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Seznam zkratek

ACTH
CNS
DAX1
DNA
FSH

GH

GH1
GHD
GHRH
GHRH
GHRH-R
GHRH-R
HESX1
IGFBP
IGF-I
IGHD

IUGR
KAL1
LH
LHX3
LHX4
MPHD

NEUROD1

PIT1
PITX1
PITX2
POU1F1
PRL
PROP1
SF1
SMS
SOD
T-PIT
TSH

adrenocorticotrophic hormone, adrenokortikotropni hormon
centralni nervovy systém

DSS-AHC critical region on the X chromosome 1, gene 1
deoxyribonukleova kyselina

folikulostimulacni hormon

growth hormone, ristovy hormon

gen pro rastovy hormon

growth hormone deficiency, deficit ristového hormonu

growth hormone releasing hormone

gen pro GHRH

growth hormone releasing hormone receptor

gen pro GHRH-R

homeobox gene expressed in es cells

insulin-like growth factor binding protein, vazebny protein pro IGF-I
insulin-like growth factor |

isolated growth hormone deficiency, izolovany deficit ristového
hormonu

intrauterine growth retardation, intrauterinni ristova retardace
Kallmann syndrome 1 gene, gen pro Kallmann(v syndrom
luteinizacni hormon

lim homeobox gene 3

lim homeobox gene 4

multiple pituitary hormone deficiency, kombinovany deficit hormonu
hypofyzy

neurogenic differentiation factor D1

pituitary-specific transcription factor 1 (jiny nazev pro POU1F1)
paired-like homeodomain transcription factor 1

paired-like homeodomain transcription factor 2

POU domain, class 1, transcription factor 1

prolaktin

prophet of PIT1

splicing factor 1

somatostatin

septo-opticka dysplazie

T-box factor, pituitary

tyreostimulacni hormon



Shrnuti

Détsky rast je komplexni proces zmén organizmu, ktery maze byt narusen riznymi
onemocnénimi v€etné endokrinnich poruch, zvlasté deficitu ristového hormonu.
Postnatalni pfi¢inou GHD jsou tumory &i jiné procesy postihujicich hypothalamo-
hypofyzarni oblast, prenatalni zahrnuji 1) poruchu vyvoje hypofyzy jako sou€ast
komplexnich syndrom, 2) poruchu vyvoje hypofyzy pfi defektech v regulacnich
genech a 3) defekty v genech podilejicich se na syntéze a sekreci GH.

Prvnim tématem pfedloZené prace byla septo-opticka dysplazie — komplexni
syndrom zahrnujici hypoplazii optickych nervu, morfologické anomalie mozku a
funk&ni poruchy hypofyzy. U 11 €eskych pacientll jsme extenzivné popsali fenotyp a
zaznamenali jsme uplné formy SOD i formy neuplné se vSemi kombinacemi dvou ze
tfi zakladnich znakd syndromu. Kohorta se pak stala sou€asti mezinarodni studie 68
pacientu, ve které jsme studovali fenotyp v zavislosti na morfologii mozku. Nalezli
jsme korelaci mezi zavaznosti klinickych projevl a stupném anomalie septum
pellucidum a nové jsme popsali korelaci mezi vyskytem anomalii hippokampu a falxu
a neurologickymi pfiznaky.

Druhym tématem bylo ve skupiné 74 pacientd s kombinovanym deficitem hormon
hypofyzy hledani mutaci v genech regulujicich vyvoj hypofyzy (HESX1, PROP1 a
POU1F1) a podrobny popis fenotypu. Po extrakci DNA a amplifikaci kédujicich
oblasti genu jsme provedli screening mutaci metodou dHPLC a jejich potvrzeni
pfimou sekvenaci. Nalezli jsme dominantni mutaci v genu POU7F1 u jednoho
pacienta a recesivni mutace v genu PROP1 u 18 pacientq, jejichz fenotyp byl dale
podrobné zkouman. Zaznamenali jsme soucasny vyskyt deficitu TSH a PRL pfi
diagndze GHD a pozdéjsi rozvoj deficitu ACTH. Rast pacientu byl mirné ovlivnén jiz
prenatalné, ristova porucha progredovala v prvnich letech zivota. Vékova distribuce
morfologickych nalezl na hypofyze podpofila teorii, ze v utlém détstvi dochazi

k hyperplazii hypofyzy s jeji nasledujici spontanni regresi.

Tretim feSenym tématem bylo ovérovani platnosti matematickych predikénich
modeld rustu pfi substituéni I6Cb& GH na nezavislé kohorté 38 pacientu. S vyjimkou
modelu pro prvni rok IéCby zahrnujici hodnoty GH v zatéZzovém testu a modelu pro

Sesty rok IéCby mély ostatni modely tendenci podhodnocovat ristovou rychlost, coz



Ize vysvétlit hlubsim deficit GH, menSim podilem genetickych faktord na malém

vzrustu pacientu a vySSi frekvence injekci GH v nasi kohorté.

Klicova slova

rustovy hormon, deficit ristového hormonu, septo-opticka dysplazie, HESX1,
PROP1, POU1F1, predikéni model ristu



Summary

Growth in childhood is a complex process of changing the body, which can be
disrupted by various illnesses including endocrine disorders, particularly growth
hormone deficiency. Tumors or other processes affecting hypothalamic-pituitary area
can be a postnatal cause of GHD; prenatal causes include 1) developmental
disorders of the pituitary as part of complex syndromes, 2) developmental disorders
of the pituitary due to defects in regulatory genes and 3) defects in genes involved in
the synthesis and secretion of GH.

The first topic of the thesis was septo-optic dysplasia - a complex syndrome involving
optic nerve hypoplasia, structural brain abnormalities and pituitary dysfunctions. We
extensively described phenotype in 11 Czech patients; we observed both complete
SOD and incomplete forms variously combining two of the three main components of
the syndrome. The cohort then became a part of an international study of 68 patients,
in which we studied the phenotype in dependence on the brain morphology. We
found correlation between the severity of clinical symptoms and the degree of
septum pellucidum abnormities and also a correlation between hippocampus and falx
abnormities and neurological symptoms.

As the second topic we studied genes regulating pituitary development (HESX1,
PROP1 and POU1F1) in a group of 74 patients with combined pituitary hormone
deficiency and a detailed phenotype of the found mutations. After DNA extraction and
amplification of coding regions we screened for mutations using dHPLC and
confirmed them using direct sequencing. We identified a dominant-inherited mutation
in POU1F1 gene in one patient and recessive mutations in PROP1 gene in 18
patients whose phenotype was then investigated in detail. We observed TSH and
PRL deficiency diagnosed at the same time as GHD and ACTH deficiency
developing later in life. Growth of the patients was slightly affected prenatally; growth
failure progressed in the first years of life. The age distribution of morphologic
findings on the pituitary supports the theory that the pituitary becomes hyperplastic in
early childhood and then regresses spontaneously.

