kongenitalni hypotyre6zou v8ak muaze byt zplsobena i jinymi patogenetickymi
mechanismy, zejména pfimym vlivem tyreoidalnich hormonu na vyvijejici se burky
vnitiniho ucha v prenatalnim a perinatalnim obdobi, nebo se také muize jednat o
zcela nahodnou koincidenci obou postizeni. Je tedy pravdépodobné, Ze u urcité Casti
déti s kongenitalni hypotyredézou asociovanou s poruchou sluchu se bude jednat o
fenokopie Pendredova syndromu. Definitivnim potvrzenim této hypotézy je pak nalez

na molekularné-genetické urovni - mutace v genu pro pendrin.



Uvod do problému

Kongenitalni hypotyre6za je nejCastéjSi vrozena endokrinni porucha, vyskytujici se
s frekvenci 1 : 3 000 az 1 : 4 000 novorozencu (Gruters et al. 2003, La Franchi
1999). Divky jsou postizeny 2-4krat Castéji nez chlapci (Roberts et al. 1997).
Onemocnéni je ve 75 - 80 % zpusobeno defekty v prenatalnim vyvoji stitné Zlazy
(dysgeneze, incidence 1 : 4 500), ve zbylych 20 - 25 % vznika na podkladé poruchy
biosyntézy tyreoidalnich hormonlt (dyshormonogeneze, incidence 1 : 30 000)

(LaFranchi 1999).

Tyreoidalni hormony hraji zcela nezastupitelnou ulohu v prenatalnim i postnatalnim
vyvoji centralniho nervového sytému, zejména do 3 let véku (Oppenheimer a
Schwartz 1997). Jejich deficit proto vede k tézkému ireverzibilnimu postizeni
vyvijejiciho se jedince, které zahrnuje mentalni retardaci, hluchonémost a Fadu
neurologickych symptom@ (DelLong et al.1985). Pfi ¢asném stanoveni diagnézy a
zahajeni adekvatni, v sou€asnosti snadno dostupné |éCby se vSak klinické symptomy
u vétsiny déti nevyvijeji a psychomotoricky vyvoj probiha pfiznivé. Onemocnéni je
proto cilen& vyhledavano celoploSnym novorozeneckym screeningem (v Ceské
republice od roku 1985), ktery je v souCasné dobé zaloZen na vySetfeni hladiny TSH
v suché kapce krve a povinné se provadi u vSech novorozencll ve véku 72 — 96

hodin (Véstnik MZCR 2002, ESPE Guidelines 1999).

Dlouha léta byl za nejdulezitéjsi faktor v etiologii kongenitalni hypotyreézy povazovan

deficit jodu. Tento tzv. kretenismus se vyskytoval vétSinou endemicky v oblastech
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s extrémnim nedostatkem jodu v potravé (Djemli et al. 2006, Stanbury 1984). V
Evropé $lo hlavné o vysokohorské oblasti jako je Svycarsko nebo Tyrolsko, v Ceské
republice pak pohraniCi, napfiklad Krusné hory. Tento problém se podafilo témér
uplné odstranit celoploSnym pfidavanim jodu do soli (Zamrazil 1998). Na druhé
strané se vSak vzdy objevovaly i sporadické pfipady, jejichz etiologie dlouho nebyla
znama, a také pfipady familiarni, s postizenim vice ¢&lend rodiny. Vyzkumy
poslednich desetileti se zaméfily predevsim na tyto pfipady a v 80. a 90. letech 20.
stoleti patrani po molekularni podstaté kongenitalni hypotyredzy pfineslo mnoho
novych informaci a u fady pacientu se podafilo identifikovat mutace v zodpovédnych
genech. Velkym pfinosem byl i poznatek, Ze nékteré geny nejsou vyznamné jen pro
vyvoj a funkci §titné zlazy, ale i pro jiné organy, coz z ¢asti pomohlo vysvétlit velky
vyskyt sdruzenych vrozenych vyvojovych vad u déti s kongenitalni hypotyre6zou (u

dysgeneze §titné Zlazy je udavano az 15 %) (Siebner et al. 1992, Devos et al. 1999).

Jednou z nejCastéjSich funkénich vrozenych vad spojenych s kongenitalni
hypotyreézou je porucha sluchu (Debruyne et al. 1983). Jeji ¢asné rozpoznani je
dnes zajisténo povinnym screeningovym vySetfenim sluchu metodou otoakustickych
emisi do 3 mésich véku ditéte (Vé&stnik MZCR 2002). VétSina pipadli poruchy
sluchu u kongenitalni hypotyreézy je sekundarni, tj. zplsobena chybénim
tyreoidalnich hormond, které jsou zcela nezbytné pro normailni vyvoj centralniho a
periferniho sluchového systému (Meyerhoff 1979). Tato asociace vSak mulze byt i
geneticky podminéna, zpusobena mutaci v genu pro pendrin - protein, ktery se
exprimuje ve §titné Zlaze a zaroven ve vnitfnim uchu a proto vede k postiZzeni obou

organu.
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Kombinované postizeni stitné zlazy a vnitiniho ucha zpisobené mutaci v genu pro
pendrin je znamo pod nazvem Pendreduv syndrom. Defekt v pendrinu se vSak v
zavislosti na rlznych, doposud ne zcela objasnénych faktorech mize manifestovat i
jako izolované postizeni sluchu bez jakékoliv patologie stitné zlazy. Zminované
faktory mohou byt jednak genetické (napf. odliSny dopad jednotlivych mutaci na
funkci pendrinu) nebo vnéjsi, podminéné prostfedim, ve kterém jedinec zije (napf.
rozli€ny pfisun jodidu ve stravé). Uvedené skuteCnosti vedou ke dvéma jiz dobre
znamym charakteristikam Pendredova syndromu - vysoké fenotypické variabilité a

vyskytu fenokopii — které znacné znesnadniuji stanoveni této diagnézy.

V této praci se autorka zabyva roli pendrinu v patogenezi vrozené nedostateCnosti
stitné zlazy, predklada molekularné-genetickou studii zamérenou na nalezeni mutaci
Vv genu pro pendrin, popisuje jejich rizné fenotypické projevy a vénuje se
problematice spravného stanoveni diagndzy, léCebné strategie a dalSiho sledovani
téchto pacientll. Teoretické poznatky k danému tématu byly zpracovany formou
souborného referatu v ¢asopisu Diabetologie, Metabolismus, Endokrinologie, Vyziva

(Clanek ).
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Uvod do problému - élanek |

Pendrin a jeho uloha v patogenezi kongenitalni hypotyreézy a dalSich
onemocnéni
Pendrin and its role in the pathogenesis of congenital hypothyroidism and

other diseases

Karolina Banghova, Eva Al Taji, Jan Lebl

Klinika déti a dorostu UK - 3. LF a FNKV

a Centrum pro vyzkum diabetu, metabolismu a vyzivy UK - 3. LF, Praha

Souborny referat, DMEV 2006; 9(2):12-17

Problematika feSena s podporou vyzkumného zaméru MSM 0021620814.
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Souhrn

Pendrin je aniontovy transportér, ktery se exprimuje v nékolika organech. Ve §titné
Zlaze je lokalizovany na apikalnim polu tyreocytu a prenasi jodid z tyreocytu do
koloidu v lumen folikulu, kde je jodid organifikovan. Extratyroidalné se exprimuje ve
vnitinim uchu, ledvinach, placenté a prsni zlaze. U nositeld mutaci genu pro pendrin
(PDS, SLC26A4) byly popsany variabilni fenotypické projevy s autozomalné
recesivnim typem dédiCnosti: kombinované postizeni §titné Zzlazy a sluchu
(Pendreduv syndrom - OMIM274600), nesyndromicka vrozena hluchota (DFNB4 -
OMIM600791) nebo izolovana dilatace vestibularniho akvaduktu (EVA -
OMIM603545). Postizeni §titné zlazy u Pendredova syndromu se nejCastéji
manifestuje v druhé dekadé zivota pod obrazem eutyreoidni nebo hypotyreoidni
strumy, u menSi Casti pacientl se projevi dyshormonogeneze jiz pfi narozeni a
onemocnéni je pak diagnostikovano celoploSnym novorozeneckym screeningem pro

kongenitalni hypotyreézu.

Klicova slova

gen SLC26A4 - pendrin - Pendredllv syndrom - DFNB4 - EVA - kongenitalni

hypotyreéza
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Summary

Pendrin is an anion transporter that is expressed in several organs. In the thyroid
gland, pendrin is localized at the apical pole of thyrocytes and it is responsible for the
iodide efflux from thyrocytes into the colloid in the follicular lumen where iodide is
organificated. The extrathyroidal expression was shown in the inner ear, kidney,
placenta and mammary gland. Carriers of mutations in the pendrin gene (PDS,
SLC26A4) display variable phenotypical features following the autosomal recessive
manner of the inheritance: combined thyroid and hearing affection (Pendred
syndrome - OMIM274600), nonsyndromic autosomal recessive neurosensory
deafness (DFNB4 - OMIM600791) or isolated enlarged vestibular aqueduct (EVA -
OMIM603545). The thyroid affection is usually manifested as euthyroid or
hypothyroid goitre in the second decade of life. In a minority of patients,
dyshormonogenesis is present at birth, and the disease is diagnosed in the frame of

the nation-wide neonatal screening for congenital hypothyroidism.

Key words

SLC26A4 gene - pendrin - Pendred syndrome - DFNB4 - EVA - congenital

hypothyroidism
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Pendrin, jeho organova exprese a funkce

Pendrin je transmembranovy protein, ktery tvofi 780 aminokyselin uspofadanych do

11 nebo 12 transmembranovych domén (obr. 1).

EXTRACELULARME

(@] BODOWVE MUTACE A DELECE

O TRIZE ETYR NEJGASTEJSICH MISSENSE MUTACH L236P, T416P, H723R

{:} SPLICE SITE MUTACE. NEJCASTEJSI MUTACE IVS8+1G=A OZNACENA SEDYM SYMBOLEM

Obrazek 1 Struktura pendrinu a lokalizace doposud identifikovanych mutaci.

Na zakladé strukturalni podobnosti byl pendrin plvodné zafazen do skupiny
evoluéné vysoce konzervovanych proteint - sulfatovych transportéra (11). Dalsi
studie nepotvrdily funkci pendrinu jako sulfatového transportéru (17) a prokazaly, ze
pendrin funguje v fadé organt zejména jako chlorido-jodidovy (35), chlorido-

hydroxylovy a chlorido-bikarbonatovy (37) aniontovy pfenasec.
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Gen pro pendrin (OMIM 605646), pro ktery se pouziva nazev SLC26A4 (member 4
of solute carrier family 26) nebo PDS (Pendred’s syndrome gene), je lokalizovany na
7. chromozoému (7922-9g31) a tvofi ho 21 exonu (11). Je fazen do genové rodiny SLC
26 (solute linked carrier 26), jejiz 11 genl koduje proteiny fungujici v rdznych
organech jako transportéry pro monovalentni a divalentni anionty (napf. sulfat,
chlorid, bikarbonat, jodid, oxalat, hydroxyl) (v pfehledu 7). Pendrin byl detekovan ve
stitné zlaze, vnitfnim uchu, ledvinach (11), placenté (3) a prsni zlaze (30).
Kvantitativni RT-PCR navic ukazala méné vyznamnou expresi genu pro pendrin v

endometriu, plicich, prostaté a varleti (18).

Ve S§titné zlaze se pendrin zaCina prenatalné exprimovat v obdobi funkéni
diferenciace tyreoidalnich folikularnich bunék, kdy je jeho exprese fizena
transkripénim faktorem TTF1/NKX2.1 (8). Pendrin je lokalizovany na apikalni
membrané tyreocytu a pfenasi jodid z tyreocytu do koloidu v lumen folikulu, kde je
jodid nasledné organifikovan (33). Pracuje nezavisle na sodiku a jodid exportuje
vymeénou za chlorid (42). Na apikalni strané tyreocytu byl nedavno identifikovan dalSi
jodidovy transportér — hAIT (human apical iodide transporter) (31). Aktivni transport
jodidu z krevniho pélu do tyreocytu zajistuje NIS (natrium-jodidovy symportér, gen
SLCb5AY5), lokalizovany na bazolateralni membrané tyreocytu (18). Kvantitativni
zmény v expresi pendrinu i jeho distribuci v tyreocytech byly popsany u fady

onemocnéni §titné zlazy (napf. vyrazny pokles u karcinomu) (4).

Méné objasnéna je Uloha pendrinu ve vnitfnim uchu. U Pds ” mysi je Gplna hluchota

provazena znamkami vestibularni dysfunkce. Jiz prenatalné se rozviji dilatace

17



endolymfatickych prostor(, ¢asné postnatalné dochazi k degeneraci vlaskovych
bunék a deformaci otolitd (10). Pendrin se exprimuje zejména v ductus a saccus
endolymphaticus, ale také napf. v utrikulu a sakulu a pravdépodobné se podili na
regulaci sekrece a resorpce endolymfy a udrzovani endokochlearniho potencialu
(12). Novéjsi studie ukazaly, Zze pendrin plUsobi v saccus endolymphaticus jako
chlorido-bikarbonatovy transportér a je nezbytny pro udrzovani acidobazické
rovnovahy endolymfy. Nefyziologické zmény pH endolymfy mohou vést k poruse jeji
resorpce, rozsSifeni membrandzniho labyrintu a nasledné i nezralych okolnich

kostnich struktur (9).

Pendrin se prenatalné a postnatalné exprimuje také v ledvinach, kde se v korovych
sbérnych kanalcich ucastni sekrece bikarbonatu a resorpce chloridu (34). Jeho
exprese je regulovana zménami acidobazické rovnovahy (narlista se zvySujicim se
pH) (14) a chronickymi zménami v chloridové rovnovaze (snizuje se pfi zvySené
zatézi NaCl) (26). Jak u nositeld mutaci genu pro pendrin, tak u Pds” mysi nebyly
popsany poruchy ledvinnych funkci, vodniho hospodafstvi nebo acidobazické a
elektrolytové rovnovahy (34). Pfedpoklada se, Zze se symptomy mohou projevit pfi
zvysené zatéZi napr. pfi metabolické alkaléze, kdy se za normalniho stavu pendrin

zacina exprimovat zvySené.

V placenté zajistuje pendrin spolu s NIS transport jodidu z cirkulace matky do
krevniho obéhu plodu, pro ktery je takto ziskany jodid zcela nezbytny pro nastupujici
funkci S&titné Zzlazy. Pendrin se exprimuje na maternalni strané placenty v

kartaCkovém lemu bunék syncytiotrofoblastu a jeho exprese béhem téhotenstvi
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narusta k maximu ve tfetim trimestru (4). Pendrin a NIS spolecné zaijistuji také
prenos jodidu do matefského mléka. Exprese pendrinu béhem laktace je v prsni

Zlaze Fizena prolaktinem (30).

Fenotypické projevy defektu genu pro pendrin

1. Pendrediv syndrom

Zvlastni asociace hluchoty a strumy byla poprvé popsana prfed 110 lety v Lancetu
Vaughanem Pendredem (23). Pendrediv syndrom (OMIM274600) byl v druhé
poloviné 20. stoleti klinicky definovan klasickou triadou senzorineuralni hluchota -
struma - pozitivni perchloratovy test. Sou€asna moderni definice charakterizuje
Pendreddv syndrom jako autozomalné recesivni onemocnéni, u néhoz dominuje
senzorineuralni porucha sluchu s typickymi strukturalnimi malformacemi vnitfniho
ucha, ktera je, ale ne vzdy, provazena eufunkéni nebo hypofunkéni strumou (28).

Klinické projevy Pendredova syndromu jsou velmi variabilni, a to i intrafamiliarné.

Porucha sluchu u Pendredova syndromu je senzorineuralni (percepéni) a vétsinou
bilateralni (ale muze byt asymetricka), je vrozena nebo se rozviji pre- a perilingualné
v raném détském véku (13). VétSinou je tézka (> 60 dB) a progreduijici, ale stupen
postizeni muze i fluktuovat. U nékterych pacientl jsou postizeny hlavné vys$Si
frekvence. Porucha sluchu je asociovana s typickymi vrozenymi malformacemi
vnitiniho ucha, zobrazitelnymi pfi CT spankové kosti nebo MRI vnitiniho ucha (24,

28). V 80% je diagnostikovano rozSifeni vestibularniho akvaduktu s dilataci
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membrandzniho labyrintu, ve 20% se vyskytuje tzv. Mondiniho kochlea - komplexni
malformace vnitfniho ucha, kdy se dusledkem absence interskalarniho septa v
hrotové Casti kochley vytvafi dutina (poprvé popsana Mondinim v roce 1791) (21).
Malformace membrandézniho labyrintu zobrazitelné pfi MRI jsou povazovany za znak
s vubec nejvysSi diagnostickou hodnotou (15). Pendrediv syndrom je se svoji
incidenci 7,5 — 10 : 100 000 nejCastéjSi pfi€inou syndromické hluchoty a tvofi asi

10% pFipadl vrozené nedoslychavosti (13, 29).

U vice nez poloviny pacientll byva diagnostikovana také vestibularni dysfunkce.
Klinicky se projevuje epizodami vertiga, které mohou byt spojené s nahlym

zhorSenim sluchu.

U vétSiny pacientll dochazi v druhé dekadé zZivota, nejcastéji v obdobi puberty, k
rozvoji strumy. Struma je difuzni nebo multinodularni (27) a maze byt provazena
normalni funkci stitné Zlazy, kompenzovanou nebo méné Casto klinicky manifestni
hypotyrebzou. SpiSe vzacné je struma pfitomna uz pfi narozeni a hypotyreéza je

detekovana v ramci novorozeneckého screeningu kongenitalni hypotyreozy.

Hypotyredza vznika na podkladé dyshormonogeneze - jodid neni transportovan do
lumen folikulu a nedochazi k jeho organifikaci (tj. oxidaci a kovalentni vazbé& na
tyrozinové zbytky, které jsou nasledné spojovany). Dasledkem poruchy jodidového
transportniho mechanismu je tak parcialni defekt organifikace (PIOD), ktery se odrazi
v pozitivité perchloratového testu - intravendzni aplikace perchloratu po pfedchozim

podani '#| zplisobi vymyti vice neZ 15% akumulovaného radiojédu (normainé
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dochazi k vyplaveni méné nez 10% akumulované davky). (29). Perchloratovy test je
dnes povazovan za nespecificky a malo senzitivni, problematicka je jeho indikace v
détském véku. Rozhodujici pro klinické stanoveni diagndézy je proto zobrazeni
vnitiniho ucha (27). Normalni parametry funkce §titné zlazy u nékterych pacientt a
pritomnost pouze parcialniho a nikoli Uplného defektu organifikace u ostatnich
pacientd svédC&i pro pfitomnost jinych apikalnich jodidovych transportérti (31) a

dalSich mechanismu ¢astecné kompenzujicich defekt pendrinu.

2. DFNB4

Defekt pendrinu se mize manifestovat jako izolovana nesyndromicka autozomalné
recesivni vrozena senzorineuralni hluchota (DFNB4 OMIM600791) (19). Stejné jako
u Pendredova syndromu je porucha sluchu tézka, progresivni, prelingualni a je
provazena strukturalnimi anomaliemi vnitfniho ucha (EVA, Mondiniho kochlea).
Diagnéza DFNB4 muze béhem Zivota prechazet v diagnézu Pendredova syndromu,

pokud se u pacienta objevi struma nebo porucha funkce §titné Zlazy (2).

3. EVA

Syndrom rozSifeného vestibularniho akvaduktu (synonyma LVAS, DVA, EVA-
enlarged vestibular aqueduct, OMIM603545) je nejCastéjSi abnormalitou vnitfniho
ucha a je spojen s fluktuujici, nebo progresivni senzorineuralni poruchou sluchu (40).
Kromé Pendredova syndromu a DFNB4 se tato malformace objevuje napf. u distalni
renalni tubularni acidézy spojené s nedoslychavosti (OMIM267300) a u nékterych

dalSich syndromd.
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Molekularni genetika

V genu pro pendrin (PDS, SLC26A4) bylo doposud identifikovano vice nez 90 mutaci
u familiarnich a izolovanych forem Pendredova syndromu, DFNB4 a EVA (aktualni
prehled vSech mutaci viz www.medicine.uiowa.edu/pendredandbor). Mutace v
PDS/SLC26A4 jsou povazovany za nejcastéjsi pfi€inu strukturalnich abnormalit

spankoveé kosti (5).

V kavkazské populaci jsou u vice nez poloviny proband( detekovany bodové
missense mutace L236P (leucin - prolin) v exonu 6, T416P (threonin-prolin) v exonu
10, E384G (glutamin - glycin) v exonu 9 a substituce IVS8+1G>A (1001+1G>A) na
rozhrani exonu a intronu 8 (donor splice site) (napf. 5, 6, 22, 36). V asijské populaci
je nejCastéjsi missense mutace H723R v exonu 19 (39). Za pfi€inu vysoké frekvence
téchto mutaci je povazovan spiSe ,founder effect” (spoleény predek) nez mutacni
,hot spot* (6, 39). V Sirokém spektru doposud detekovanych mutaci v PDS/SLC26A4
jsou dale zastoupeny nonsense mutace vedouci k pfed€asnému ukonceni translace i
delece a inzerce s naslednym posunem ¢&teciho ramce (napf. 6, 11, 15, 16, 19, 20,
25). U probandll z pokrevné spfiznénych rodin jsou mutace detekovany vétSinou v
homozygotnim stavu, izolované pfipady jsou spiSe kombinovani heterozygoti.
Onemocnéni je sice autozomalné recesivni, ale ve vétSich rodinach se muze

prenaset tzv. pseudodominantné.

Nedavné studie vysvétluji poruchu transportni funkce defektniho pendrinu na zakladé

jeho retence v endoplazmatickém retikulu. Pendrin neni transportovan na cilové
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misto v tyreocytu a nemuze plnit funkci jodidového transportéru (38, 32). Obdobny
mechanismus stfadani defektniho proteinu v endoplazmatickém retikulu byl popsan
napf. u cystické fibrozy, deficitu a1-antitrypsinu nebo nefrogenniho diabetes

insipidus.

Zatim neni zodpovézena otazka, pro€¢ maiji defekty v PDS/SLC26A4 velmi variabilni
fenotypické projevy. Funkéni studie ukazaly, ze nékteré mutace, jejichz disledkem je
uplna ztrata schopnosti pendrinu transportovat chlorid a jodid, vedou k fenotypu
Pendredova syndromu. Pokud je vSak transportni schopnost pendrinu snizena jen
CasteCné a ve Stitné Zlaze je jeSté kompenzovatelna dalSimi transportni mechanismy
(napf. hAIT), fenotypické projevy jsou izolované na poruchu sluchu nebo se postizeni
Stitné zlazy projevi az v pozdéjSim véku (36). Jiné studie naopak poukazaly na velmi
variabilni projevy urcité jediné mutace u rlznych nositelli, coz by naznacovalo, ze
Pendredliv syndrom a EVA mohou patfit do Sirokého spektra fenotypickych projevu
jediného onemocnéni (39). Opakované byla popsana fenotypicka variabilita i u
nositell téZze mutace v ramci jedné rodiny, a to jak ve vztahu ke stupni sluchového
postizeni a rychlosti jeho progrese, tak vzhledem k postizeni §titné Zlazy a velikosti
strumy (napf. 22). Na variabilit¢ fenotypu se pravdépodobné podili také dalSi
doposud neobjasnéné genetické mechanismy a v neposledni fadé exogenni faktory
jako napf. pfivod jodu ve stravé (38). NejnovéjSich poznatky (25) se vSak pfiklani k
hypotéze, ze Pendrediv syndrom a EVA jsou dvé Kklinicky i geneticky samostatné
jednotky. Zatimco Pendrediv syndrom je povazovan za autozomalné recesivni,

geneticky homogenni onemocnéni vyvolané bialelickou mutaci v PDS/SLC26A4,
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nesyndromicka EVA je pravdépodobné geneticky heterogenni onemocnéni. Otazkou

pak zUstava existence DFNB4 jako samostatné klinické jednotky (25).

Molekularné-geneticka analyza PDS/SLC26A4 je indikovana nejenom u Klinicky
definovaného Pendredova syndromu, ale u vSech izolovanych tézSich vrozenych
poruch sluchu spojenych s morfologickymi anomaliemi vnitfniho ucha (20).
Molekularné-genetického vysetieni je nezbytné ke stanoveni definitivni diagnozy
Pendredova syndromu a odliSeni fenokopii (tzv. pseudo-Pendreddv syndrom) (napf.
16, 15). V souCasné dobé je vzhledem k redefinici Pendredova syndromu preferovan

komplexni diagnosticky pfistup zahrnujici postupy klinické, biochemicke,

radiologické, a molekularné-genetické (15).

Zaveér

Pendrin je kliCovym proteinem v molekularni patogenezi Pendredova syndromu,
DFNB4 a syndromu EVA. U nositeld mutace v PDS/SLC26A4 stoji v popredi
klinického obrazu zavazna, progredujici, vétSinou bilateralni percepéni porucha
sluchu, ktera vyzaduje komplexni péci zahrnujici napf. pouziti kompenzacnich
sluchovych pomlcek, ochranu rezidualniho sluchu (napf. prevence urazu hlavy,
barotraumat), pfipadné symptomatickou |éCbu vertiga. | pfes strukturalni abnormality
vnitiniho ucha pfinasi dobré vysledky zavedeni kochlearniho implantatu (1). V
pripadé primarné diagnostikované poruchy sluchu je tfeba mit u téchto déti na

paméti mozné postizeni §titné Zlazy, jiz aktualné pfitomné nebo se postupné
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rozvijejici. Nediagnostikovana a neléena hypotyreéza by pak byla dalSim faktorem

negativné zasahujicim do vyvoje a zivota ditéte.

Pro endokrinology je podstatné, Ze hypotyre6za v ramci Pendredova syndromu muze
byt pfitomna jiz pfi narozeni a diagnostikovana v ramci celoploSného
novorozeneckého screeningu kongenitalni hypotyreézy (obr.2). Casné rozpoznani
poruchy sluchu je dnes zajiSténo screeningovym vysetfenim sluchu, které je povinné
u v8ech déti s kongenitalni hypotyre6zou (vySetfenim otoakustickych emisi do 3

mésicu véku ditéte) (41).

| kdyz uz dnes zname odpoved na otazku Vaughana Pendreda, na jakém podkladé
dochazi k asociaci poruchy sluchu a postizeni stitné zlazy, otazkou zUstava, zda se
defekt pendrinu muze klinicky manifestovat také v ostatnich organech, kde se tento

aniontovy transportér exprimuje.
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Diagnéza primarni KH zachytem v SKH

P ! S

UZ stitne zlazy povinne screeningove rodinna anamnéza
ivylour‘:eni TD  vysetieni sluchu /OAE
porucha sluchu
eutopicka §titna Zlaza * KH
struma funkeni a strukturalni
2o struma
i charakteristika

susp.dyshormonogeneze

- percepéni porucha sluchu

(perchloratovy test) CT- EVA. Mondiniho kochlea
. | MRI - dilatace

~._ | membranézniho labyrintu

™,
\\‘4 l
PENDREDUV SYNDROM
(klinicky stanovena dg.)

dédiénost:
AR
pseudo-AD

molekularné-geneticka analyza PDS «—* L236P T416P, [VS+1G=A
/ \ mutacni screening

pseudo-Pendred potvrzeni dg. l'
homozygot dalsi exony

sloZzeny heterozygot

Obrazek 2 Schéma stanoveni diagnézy Pendredova syndromu po zachytu v
novorozeneckém screeningu kongenitalni hypotyreozy.

Zkratky: AD - autozomalné dominantni, AR - autozomalné recesivni, KH -
kongenitalni hypotyre6za, OAE - otoakustické emise, PDS - gen pro pendrin, SKH -

screening kongenitalni hypotyredzy, TD - dysgeneze §titné Zlazy.
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Studie, ¢ast 1 - uvod

Geneticka studie Pendredova syndrom u pacientt s kongenitalni hypotyreézou

diagnostikovanou novorozeneckym screeningem

V roce 2003 byla na Klinice déti a dorostu UK - 3. LF a FN KV v Praze MUDr. Evou
Al Taji zalozena DNA banka kongenitalni hypotyredzy. V této bance byly
shromazdovany vzorky DNA pacientd, ktefi
- byly zachyceni novorozeneckym screeningem kongenitalni hypotyredzy
v jednom ze screeningovych center Ceské Republiky (Praha a Brno) v letech
1985 — 2005,
- méli non-autoimunitni  hypotyre6zu, ktera sice nebyla zachycena
novorozeneckym screeningem, ale projevila se v détském véku.
Na rozsSifovani DNA banky spolupracovalo 9 détskych endokrinologu, pracujicich na
vétsich univerzitnich détskych klinikdch nebo v ambulancich v Ceské republice. Ke
kazdému pacientovi, jehoz vzorek byl odeslan do DNA banky, byl oSetfujicim

endokrinologem vyplnén fenotypicky dotaznik, obsahujici informace o

rodinné a osobni anamnéze pacienta,

- zpUsobu zachytu hypotyredzy, klinické symptomatologii a hladinach hormona
Stitné zlazy pfi zachytu, resp. pred zahajenim substituéni 1éCby,

- vysledku zobrazovaciho vySetfeni S§titné Zlazy pfi zachytu, resp. pfed
zahajenim substitu¢ni IéCby,

- dalSim vyvoji onemocnéni,

- jinych chorobach &i sdruzenych vyvojovych vadach nalezenych u pacienta.
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Sbér pacientd byl ukonéen v roce 2005, kdy banka gitala 232 vzork DNA. Z nich
bylo 197 pacientd s kongenitalni hypotyre6zou zachycenou novorozeneckym
screeningem, 30 pacientl s non-autoimunitni hypotyre6zou diagnostikovanou
v détském véku a 5 pacientd s vrozenou non-autoimunitni hypotyredézou, ktefi se

narodili pfed zavedenim screeningu.

V prvni Casti naSi studie jsme se zaméfili pouze na pacienty s kongenitalni
hypotyredzou zachycenou novorozeneckym screeningem. Nasim cilem bylo v této
skupiné identifikovat pacienty s Pendredovym syndromem a nasledné diagnézu
potvrdit nalezenim mutaci v genu pro pendrin. Ze 197 pacientl byly na zakladé
retrospektivniho vyhodnoceni fenotypickych dotazniku nejprve vyhledani ti, u kterych
se v prubéhu zivota vyvinula porucha sluchu jakéhokoliv typu. DalSi selekci jsme pak
vybrali pacienty spliujici obé klinicka kritéria Pendredova syndromu:

- kongenitalni hypotyreéza na podkladé dyshormonogeneze, tj. struma nebo
normalné velka S&titna Zlaza v obvyklé lokalizaci pfi prvnim zobrazovacim
vySetfeni stitné Zlazy

- senzorineuralni, tj. percep&ni porucha sluchu.

U téchto pacientl jsme vySetfili gen pro pendrin. Prvni ¢ast studie byla publikovana

formou puvodni prace v ¢asopisu European Journal of Pediatrics (¢lanek II).
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Abstract

Pendred syndrome is an autosomal recessive disorder characterised by
sensorineural hearing loss and thyroid dyshormonogenesis. It is caused by mutations
in PDS/SLC26A4 gene (OMIM 605646) encoding for pendrin. Hypothyroidism in
Pendred syndrome can be - although rarely - present from birth and therefore
diagnosed by neonatal screening. The aim of our study was to identify patients with
Pendred syndrome among a historical cohort of patients with congenital
hypothyroidism (CH) identified by neonatal screening, and to find their mutations in
the PDS/SLC26A4 gene. We investigated 197 Czech Caucasian children with CH
detected by the neonatal screening between years 1985 and 2005. The clinical
diagnosis of Pendred syndrome was based on the laboratory and sonographic signs
of thyroid dyshormonogenesis in association with sensorineural hearing loss. In
subjects clinically diagnosed as Pendred syndrome, we sequenced all exons and
exon-intron boundaries of the PDS/SLC26A4 gene. Hearing loss was present in
10/197 children with screening-detected CH. Of these, three fulfilled the diagnostic
criteria of Pendred syndrome. Two patients were compound heterozygotes for
PDS/SLC26A4 mutations: patient 1 carried ¢.2089+1G>A / ¢.3G>C, patient 2 carried
p.Tyr530His / p.Val422Asp. Two of the four identified mutations were novel (¢.3G>C
in patient 1 and p.Val422Asp in patient 2). The third patient was free of mutations in
the PDS/SLC26A4 gene, representing a phenocopy.