The third issue solved was validation of mathematical models predicting growth
during GH replacement therapy on an independent cohort of 38 patients. With the

exception of the model for the first year of treatment including GH stimulated values



and the model for the sixth year of treatment, the other models tended to
underestimate height velocity, which can be explained by more severe GHD, less
expressed role of genetic factors on the short stature of patients and higher

frequency of GH injections in our cohort.

Keywords

growth hormone, growth hormone deficiency, septo-optic dysplasia, HESX1, PROP1,
POU1F1, growth predicting model
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Cile

Cilem dizertaCni prace bylo rozsifit znalosti o genetické a humoralni regulaci rastu
zamérenim se na nékolik dilCich témat.

Prvnim cilem bylo vyhledat Ceské pacienty se septo-optickou dysplazii a
podrobné zmapovat jejich fenotyp, a to jak na urovni narodni (kapitola 5.1 a 5.2),
kde dosud nebyla podobna studie provedena, tak i v ramci rozsahlé studie
mezinarodni (kapitola 5.3).

Druhym cilem bylo vyhledat mezi Ceskymi pacienty s GHD kandidaty s klinickym
podezienim genovy defekt v jednom z vybranych gentl (GH1, GHRH-R, HESX1,
PROP1, POU1F1). Analyzou DNA jsme chtéli zjistit Cetnost vyskytu mutaci

v uvedenych genech. V kohorté pacientu s jiz identifikovanym genovym defektem
jsme si nasledné dali ukol extenzivné popsat jejich fenotyp se zvlastnim
zameérfenim na auxologické parametry (kapitola 6.1) a morfologii hypofyzy (kapitola
6.2).

Tretim cilem bylo na nezavislé kohorté pacientll ovéfit spolehlivost Rankeho
predikéniho modelu ristu pro pacienty 1ééené GH (kapitola 7).
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Cast A - prehled problematiky

1. Rust

Rust détského organizmu je komplexni proces pfedstavujici nejen prosté
zvétSovani télesnych rozmérd, ale i diferenciaci a zrani jednotlivych tkani a
jejich funké&niho zapojovani v pfesné uréenych vyvojovych obdobich. Rizeni tohoto
nesmirné naro¢ného procesu zahrnuje mnoho regulaénich systémda, které v pribéhu
celého obdobi rastu hraji rizné vyznamnou roli.

Rust ditéte je vysledkem vzajemného pusobeni genetickych a
environmentalnich faktorti. Genetické faktory zahrnuji obtizné uchopitelny rastovy
potencial, ktery je ur¢en genetickym vybavenim ziskanym od rodi€t a ktery je do
urcité miry kvantifikovatelny posouzenim vysky rodic¢t. DalSim duleZitym genetickym
faktorem je pohlavi jedince. Z faktorl prostfedni hraje zasadni roli zdravotni stav
ditéte, adekvatni vyziva a psychosocialni podminky.

V obdobi od narozeni do ukonCeni rustu Ize rozlidit tfi obdobi, ktera se
vyznamneé lisi regulacnimi mechanizmy a riznym podilem na celkovém ristu
jednotlivce. Tato obdobi nejsou ostfe oddélena a plynule na sebe navazuiji.

Infantilni ristové obdobi bezprostfedné navazuje na intrauterinni riist a trva
priblizné do konce druhého roku zZivota. Je to obdobi nejvétsi ristové rychlosti v
celém postnatalnim Zivoté, ve kterém se jen malo uplatfiuje geneticky rastovy
potencial. V regulaci infantilniho ristového obdobi hraji kliCovou roli pfedevsim IGF-I
a vazebné proteiny pro IGF-l (IGFBP-1 az IGFBP-6).

Détské rustové obdobi je charakterizovano postupnym uplatfiovanim
genetického ristového potencialu a klidnym a plynulym rlstem az do za¢atku
puberty. Détska komponenta rustu se zacina uplatfovat v druhé poloviné prvniho
roku zivota a jeji ucinek pretrvava az do ukonceni ristu. Kli¢ovym regulatorem rustu
v tomto obdobi je osa riistovy hormon - IGF-I.

Poslednim rastovym obdobim je pubertalni rast. Zac¢ina s aktivaci osy
hypotalamus-hypofyza-gonady a jeho celkové trvani je 4-5 let. Fyziologickym

podkladem pubertalniho rustu souhra dvou hormonalnich mechanismi: osy GH-IGF-
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| a osy hypotalamus-hypofyza-gonady. Rust je charakterizovan vyraznym
zvySenim rastové rychlosti nasledovanym postupnym vycerpanim rtistového
potencialu vedoucim k definitivnimu ukoné€eni ristu a zarover rozvojem sexualnich

znakl a dosazenim pohlavni zralosti.
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2. Poruchy rustu

Ruastova retardace mze byt vysledkem mnoha riiznych mechanismd.
Nejrozsahlejsi skupinou jsou déti tzv. short-normal. Bud se jedna o déti malych
rodi€u (tzv. familiarni maly vzrist) nebo o déti s konstituénim opozdénim ristu a
puberty. Pro obé varianty je typicka absence zdravotni poruchy spojené s rustovou
retardaci a dospélou vyskou v souladu s rodiCovskou predikci a obé varianty jsou
hodnoceny jako varianta normalu.

Druhou skupinou jsou déti s chronickym systémovym onemocnénim
nejruznéjsi povahy. Porucha rustu je v tomto pfipadé symptomem, ktery muze v
nékterych pfipadech jako prvni ¢i dokonce jako jediny projev upozornit na probihajici
zavazné onemocnéni.

Treti skupinou jsou déti s onemocnénim z oblasti klasické genetiky. S
poruchou ristu se poji vétSina chromozomalnich aberaci i cela fada
dysmorfickych syndromu. Jejich detekce muize byt pfi pfitomnosti typickych znaku
relativné jednoducha, u méné napadnych stavi vSak muze byt porucha ristu prvnim
projevem.

Posledni skupinou - nikoli vdak vyznamem - jsou déti s endokrinni poruchou.
K poruse riistu vedou nedostatek hormonu stitné zlazy, nadbytek
glukokortikoidt, predéasna produkce pohlavnich hormonu, nejvétsi ¢ast déti s
endokrinopatii jako pficinou riistové retardace vsak tvofi déti s deficitem riistového

hormonu.
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3. Deficit ristového hormonu

Deficit riistového hormonu (GHD) je relativné €astou endokrinni poruchou s
Cetnosti vyskytu 1:2000-10000 Zivé narozenych.