Conclusion: Our results indicate the rarity of Pendred syndrome as a cause of CH.
The identification of two novel mutations expands the spectrum of mutations in the

PDS/SLC26A4 gene and emphasizes their marked allelic heterogeneity.
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Introduction

Pendred syndrome (OMIM 274600) is an autosomal recessive disease,
characterised by functional impairment of the thyroid gland due to thyroid
dyshormonogenesis, sensorineural hearing loss and developmental malformations of
the inner ear (23). It is caused by mutations in the gene encoding pendrin, a
transmembrane anion transporter that is highly expressed in the thyroid and in the
inner ear (12). The gene, being referred as PDS or SLC26A4 (member 26 of the
Solute Linked Carrier family A4, OMIM 605646), consists of 21 exons (12) and has

been mapped to chromosome 7q31 (9, 29).

In the thyroid, pendrin is expressed at the apical surface of thyrocytes (25). It acts as
a chloride-iodide exchanger transporting iodide from the cell to the colloid in the
follicular lumen, where iodide is organified (27). Loss of pendrin function results in
defective iodide organification that induces thyroid overgrowth and goitre in most
affected individuals. However, an overt hypothyroidism develops only in about one

third of subjects with Pendred syndrome (21).

In the inner ear, pendrin is probably involved in the maintenance of the endolymph

homeostasis in the membranous labyrinth (24). Deafness or milder forms of hearing

38



impairment develop pre- or perilingually and are frequently associated with
radiologically detectable structural malformations of the inner ear - enlarged

vestibular aqueduct (EVA) and Mondini's cochlea (19).

Whilst sensorineural hearing loss and structural malformations of the inner ear are
consistent features of Pendred syndrome, the expression of thyroid impairment is
highly variable (13, 22). In a minority of patients dyshormonogenesis is present at
birth and is diagnosed by neonatal screening for congenital hypothyroidism (CH) (14,
21). Nevertheless, very little is known about the proportion of patients with Pendred
syndrome among children with CH. To our knowledge, only one study has been
designed to assess the incidence of Pendred syndrome in a cohort of subjects with
CH. However, it was conducted before genetic testing became available, and

therefore the diagnosis was based solely on the clinical symptoms (8).

Our study therefore aimed to ascertain patients carrying mutations in the
PDS/SLC26A4 gene among subjects with CH detected by neonatal screening. We
conducted this study with two main goals: a) to investigate the PDS/SLC26A4 gene
as one candidate gene for CH and b) to establish how frequently Pendred syndrome
causes hearing impairment in our patients with CH. A retrospective cohort of patients
with screening-detected CH was evaluated regarding the occurrence of hearing
impairment during their childhood. Patients with the combination of CH due to thyroid
dyshormonogenesis and sensorineural hearing loss were tested for mutations in

PDS/SLC26A4 gene.
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Subjects and Methods

Historical cohort of patients with CH

Previously, a large group of patients with CH was collected, thoroughly characterized
and analysed for mutations in several candidate genes (2). In the present work,
among children diagnosed by CH screening between 1985-2005, a group of 197
phenotypically characterized patients was revisited with the intention to identify
patients with Pendred syndrome. Retrospectively analyzed data were referred by
paediatric endocrinologists from eight major paediatric endocrine clinics throughout
the country. Phenotypic characteristics included medical and family history, thyroid
hormone levels and TSH levels before initiation of treatment with L-thyroxine, results
of thyroid ultrasound at diagnosis, and the occurrence of hearing impairment. In
patients with any kind of hearing loss, information on its type, grade and age of onset

was obtained.

In the Czech Republic, neonatal screening for CH is provided in two screening
laboratory centres. It uses dried blood spots taken from a heel prick on the fifth day
after birth. From 1985 until 1995, it was based on the assessment of total thyroxine
(tT4) by RIA. Since 1996 thyrotropin (TSH) levels have been measured by DELFIA

(cut off level 15 mU/I). Between 1994 and 1996 both methods were used.

It is noteworthy that since 2002 every child with CH has been compulsorily screened
for deafness with otoacoustic emissions testing (OAE). Before 2002, only children

with clinically suspected hearing loss were investigated using OAE, auditory
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brainstem response (ABR) or pure tone audiometry, depending on the child’s age.
Hearing loss was classified as absent (loss of 0-20 dB), mild (20-40 dB), moderate

(40-60 dB), severe (60-80dB), or profound (>80 dB).

Molecular studies

The testing was approved by the Ethics committee of the Third Faculty of Medicine,
Charles University, Prague. The subjects or their legal guardians gave their written
informed consent. DNA was obtained using standard methods from blood, or from
saliva samples collected into the Oragene DNA Self-Collection Kits (DNA Genotec
Inc, Ontario, Canada). All 21 exons of the PDS/SLC26A4 gene and their flanking
intron-exon junctions were amplified and directly sequenced using primers and PCR
conditions as described by Borck et al (7) with further modifications. All mutations

were confirmed by bi-directional sequencing.

Further examination of subjects with mutations and their families

Available relatives of probands with PDS/SLC26A4 mutations were tested for the
presence of the respective mutation. In subjects carrying mutations in the
PDS/SLC26A4 gene, the presence of enlarged vestibular aqueduct was investigated
by high-resolution CT of temporal bones in coronal and axial planes (1 mm-
contiguous sections). The vestibular aqueduct was considered enlarged when its
diameter at the midpoint between the common crus and the external aperture was

=21.5 mm on thin CT sections (32).
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Results

Ten individuals with combined thyroid and hearing impairment were identified among
the 197 patients with screening-detected CH. Three of them fulfilled clinical criteria of
Pendred syndrome - thyroid dyshormonogenesis (CH with normal or enlarged thyroid
volume) and sensorineural hearing loss. The characteristics of the patients are listed
in Table 1. In the remaining seven patients CH developed due to thyroid dysgenesis,
therefore the diagnosis of Pendred syndrome was very unlikely. Moreover, in four of

these seven children, the hearing loss was not sensorineural but conductive.

The three subjects (two females, one male) with CH and clinically defined Pendred
syndrome were analysed for mutations in PDS/SLC26A4 gene. All three were born to
unrelated parents of Czech Caucasian origin. Sequence analysis of 21
PDS/SLC26A4 exons showed mutations in two of the three subjects. A total of four
mutations were identified, two of them not previously reported. Additionally, an
intronic variant was found in one patient. Mutations were classified according to the
nomenclature recommendations, with the A of the ATG of the initiator Met codon

denoted as +1 (3).
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Table 1. Summary of clinical and molecular features of the three patients with clinical

diagnosis of Pendred syndrome

Patient No. 1 2 3
Age at investigation 12y 17y 14y
Sex F M F
subclinical o o
o hypothyroidism hypothyroidism
Thyroid hormone status hypothyroidism
TSH 38 mIU/L TSH 150 mlIU/L
(screening result) TSH 71mIU/L
tT4 9 nmol/L tT4 15 nmol/L
tT4 114 nmol/L
Thyroid ultrasound goitre goitre normal
after birth V=25ml V=2ml V=0.73ml
Onset of hypothyroidism congenital congenital congenital

Type and degree of
hearing impairment

sensorineural

profound

sensorineural

profound

sensorineural

moderate

Onset of

Hearing impairment

4y

1,5y

)

HR-CT of temporal bones

enlarged vestibular

aqueduct bilaterally

not performed

not performed

c.2089+1G>A p.-Val422Asp

Allele 1 wt
(c.IVS18+1G>A) (c.1265T>A)
p-Tyr530His

Allele 2 c.3G>C wt
(c.1588T>C)

Patient 1 (female, aged 12 years at the time of investigation) was found to be a

compound heterozygote for one already published mutation in the splice site of intron

18 (c.2089+1G>A = c.IVS18+1G>A) (6) and for a novel mutation in the start codon of

the gene in exon 2 (c.3G>C, Fig.1). She was diagnosed as subclinically hypothyroid

at birth in the frame of the CH-TSH screening. The screening level of TSH was

elevated to 71 mU/L (cut off 15 mU/L) although the tT4 level was normal (114 nmol/L,

normal range 77-154). The thyroid ultrasound at diagnosis revealed a diffuse goitre
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(thyroid volume 2.5 ml, own normative data for age and sex 0.55 + 0.14 ml). L-
thyroxine administration was started on the 14" day of life. Under T4 substitution the
goitre remained unchanged, despite euthyroid status. Sensorineural hearing loss was
firstly recognised at the age of four years. At her current age of 12 years, she suffers
from severe hearing loss of 70 dB at both ears and uses binaural hearing aids. The
high-resolution CT of the temporal bones revealed an enlargement of the vestibular

aqueduct bilaterally.

PDS/SLC26A4 exon?2 PDS/SLC26A4 exon 11
¢c.3G>C c.1265T+A (p.Vald22hsp)

Start codon

Figure 1. Sequence analysis of the two novel PDS/SLC26A4 mutations described in

patient 1 (¢.3G>C) and patient 2 (p.Val422Asp)

The proband’s sister is 10 years old. She was found to carry identical mutations as
the index patient both in intron 18 and exon 2. She is deaf-mute due to profound
sensorineural hearing loss of 120 dB in the right and 110 dB in the left ear,

diagnosed prelingually. She also wears binaural hearing aids. Her thyroid status was
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first examined at the age of 10 years. The fT4 and TSH levels were normal (fT4
15.38 pmol/L, normal range 10.5-27, TSH 2.8 mU/L, normal range 0.34-5.5). The
thyroid ultrasound revealed a mild diffuse goitre (thyroid volume 11 ml, upper normal
range of own normative data for age and sex 9 ml). Bilateral enlargement of the

vestibular aqueduct was found on high-resolution CT scan.

Their mother was found to be a heterozygous carrier of the splice site mutation in
intron 18. Although she was originally reported to be deaf, further investigation
revealed just a mild conductive hearing loss of the left ear, probably due to several
episodes of otitis media during her childhood. Her thyroid function tests and
ultrasound were normal (fT4 17.03 pmol/L, TSH 0.872 mIU/L, thyroid volume 14.4
ml). A younger brother of the two sisters inherited the maternal intronic mutation in a
heterozygous pattern. The father, potential carrier of the mutation in exon 2, was not
available for the molecular study. He is reported to be clinically unaffected. Parents

are unrelated (Pedigree of the family - Figure 2).
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D ?

wifc 20801 G=A
CcIGEClc 2089H1G=A c3IG=Clc 2080H1G=A wifc 2085+H1G=A
Patient 1

Figure 2. Pedigree - family of patient 1. The two sisters inherited identical
mutations in both exon 2 and intron 18. The younger brother and the mother were
found to be heterozygote carriers of the intronic mutation. The father, a potential

carrier of the exonic mutation, was not available for the genetic investigation.

Patient 2 (male, aged 17 years at the time of investigation). One allele of his
PDS/SLC26A4 gene harboured a previously described transversion ¢.1588T>C in
exon 14 resulting in a substitution of tyrosine for histidine in position 530
(p-Tyr530His) (6, 10). The second allele is a novel missense mutation in exon 11 -
c.1265T>A - leading to substitution of valine for aspartate in codon 422
(p-Vald22Asp, Fig.1). Additionally, so far not reported intronic variant deep in the

intron 9 (c.IVS9-139T>C) was found.
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His thyroid disease was diagnosed at birth. The screening level of tT4 was 9 nmol/L
and his TSH was elevated to 38 mU/L. A diffuse thyroid enlargement of 2 ml (own
normative data for age and sex 0.55 + 0.18 ml) was found at birth by ultrasound.
Substitution therapy was started on day 15. The follow-up evaluation during therapy
revealed a euthyroid state leading to a decrease of his thyroid volume to normal by
the age of ten years. The boy suffered from a prelingual, profound bilateral hearing
loss, first recognised at the age of 1.5 years using the ABR method. It revealed a loss
of 110 dB at the left and 100 dB at the right ear. Further audiometric investigation
showed no further deterioration. He uses binaural hearing aids. The high-resolution
CT of temporal bones was not performed. As the child was adopted by new parents

soon after birth, family history is not known.

In patient 3 (female, aged 14 years at the time of investigation) sequencing of the
PDS/SLC26A4 gene revealed no mutations. She presented with CH (screening level
of tT4 15 nmol/L, TSH 150 mU/L). The first ultrasound revealed thyroid volume in the
upper normal range (0.73 ml, own normative data for age and sex 0.55 £ 0.14 ml). L-
thyroxine administration was started at the age of 17 days. Further follow-up
examination revealed decreasing thyroid volume. A moderate non-progressive
hearing loss of 50 dB bilaterally was recognised at five years of age. No hearing loss
was recorded in any of her family members. Her paternal aunt was reported to have
a goitre. In an attempt to disclose the reason for the hearing loss, direct sequencing
of the GJB2/connexin26 gene was performed in the index patient but revealed no

mutations.
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Discussion

We here report a study on genetically confirmed Pendred syndrome with thyroid
disease manifested as CH. Collecting a cohort of 197 children with CH diagnosed by
neonatal screening over the last 21 years in the Czech Republic gave us a unique
opportunity to a) investigate the proportion of children who developed hearing loss, b)
to find out in how many children the association of hearing loss and CH is caused by
Pendred syndrome and c) to establish the frequency of mutations in the

PDS/SLC26A4 gene as one of the candidate genes for CH in our patients.

Mutations in PDS/SLC26A4 as a cause of deafness in CH

Making a retrospective investigation we found that among 197 children with CH ten
developed hearing loss later in life. Deafness is known to be one of the frequently
associated noticeable features of congenital thyroid disease (11). It has been
estimated that hereditary hearing loss with hypothyroidism accounts for 1-10% of all
hereditary deafness (5). This is reflected in clinical guidelines that recommend that
every child with CH is screened for hearing loss with the otoacoustic emissions
method (OAE) until the age of 3 months. Most cases of deafness in CH are
secondary, caused by the lack of thyroid hormones that are necessary for the normal
development of the peripheral and central auditory system (17). This is in agreement
with histological findings in CH animals, where an immature development of the
organ of Corti including hair cells and tectorial membrane has been observed (4, 31).
However, sensorineural hearing loss developing in children with CH due to

dyshormonogenesis may be also a manifestation of Pendred syndrome. A detailed
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clinical evaluation can be very helpful in recognizing these cases. In our study, from
ten children with CH and hearing loss two were identified to have hearing loss due to
Pendred syndrome. One child who fulfilled the clinical criteria but was without
mutations in the PDS/SLC26A4 gene was concluded a phenocopy and the cause of
the association of sensorineural hearing loss and thyroid disease remained unclear.
Because congenital deafness is relatively common, affecting 1 of 2000 newborns
(20), and more than 50 different genes have been found to be involved (30), the
origin of hearing loss in this case may be on account of mutations in other deafness
genes and the association with CH may be coincidental. For this reason we
additionally tested this patient for mutations in the GJB2/connexin26 gene, which is
the most common cause of congenital sensorineural deafness (28), but did not found

any mutations.

Mutations in PDS/SLC26A4 as a cause of CH

The second aspect of our study was the identification of mutations in the
PDS/SLC26A4 gene as one of the candidate genes for CH due to thyroid
dyshormonogenesis. CH with goitre or a normal sized thyroid gland is a
heterogeneous group accounting for approximately 20% of all CH cases. Until now,
several candidate genes associated with thyroid dyshormonogenesis have been
identified including those for thyroid peroxidase (TPO), thyroglobulin (TG), sodium-
iodide symporter (NIS), pendrin and more recently thyroid oxidase 2 (THOX2) (15).
Although the exact proportion have not been assessed, defects in the TPO gene
have been estimated to be the most prevalent cause of thyroid dyshormonogenesis

(1, 16), probably followed by mutations in TG. Defects in the remaining candidate
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genes including PDS seem to be less frequent. This notion is supported by the fact
that we identified only 2/197 cases of CH (1.0%, CI95%: 0.31% - 3.6%), caused by

mutations in the PDS/SLC26A4 gene.

Manifestation of thyroid disease in Pendred syndrome

Finally, an additional goal of our study was to find out in how many cases of Pendred
syndrome can be diagnosed right after birth as they manifest as CH. As previously
described in several studies, the thyroid disease in Pendred syndrome is
phenotypically highly variable. It can develop at any age from birth to adulthood,
showing the highest occurrence during the second decade of life (70%) (21).
However, single cases of Pendred syndrome manifested as CH have been
previously reported (6, 7, 18, 21). To our best knowledge, just one study was
designed to asses the incidence of Pendred syndrome among children with
screening-detected CH. Among 213 children with CH, Coakley et al (8) reported five
patients with the clinical diagnosis of Pendred syndrome, representing an incidence
of 1 in 153 000 births. As this study was conducted before genetic testing became
available, the diagnosis was based solely on clinical symptoms and therefore some
of these subjects might represent phenocopies. Finding only two cases of true
Pendred syndrome in our group of CH patients indicates that the thyroid disease in
Pendred syndrome indeed can be diagnosed by neonatal screening, but the
manifestation in the newborn age is rare and that screening for CH alone is not

sufficient to identify the disorder and will maintain significant underascertainment.
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Heterogeneity of mutations in PDS

After the identifications of the PDS/SLC26A4 gene in 1997 (12), more than 100
different mutations have been identified scattered all over the gene, of which the
majority are missense substitutions (6, 10, 18). Several mutations have been also
functionally characterized showing a loss-of-function effect, e.g. on the base of an
impaired iodide transport capacity of the mutant protein (26). However, clear
genotype-phenotype correlations have not been found. The present study reports the
clinical picture of two patients, each carrying one already known and one novel
mutation in the PDS/SLC26A4 gene. Both novel mutations can be expected to result
in the impairment of pendrin function. In particular, the ¢.3G>C mutation affecting the
start codon of the gene may activate another cryptic start codon located at base
position 61, which makes it likely that the protein will be truncated of the first 20
amino acids. The other so far not reported mutation is a transversion T>C in position
1588 leading to a substitution of valine for aspartate in codon 422 (p.Val422Asp).
According to the model of the gene proposed by Everett et al (12), this mutation lies
in the extracellular loop between the ninth and the tenth transmembrane domain of
pendrin, where other pathogenetic mutations have been already identified (6, 10).
The alignment of the PDS/SLC26A4 sequence and two highly homologous human
genes, DRA (down-regulated in adenoma) and DTD (diastrophic dysplasia) (12), also
indicates that the mutation affects a conserved amino acid. Moreover, the affection of
the protein function can be also predicted since the mutation changes an uncharged
and neutral amino acid (valine) for a highly acidic and negatively charged amino acid

(aspartate).
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Conclusions

Pendred syndrome appears to be a rare cause of CH. However, this diagnosis
should be taken into consideration whenever a child with CH due to
dyshormonogenesis develops sensorineural hearing loss, and these individuals

should undergo molecular-genetic analysis of the PDS/SLC26A4 gene.

Acknowledgements

We wish to thank Prof. J. Pohlenz and colleagues, Hospital of the Johannes
Gutenberg University, Mainz, Germany for providing us with the currently used
primer sequences and PCR conditions. We are grateful to L. Cerny, M. Finkova, R.
Havlik, V. Janstova, J. Klabochova, E. Novakova, R. Pomahacova, M. Skacha, J.
Skvor, H. Vavrova, J. Venhacova and J. Zikmund for their assistance in clinical
evaluations. K. Rakova is acknowledged for expert technical assistance. We also
thank Prof. C. J. H. Kelnar and Prof. G. Van Vliet for a critical review of the

manuscript. The cooperation of the patients and their families is greatly appreciated.

52



References

1. Abramowicz MJ, Targovnik HM, Varela V, Cochaux P, Krawiec L, Pisarev MA,
Propato FV, Juvenal G, Chester HA, Vassart G (1992) ldentification of a
mutation in the coding sequence of the human thyroid peroxidase gene
causing congenital goiter. J Clin Invest 90: 1200-1204.

2. Al Taji E, Biebermann H, Limanova Z, Hnikova O, Zikmund J, Dame C,
Gruters A, Lebl J, Krude H (2007) Screening for mutations in transcription
factors in a Czech cohort of 170 patients with congenital and early-onset
hypothyroidism: identification of a novel PAX8 mutation in dominantly inherited
early-onset non-autoimmune hypothyroidism. Eur J Endocrinol 156: 521-529.

3. Antonarakis SE (1998) Recommendations for a nomenclature system for
human gene mutations. Nomenclature Working Group. Hum Mutat 11: 1-3.

4. Bargman GJ, Gardner LI (1967) Otic lesions and congenital hypothyroidism in
the developing chick. J Clin Invest 46: 1828-18309.

5. Batsakis JG, Nishiyama RH (1962) Deafness with sporadic goiter. Pendred's
syndrome. Arch Otolaryngol 76: 401-406.

6. Blons H, Feldmann D, Duval V, Messaz O, Denoyelle F, Loundon N, Sergout-
Allaoui A, Houang M, Duriez F, Lacombe D, Delobel B, Leman J, Catros H,
Journel H, Drouin-Garraud V, Obstoy MF, Toutain A, Oden S, Toublanc JE,
Couderc R, Petit C, Garabedian EN, Marlin S (2004) Screening of SLC26A4
(PDS) gene in Pendred's syndrome: a large spectrum of mutations in France

and phenotypic heterogeneity. Clin Genet 66: 333-340.

53



10.

11.

12.

13.

Borck G, Roth C, Martine U, Wildhardt G, Pohlenz J (2003) Mutations in the
PDS gene in German families with Pendred's syndrome: V138F is a founder
mutation. J Clin Endocrinol Metab 88: 2916-2921.

Coakley JC, Keir EH, Connelly JF (1992) The association of thyroid
dyshormonogenesis and deafness (Pendred syndrome): experience of the
Victorian Neonatal Thyroid Screening Programme. J Paediatr Child Health
28: 398-401.

Coyle B, Coffey R, Armour JA, Gausden E, Hochberg Z, Grossman A, Britton
K, Pembrey M, Reardon W, Trembath R (1996) Pendred syndrome (goitre and
sensorineural hearing loss) maps to chromosome 7 in the region containing
the nonsyndromic deafness gene DFNB4. Nat Genet 12: 421-423.

Coyle B, Reardon W, Herbrick JA, Tsui LC, Gausden E, Lee J, Coffey R,
Grueters A, Grossman A, Phelps PD, Luxon L, Kendall-Taylor P, Scherer SW,
Trembath RC (1998) Molecular analysis of the PDS gene in Pendred
syndrome. Hum Mol Genet 7: 1105-1112.

Debruyne F, Vanderschueren-Lodeweyckx M, Bastijns P (1983) Hearing in
congenital hypothyroidism. Audiology 22: 404-409.

Everett LA, Glaser B, Beck JC, Idol JR, Buchs A, Heyman M, Adawi F, Hazani
E, Nassir E, Baxevanis AD, Sheffield VC, Green ED (1997) Pendred
syndrome is caused by mutations in a putative sulphate transporter gene
(PDS). Nat Genet 17: 411-422.

Fraser GR (1965) Association of Congenital Deafness with Goitre (Pendred's

Syndrome) a Study of 207 Families. Ann Hum Genet 28: 201-249.

54



14.

15.

16.

17.

18.

19.

20.

21.

Gaudino R, Garel C, Czernichow P, Leger J (2005) Proportion of various types
of thyroid disorders among newborns with congenital hypothyroidism and
normally located gland: a regional cohort study. Clin Endocrinol (Oxf) 62: 444-
448.

Gillam MP, Kopp P (2001) Genetic defects in thyroid hormone synthesis. Curr
Opin Pediatr 13: 364-372.

Mangklabruks A, Billerbeck AE, Wajchenberg B, Knobel M, Cox NJ, DeGroot
LJ, Medeiros-Neto G (1991) Genetic linkage studies of thyroid peroxidase
(TPO) gene in families with TPO deficiency. J Clin Endocrinol Metab 72: 471-
476.

Meyerhoff WL (1979) Hypothyroidism and the ear: electrophysiological,
morphological, and chemical considerations. Laryngoscope 89: 1-25.
Napiontek U, Borck G, Muller-Forell W, Pfarr N, Bohnert A, Keilmann A,
Pohlenz J (2004) Intrafamilial variability of the deafness and goiter phenotype
in Pendred syndrome caused by a T416P mutation in the SLC26A4 gene. J
Clin Endocrinol Metab 89: 5347-5351.

Phelps PD, Coffey RA, Trembath RC, Luxon LM, Grossman AB, Britton KE,
Kendall-Taylor P, Graham JM, Cadge BC, Stephens SG, Pembrey ME,
Reardon W (1998) Radiological malformations of the ear in Pendred
syndrome. Clin Radiol 53: 268-273.

Reardon W (1992) Genetic deafness. J Med Genet 29: 521-526.

Reardon W, Coffey R, Chowdhury T, Grossman A, Jan H, Britton K, Kendall-
Taylor P, Trembath R (1999) Prevalence, age of onset, and natural history of

thyroid disease in Pendred syndrome. J Med Genet 36: 595-598.

55



22.

23.

24.

25.

26.

27.

28.

Reardon W, Coffey R, Phelps PD, Luxon LM, Stephens D, Kendall-Taylor P,
Britton KE, Grossman A, Trembath R (1997) Pendred syndrome--100 years of
underascertainment? Qjm 90: 443-447.

Reardon W, Trembath RC (1996) Pendred syndrome. J Med Genet 33: 1037-
1040.

Royaux IE, Belyantseva IA, Wu T, Kachar B, Everett LA, Marcus DC, Green
ED (2003) Localization and functional studies of pendrin in the mouse inner
ear provide insight about the etiology of deafness in pendred syndrome. J
Assoc Res Otolaryngol 4: 394-404.

Royaux IE, Suzuki K, Mori A, Katoh R, Everett LA, Kohn LD, Green ED (2000)
Pendrin, the protein encoded by the Pendred syndrome gene (PDS), is an
apical porter of iodide in the thyroid and is regulated by thyroglobulin in FRTL-
5 cells. Endocrinology 141: 839-845.

Scott DA, Wang R, Kreman TM, Andrews M, McDonald JM, Bishop JR, Smith
RJ, Karniski LP, Sheffield VC (2000) Functional differences of the PDS gene
product are associated with phenotypic variation in patients with Pendred
syndrome and non-syndromic hearing loss (DFNB4). Hum Mol Genet 9:
1709-1715.

Scott DA, Wang R, Kreman TM, Sheffield VC, Karniski LP (1999) The
Pendred syndrome gene encodes a chloride-iodide transport protein. Nat
Genet 21: 440-443.

Seeman P, Malikova M, Raskova D, Bendova O, Groh D, Kubalkova M,

Sakmaryova |, Seemanova E, Kabelka Z (2004) Spectrum and frequencies of

56



29.

30.

31.

32.

mutations in the GJB2 (Cx26) gene among 156 Czech patients with pre-
lingual deafness. Clin Genet 66: 152-157.

Sheffield VC, Kraiem Z, Beck JC, Nishimura D, Stone EM, Salameh M, Sadeh
O, Glaser B (1996) Pendred syndrome maps to chromosome 7q21-34 and is
caused by an intrinsic defect in thyroid iodine organification. Nat Genet 12:
424-426.

Steel KP, Bussoli TJ (1999) Deafness genes: expressions of surprise. Trends
Genet 15:207-211.

Uziel A, Gabrion J, Ohresser M, Legrand C (1981) Effects of hypothyroidism
on the structural development of the organ of Corti in the rat. Acta Otolaryngol
92: 469-480.

Valvassori GE, Clemis JD (1978) The large vestibular aqueduct syndrome.

Laryngoscope 88: 723-728.

57



Studie, ¢ast 1 - diskuze

Cileni studie Pendredova syndromu na pacienty svrozenou hypotyredzou
diagnostikovanou novorozeneckym screeningem pfineslo nékolik novych poznatkd o
tomto onemocnéni.

Design studie umoznil

- zjistit podil pacientu s kongenitalni hypotyredézou u kterych se v pribéhu zZivota
projevila porucha sluchu,

- zjistit, u jaké Casti pacientl je asociace kongenitalni hypotyredzy a poruchy sluchu
ve skute€nosti zplsobena Pendredovym syndromem, tj. mutaci v genu pro pendrin,

- zjistit frekvenci mutaci v PDS/SLC26A4 genu u Ceskych pacientd s kongenitalni
hypotyreézou na podkladé dyshormonogeneze, zachycenou novorozeneckym

screeningem.

Mutace v PDS/SLC26A4 genu jako pric¢ina kongenitalni hypotyreézy na
podkladé dyshormonogeneze

Tyreoidalni dyshormonogeneze je heterogenni porucha zodpovédna za cca 20%
pfipadl kongenitalni hypotyredzy. V poslednich desetiletich bylo identifikovano
nékolik kandidatnich genu - gen pro tyreoidalni peroxidazu (TPO), tyreoglobulin (TG),
natrium-jodidovy symportér (NIS), pendrin a nejnovéji i gen pro tyreoidalni oxidazu 2
(THOX2) (Gillam a Kopp 2001, Park a Chatterjee 2005). | kdyz pfesny podil téchto
genetickych defektl na dyshormonogenezi neni doposud znam, dosavadni studie
udavaji jako nejCastéjsi pfiCinu mutace v genu pro TPO, nasledované defektem TG

(Abramowitcz et al. 1992, Manklabrucks et al. 1991). Nedostatkem predkladané
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studie byla nemoznost ziskat a fenotypizovat vSechny pacienty zachycené
novorozeneckym screeningem v Ceské republice v letech 1985 — 2005, protoze DNA
banka z nich podchytila jen c¢ast. Nebylo tedy mozné vypocitat prevalenci
Pendredova syndromu v této skupiné pacientl. | presto v8ak zachyt pouze dvou
pacienti s geneticky prokazanym Pendredovym syndromem ve skupiné 197
probandu jednoznacné dokumentuje, Ze onemocnéni je jen velmi vzacnou pficinou
kongenitalni hypotyredzy a podporuje vySe uvedené studie o vétSim podilu ostatnich
kandidatnich genl na tyreoidalni dyshormonogenezi. Na druhé strané vSak nelze
opominout skuteCnost, Ze postizeni stitné Zlazy se u Pendredova syndromu vétSinou
manifestuje v pozdéjSim véku a zachyt onemocnéni na podkladé novorozeneckého
screeningu kongenitalni hypotyredzy je i v literatufe popisovan ojedinéle, na coz

poukazuje i naSe studie.

Mutace v PDS/SLC26A4 genu jako pri€ina poruchy sluchu u pacienti
s kongenitalni hypotyre6zou

Je znamo, Ze nedoslychavost je nej¢astéjSi sdruzenou funkéni vrozenou vadou u
déti s kongenitalni hypotyreézou (Debruyne et al. 1983). Na druhé strané,
hypotyre6za je dle rlznych studii odpovédna za 1-10% vSech vrozenych poruch
sluchu (Batsakis et Nishiyama 1962). S ohledem na tyto skutecnosti bylo zavedeno
povinné vySetfeni sluchu metodou otoakustickych emisi (OAE), které se provadi u
v8ech déti s kongenitalni hypotyredzou do véku 3 mésich (v Ceské republice od roku
2002). Pri¢iny asociace hluchoty a hypotyre6zy mohou byt rizné. VétSina pripadul je
sekundarnich, tj. zpasobenych chybénim tyreoidalnich hormon, které jsou nezbytné

pro normalni vyvoj centralniho a periferniho sluchového aparatu (Meyerhoff 1979). U
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mysSi s kongenitalni hypotyre6zou histologicky nalez opakované prokazal odchylky ve
vyvoji Cortiho organu, vlaskovych bunék ¢&i tektorialni membrany vnitfniho ucha
(Bargman a Gardner 1967, Uziel et al. 1981). Asociace také muze byt zcela
nahodna, zplsobena koincidenci obou poruch bez spole¢ného jmenovatele. V jinych
pfipadech se vS8ak mulze jednat o manifestaci Pendredova syndromu a postizeni
sluchu a §&titné zlazy mohou byt disledkem mutace v genu pro pendrin, ktery se
exprimuje v obou organech. Rozpoznani spravné etiologie neni jednoduché. Dulezita
je vSak detailni fenotypicka charakterizace pacienta, zejména rozliSeni, jedna-li se o
pacienta s dyshormonogenezi nebo tyreoidalni dysgenezi a o percepCni nebo
prevodni poruchu sluchu. Pro samotného pacienta je stanoveni spravné diagnozy
dulezité zejména vzhledem k prognéze a predikci dalSiho vyvoje onemocnéni.
V predkladané studii byla porucha sluchu nalezena u deseti z celkového poc¢tu 197
pacientl s kongenitalni hypotyre6zou zachycenou novorozeneckym screeningem.
Vétsinou se vSak jednalo o pacienty s dysgenezi §titné Zlazy, ktefi proto nesplfiovali
klinicka kritéria Pendredova syndromu, nebo o pacienty s pfevodni poruchou sluchu.
Znamky tyreoidalni dyshormonogeneze spolu se senzorineuralni poruchou sluchu
byly nalezeny pouze u tfi pacientl a Pendredliv syndrom jsme geneticky prokazali u
dvou z nich. Frekvence poruchy sluchu zplsobena defektem pendrinu je tedy u déti
s kongenitalni hypotyre6zou vyznamné nizSi nez frekvence poruchy sluchu jiné

etiologie.