Klasicky se u déti rozliSuje GHD idiopaticky, ktery tvofi 70-80% vSech
pfipadl, a GHD organicky podminény, ktery tvofi zbyvajicich 20-30% pfipadu
GHD. Poruchy vedouci k manifestaci GHD mohou byt vrozené - v tom pfipadé je
GHD dosud obvykle klasifikovan jako idiopaticky, nebo ziskané.
oblasti a z nich nejvice kraniofaryngeom. Porucha rlstu v disledku GHD je ¢asto
prvnim projevem a jeji v€asné zachyceni pak muze byt rozhodujicim faktorem pro
dalSi prognozu ditéte. DalSimi nadory postihujicimi tuto oblast jsou germinom, gliom
optiku €i vzacné adenom hypofyzy. Zvlastnim pfipadem je histiocytoza z
Langerhansovych bunék. Radioterapie zasahujici oblast hlavy, je dalSi Castou
pfi€inou ziskaného GHD. Poruchu funkce hypofyzy nevyvolava pouze pfimé ozareni
tumord hypotalamo-hypofyzarni oblasti, ale i radioterapie intrakranialnich tumort v
jinych lokalizacich, celotélové ozareni pfed transplantaci kostni dfené nebo
profylaktické ozafeni CNS v ramci komplexni terapie leukemii. Vzacnymi pfiCinami
postnatalné ziskaného GHD jsou autoimunni hypofyzitida (napf. v ramci
autoimunniho polyglandularniho syndromu), purulentni meningitida ¢i trauma
lebky.

Na pomezi mezi vrozenymi a ziskanymi formami GHD stoji pacienti s
perinatalni patologii, u kterych dochazi k posSkozeni hypofyzy nejCastéji prerusenim
stopky hypofyzy pri porodu koncem panevnim nebo destrukci tkané hypofyzy v
dusledku perinatalni asfyxie €i krvaceni.

Nové poznatky o embryonalnim vyvoji hypofyzy a jeho regulaci na molekularni
urovni pfispivaji k objasnéni nékterych forem idiopatického GHD. S dalSim
rozSifovanim poznatkd o molekularnich regulacnich mechanismech vyvoje hypofyzy
a jejich postupnym zavadénim do klinické praxe |ze oCekavat zpfesnéni diagnostiky
ruznych forem GHD a postupné zmensovani skupiny déti s idiopatickym GHD ve
prospéch pacientd s jasné definovanym genovym defektem.

Znamé prenatalni pri€iny GHD Ize schematicky rozdélit na tfi skupiny:

1. porucha embryonalniho vyvoje hypofyzy jako sou€ast komplexniho syndromu
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2. porucha embryonalniho vyvoje hypofyzy v dusledku definovanych defektl v
regulaénich genech

3. porucha syntézy a sekrece ristového hormonu v dusledku definovanych defektt
v genech podilejicich se na syntéze a sekreci ristového hormonu.

Prvni skupina zahrnuje fenotypicky definované syndromy, u kterych se kromé
poruchy funkce hypofyzy vyskytuji i dalSi typické malformace. VétSina téchto
syndromu se vyskytuje pouze ojedinéle (holoprosencefalie, syndrom solitarniho
maxilarniho fezaku, aj.), relativné €astou jednotkou z této skupiny je syndrom septo-
opticka dyslazie.

Do druhé skupiny se fadi pacienti s narusenim embryonalniho vyvoje
hypofyzy v dusledku defektu v nékterém z genu kodujicich transkripéni faktory -
regulacni proteiny, které ve sloZité Casové a prostorové provazanosti reguluji
genovou expresi ve vyvijejici se hypofyze. U Clovéka byly dosud popsany genové
defekty v genech HESX1, PITX2, LHX3, LHX4, PROP1 a POU1F1. \V\zhledem ke
komplexnimu naruseni vyvoje hypofyzy se defekty v uvedenych genech vétsinou
manifestuji jako kombinovany deficit hormont hypofyzy (multiple pituitary
hormone deficiency - MPHD).

Treti skupina zahrnuje pacienty s izolovanym GHD (IGHD) v dasledku
defektu v genech kédujicich strukturalni proteiny osy riistového hormonu.
NaruSeni spravného fungovani této osy pak vede k poruse syntézy a sekrece GH
nebo k produkci GH s pozménénou molekulou a u€inkem. U ¢lovéka byly dosud
popsany genové defekty v genu GH1 (gen pro rustovy hormon) a genu GHRH-R

(gen pro receptor pro GH-releasing hormon).

3.1. Septo-opticka dysplazie

(Téma je zpracovano v nize uvedeném prehledném ¢&lanku. (Kap. 5.1.))

3.2. Geneticky podminéné poruchy embryonalniho vyvoje hypofyzy

Hypofyza je ustfednim organem endokrinniho systému ¢lovéka. Je to nevelky

organ umistény na spodiné mozku, ktery je slozeny z pfedniho (adenohypofyza) a
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zadniho (neurohypofyza) laloku. Adenohypofyza obsahuje pét hlavnich bunéénych
linii odpovédnych za sekreci jednotlivych hormonud. Somatotrofy produkuji riistovy
hormon, thyreotrofy TSH, kortikotrofy ACTH, gonadotrofy FSH a LH a laktotrofy
prolaktin. Neurohypofyza obsahuje gliovou tkan, do které prorustaji axony
sekre¢nich neuronu lokalizovanych v hypotalamu, které produkuji oxytocin a
vazopresin.

Zrala diferencovana hypofyza vznika ze dvou buné&énych zakladl - tkané
oralniho ektodermu (Rathkeho vychlipka) jsou materialem pro vznik
adenohypofyzy, zatimco tkané predni neuralni ryhy se formuji do zakladu
neurohypofyzy. Tento vyvoj probiha ve dvou kvalitativné odliSnych stupnich - v
prvni fazi (morfogeneze) se formuje makroskopicky zaklad budouci hypofyzy a v
druhé fazi (organogeneze, diferenciace) dochazi v jiz vytvofeném zakladu hypofyzy
k diferenciaci jednotlivych bunénych linii a tim k postupnému utvareni

mikroskopické struktury zralé hypofyzy.

Obr. 1 Schéma vyvoje hypofyzy

Morfogeneze hypofyzy Diferenciace hypofyzy

A A
r N )

predni
neuronalni

ryha

zaklad
Rathkeho
vychlipka

hypofyzy } ii;

HESX1 (RPX)

PITX1 + PITX2
LHX3 (P-LIM) + LHX4
PROP1
POU1F1

Proces vyvoje hypofyzy je fizen geny kédujicimi transkripéni faktory -
intranuklearni proteiny, které se vazi na specifické useky DNA a tim aktivuji nebo
naopak suprimuji expresi dalSich genu. Na regulaci morfogeneze hypofyzy, ale
také okolnich tkani, se podileji pfedevsim geny HESX1, PITX1, PITX2, LHX3 a
LHX4. Jejich defekty narusSuji vyvoj hypofyzy ve velmi ranych stadiich a vedou proto
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ke kombinovanému deficitu hormont hypofyzy spojenému s dalSimi vyvojovymi
anomaliemi. Nasledna diferenciace jednotlivych bunéénych linii se déje pod
regulaénim vlivem dalSich transkripénich faktoru, pfedevsim PROP1 a POU1F1, ale
také nékterych dalSich. Kazdy z téchto faktor pasobi ve specifické fazi diferenciace,

coz pfi genovém defektu vede ke specifickému endokrinnimu fenotypu.

3.2.1. Poruchy morfogeneze hypofyzy
3.2.1.1. HESX1
Prvni transkrip&ni faktor, ktery se podili na morfogenezi hypofyzy, je HESX1.