Heterogenita mutaci v PDS/SLC26A4 genu
Dalsim pfinosem na$i studie byla identifikace dvou novych, doposud nepopsanych

mutaci v PDS/SLC26A4 genu - ¢.3G>C ve startovacim kodonu genu v exonu 2 a

60



c.1265T>A (= p.Val422Asp) v exonu 11. U obou mutaci Ize predpokladat jejich
negativni dopad na funkci pendrinu. U mutace c¢.3G>C pravdépodobné dojde
k posunu zacatku translace a aktivaci nového startovaciho kodonu, ktery se nachazi
na pozici 61. baze, ¢imz se cely protein zkrati o pfiblizné 20 aminokyselin. Druha
mutace se dle modelu navrzeného skupinou Everetta (Everett et al. 1997) nachazi
v extracelularni smyCce mezi devatou a desatou transmembranovou doménou, coz
je oblast, ve které jiz byly identifikovany jiné, funkci pendrinu ovliviujici mutace
(Blons et al. 2004, Coyle et al. 1998). DalSi dvé ve studii nalezené mutace -
c.IVS18+1G>A (=c.2089+1G>A) ve ,splice site“ intronu 18 a p.Tyr530His
(=c.1588T>C) ve exonu 14 — byly jiz opakované popsané (Blons et al. 2004, Coyle et

al. 1998).
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Studie, ¢ast 2 - uvod

Geneticka studie Pendredova syndromu u pacientd s kongenitalni
hypotyre6zou detekovanou novorozeneckym screeningem nebo postnatalni

neautoimunitni hypotyre6zou manifestujici se v détstvi

Ve druhé Casti jsme studii rozsifili o pacienty s non-autoimunitni hypotyredzou, ktefi
nebyly zachyceni novorozeneckym screeningem, ale hypotyre6za se u nich
manifestovala v pozdéjSim détském véku. Tyto pacienty jsme ziskali jednak
z vedlejsi Casti DNA banky kongenitalni hypotyredzy, jednak pfimo od Ceskych a
slovenskych endokrinologli détského i dospélého véku, kterym jsme nabidli
spolupraci pfi  molekularné-genetickém vySetfeni jejich pacientd s klinickou

diagnézou Pendredova syndromu.

Druhou &ast studie jsme publikovali v &lanku v Casopisu Lékara Ceskych (pfijat do
tisku), ve kterém jsme shrnuli kazuistiky vSech vysSetfovanych pacientl a ktery se
zabyva zejména fenotypickou variabilitu projevll mutaci genu pro pendrin a vyskytem

fenokopii (Clanek Ill, pfijat do tisku).
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Abstrakt

Vychodisko: Pendrediv syndrom (OMIM274600) je jednou z pfi¢in kongenitalni
hypotyredzy na podkladé dyshormonogeneze. Jedna se o autozomalné recesivni
onemocnéni  definované jako asociace  sensorineuralni  hluchoty a
dyshormonogenetické strumy. Onemocnéni je zplsobeno mutacemi v
PDS/SLC26A4 genu koédujicim pendrin - aniontovy transportér, ktery je exprimovan
hlavné ve S§titné zlaze a vnitfnim uchu. Dyshormonogeneze se u Pendredova
syndromu projevi jen u 80 % pacientu jako eutyreoidni nebo hypotyreoidni struma a
jen zfidka je klinicky vyznamna jiz pfi narozeni, kdy muze byt diagnostikovana
novorozeneckym screeningem.

Cilem nasi studie bylo identifikovat pacienty s klinickou diagnézou Pendredova
syndromu mezi détmi svrozenou nebo postnatalné vzniklou non-autoimunitni
hypotyredzou a nasledné diagnézu potvrdit nalezenim mutaci v genu pro pendrin.
Metody a vysledky: VySeffili jsme 236 déti s hypotyredézou zjisténou
novorozeneckym screeningem nebo pozdéji v détstvi. Klinicka diagn6za Pendredova
syndromu byla zaloZzena na laboratornich a sonografickych znamkach tyreoidalni
dyshormonogeneze (vysoké TSH, nizké T4/fT4, struma nebo normalni velikost stitné
zlazy) ve spojeni se senzorineuralni poruchou sluchu. U pacientll s klinickou
diagnézou Pendredova syndromu bylo pfimou sekvenaci vySetfeno vSech 21 exonl
a prfilehlych intronovych uUsekd PDS/SLC26A4 genu. Z 236 déti splhovalo
diagnosticka kritéria Pendredova syndromu devét. Molekularné-genetické vysSetieni
PDS/SLC26A4 genu prokazalo sloZzené heterozygotni nosi€stvi mutaci u Ctyf

pacientll, ostatnich pét bylo uzavieno jako fenokopie Pendredova syndromu.
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Zavéry: Nase studie potvrzuje vysokou fenotypovou variabilitu postizeni titné zlazy
u pacientd s Pendredovym syndromem a poukazuje na potfebnost genetického
vySetfeni k potvrzeni klinické diagnézy vzhledem k Castému vyskytu fenokopii.
Z endokrinologického hlediska vS8ak ma molekularné-genetické vysetfeni genu pro
pendrin smysl zfejmé jen u pacientd s vrozenou hypotyreézou na podkladé
dyshormonogeneze, ktera je spojena se stfedné tézkou az tézkou senzorineuralni

poruchou sluchu.

Klicova slova
Kongenitalni hypotyreéza - dyshormonogeneze - pendrin - SLC26A4 - Pendreduv

syndrom

Abstract

Background: Pendred syndrome (OMIM274600) is one of the causes of congenital
hypothyroidism due to thyroid dyshormonogenesis. It is an autosomal recessive
disease classically characterized by dyshormonogenetic goitre and sensorineural
deafness. It is caused by mutations in PDS/SLC26A4 gene encoding pendrin — an
anion transporter, mostly expressed in the thyroid gland and the inner ear. The
thyroid impairment in Pendred syndrome develops only in 80% of affected individuals
in form of a euthyroid or hypothyroid goitre, which is rarely present at birth, when it

can be diagnosed by the neonatal screening for congenital hypothyroidism.
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Aim: The study was aimed to identify patients with Pendred syndrome among
children with congenital or postnatal non-autoimmune hypothyroidism and
subsequently confirm the diagnosis by finding mutations in the PDS/SLC26A4 gene.
Methods and results: We examined two-hundred thirty-six Caucasians with
hypothyroidism diagnosed by screening or developing later in childhood. The clinical
diagnosis of Pendred syndrome was based on the laboratory and ultrasonographic
signs of thyroid dyshormonogenesis (elevated TSH, low T4/fT4, goitre or normal
thyroid volume) in association with sensorineural hearing loss. In subjects clinically
diagnosed as Pendred syndrome, we sequenced all 21 exons of the PDS/SLC26A4
gene and their flanking intron-exon junctions. Among 236 children, nine fulfilled the
diagnostic criteria of Pendred syndrome. In four, the diagnosis was confirmed by
identification of mutations in the PDS/SLC26A4 gene, the remaining five patients
were concluded phenocopies.

Conclusions: Our study confirms the high phenotypic variability of thyroid
impairment in Pendred syndrome and underlines the necessity of a molecular-
genetic investigation for establishing the diagnosis in regard of the great number of
phenocopies. However, from the endocrinologist’s point of view, the genetic testing is
only reasonable in patients with congenital hypothyroidism due to

dyshormonogenesis in association with sever to profound sensorineural hearing loss.

Key words

Congenital hypothyroidism - dyshormonogenesis - pendrin - SLC26A4 - Pendred

syndrome
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Uvod

Kongenitalni hypotyredza je nejCastéjSi vrozenou endokrinni poruchou s frekvenci
1 : 3000 az 1 : 4000 novorozencu (1). Ve 20 — 25 % je jeji pfi€inou
dyshormonogeneze, tj. porucha biosyntézy tyreoidalnich hormonl, zpusobena
poruchou transportu jodu, jeho organifikace, poruchou syntézy tyreoglobulinu nebo
poruchou dehalogenace (1). V poslednich deseti letech byla objasnéna molekularni
podstata nékterych téchto poruch a narlsta poCet znamych gend, jejichz porucha
muze dyshormonogenezi zpUsobovat. Jednim znich je gen pro pendrin,
transmembranovy protein s funkci aniontového transportéru ve S§titné zlaze ave
vnitinim uchu (2). Je znamy pod nazvy PDS (Pendred syndrome gene) nebo
SLC26A4 (member 4 of solute carrier family 26) (3). Jeho mutace vedou ke
klinickému obrazu Pendredova syndromu. Pendrediv syndrom patfi mezi méné
Casté priCiny tyreoidalni dyshormonogeneze s poruchou organifikace jédu. Dédi se

autozomalné recesivné a jeho incidence se odhaduje na 7,5-10 : 100 000 (4, 5, 6, 7).

Klinicky obraz Pendredova syndromu je variabilni. Obvykle dominuje vrozena
porucha sluchu, kterda se projevi v asném détstvi a ma senzorineuralni (tj.
percepcni) charakter (4). Tato porucha je vétSinou oboustranna, nékdy asymetricka a
zpravidla tézka (> 60 dB). V prubéhu zivota progreduje, ale tize postizeni mulze
kolisat. Je provazena strukturalnimi malformacemi vnitfniho ucha, které Ize
spojené s dilataci membrandzniho labyrintu (ductus a saccus endolymphaticus),

méné Casto na CT spankové kosti nachazime tzv. Mondiniho kochleu (8).
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Porucha funkce §&titné zZlazy je méné konstantnim projevem Pendredova syndromu, a
to jak inter-, tak intrafamiliarné. Dlvodem této fenotypové variability mohou byt
zfejmé jak exogenni faktory (napf. rozdilny pfijem jédu ve stravé), tak rozdilny vliv
jednotlivych mutaci PDS/SLC26A4 genu na funkci pendrinu nebo pfitomnost jinych
dosud neznamych kompenzaénich mechanizmi (napf. jinych apikalnich

transportéra).

Dysfunkce §titné zlazy se proto u Pendredova syndromu projevi jenom u pfiblizné 80
% pacientl a to ve formé strumy, vétSinou eufunkCni (9). Stejné jako u ostatnich
dyshormonogenetickych strum, i v tomto pfipadé je struma zprvu zpravidla difuzni,
ale postupné podléha nodularni prestavbé s rizikem maligni transformace. Nékteré
studie uvadéji, ze dyshormonogenetické strumy maiji signifikantné vysSi vyskyt
folikularnich karcinom( nez strumy jiné etiologie, coz se vysvétluje chronickou

stimulaci folikularnich bunék zvySenymi hladinami tyreotropinu (10).

Jen asi 30 % pacientl s Pendredovym syndromem ma subklinickou nebo manifestni
hypotyredzu. Raznorody je i vék pfi prvnim prikazu hypotyreézy — kolisa od narozeni
az po dospélost, pfevazuje ale druha dekada Zivota, zejména obdobi kolem puberty
(9). Jen v jednotlivych pFipadech Ize hypotyreézu diagnostikovat jiz novorozeneckym

screeningem (9, 11).

Vzhledem k vyS8Si penetranci postiZzeni sluchu nez S§titné zlazy vychazela vétSina

dosavadnich studii Pendredova syndromu ze souboru pacientll se sluchovou
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poruchou. Cilem na$i studie bylo identifikovat pacienty s Pendredovym syndromem a
mutaci v genu pro pendrin mezi pacienty s hypotyre6zou a tim vytvofit novy pohled

na toto onemocnéni - z hlediska endokrinologa.

Pacienti a metody

Pacienti

Do studie jsme zahrnuli pacienty ze tfi riznych kohort. Prvni a nejvétSi skupinu
tvofilo 197 déti a adolescentl s kongenitalni hypotyre6zou diagnostikovanou
novorozeneckym screeningem v Ceské republice v letech 1985 az 2005. Vysledky
této Casti studie jsme jiz samostatné publikovali (12). Druhou skupinu 35 jedincu
tvofilo pét pacientd s kongenitalni hypotyre6zou, narozenych pfed zavedenim
screeningu, a 30 pacientl s hypotyre6zou diagnostikovanou klinicky v pozdé&jSim
détském véku. Treti skupina pfedstavovala Ctyfi pacienty s klinickou diagnézou
Pendredova syndromu, jejichz Iékafi nas pfimo pozadali o molekularné-genetické
vySetfeni. Jeden znich byl diagnostikovan novorozeneckym screeningem na

Slovensku a u tfi se hypotyredéza manifestovala klinicky v pozdéjSim véku.

U vS8ech 236 probandl poskytl oSetfujici Iékaf udaje o anamnéze, o ultrazvukovém
vySetieni Stitné zlazy pred lIécbou a béhem substituéni lécby, o hladinach hormont
stitné Zlazy, o poruse sluchu a véku pfi jeji diagndze a o pfipadném audiometrickém
vySetfeni. Pét pacientl z prvnich dvou skupin splfiovalo klinicka kritéria pro diagnézu

Pendredova syndromu — méli poruchu &titné Zlazy na podkladé dyshormonogeneze
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a soucasné senzorineuralni poruchu sluchu. Spolu se ¢tyfmi pacienty ze treti skupiny

jsme tak pro molekularné-genetické vysSetfeni PDS/SLC26A4 genu méli k dispozici 9

pacientd s klinicky definovanym Pendredovym syndromem. Z nich ¢&tyfi byl

zachyceni novorozeneckym screeningem a u péti

v pozdéjSim véku. Jejich fenotypova a genotypova data shrnuje tab. 1.

se hypotyredéza projevila

Porucha stitné zlazy

vék pfi diagnéze

Porucha sluchu

vék pfi diagnéze

Pacient Pohlavi Soucasny vék Alela 1 Alela 2
sonografie pfi dg. klasifikace
funkéni vySetreni pfi dg. zavaznost
SKH 4 roky
. ) _ c.2089+1G>A
1 Z 13 let difazni struma senzorineuralni c.3G>C
L i . (c.IVS18+1G>A)
subklinicka hypotyreéza tézka
7 let 2 roky
N c.1246A>C c.1589A>C
2 VA 23 let difuzni struma senzorineuralni
o (p-Thr416Pro) (p.Tyr530Ser)
klinicka hypotyre6za stfedné tézka
SKH 1,5 roku
c.1588T>C c.1265T>A
3 M 17 let difazni struma senzorineuralni
o ) (p-Tyr530His) (p-Vald22Asp)
klinicka hypotyre6za velmi tézka
7 let 2 roky
c.422G>T c.1001+1G>A
4 M 42 let struma senzorineuralni
(p-Val138Phe) (c.IVS8+1G>A)
? hypotyre6za ?
SKH 5 let
5 z 14 let normalni §titna zlaza senzorineuralni wit wit
klinicka hypotyre6za stfedni
8 let 6 let
6 z 13 let difazni struma kombinovana wt wt
subklinicka hypotyreéza lehka
15 let 3 roky
7 z 16 let asym. cysticka struma senzorineuralni wt wt
subklinicka hypotyreéza velmi tézka
12 let 1 rok
8 z 26 let difazni struma senzorineuralni wit wt
klinicka hypotyre6za stfedné tézka
SKH 3 mésice
9 M 13 mésicl normalni §titna zlaza ? wt wt

klinicka hypotyre6za

?