Je to protein o 185 aminokyselinach, ktery je exprimovan v tvofici se hypofyze i v
okolnich tkanich jizZ od nejrannéjsich fazi vyvoje. Po zformovani zékladu hypofyzy
jeho exprese postupné ustava a v dobé exprese faktoru POU7F1 jiz neni pfitomna.
Na utlumu exprese tohoto faktoru se pravdépodobné podili nartstajici exprese
faktoru PROP1. Gen pro HESX1 je lokalizovan na chromozomu 3p. U Clovéka byly
vzacné popsany defekty v tomto genu u jedinct s klinickym obrazem septo-
optické dysplazie s hypoplazii optickych nervl s poruchou zraku, morfologickymi
anomaliemi stfedo€arovych struktur mozku (septum pellucidum, corpus callosum,
fornix) a hypopituitarismem. Nové byl popsan heterozygotni vyskyt genového
defektu genu HESX1 u déti s mirnou formou SOD nebo hypoplazii hypofyzy s
hormonalnimi deficity ale bez morfologickych anomalii.

3.2.1.2. PITX1, PITX2
TranskripCni faktory PITX1 a PITX2 se exprimuji od €éasnych fazi vyvoje

hypofyzy po celou dobu jejiho vyvoje a dale i ve zralé hypofyze. U vyvijejiciho se
embrya jejich exprese definitivné odlisi bunky tvofici zaklad Rathkeho vychlipky
od okolnich bunék oralniho ektodermu. Béhem dalSiho vyvoje se podileji i na
diferenciaci jednotlivych bunéénych linii. PITX1 je exprimovan pfedevSim v
kortikotrofech, expresi PITX2 je pak detekovatelna v somatotrofech, thyreotrofech,
gonadotrofech a laktotrofech.

Defekt v genu PITX2 byl nalezen u pacientl s Riegerovym syndromem.
Fenotyp téchto pacientl zahrnuje hypopituitarismus, anomalie pfedniho segmentu
oka, hypoplazii zubtl a v nékterych pfipadech mentalni retardaci. Pfenos mutace
je autozomalné dominantni.
3.2.1.3. LHX3, LHX4
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Brzy po za¢atku formovani Rathkeho vychlipky je zahajena exprese
transkripénich faktort LHX3 a LHX4. Ty zajistuji, aby se Rathkeho vychlipka
definitivné oddélila od tkané oralniho ektodermu a vytvofila zaklad samostatného
organu. Jejich exprese pak pretrvava po celou dobu vyvoje hypofyzy, kdy se
podileji na diferenciaci jednotlivych bunéénych linii.

Defekt v genu LHX3 byl zatim popsan v nékolika rodinach, ve kterych se
detekovana mutace dédi autozomalné recesivné. Pacienti méli kombinovany deficit
vSech hormonu adenohypofyzy s vyjimkou ACTH. Hypofyza byla zvétSena nebo
naopak zmensena. Kromé toho byla u prvnich detekovanych pacientll napadna
rigidita kr€ni patefe s vyrazné omezenou rotaci. U dalSich pacientu v3ak jiz tento rys
zaznamenan nebyl.

Defekt v genu LHX4 byl dosud také popsan pouze ojedinéle. Dédi¢nost byla
autozomalné dominantni. Pacienti méli kombinovany deficit GH, TSH a ACTH,
hypoplastickou hypofyzu v nedostateéné vyvinutém tureckém sedle, ektopickou

neurohypofyzu a anomalie mozecku.

Tab. 1 Geneticky podminéné poruchy morfogeneze hypofyzy — prehled

gen typ dédi¢nosti fenotyp

HESX1 AR, AD homozygoti — syndrom septo-opticka dysplazie
heterozygoti — GHD bez morfologickych anomalii

PITX2 AR Riegeruv syndrom — hypopituitarismus, anomalie pfedniho
segmentu oka, hypoplazie zubl, nékdy mentalni retardace

LHX3 AR deficit GH, TSH, FSH/LH, PRL, anomalie hypofyzy, u nékterych
pacienty rigidita kréni patefe s omezenou rotaci

LHX4 AD deficit GH, TSH, ACTH, hypoplazi hypofyzy, ektopie

neurohypofyzy, anomalie mozecku

3.2.2. Poruchy diferenciace hypofyzy

Na morfogenezi hypofyzy plynule navazuje diferenciace jednotlivych
bunéc&nych linii adenohypofyzy z nezralych pluripotentnich bunék. Tento proces
probiha v nékolika stupnich. Jako prvni, jesté pfed ukonéenim morfogeneze, se
diferencuji kortikotrofy. k jejich diferenciaci je nezbytna funkce transkripénich
faktord HESX1, PITX1, LHX4 a dale T-PIT, NEUROD1 a ziejmé i PROP1.
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Po diferenciaci kortikotrofli nasleduje diferenciace gonadotrofa, ktera
probiha za pusobeni faktorad KAL1, DAX1, SF1 a PROP1.

V zavérecné fazi se zbylé pluripotentni buriky diferencuji v somatotrofy,
thyreotrofy a laktotrofy, coz se déje pfedevsim pod vlivem faktord PROP1 a
POU1F1.

3.2.2.1. PROP1

Transkrip&ni faktor PROP1 protein o délce 226 aminokyselin, jehoz exprese je

nezbytna pro regulaci exprese genu POU1F1 a pravdépodobné hraje i dilezitou roli
v ukonéeni exprese genu HESX1. Je kédovan genem uloZzenym na chromozomu
54.

Mutace v genu PROP1 jsou mezi pacienty s kombinovanym pituitarnich
deficitem v nasich podminkach relativné nejcastéjsi - v eské narodni studii byl
defekt v tomto genu nalezen u 22% déti. Mutace v genu PROP1 vedou ke vzniku
kombinovaného deficitu hormont hypofyzy zahrnujiciho deficit GH, TSH, PRL a
FSH/LH, pozdéji v zZivoté dochazi i k rozvoji deficitu ACTH. GHD obvykle vede k
vyrazné redukci vySky, vzacné byl u pacientl s defektem v PROP1 genu popsan i
normalni rist a normaini dospéla vyska. Hormonalni deficity se mohou rozvijet jiz
béhem détstvi, ale i pozdéji v zivoté, maji vSak progresivni charakter a postupné
dojde k rozvoji uplného fenotypu.