Tabulka 1. Fenotypova a genotypova charakteristika deviti pacientd s klinickou

diagnézou Pendredova syndromu
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Zkratky: SKH — screening kongenitalni hypotyreézy, wt — wild type (mutace

nenalezena)

Metody

DNA byla ziskana za pomoci standardizovanych metod z leukocytu periferni krve
nebo ze slin sesbiranych do DNA Self-Collection Kits (DNA Genotec Inc, Ontario,
Canada). 21 exont a pfilehlych intronovych usekl PDS/SLC26A4 genu bylo
vySetfeno metodou pfimé sekvence. Pouzit byl kapilarni sekvenator ABlI PRISM 310.
Podminky PCR a pouzité primery jsou publikovany ve studii Borck et.al. (13).
VSechny nalezené mutace byly potvrzeny obousmérnou sekvenaci.

U probandd s pozitivnim nalezem mutaci jsme dodate¢né vySeffili jejich dostupné
rodinné pfislusniky. Dale bylo u nich provedeno HR-CT pyramid se zaméfenim na
vestibularni akvadukt s cilem posoudit pfipadné strukturalni anomalie vnitiniho ucha.
Vestibularni akvadukt byl povazovan za rozSifeny, pokud jeho primér presahl 1,5

mm.

Etické aspekty
Studie byla schvalena etickou komisi 3. |ékafské fakulty Univerzity Karlovy v Praze.
Pacienti nebo jejich zakonni zastupci potvrdili svlj souhlas s genetickym vySetfenim

podpisem informovaného souhlasu.
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Vysledky

Sekvenéni analyzou PDS/SLC26A4 genu jsme prokazali mutace u Ctyf z deviti
pacientt. U dvou znich byla hypotyre6za diagnostikovana novorozeneckym
screeningem, u dvou pozdéji na zakladé klinickych pFiznakd. Celkové jsme

identifikovali osm mutaci, vSechny ve sloZzené heterozygotnim stavu.

Pacient 1

Nyni 13leta divka byla zachycena novorozeneckym screeningem, ktery prokazal
subklinickou hypotyre6zu (TSH 71 mlU/l, tT4 114 nmol/l). Ultrazvukové vySetieni
Stitné zlazy provedené po narozeni ukazalo malou difuzni strumu. Substitu¢ni IéCba
L-tyroxinem zahajena ve véku 14 dni vedla rychle k dosazeni trvalého eutyreoidniho
stavu, a to bez dalSiho rustu strumy. Porucha sluchu byla zjisténa ve véku Ctyr let a
byla klasifikovana jako senzorineuralni a tézka (70 dB oboustranné). Klinickou
diagnézu Pendredova syndromu potvrdil nalez dvou mutaci ve slozené
heterozygotnim stavu — mutace ve startovacim kodonu genu v exonu 2 (c.3G>C)
(12) a mutace ve splice site intronu 18 (¢.2089 + 1G>A = c.IVS18 + 1G>A) (14). HR-
CT vySetfeni vnitfniho ucha prokazalo bilateralni rozSifeni vestibularniho akveduktu

— vpravo 4,75 mm, vlevo 4,14 mm (obr. 1).
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DisertacCni prace Pendrin v patogenezi vrozené nedostatecCnosti stitné zlazy

Obrazek 1. HR-CT pyramid s obrazem oboustranné dilatace vestibularniho

akvaduktu

U 10leté sestry této probandky jsme sice zjistili stejny genotyp, ale fenotyp obou
divek se liSil. U sestry se velmi téZzka senzorineuralni hluchota (120 dB vpravo, 110
dB vlevo) manifestovala v pfedSkolnim véku, ale screening vrozené hypotyredzy byl
negativni. Funkce §titné zlazy vySetfena v 10 letech byla normalni, jen ultrazvukové
vySetfeni ukazalo malou difusni strumu. Vestibularni akvedukt byl oboustranné
rozSifen (vpravo 4,75 mm, vlevo 4,66 mm). Matka a mladSi bratr obou sester jsou
nositeli heterozygotni mutace v intronu 18. Nemaji zadné fenotypové projevy. Otec

vySetifen nebyl, ale velmi pravdépodobné je nositelem druhé mutace.

Pacient 2
Pfipad této 23leté Zeny jsme jiz samostatné publikovali (15). Pacientka je jedinym
ditétem zdravych nepfibuznych rodicu, screening vrozené hypotyredzy byl negativni.

Ve véku dvou let si rodiCe vSimli, Zze divka Spatné slySi. Audiometrické vysSetreni
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ukazalo senzorineuralni stfedné tézkou nedoslychavost (65 dB oboustranné).
Postizeni Stitné Zlazy se projevilo v sedmi letech véku malou strumou. Laboratorné
byla prokazana hypotyreéza (TSH 14,8 mlU/l, fT4 6,53 pmol/l) a byla zahajena
substituéni lécba L-tyroxinem. Molekularné-genetické vySetfeni genu pro pendrin
odhalilo slozené heterozygotni nosi¢stvi dvou substituci ¢c.1246A>C (= p.Thr416Pro)
v exonu 10 (16) a ¢c.1589A>C (= p.Tyr530Ser) v exonu 14 (17). Oba rodie nesou
jednu z mutaci v heterozygotnim stavu. | pfes dobrou spolupraci a dlouhodobé
normaini hladiny tyreoidalnich hormont doslo u této Zzeny v pribéhu zZivota k progresi
strumy. Pro nodularni pfestavbu (obr. 2) byla u ni provedena aspiraCni biopsie
tenkou jehlou s nalezem adenomu a byla indikovana totalni idektomie, kterou
podstoupila ve véku 22 let. Nasledné histologické vySetfeni neprokazalo znamky
malignity. Porucha sluchu se zatim neprohloubila. V obdobi studie bylo u ni
provedeno HR-CT vySetfeni vnitfniho ucha s nalezem bilateralni dilatace

vestibularniho akveduktu.
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DisertacCni prace Pendrin v patogenezi vrozené nedostatecCnosti stitné zlazy

Obrazek 2. Sonografické vySetieni ve véku 22 let s nalezem dvou solidnich
izoreflektivnich uzld (primér 7 a 11 mm) v pravém laloku a jednim vét§im uzlem (20

x 14 x 9mm) v levém laloku $&titnice.

Pacient 3

Hypotyre6éza byla u tohoto nyni 17letého chlapce zjiSténa novorozeneckym
screeningem (neonatalni TSH 38 mlU/I, tT4 9 nmol/l). V té dobé& byla ultrazvukem
zjisténa mala difuzni struma. Lécba L-thyroxinem byla zahajena 15. den Zivota a
vedla k postupnému relativnimu zmensSovani strumy az do véku 10 let, kdy byla
sonograficky $&titna Zlaza normalni velikosti. Porucha sluchu se manifestovala ve
véku 1,5 roku a byla klasifikovana jako senzorineuralni a velmi tézka (110 dB vlevo a
100 dB vpravo) (obr. 3). Molekularné-genetické vySetfeni prokazalo genotyp
c.1588T>C (= p.Tyr530His) (14) / c.1265T>A (= p.Val422Asp) (12). Rodinna

anamnéza je neznama, nebot chlapec byl brzy po narozeni pfedan k adopci.
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Obrazek 3. Audiogram pacienta 3 ve véku 3 let s nalezem velmi tézké ztraty sluchu.
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Pacient 4

42lety muz s vrozenou senzorineuralni poruchou sluchu zjisténou ve véku 2 let byl
v péci endokrinologa od 10 let pro non-autoimunitni hypofunkéni strumu. Hormonalni
hladiny pfed zahajenim substituéni |éCby nejsou znamé. V pribéhu Zzivotu doslo
k progresi a nodularni pfestavbé strumy, pro kterou byl dvakrat operovan. Pfi obou
parcialnich strumektomiich histologické vySetfeni neprokazalo znamky malignity.
Molekularné-genetické vySetfeni potvrdilo diagn6zu Pendredova syndromu nalezem
dvou znamych mutaci v genu pro pendrin — ¢.422G>T (= p.Val138Phe) v exonu 4

(14) a ¢c.1001+1G>A (= c.IVS8 + 1G>A) ve splice site intronu 8 (14, 17). Bratr
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pacienta se I&Ci pro hypofunk&ni strumu a senzorineuralni poruchu sluchu, genetické

vySetfeni vSak u néj nebylo mozné provést. Rodi¢e obou bratrt jsou zdravi.

Pacient 5

U nyni 14leté divky prokazal novorozenecky screening klinickou hypotyredzu
s hladinou TSH 150 mlU/l a tT4 15 nmol/l. Velikost §titné zlazy byla pfi prvnim
sonografickém vysSetfeni po narozeni na horni hranici normy. V prubéhu hormonalni
substituce zahajené ve véku 17 dni zivota se velikost zlazy postupné normalizovala.
Senzorineuralni neprogredujici ztrata sluchu v rozsahu 50 dB oboustranné byla
zjisténa ve véku 5 let. V rodinné anamnéze nebyla nalezena zminka o poruse sluchu,
sestra otce se |éCila pro hypofunkéni strumu. Molekularné-genetické vysetieni genu

pro pendrin v tomto pfipadé neprokazalo zadnou mutaci.

Pacient 6

Dnes 13leta divka byla v péci ORL Iékafe od 6 let pro lehkou oboustrannou a
symetrickou (35 dB) kombinovanou poruchu sluchu. Screening vrozené hypotyrozy
byl negativni. V 8 letech byla zjisténa difuzni struma spojena se subklinickou non-
autoimunitni hypotyredzou. Zpocatku byla Ié€ena jodidem, pozdéji byla pfevedena na
L-tyroxin. Na této terapii byla eufunkéni s neménnym morfologickym obrazem
strumy. Postupné se ale rozvinula porucha rustu na podkladé deficitu rustového
hormonu a bylo zjiSténo pravostranné zdvojeni kalichopanvickového systému a
atypické kulovité rozSifeni horniho pdlu sleziny. Mentalni vyvoj odpovidal véku. U
divky jsme nenalezli zadnou mutaci v genu pro pendrin. Rodinna anamnéza byla

negativni z hlediska poruchy sluchu i onemocnéni stitné zlazy.
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Pacient 7

Senzorineuralni porucha sluchu se u nyni 16leté divky manifestovala v raném
détském véku. Audiometrické vySetfeni prokazalo velmi téZzkou nedoslychavost
(praktickou hluchotu) pravého ucha a tézkou nedoslychavost (85 dB) vlevo. Na
preventivni prohlidce ve véku 15 let byla praktickym lékafem zjisténa tuzSi hmatna
struma spojena se subklinickou hypotyre6zou (TSH 6,64 mlU/I, fT4 7,52 pmol/l).
Ultrazvukové vySetfeni zobrazilo asymetrickou strumu s cystickymi strukturami
v pravém laloku. Vzhledem k tomuto nalezu byla provedena aspiracCni biopsie tenkou
jehlou. Tekutina z pseudocysty obsahovala fidky koloid, rozpadlé erytrocyty a
benigni tyreocyty. Sonograficky obraz zlstal po nasledujici roky nezménén. Mutace

v genu pro pendrin nalezena nebyla.

Pacient 8

Prvnim projevem u této dnes 26leté Zeny byla porucha sluchu zjisténa ve véku
jednoho roku vySetfenim metodou BAEP (brainstem auditory evoked potentials),
které bylo indikovano pro opozdujici se psychomotoricky vyvoje ditéte. Pozdéji byla
audiometrickym vySetfenim porucha sluchu klasifikovana jako senzorineuralni a
stfedné tézka (60dB oboustranné). Ve véku 12 let byla divka hospitalizovana
k vySetfeni poruchy rustu a unavového syndromu. V klinickém obrazu byla patrna
mala struma a myxedém, laboratorné byla prokazana tézka klinicka hypotyre6za a
ultrazvukové vySetfeni potvrdilo difuzni strumu. Substitucni terapie L-tyroxinem vedla
k rychlému dosaZeni eutyreoidniho stavu bez dalSi progrese strumy. U divky byla

v détstvi také zjiSténa vrozena srdec¢ni vada (defekt sifového septa) a
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hemodynamicky nevyznamna trikuspidalni insuficience. Ani u ni molekularné-

genetické vySetfeni neprokazalo mutaci v genu pro pendrin.

Pacient 9

13mésicni chlapec byl diagnostikovan novorozeneckym screeningem kongenitalni
hypotyredzy ve Slovenské republice (hodnoty screeningu TSH >195 mlU/I, fT4 < 2,8
pmol/l). Ultrazvukovy nalez odpovidal kritériim dyshormonogeneze — byla nalezena
symetricka Stitna zlaza normalni velikosti a lokalizace. Porucha sluchu byla zjisténa
ve véku 3 mésicl metodou otoakustickych emisi. U ditéte nebyly patrny jiné vrozené
vyvojové vady C€i onemocnéni a rodinna anamnéza byla negativni. Molekularné-

genetické vysetieni neprokazalo mutaci v Zzadném z 21 exonu genu pro pendrin.

Diskuze

Pendredllv syndrom, Kklinicky definovany jako asociace senzorineuralni
nedoslychavosti a dyshormonogenetické strumy, vede k postizeni dvou rdznych
systéml — endokrinniho a sluchového — na podkladé stejného molekularniho
mechanizmu. PostiZzeni pacienti proto potfebuji komplexni mezioborovou péci, na
které se podileji endokrinologové a otorinolaryngologové (18). Porucha sluchu
vétSinou byva prvnim klinickym symptomem a manifestuje se u vSech pfipadu.
Pendredliv syndrom je nej¢astéjsi pfi¢inou syndromické hluchoty a je zodpovédny az
za 10 % pfipadu vrozené nedoslychavosti (4, 5). Proto se doporucuje provést

geneticky screening genu pro pendrin u kazdého pacienta s vrozenou percepcni
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poruchou sluchu asociovanou s radiologicky prokazanou strukturalni abnormitou

vnitfniho ucha, typickou pro toto onemocnéni.

Z hlediska endokrinologa je stanoveni diagnézy Pendredova syndromu ztizeno
vysokou fenotypovou variabilitou a skute€nosti, Ze porucha §titné Zlazy se u pfiblizné
20 % pacientd nemusi projevit vibec (9). Na druhé strané je znamo, zZe
nedoslychavost je u déti s vrozenou hypotyredzou nejcastéjSi sdruzenou funkéni
vadou, ktera mulze byt zplUsobena mutaci v genu pro pendrin, ale Castéji pfimym
vlivem nedostatku hormona §titné Zlazy na pre- i postnatalni vyvoj sluchového

aparatu (19). Tato skute€nost vede k vyskytu fenokopii Pendredova syndromu.

Vysokou fenotypovou variabilitu a Casty vyskyt fenokopii potvrzuje i nase studie,
ktera pfi diagnostice Pendredova syndromu vychazela primarné z pacientl
endokrinologickych ambulanci s poruchou funkce §&titné Zlazy zjisténou
novorozeneckym screeningem kongenitalni hypotyre6zy nebo pozdéji v détstvi.
Z deviti vySetfenych pacientll jsme diagnézu genetickym vySetfenim potvrdili u &tyf, u
zbylych péti se tedy pravdépodobné jednalo o fenokopie, opomineme Ii jiné,
vzacnéjSi mozné pfiiny Pendredova syndromu, jako napfiklad mutace v oblasti
promotoru PDS/SLC26A4 genu ¢&i defekty jinych regulujicich gend. Pfi zpétném
detailnim pohledu na fenotyp pacientl Ize klinickou diagnézu Pendredova syndromu
zpochybnit pouze u pacientky 6, u které se porucha sluchu manifestovala az ve véku
6 let a byla pouze lehka (35 dB), coz je pro tuto diagnézu atypické. Dale lze
spekulovat, Ze jeji dalsi sdruzené vyvojové vady (zdvojeni kalichopanvi¢kového

systému, atypicka slezina) jsou stejné jako u pacientky 8 (vrozena srdec¢ni vada)
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zpusobeny jinym spoleénym patogenetickym mechanizmem. U ostatnich pacientu
bez nalezené mutace (pacientka 5, 7 a pacient 9) fenotyp vérné kopiruje Pendrediv

syndrom a patogeneze spole¢ného postizeni stitné zlazy a sluchu zUstava nejasna.

Nase studie potvrzuje vysokou fenotypovou variabilitu z hlediska véku manifestace i
zavaznosti postizeni Stitné Zlazy. Pozoruhodny je zachyt dvou déti s pozitivhim
genetickym vySetfenim a hypotyre6zou diagnostikovanou jiz ¢asné po narozeni
pomoci novorozeneckého screeningu (pacienti 1 a 3). Podobné pfipady jsou
popisovany ojedinéle, a to i ve studiich s vétSimi skupinami probandi. Tyto pfipady
zdaraznuji dulezitost Casného vysSetieni sluchu u déti s kongenitalni hypotyre6zou,
které je dnes zajiSténo povinnym screeningovym vySetfenim sluchu metodou

otoakustickych emisi do 3 mésicl véku ditéte (20).

U pacientky 1 je zajimava rodinna anamnéza s intrafamiliarni variabilitou syndromu,
kdy identicky genotyp byl u dvou sester spojen s odliSnou klinickou manifestaci
postizeni §titné Zlazy. Stejna mutace u obou nepochybné stejné naruSila funkci
pendrinu a Zzivot v jedné rodiné pravdépodobné zajistil srovnatelny pfisun jodu ve
stravé. Proto zbyva pouze spekulace o jinych mechanizmech, které individualné
ovliviuji rozvoj poruchy §titné Zlazy — napf. funkce dalSich jodidovych transportérd,
mimo jiné nedavno objeveného hAIT (human apical iodide transporter). K objasnéni

této problematiky budou nutné dalsi studie.

Z hlediska fenotypové variability nelze opomenout ani odliSny dlouhodoby vyvoj

strumy, patrny u nasich pacientd s Pendredovym syndromem. Zatimco u pacientky 1
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zUstal morfologicky obraz strumy neménny, u pacienta 3 doslo k relativni regresi
strumy do normalni velikosti. Méné pfiznivy byl vyvoj strumy u pacientd 2 a 4,
pricemz u obou byla stejné jako u prvnich dvou pacientd substituéni lécba L-
tyroxinem dle informace oSetfujiciho lékafe dostateéna a ucinna. U obou vsak doslo
k progresi strumy s nodularni pfestavbou, ktera si vyzadala chirurgickou intervenci.
Zatimco u pacientky 2 byla pfi prvni operaci provedena totalni idektomie, pacient 4
podstoupil nodulektomii, kterou vSak pro dalSi hyperplazii rezidualni tkané bylo nutné
opakovat. Podobny vyvoj je u dyshormonogenetickych strum znamy a je
pravdépodobné dUsledkem chronické stimulace tyreotropinem. Progrese a vyvoj
nodularni hyperplazie nebo adenomu pfinasi riziko maligni transformace folikularnich
bunék, které je u strum na podkladé dyshormonogeneze dle nékterych udaju vyssi
nez u strum jiné etiologie (10). Proto pfi IéCeni téchto pacientl ma byt kladen zvlastni
dUraz na striktni udrzeni eufunkéniho stavu a pravidelna zobrazovaci vySetreni stitné

Zlazy.

Zaveér

Nase studie potvrzuje vysokou fenotypovou variabilitu postizeni §titné Zlazy u
pacientll s Pendredovym syndromem a poukazuje na potfebnost genetického
vySetfeni k potvrzeni klinické diagnézy tohoto onemocnéni vzhledem k Castému
vyskytu fenokopii. Z endokrinologického hlediska vSak doporu€ujeme provést

molekularné-genetické vySetfeni genu pro pendrin pouze u pacientld s vrozenou
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hypotyredzou na podkladé dyshormonogeneze asociovanou se stfedné tézkou az

téZkou senzorineuralni poruchou sluchu.
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Studie, ¢ast 2 - diskuze

V druhé ¢asti nasi studie, ve které jsme soubor probandl rozSifili o pacienty s non-
autoimunitni hypotyre6zou diagnostikovanou v détskem véku, bylo vySetfeno dalSich
pét pacientu s klinickou diagnézou Pendredova syndromu. Molekularné-genetické
vySetfeni genu pro pendrin tuto diagnézu potvrdilo u dvou pacientt nalezenim Ctyf jiz
znamych mutaci. Celkové jsme tak méli k dispozici Ctyfi pacienty s geneticky

potvrzenym Pendredovym syndromem, ale odliSsnym fenotypem.

Fenotypicka variabilita poruchy stitné zlazy u Pendredova syndromu

Nalez Ctyf pacientld s odliSnym fenotypem je v souladu s ostatnimi studiemi a
potvrzuje vysokou fenotypickou variabilitu tohoto onemocnéni jak z hlediska véku pfi
manifestaci, tak i zavaznosti a dlouhodobého vyvoje postizeni stitné zlazy. Na druhé
strané, dle dosavadnich studii se postizeni §titné zlazy objevuje nejCastéji ve druhé
dekadé Zivota a to ve formé eufunkéni strumy. Z tohoto pohledu je zachyt dvou
pacientll s kongenitalni hypotyre6zou detekovanou novorozeneckym screeningem
(pacientka 1 a pacient 3) a dvou pacienti s manifestaci v prvni dekadé Zivota
(pacientka 2 ve véku 6 let a pacient 4 ve véku 10 let) spiSe atypicky. Atypicka je i tize
onemocnéni pozorovana v nasi studii: subklinicka hypotyréoza a struma u pacientky
1, klinicka hypotyre6za a struma u pacientky 2 a u pacienta 3 a 4, ktera se neshoduje
s nalezem vétSinou eufunkénich strum v ostatnich studiich. Jednoznacné zavéry
vSak nejsou mozné vzhledem k nizkému poctu pacientd, identifikovanych v nasi

studi.
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Intrafamiliarni fenotypicka variabilita u Pendredova syndromu

VySetfenim dostupnych rodinnych pfislusnikd nasich pacientll se nam také podafilo
dokumentovat pfipad intrafamiliarni variability Pendredova syndromu. ldenticky
genotyp byl u dvou sester spojen s odliSnou klinickou manifestaci postizeni stitné
Zlazy — u probandky se jednalo o manifestaci ve formé& kongenitalni hypotyredzy
zachycené screeningem, u sestry postizeni Stitné Zlazy odhalilo az cilené patrani
vramci této studie - ve formé nevelké eufunkéni strumy. Podobnych pfipadl je
v literatufe popsano jiz nékolik, jejich vysvétleni vSak zlUstava nejasné (Fugazzola et
al. 2007, Napiontek et al. 2004). Jako nejpravdépodobnéjsi se jevi kompenzacni
mechanismy, které by mohli ovlivnit tizi poruchy organifikace jodidu, napfiklad
pritomnost dalSich jodidovych transportéri na apikalni membrané tyreocytu (napf.
nedavno identifikovany hAIT, human apical iodide transporter) (Rodriguez et al.
2002). Porucha organifikace jodidu je u Pendredova syndromu pouze ¢aste¢na, coz
lze prokazat pomoci perchloratového testu. Tento test je vS8ak v souasné dobé
povazovan za malo specificky a vzhledem k jeho sporné indikaci v détském véku u

nasich pacientl nebyl proveden.

Korelace genotyp-fenotyp

Z pfipadu intrafamiliarni variability Pendredova syndromu dale vyplyva skute¢nost,
ze jeden genotyp muze zpusobovat ruzné fenotypické projevy, coz znesnadriuje
stanoveni korelaci genotyp-fenotyp. Tento zavér vSak Ize v souvislosti s nasi studii
vyslovit pouze z hlediska postizeni §titné Zlazy, coz je v souladu s ostatnimi studiemi.

Prace posledni doby vSak jednoznacné poukazuji na korelaci mezi komplexitou
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postizeni vnitfnino ucha a genetickou heterogenitou, coz v nasi studii zkoumano

nebylo (Azaiez et al. 2007, Maciaszczyk a Lewinski 2008).

Heterogenita mutaci v PDS/SLC26A4 genu

V druhé c&asti studie byly identifikovany dalSi &tyfi mutace v genu pro pendrin -
c.1246A>C (= p.Thr416Pro) v exonu 10, c.1589A>C (= p.Tyr530Ser) v exonu 14,
c.422G>T (= p.Val138Phe) v exonu 4 a c.1001+1G>A (= c.IVS8 + 1G>A) ve splice
site intronu 8. VSechny mutace jiz byly opakované popsany. U mutaci p.Thr416Pro a
c.lVS8 + 1G>A se jedna o dvé z nejCastéjSich mutaci v kavkazské populaci
(Napiontek et al. 2004, Campbell et al. 2001, Scott et al. 2000). Nyni byly prokazany i

v Ceské populaci.

89



Studie, ¢ast 3 — avod

Kazuistika pacientky s Pendredovym syndromem a multinodularni strumou

Treti Cast prace popisuje podrobnou kazuistiku pacientky s geneticky prokazanym
Pendredovym syndromem, u které v prubéhu Zzivota doslo k narGstu strumy
s nodularni pfestavbou. Vzhledem k tomuto vyvoji byla u pacientky ve véku 22let
provedena totalni tyreoidektomie. PFistup ke strumam dyshormonogenetické
etiologie je v souCasné dobé stale kontroverzni, zejména co se tyCe naCasovani a

typu chirurgického vykonu.

Pfipad byl publikovan samostatné, formou kazuistiky v Journal of Paediatric
Endocrinology & Metabolism (¢lanek IV, pfijat do tisku). V ¢lanku autorka diskutuje o
vzniku, rizicich a komplikacich strum na podkladé dyshormonogeneze a feSi

problematiku vhodné prevence a optimalniho IéCebného postupu.

90



Studie, €ast 3 - ¢lanek IV

Thyroidectomy in a patient with multinodular dyshormonogenetic goitre -
a case of Pendred syndrome confirmed by finding mutations in the

PDS/SLC26A4 gene

Karolina Banghova', Ondrej Cinek', Eva Al Taji?, Jirina Zapletalova®, Radan Vidura®

and Jan Lebl’

' Department of Paediatrics, Second Faculty of Medicine, Charles University in
Prague, Prague, Czech Republic
2 Department of Paediatrics, Third Faculty of Medicine, Charles University in Prague,
Prague, Czech Republic
% Department of Paediatrics, Faculty of Medicine, Palacky University, Olomouc,
Czech Republic
* Department of Otorhinolaryngology, Faculty of Medicine, Palacky University,

Olomouc, Czech Republic

Short title: Thyroidectomy in a patient with dyshormonogenetic goitre

Case Report, J Pediatr Endocrinol Metab 2008; In Press

The study was supported by Charles University in Prague (grant GAUK 2008/2007)

and by the Czech Ministry of Education (grant MSM 0021620814)

91



Abstract

We report a case of a young woman with genetically confirmed Pendred syndrome
and discuss the current therapeutic strategies of dyshormonogenetic goitre. In this
patient, a small diffuse thyroid enlargement developed during infancy and although
the substitution therapy with L-thyroxine was adequate, it progressed and underwent
multinodular transformation. Cervical ultrasound at the age of 22 years demonstrated
three solid nodules and the fine-needle aspiration biopsy showed a finding typical for
a follicular adenoma.

Conclusion: It is a known fact that dyshormonogenetic goitres have a tendency to
grow despite an appropriate treatment with L-thyroxine. Therefore the management
of a patient with Pendred syndrome requires a careful follow-up and regular imaging
of the thyroid. Although the therapeutic approach to dyshormonogenetic goitres is still
controversial in our patient we have chosen the total thyroidectomy as the most
advantageous method to prevent the development of malignancies that may more
frequently arise from dyshormonogenetic goitres than from goitres of other

aetiologies.

Keywords

Hypothyroidism - Goitre - Thyroid surgery - Pendred syndrome - Dyshormonogenesis

- SLC26A4

92



Introduction

Pendred syndrome (OMIM 274600) is characterized by the classical phenotype of
dyshormonogenetic goitre and sensorineural deafness (1). Additional clinical features
can be radiologically diagnosed structural malformations of the inner ear (2) -
enlarged vestibular aqueduct and/or Mondini cochlea - which are not specific solely
for Pendred syndrome and can be associated with other types of hearing loss as

well.

The disease shows an autosomal recessive pattern of inheritance and is caused by
mutations in the PDS (Pendred syndrome) gene (also known as SLC26A4 - member
4 of the solute carrier family 26, OMIM 605646) The gene is located on chromosome
7931 (3) and encodes pendrin, a highly hydrophobic transmembrane glycoproteine,

predominantly expressed in the thyroid gland, inner ear and kidney (3).

In the thyroid gland, pendrin is located at the apical surface of the thyroid cell and
functions as a chloride-iodide exchanger (4). It transports iodide from the cell to the
colloid in the follicular lumen, where iodide is bound on tyrosine residues of
thyroglobulin (5). The loss of pendrin function results in an organification defect and
leads to thyroidal dyshormonogenesis which in the majority of cases manifests as a
euthyroid or hypothyroid goitre (6, 7). The defect may be partially compensated via
iodide intake and the hypothyroidism is more severe if the the iodine intake is on the

lowish side.
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Dyshormonogenetic goitres are an important clinical challenge as they often undergo
a nodular transformation probably due to a prolonged stimulation by thyrotropin.
Especially in patients with inadequate treatment the development of malignancies is
a feared complication and surgery often becomes necessary. Moreover, other
studies have shown that the occurrence of carcinomas is higher in goitres developing
due to dyshormonogenesis than in those of other aetiology (8). Particularly in
Pendred syndrome, cases with very aggressive metastatic follicular carcinomas have

repeatedly been reported (9, 10, 11).

In the present article we describe a case of a girl with sensorineural hearing loss and
dyshormonogenetic goitre in whom the diagnosis of Pendred syndrome was
confirmed by identification of mutations in both alleles of the PDS gene. Although the
therapy of the thyroid disease was adequate and the patient showed a very good
compliance, she developed a multinodular goitre during adolescence. Although we
acknowledge that the therapy of nodular thyroid disease remains a controversial

issue a total thyroidectomy was performed at the age of 22 years.

Case Report

The now 22 years old female was born as the only child of non-consanguineous
parents who originate from the Czech Republic. The parents have normal hearing, no
signs of hypothyroidism and no goitre. The pregnancy and perinatal history was

unremarkable. She was born in term with a birth weight of 2700g and a length of
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47cm. In spite of otherwise normal neuropsychological development, she had not
developed speech up to the age of 2 years. Additionally, her parents realised that
she did not respond appropriately to sounds. An audiometric investigation during her
3" year of life revealed a bilateral moderate hearing loss that was classified as
sensorineural. At the age of three years she was provided with binaural hearing aids

and her further psychic and somatic development was normal.

The thyroid disease was diagnosed at the age of seven years when the girl
presented with a swelling of the neck. Thyroid function tests revealed a mild clinical
hypothyroidism with decreased level of free thyroxine (fT4 6.53 pmol/L, normal range
10.5-27) and elevated thyrotropin (TSH 14.8 mU/L, normal range 0.34-5.5). Anti-
thyroperoxidase and anti-thyroglobulin antibodies were negative. The thyroid
utrasound showed a small diffuse goitre. Substitution therapy with L-thyroxine was
started immediately and the patient soon achieved a euthyroid state and showed a

good compliance.

The clinical diagnosis of Pendred syndrome was established based on the
association of goitre and sensorineural hearing loss, but at that time no genetic
testing was available. Almost 15 years later the patient was referred to our
department for the molecular-genetic analysis of the PDS gene that confirmed the
clinical diagnosis. Direct sequencing of all 21 exons and intron-exon boundaries was
performed using primers and PCR conditions as described by Borck et al'? with
further modifications. Two known mutations in compound heterozygous state were

found (Figure 1). The first mutation is a common transversion A>C at position 1246 of
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the cDNA sequence (c.1246A>C). It is located in exon 10 and predicts an amino acid
change from threonine to proline in position 416 of the pendrin protein (p.Thr416Pro).
The second mutation is a missense mutation as well, located in exon 14 - c.1589A>C
- and leads to substitution of tyrosine for serine in codon 530 (p.Tyr530Ser). The
father of the patient was found to be heterozygous carrier of the mutation in exon 14.