Obvyklym nalezem u pacientd s PROP1 mutaci pfi zobrazovacim vySetfeni
hypofyzy je mala nebo normalni adenohypofyza s normalné konfigurovanou
neurohypofyzou, u nékterych pak byva popisovana hyperplazie predniho laloku
hypofyzy pfipominajici tumor. Biopsie z hyperplastické hypofyzy je nespecificka, s
pritomnosti amorfniho materialu, nejsou identifikovatelné zadné specifické bunééné
linie. ZvétSeni hypofyzy neni stacionarni, bunétné masy maji tendenci
regredovat, coz vyustuje v hypoplazii hypofyzy az v obraz empty sella.
Mechanismus vzniku hyperplazie a nasledné regrese bunééné masy neni znam.
Vzhledem k tomu, Ze jednou z pfedpokladanych funkci genu PROP1 je u€ast na
ukonceni exprese Casoveé predchazejicich transkrip&nich faktorll HESX1 a LHXS3,
nabizi se vysvétleni, Ze prodlouzena exprese HESX1 a LHX3 genl umoziuje delsi
prezivani a mnozeni nediferencovanych prekurzorovych bunék a teprve opozdéné
vyhasinani aktivity téchto transkripCnich faktord pak vede k regresi hyperplastické
hypofyzy. Hyperplasticka hypofyza byva detekovatelna v prvnich dvou, nejvyse
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trech dekadach zZivota a mize vést k zaméné s nadorem hypotalamo-hypofyzarni

oblasti a naslednému zbytecnému neurochirurgickému vykonu.

3.2.2.2. POU1F1
Transkrip¢ni faktor POU7TF1 (alternativni nazev PIT1) je nejdéle znamym

pituitarnim transkrip&nim faktorem (identifikace genu 1988, prvni mutace u ¢lovéka
prokazana 1992). Jeho exprese zacina v navaznosti na expresi PROP1 a po
ukoné&eni exprese HESX1 a pretrvava i ve zralé hypofyze. Je detekovatelny v
somatotrofech, thyreotrofech a laktotrofech, pro jejichz diferenciaci je jeho
ucinek nezbytny. POU1F1 je protein o délce 291 aminokyselin a ve své strukture
obsahuje DNA-vazebnou doménu a transaktivacni doménu. Gen kodujici jeho
sekvenci je lokalizovan na chromozomu 3p.

Dédi¢nost genovych defektu je v zavislosti na lokalizace mutace v genu
autozomalné dominantni (mutace v oblasti transaktivaéni domény) nebo
autozomalné recesivni (mutace v oblasti DNA-vazebné domény).

Genové defekty v POUTF1 genu vedou jiz béhem prvniho roku zivota k tézké
rustové retardaci a typickym fenotypem (prominujici ¢elo, maly nos s vpacenym
kofenem) na podkladé tézkého deficitu GH a centralni hypotyreéze v disledku
chybéni TSH. Maji i velmi nizké hladiny prolaktinu, coz ovSem nevyvolava v détstvi
klinické pfiznaky. Hladiny ACTH jsou trvale normalni, diky intaktni sekreci
gonadotropinl pacienti normalné dospivaji a zeny mohou otéhotnét. Kvuli deficitu
prolaktinu vS8ak nemohou po porodu kojit.

Hypofyza pacientu s defektem POU17F1 je od narozeni mensi a jeji objem s
vékem klesa. Na rozdil od PROP1 defektu nedochazi k pfechodné hyperplazii

hypofyzy.

Tab. 2 Geneticky podminéné poruchy diferenciace hypofyzy — prehled

gen typ dédi¢nosti fenotyp

PROP1 AR deficit GH, TSH, PRL, FSH/LH, pozdé&ji ACTH, hyperplazie
hypofyzy nasledovana jeji hypoplazii

POU1F1 | AR, AD deficit GH, TSH, PRL
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3.3. Geneticky podminény izolovany deficit rGistového hormonu

Rustovy hormon je syntetizovan, skladovan a nasledné secernovan
somatotropnimi bunkami predniho laloku hypofyzy. Hypofyza neni v syntéze a
sekreci GH autonomni, ale podléha regulaci nadrazenych center v
hypotalamickych jadrech (nucleus arcuatus), ktera je uskute€fiovana prostfednictvim
souhry mezi stimulacni aktivitou GH-releasing hormonu (GHRH) a inhibi¢ni
aktivitou somatostatinu (SMS), které se vazi na specifické receptory somatotropnich
bunék.

PFiCinou vrozeného izolovaného GHD muze byt defekt v genu pro receptor
GHRH (GHRH-R gen) nebo genu pro rustovy hormon (GH1). Teoreticky by mohl mit
obdobny efekt i defekt v genu pro GHRH, ten vSak nebyl dosud u ¢lovéka popsan.
PFibuznym stavem je pak i defekt v receptoru pro GH. Toto onemocnéni (Laronv
syndrom) u ¢lovéka popsano bylo, a a€ fenotyp pacientu pfipomina pacienty s
tézkym deficitem GH, nejedna se skutecCny deficit GH. Hladiny GH jsou naopak

zvy8ené a tento stav neni mozno rdstovym hormonem Iécit.

3.3.1. GHRH-R gen

GHRH-R patfi do skupiny transmembranovych receptoru spojenych s G-

proteiny.

Gen koédujici jeho molekulu je lokalizovan na chromozomu 7p15-p14 a je
exprimovan v piednim laloku hypofyzy, pfedevSim na somatotropni bunécéné linii.

Prvni popsana mutace genu GHRH-R byla nalezena u nékolika ¢lend indické
rodiny. Zpusobuje vyrazné zkraceni molekuly receptoru, ktery upIné postrada
extracelularni doménu. Pacienti méli typické prominujici ¢elo a obezitu v oblasti
trupu. Ve standardnich stimula¢nich testech ani v testech s GHRH u nich
nedochazelo k vyplavovani GH. Typickym nalezem pfi zobrazovacim vySetreni
mozku byla hypoplasticka hypofyza. Stejna mutace byla nalezena u rodiny
pochazejici ze Sri Lanky a dalSi rodiny z Pakistanu. V genu GHRHR bylo dosud
identifikovano nékolik dalSich mutaci - bodové mutace v exonech, splice site mutace
zpusobujici vyrazné zkraceni molekuly receptoru nebo bodové mutace v oblasti

vazebného mista pro faktor POU7TF1.
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3.3.2. GH1gen

Ruastovy hormon je protein sloZzeny ze 191 aminokyselin, o molekulové

hmotnosti 22 kDa. Méné Casto se vyskytuje ve formé proteinu o molekulové
hmotnosti 20 kDa vznikajici alternativnim splicingem nebo ve formé dimerua a
oligomerd. Jeho struktura je kédovana genem GH1 lokalizovanym na chromozomu
17922-q24, kde je soucasti klastru blizce pfibuznych gend, ktery zabira oblast o
velikosti 66,5 kb.

V genu GH1 bylo jiz nalezeno mnozstvi mutaci - rozsahlé delece, pfi nichz
dochazi ke ztraté 6,7 kb, 7,0 kb, 7,6 kb Ci dokonce 45 kb, mikrodelece vedouci ke
zmeéné Cteciho ramce a bodové substitucni mutace.

Mutace v genu GH17 vedou ke tfem klinicky rozdilnym typum IGHD. Jejich
spole¢nymi znaky je €asna ristova retardace s malou dospélou vyskou, typicka
facies (prominujici ¢elo, maly nos s vpacenym kofenem) a normalni funkce
ostatnich hormont hypofyzy.

IGHD typ 1A je charakterizovan autozomalné recesivnim typem dédi¢nosti.
Rozsahlé delece, mikrodelece a bodové substituc¢ni mutace zpusobuji u postizenych
jedincu uplné chybéni molekuly GH, coz pfi substitu¢ni [éEbé GH vede k produkci
protilatek proti GH a nasledné k inhibici jeho u&inku.

IGHD typ 1B je pfenasen také autozomalné recesivné. Jeho molekularnim
podkladem jsou jiné typy mutaci - nejCastéji splice site mutace, které vedou k
produkci malého, ale detekovatelného mnozstvi GH se zkracenou a nefunkéni
molekulou. Porucha rlastu byva méné zavazna nez v pfedchozim pfipadé a pacienti
obvykle dobfe reaguji na substitu€ni terapii GH, pfi niZ u nich nevznikaji protilatky
proti GH.

IGHD Il ma autozomalné dominantni typ dédi¢nosti a molekularnim
podkladem jsou splice site nebo bodové substitu¢ni mutace s dominantné
negativnim efektem zpUlsobenym inhibici dimerizace receptoru pro GH, ktera je po
navazani molekuly GH na receptor nezbytnou podminkou pro pfenos signalu
intracelularné. Klinicka zavaznosti ristové retardace se mezi jednotlivymi

postizenymi jedinci liSi. Odpovéd’ na substitu¢ni Ié€bu byva dobra.
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Tab. 3 Geneticky podminény deficit IGHD - prehled

gen typ fenotyp
dédicnosti
GHRH-R | AR deficit GH, hypoplazie hypofyzy
GH1 AR IGHD IA - velmi tézka rustova porucha, pfi lé¢bé GH tvorba protilatek
proti GH, Spatna reakce na IéCbu
AR IGHD IB - tézka ristova porucha, pfi [é€bé GH bez tvorby protilatek
proti GH, dobra reakce na lé¢bu
AD IGHD Il — rdstova porucha riizné zavaznosti, pfi Ié€bé GH bez tvorby

protilatek proti GH, dobra reakce na Ié¢bu
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4. Lécba rastovym hormonem

Historie IéCby rustovym hormonem saha do roku 1958, kdy byl poprvé pouzit k 1€Ebé
pacienta s GHD. V prvnich desetiletich byl pouzivan extrakéni hormon z lidskych
hypofyz a vzhledem k jeho omezené dostupnosti byla IéEba vyhrazena jen pro
pacienty s tézkym GHD. K vyznamnému posunu v |é¢bé doslo v roce 1985. V tomto
roce byl po prikazu pfenosu smrtelné Creutzfeldtovy-Jakobovy nemoci z trhu stazen
extrakéni rstovy hormon a v témze roce byl naopak na trh uveden rastovy hormon
vyrabény rekombinantni technologii. Jeho prakticky neomezené mnozstvi
umoznilo jednak plnou lé¢bu vSech potifebnych pacientll s GHD a jednak vyzkum
dalsich moznych indika€nich oblasti. Postupné zacali byt kromé déti s GHD |éCeni
pacientky s Turnerovym syndromem, déti s chronickou renalni insuficienci, s
Prader-Williho syndromem, s ristovym selhanim navazujicim na intrauterinni
rustovou retardaci (IUGR) a s deficitem SHOX genu. U dospélych pacientl se
rastovy hormon pouziva k |1é¢bé GHD v dospélosti.

Pacienti z riznych indikaénich skupin reaguji rizné na Ié€bu ristovym hormonem
a jsou lé€eni podle odlisSnych Ié€ebnych schémat. Rozsahlé zkuSenosti ziskané
|éEbou velkych skupin pacientl potvrzuji, Zze i v ramci jedné indikani skupiny reaguji
jednotlivi pacienti na Ié€ébu odliSné, coz znesnadrniuje optimalni davkovani
ristového hormonu.

K individualizaci Ié€ebnych protokoll byly zpracovanim rozsahlych souboru dat
vyvinuty pro jednotlivé indikacni skupiny predikéni modely - matematické rovnice,
které s pouzitim udaju dostupnych pfed zahajenim IéEby umoziiuji odhadnout reakci
konkrétniho pacienta na IéCbu a |é€bu tak konkrétné pfizpusobit jeho potfebam.
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Cast B - publikované élanky
5. Septo-opticka dysplazie

5.1. Clanek 1
(Vosahlo J, Srp A, Krasny J. Septo-opticka dysplazie. In: Lebl J, et al. Détska
endokrinologie. Praha, Galén 2004:81-9)

Septo-opticka dysplazie

Jan Vosahlo, Antonin Srp, Jan Krasny

Definice

Septo-opticka dysplazie (SOD), zvana také de Morsierlv syndrom, je vzacna
vrozena anomalie centralniho nervového systému, kterou charakterizuji
morfologické abnormity stfedo¢arovych struktur mozku, jedno- i oboustranna
hypoplazie optickych nervi a deficit hypotalamo-hypofyzarnich hormonu. Jeji
Cetnost se odhaduje na 1:50 000.

V soucCasné dobé se rozliSuje uplna a neuplna forma SOD. Za uplnou formu SOD je
povazovana kombinace tfi znaku - hypoplazie optickych nervu, morfologickych
anomalii sttedoCarovych struktur mozku a hypotalamo-hypofyzarni insuficience. Tato
forma SOD je méné Casta, vyskytuje se u asi 30% vSech pacientl s SOD. Pojeti
neuplné formy SOD neji jednotné. Néktefi autofi za ni povazuji kombinaci kterychkoli
dvou ze tfi vySe uvedenych znaku, podle jinych musi byt jednim ze dvou znakd

hypoplazie optickych nervd.
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Historické poznamky

Agenezi septum pellucidum poprveé popsal jiz v roce 1880 Techiny. V roce 1941
pozoroval Reeves soucasny vyskyt ageneze septum pellucidum a kongenitalni
amaurdézy pro oboustrannou hypoplazii optickych nervli u sedmimésic¢niho ditéte. O
15 let pozdéji popsal de Morsier atrofii optickych nervl u deviti pacientl s agenezi
septum pellucidum a zavedl pro kombinaci téchto dvou pfiznakld termin septo-opticka
dysplazie.

Spektrum pfiznakd SOD rozsifili v roce 1970 o poruchy hypotalamo-hypofyzarniho
systému Hoyt a Kaplan, kdyz upozornili na ¢asty vyskyt deficitu ristového hormonu u
déti s SOD. V dalSich letech pak rGzni autofi popsali deficity dalSich hormonu
hypotalamo-hypofyzarniho systému u pacientt s SOD.

Etiopatogeneze

SOD vznika v disledku naruseni ¢asné faze vyvoje centralniho nervového systému.
Jako mozna noxa jsou podezfivany virové infekce Ci vliv chemickych latek. Je
popsan vyskyt SOD u déti vystavenych béhem nitrodélozniho vyvoje pasobeni
alkoholu a drog Ci kyseliny valproové, prace prokazujici souvislost mezi konkrétni
noxou a SOD jsou vSak ojedinélé.