The mother is carrying the second mutation in exon 10 also in a heterozygous state.

PODS/SLC26A4 exon 10 PDS/SLC26A4 exon 14
cA246A>C (p.Thr416Pro) cA580A>C (p.Tyr5305er)

patient
wild type

patient
wild type

Thr / Pro

Figure 1. Sequence analysis of the two PDS/SLC26A4 mutations identified in our

patient

Although the patient regularly attended her follow-ups and the performed thyroid
function tests were always within the normal range, the goitre progressed during
adolescence and underwent multinodular transformation (Figure 2). The thyroid
ultrasound at the age of 22 years showed two solid isoreflective nodules (7 and
11mm in diameter) in the middle to upper part of the right thyroid lobe and one larger
nodule (20 x 14 x 9mm) in the left thyroid lobe (Figure 3). The fine-needle aspiration

biopsy from the larger nodule revealed benign follicular cells and microfollicular
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formations leading to the diagnosis of a follicular adenoma. The thyroid hormone
levels at that time were again normal (fT4 18.7 pmol/L, TSH 2.99 mU/L) under T4
replacement therapy. The patient did not complain about any neck discomfort or
swallowing difficulties but the goitre started to become a cosmetic problem.
Subsequently a total thyroidectomy (Figure 2) was performed and the histological
examination showed that the nodules have rather characteristic features of benign

hyperplastic lesions than of true neoplasmas. After the thyroidectomy no

complications occurred, the girl is doing well on the full substitution therapy.

Figure 2. Left: The 22 years old female with mutlinodular goitre. Right: Mutlinodular

goitre after total thyroidectomy.
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Figure 3. Thyroid ultrasound at the age of 22 years with two well-circumscribed solid
isoreflective nodules (7 and 11mm in diameter) in the right thyroid lobe and one

bigger nodule (20 x 14 x 9mm) in the left thyroid lobe.

In contrast to the thyroid disease the hearing loss showed only a slight deterioration
until the present time. Latest audiometry revealed a moderate to severe bilateral
sensorineural hearing loss - the threshold mounted up to a mean of 65 dB in the right
and 70dB in the left ear. Additionally a high-resolution computer tomography (HR-CT)
of the inner ear was done and documented a bilaterally enlarged vestibular aqueduct

of 4.6mm.
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Discussion

Pendred syndrome with its involvement of two different systems - the auditory and
the endocrine - and its diagnostic and therapeutic complexity, requires a continuous
interdisciplinary management with cooperation of endocrinologists, otologists,
geneticists and sometimes surgeons. For the endocrinologic section it is important
that the disease is one of the genetic causes of congenital hypothyroidism based on
dyshormonogenesis (13). However, the diagnostic difficulty lies in the very high
phenotypic variability, especially of the thyroid involvement of the disease. Apart from
the cases in which the thyroid dysfunction does not develop at all, in the maijority of
patients it presents in form of a euthyroid or hypothyroid goitre which most often

occurs in the second decade of life (6, 7).

Dyshormonogenetic goitre is a rare type of goitre, being observed in 1 of 30 000
births. Except PDS, also other genes have been shown to be involved in its
pathogenesis, including those for thyroidal peroxidase (TPO), thyroglobulin (TG),

sodium iodide symporter (NIS) and more recently thyroid oxidase 2 (THOX2) (14).

In the present article we report a patient with dyshormonogenetic goitre due to
mutations in the PDS gene. In this case a small diffuse hypothyroid goitre manifested
at a relatively early age, progressed during the subsequent years and finally
underwent a nodular transformation. This course is observed frequently in
dyshormonogenetic goitres, although more often if the compliance is poor or the

treatment inadequate, and is thought to be a consequence of a long-term stimulation
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by elevated levels of thyrotropin (8). Interestingly, our patient showed doubtless a

good cooperation and a high TSH was never documented during regular follow-up.

One of the most serious complications of goitres is the development of malignancies.
As known, continuously replicating cells under TSH stimulation may acquire
epigenetic changes and assume autonomy of growth that can proceed into the
arising of an invasive thyroid carcinoma. Hence, a significantly higher occurrence of
malignant tumours has been found in goitres of patients with congenital
hypothyroidism due to dyshormonogenesis (17%) (8) than in multinodular goitres of
other aetiologies (6-8%) (15). In a study of 109 thyroidectomized patients with
dyshormonogenesis Medeiros-Neto et al (8) found 19 with follicular carcinomas of

which many displayed aggressive behaviour.

Furthermore, many cases of patients with Pendred syndrome and thyroid malignancy
have been reported in the literature. Camargo et al (9) studied an inbred pedigree
with Pendred syndrome in which the index patient - a 53 years old female -
developed a follicular carcinoma with areas of anaplastic transformations and lung
metastasis. Watanabe et al (10) described a women with an undifferentiated
carcinoma that invaded the trachea and metastasised to the lungs and bones and
Abs et al (11) followed a case of 54 year old man who expressed a metastasising

thyroid carcinoma in the remnant tissue after a subtotal thyroidectomy.

In view of these facts the optimal strategy towards hereby is still not known.

Numerous authors suggest that the primary therapy should be conservative which is

100



based on the fact that thyroxine given in a dose sufficient to cause TSH suppression
can lead to a complete regression of the goitre (8). This was already observed in
several cases although it seems to be that regression is less if the goitre is nodular.
Therefore it is important to identify and treat the dyshormonogenetic goitre early,
before it undergoes the nodular transformation, since at that stage a complete
regression is most probable a surgery may be avoided (16). Nevertheless, still
contentious is how to proceed if the goitre does not respond to the conservative
treatment as in our patient and the thyroid enlargement progresses despite a good
adjustment of the substitution therapy. When is the right moment for the patient to

undergo an operation and what is the optimal surgical procedure?

The current indications for a thyroidectomy of a multinodular goitre are based either
on the occurrence of compression-induced symptoms, suspected malignancy or
cosmesis (17). In our patient there were no signs of tracheal compression and a fine-
needle aspiration biopsy, which is according to the majority the most efficient method
to uncover malignancies, revealed no malignant cells. However, a negative biopsy
does not exclude with certainty the possibility of a carcinoma, especially in
multinodular goitre where the error in sampling the right area is large (18). In addition,
our patient started to complain about the cosmetic aspect of the goitre, which

supported us in our decision to move toward a surgical solution.

In accordance with published works and regarding the fact that dyshormonogenetic
goitres have a higher recurrence rate (8) we have chosen total thyroidectomy as the

most advantageous surgical method for our patient. An increasing number of
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publications recommend the total or near total thyroidectomy as the procedure of
choice for the management of multinodular thyroid disease although this issue
remains controversial and others still propose a less radical treatment in form of a
limited thyroid resection (17, 19). However, for dyshormonogenetic goitres we see the
clear advantage of the total thyroidectomy in avoidance of the regrowth of the
remnant tissue, the possibility of malign transformation and thus in the reducing the

risk of a reoperation, which is associated with increased morbidity.

In conclusion, dyshormonogenetic goitres can progress and become nodular even
though the substitution therapy is appropriate and there are normal levels of TSH.
According to other published works, nodules in dyshormonogenetic goitre more often
become malignant than nodules of other aetiology. Therefore a regular follow-up and
thyroid imaging by an endocrinologist is mandatory in patients with Pendred
syndrome and a total thyroidectomy can be the most profitable method for particular
patients in which the thyroid dysfunction shows progression despite previous long-

term conservative therapy.
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Studie, ¢ast 3 - diskuze

Patofyziologie dyshormonogenetickych strum

Dyshormonogeneticka struma je vzacnym typem strumy s incidenci 1 : 30 000. Na
jeji etiologii se kromé mutaci v genu pro pendrin podili i defekty v ostatnich
kandidatnich genech pro tyreoidalni dyshormonogenezi (gen pro tyreoidalni
peroxidazu TPO, tyreoglobulin TG, natrium-jodidovy symportér NIS a tyreoidalni

oxidazu 2 THOX2) (Gillam a Kopp 2001).

Dyshormonogenetické strumy pravdépodobné vznikaji na podkladé chronické
stimulace tyreopinem, jehoz hladina je zvySena z divodu kompenzace nedostatecné
produkce tyreoidalnich hormonu. Prodlouzeny ucinek tyreotropinu na pocatku vede
ke vzniku difuzni hyperplazie, ktera se dalSi stimulaci s nerovhomérnou citlivosti
bunék krastovému stimulu meéni vnodularni nebo adenomatdzni. Tento
patogeneticky mechanizmus se uplatiuje i u strum jiné, napfiklad jodopenické
etiologie a je logicky vyraznéjSi u pacientl se S$patnou compliance nebo
nedostate¢nou substitu¢ni 1éEbou tyreoidalnimi hormony (Medeiros-Neto a Stanbury

1994).

Dyshormonogenetické strumy vSak na rozdil od jinych strum vykazuji nékolik
zvlastnosti. Typickd dyshormonogeneticka struma je asymetricka, multinodularni a
nelé¢ena muze narlst do velmi velkych rozmérld (nékteré Stitné zlazy vazili az
nékolik stovek gramu). V makroskopickém obrazu dominuji velké a solidni uzly,

Castym nalezem jsou i oblasti cystické degenerace, fokalni fibrozy a kalcifikace.
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ZkuSeny patolog vSak vidi rozdily i na mikroskopické urovni, kde
dyshormonogenetické strumy v pozdéjSich stadiich vétSinou charakterizuji vyznamné
hyperplastické a adenomatoézni zmény. V histologickych popisech Casto nalézame
zminku o zvySené bunécnosti, atypiich a vySSim podilu mitéz, znamky které
upozorfiuji na riziko maligni transformace a mély by vést k zvySené pozornosti a
zejména zvySeni frekvence preventivnich vySetfeni (Deshpande a Bobathe 2005).
Nékteré studie uvadeéji, ze incidence folikularnich karcinomi je ve strumach na
podkladé dyshormonogeneze vysSi (Medeiros-Neto a Stanbury 1994), nez u strum
jiné etiologie a v literatufe opakované nalézame pfipady velmi agresivnich
folikularnich karcinomu, zvlasté u pacientl s mutacemi v genu pro pendrin a

tyreoidalni peroxidazu (Camargo et al. 2001, Medeiros-Neto et al. 1998).

Lééba dyshormonogenetickych strum

Vzhledem ke vySe zminénym skuteCnostem je terapeuticky pfistup kK
dyshormonogenetickym strumam stale kontroverzni. Dle vétSiny autorll by na
pocCatku méla stat konzervativni 1é€ba, pfiCemz by v8ak substituce L-tyroxinem méla
byt nastavena co nejpfisnéji a nejoptimalnéji. Konzervativni IéCbu by méla doplriovat
Casta kontrolni vySetfeni, zamérfena jednak na udrZovani eutyreoidniho stavu a dale
na pravidelné klinické a zobrazovaci vySetfeni §titné zlazy se zfetelem na vznik a
rist uzld. Aspiracni biopsie tenkou jehlou by pak méla byt provedena u vSech uzlu
vétSich nez 1cm a dale u uzld menSich nez 1cm, pokud jevi klinické nebo

sonografické znamky malignity (AACE/AME Guidelines for thyroid nodules 2006).
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Dalsim krokem v |é¢bé dyshormonogenetickych strum je chirurgicka intervence, jejiz
indikace, typ a nacCasovani doposud nebylo sjednoceno a je i nadale pfedmétem
diskuzi. Problémem je zejména rozhodnuti mezi metodou totalni idektomie, ktera je
spojena s vySSim rizikem komplikaci, jako napfiklad nechténé odstranéni pfistitnych
télisek €i poranéni n. laryngeus recurrens a jinymi, méné radikalnimi zakroky. Méné
radikalni zakroky (subtotalni idektomie, nodulektomie) zas vedou ktomu, ZzZe
ponechana tkan je i nadale vystavena stimulaénim vlivim tyreotropinu a struma opét
progreduje, cozZ je spojeno s rizikem nutnosti reoperace a nefesSi riziko maligni
transformace. Proto se vétSina autort u pacientl s dyshormonogenetickou strumou
priklani k totalni tyreoidektomii a oznacuje ji za metodu z nejvétSim dlouhodobym
pfinosem pro pacienta (Ozbas et al. 2005, Gough et al. 2000). Nelze vS$ak
opominout, Ze terapeuticky pfistup by mél byt individualni a pfi volbé optimalniho

postupu by mél byt bran ohled na potfeby a rizika jednotlivého pacienta.
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Zaveér

Geneticka podstata kongenitalni hypotyredzy, jednoho z nejCastéjSich vrozenych
endokrinnich onemocnéni, je v poslednich desetiletich pfedmétem zivého zajmu
mnoha vyzkumnych skupin po celém svété. Odhaleni této podstaty u nékterych
pacientl objasnuje patogenezi onemocnéni na molekularni urovni, nalezeni mutaci
v kandidatnich genech pfispiva k lepSimu pochopeni mechanismu, které se podileji
na vyvoji a funkci §titné zlazy. Znalost celé Skaly fenotypickych projevi genovych
defektd objasfiuje mechanismus vzniku sdruzenych vyvojovych vad a pomaha pfi
jejich predikci, pfi volbé dalSich vySetfeni, dispenzarizaci a lIéCebné strategii. Pro
pacienta samotného a jeho rodinu je dullezité zejména genetické poradenstvi a z
genetické diagnozy vyplyvajici eventualni prenatalni diagnostika, v budoucnosti
mozna i prenatalni IéCba. Budoucnost ukaze, zda bude mozné vyuzit ziskané

poznatky i ve vyvoji novych terapeutickych prostfedku a strategii.

Pendrin je jeden z klicovych proteinll v patogenezi vrozené nedostatecnosti Stitné
Zlazy. Mutace v genu pro pendrin mohou byt jednou z méné cCastych pficin
kongenitalni hypotyre6zy na podkladé dyshormonogeneze a mohou vést ke
klinickému obrazu Pendredova syndromu. PostiZzeni §titné Zlazy se vSak z doposud
ne zcela objasnénych mechanisml vyznacduje vysokou inter- a intrafamiliarni
fenotypickou variabilitou z hlediska véku manifestace, zavaznosti i dlouhodobého
vyvoje. Manifestace postizeni §titné Zlazy v novorozeneckém véku je ojedinéla, mize

vS8ak vést k Casnému rozpoznani poruchy sluchu a k zahajeni adekvatni terapie, coz

vrwvs
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sluchu u hypotyredzy €asto nachazime fenokopie Pendredova syndromu. Fenokopie
Ize v nékterych pfFipadech rozliSit na zakladé podrobné fenotypizace pacienta, jindy je
vSak ke stanoveni spravné diagnézy nutné molekularné-genetické vysetreni. Gen pro
pendrin by proto mél byt vySetfen u kazdého pacienta s kongenitalni hypotyredzou
na podkladé dyshormonogeneze a percepCni poruchou sluchu, asociovanou s
typickymi strukturalnimi malformacemi vnitfniho ucha. Stanoveni této diagnozy by
pak mélo vést k endokrinologické dispenzarizaci s cilem peclivého sledovani
funkénich parametri Stitné zlazy a zejména jejiho pravidelného zobrazovaciho
vySetfeni. Selze-li konzervativni terapie, doporuCuje vétSina autort totalni
tyreoidektomii jako vykon s nejlepSim dlouhodobym pfinosem pro pacienta, ktery v
pfipadé noddzni dyshormonogenetické strumy pfedejde opakovanym reoperacim a
zejména vzniku folikularnino karcinomu §&titné Zzlazy. Predkladana studie dale
potvrzuje velkou heterogenitu mutaci v genu pro pendrin, seznam mutaci obohacuje
0 dvé nové — ¢.3G>C a p.Val4d22Asp a prokazuje nejCastéjSi mutace kavkazské
populace i v Ceské populaci. Korelace mezi genotypem a fenotypem postizeni stitné
Zlazy je velmi obtizna vzhledem ke skutecnosti, Zze jeden genotyp muze zplsobovat

vice fenotyp0.
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