Zcela jinym pfistupem k objasnéni etiologie SOD je hypotéza o jejim vaskularnim
puvodu. Ta za primarni povazuje poskozeni proximalniho kmene arteria cerebri
media bliZze neuréenym mechanizmem a vznik charakteristickych znakt SOD
pfiklada ischemickému postizeni vyvijejicich se struktur centralniho nervového
systému.

Popsany, nicméné nevysvétleny, je CastéjSi vyskyt SOD u déti mladSich matek.
Geneticka pfi€¢ina SOD nebyla do nedavné doby znama. Ojedinéle byl pozorovan
familiarni vyskyt naznacujici moznou autozomalné recesivni dédi¢nost. V nedavné
dobé byla jako pfi¢ina SOD popsana homozygotni mutace v genu HESX1 u dvou
sourozencu s hypoplazii optiku, agenezi corpus callosum a hypoplazii hypofyzy s
panhypopituitarismem. Gen HESX1 patfi do skupiny genl kédujicich proteiny, které

se ve funkci transkripénich faktor podileji na regulaci tkafiové diferenciace; HESX1
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fidi Casné faze vyvoje stfednich struktur mozku a hypofyzy. Nové byl popsan
heterozygotni vyskyt mutaci genu HESX1 u déti s mirnou formou SOD nebo
hypoplazii hypofyzy bez morfologickych anomalii.

Etiopatogeneze SOD tedy dosud neni spolehlivé objasnéna. Genetické nalezy do ni
sice vnaseji nove svétlo, vysveétluji vSak jen nékteré pfipady SOD. | nadale tak
zustava pravdépodobné, Ze se na vzniku tohoto syndromu spolupodili vice vzajemné
interagujicich faktoru. Vzhledem k vysoké fenotypové variabilité tohoto onemocnéni
je mozné, ze syndrom SOD v sobé zahrnuje vice rliznych nosologickych jednotek,

které budou v budoucnu pfesnéji vymezeny.

Klinicky obraz

Perinatalni priznaky

VétSina déti s SOD se rodi v terminu, jejich porodni délka, hmotnost i obvod hlavicky
jsou normalni. U 20-60% téchto déti vSak dochazi k porucham postnatalni adaptace -
maji nizké skére Apgarové, tendenci k bradykardii, dochazi u nich k zavaznym
porucham dychani projevujicim se apnoickymi pauzami, které nékdy mohou
vyzadovat i umélou plicni ventilaci, nékteré tyto déti trpi kfeCemi. Narusena muize byt
i schopnost udrzovat vnitfni prostfedi - dochazi u nich k hypoglykémiim,
elektrolytovym dysbalancim a hyperbilirubinémii.

Na vzniku poruch adaptace se podili nékolik faktort. Morfologické zmény mozku
mohou postihovat i centra regulujici zakladni zivotni funkce, ktera pak ve ztizenych
podminkach postnatalni adaptace selhavaji, jinym moznym projevem anomalii
mozku je vznik kiedi. Casné projevy deficit hormona hypofyzy mohou byt dalsi
pri€inou postnatalnich komplikaci. Deficit ristového hormonu & ACTH muze vést k
zavaznym hypoglykémiim, které se projevuji kieCemi; deficit ADH je pfi€inou
zavaznych elektrolytovych dysbalanci.

U Casti déti s SOD je patrny mikropenis - je popisovan u 28-50% chlapcu.
O¢ni priznaky

Zakladnim pfiznakem u SOD je jedno- nebo oboustranna hypoplazie optického

nervu. Vétsinou je papila zmenSena na polovinu az tfetinu normalniho priméru a je
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prakticky v rozsahu normalniho terée lemovana dvojitym prstencem atrofické
cévnatky a pigmentového listu sitnice (tzv. double-ring sign). U &asti pacientd maze
byt redukovana na velikost cévni branky a doprovazena vyraznou vinutosti cév (obr.
1) a v nékterych pfipadech je papila jen mirné zmensena a atroficka. Nékdy jsou na
discich pfitomny dysplastické zmény, u nichZ je popisovana asociace s
endokrinopatiemi. Moznymi nalezy na terCi zrakového nervu jsou i kolobomatozni a

gliomatézni zmény.

Obr. 1 Hypoplazie zrakového nervu
Obr. 1a zachycuje fyziologicky konfigurovany ter¢ zrakového nervu rizové barvy a normaini velikosti s
klasickym vystupem cév. Obr. 1b znazorriuje atroficky bledy a hypoplasticky ter¢ zrakového nervu

velikosti cévni branky s vinutosti vystupujicich cév.

Histologicky je hypoplazie optického nervu podminéna snizenim pocCtu nervovych
vlaken. Je tézZ vyznamné redukovan pocet sitnicovych gangliovych bunék,
pfipadné mohou zcela chybét. Pfi¢inou je porucha diferenciace gangliovych bunék
v pribéhu vyvoje o€ni §térbiny. Jejich axony pak neprorostou primitivni papilou do
mozku a nevytvofi se funkéni zrakovy nerv.

Zakladni diagnostickou metodou hypoplazie optického nervu je fundoskopie s
naslednym hodnocenim fotodokumentace o¢niho pozadi. Pro diagnézu
hypoplazie optického nervu svédci, je-li pomér mezi primérem papily zrakového
rentgenologické hodnoceni priméru optického kanalu. Pravidelné zuzeni pod 3,5
mm byva znamkou vrozené hypoplazie. Za patologicky se poklada i stranovy

rozdil pfesahujici 33%.
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Poruchy zraku jsou u pacientd s SOD ¢asté. Slepota postihuje 25-50% déti,
zavaznym postizenim zraku jich trpi 30-40%.

Strabismus je pravidelnym nalezem u jednostranné formy hypoplazie a muze byt
konvergentni nez divergentni. Postaveni oCi nebyva stabilni, coz je podminéno
vyraznym postizenim vidéni. DalSim moznym oCnim nalezem je nystagmus

spojeny hlavné s oboustrannym postiZzenim zrakového nervu.

Morfologické anomalie

Pfestoze se dnesSni pojeti syndromu septo-optické dysplazie liSi od pojeti de
Morsiera a nalez malformace mozku dnes neni nezbytny pro diagnézu SOD, tvofi
morfologické anomalie centralniho nervového systému i nadale jeden ze tfi
zakladnich pfiznaku tohoto syndromu. Zahrnuji defekty stfredo¢arovych struktur
mozku, kam patfi septum pellucidum, corpus callosum, fornix a hypotalamo-
hypofyzarni oblast. Popisovany jsou i anomalie mozecku a kortikalni malformace.
Aplazie septum pellucidum (obr. 2) se vyskytuje s Eetnosti 2-3/100 000. Je
puvodné jednim ze zakladnich pfiznaku SOD. PFi sou¢asném chapani syndromu
SOD neni aplazie septum pellucidum nezbytna pro diagnézu SOD a vyskytuje se
v rliznych sestavach u 20-60% pacientl. Aplazie septum pellucidum neni spojena

s mentalnim ani motorickym defektem.

Obr. 2 Aplazie septum pellucidum (T1W obraz)

U zdravého ditéte (obr. 2a) je na koronarnich fezech septum pellucidum patrné jako svisla ploténka
ve stredni ¢are oddélujici postranni komory. Obr. 2b dokumentuje agenezi septi pellucidi -
postranni komory kompletné splyvayji.
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Aplazie corpus callosum se mUlze vyskytovat v uplné formé, kdy neni tato
struktura vlibec vytvofena, nebo ve formé neupliné, kdy je corpus callosum zizeno

nebo chybi néktera jeho ¢ast (obr. 3). Méné Castou anomalii je aplazie fornixu.

Obr. 3 Anomalie corpus callosum (T1W obraz)

Corpus callosum se na sagitalnich fezech znazorriuje jako obloukovity Gtvar stejné tloustky,
ventralné ostfe zahnuty dopredu a dold, dorzalné mirné kyjovité roz$ifeny. Ventrokaudalné z néj
obloukem odstupuje fornix. Obr. 3a znazorriuje normalni konfiguraci corpus callosum i fornixu,
normalni je i hypofyza a ostatni zobrazené struktury.

Obr. 3b zachycuje hypoplazii stfedni ¢asti corpus callosum, ostatni struktury jsou bez zfetelnych
zmen.

Obr. 3c dokumentuje aplazii pfedni ¢asti corpus callosum, ostatni struktury jsou bez zietelnych

zmeén.
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Adenohypofyza je u pacientl s SOD ¢asto hypoplasticka, moznym nalezem je i
empty sella. Neurohypofyza je utvarena normalné nebo je dystopicka.

Kortikalni malformace zahrnuji pfedevsim schizencefalii (obr. 4), dale dystopii
Sedé hmoty a poruchy gyrifikace. Jsou ¢asto spojeny s vyvojovym opozdénim a
motorickymi deficity.

Ojedinéle popisovanymi anomaliemi jsou arachnoidalni cysty, cysty glandula
pinealis Ci hypoplazie Cichového traktu a bulbu.

Na zakladé morfologickych anomalii mozku se rozdéluje SOD na podtypy s
odliSnymi charakteristikami. Jednim z pouzivanych délicich kritérii je pfitomnost

nebo nepfitomnost schizencefalie, pficemz u prvni skupiny se Castéji vyskytuji



ocni pfiznaky a kfeCe, zatimco druha skupina Castégji trpi hypotalamo-

hypofyzarnimi poruchami.

Obr. 4 Kortikalni malformace - schizencefalie (T2W obraz)

Schizencefalie pfedstavuje roz§tépeni mozkové tkané zpusobujici komunikaci mezi intra- a
extracerebralnimi likvorovymi prostory. Na obrazku je schizencefalie patrna jako tenka Stérbina
obklopena ektopickou Sedou hmotou, ktera zasahuje az ke konture rozsifené levé postranni

komory.
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Endokrinni pfiznaky

Poruchy hypotalamo-hypofyzarniho systému jsou vyznamnou soucasti syndromu
SOD. Postihuji 30-100% pacient. Jejich spektrum je velmi Siroké a saha od
izolovaného deficitu riistového hormonu pres kombinované deficity
pituitarnich hormont az k panhypopituitarismu. Hormonalni postizeni neni
stacionarni, pacienti jsou ohroZeni progresivni ztratou endokrinnich funkci.
Nejcastéjsi popisovanou endokrinopatii je deficit rGstového hormonu, kterym je
postizeno 40-85% pacient(i s SOD. Casty je i deficit ACTH, postizen v§ak miize
byt kterykoli z hormon0 hypotalamo-hypofyzarniho systému. Poruchy funkce
gonadotropinl se projevuji nejen opozdénou &i chybéjici pubertou, ale v nékterych
pfipadech naopak pfed€asnym nastupem puberty a urychlenim pubertalniho
zrani. Sekrece gonadotropinu zlUstava u nékterych pacientd s SOD zachovanai v
pfipadé ztraty ostatnich hormonul hypofyzy, coz je u jinych pfi¢in hypopituitarismu
neobvyklé.
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Do klinického obrazu SOD patfi i centralni diabetes insipidus. Procento
postiZzenych jedincu kolisa v Sirokém rozmezi 9-40%. Porucha se vétSinou projevi
bé&hem prvniho roku zivota neprospivanim, dehydrataci a hypernatrémii. U Casti
pacientl je dosazeni osmotické rovnovahy problematické i pfi IéEbé
antidiuretickym hormonem. Prognosticky nepfizniva je kombinace diabetes
insipidus a poruchy pocitu zizné.

V pfipadé, ze hormonalni poruchy zUstavaji nerozpoznany, ohrozuji pacienty s
SOD hypoglykémie, adrenalni krize a dehydratace, které mohou narusit jejich
normailni vyvoj, pfipadné vedou az k nahlému umrti. Nejvétsi riziko pfedstavuje

deficit ACTH, obzvlasté v kombinaci s diabetes insipidus.

Neurologické priznaky

Psychomotoricky vyvoj déti s SOD je velmi variabilni - od tézké psychomotorické
retardace, pfes mirné vyvojové opozdéni az k normalnimu intelektu s
nadprimérnymi Skolnimi vysledky. Psychomotoricka retardace rastového stupné
je popisovana u 50-75% pacientu. PFicina psychomotorické retardace je
komplexni. Podili se na ni nejen abnormalni vyvoj mozku, ale i opakované
hypoglykémie a elektrolytové dysbalance jako disledek hormonalnich deficitd a
svoji roli nejspiSe muze sehravat i psychosocialni deprivace pfi tézké poruse
zraku.

Krece se vyskytuji u 25-30% déti s SOD. U nékterych z nich souvisi s
morfologickymi zmé&nami mozku, u €asti z nich jsou projevem hormonalni poruchy
- hypoglykemické kiece pfi deficitu ristového a ACTH a hyponatremické kiece pfi

neadekvatni IéCbé diabetes insipidus antidiuretickym hormonem.

Lécba a prognéza

SOD je vrozena vada CNS, kterou neni mozno IéEbou odstranit, je vSak mozno
lé€bou jednotlivych pfiznaku zkvalitnit Zivot ditéte s SOD. Cilem péce je v€asna

diagndza, podrobné zmapovani vSech postiZeni, jejich adekvatni IéCba a

soustavné sledovani.
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Vzhledem k tomu, Ze se jedna o komplexni poruchu postihujici vice télnich
systéma, je nutna spoluprace vice odbornikd. Ukolem oftalmologa je urdéit
zavaznost zrakového postiZeni a kontrolovat optimalni vyuZiti zbytkd zraku.
Détsky endokrinolog je zodpovédny za diagnozu jiz rozvinutych hormonalnich
deficitd a v€asny zachyt dalSich rozvijejicich se endokrinopatii a jejich 1éEbu.
Neurologicka péce je potiebna u pacientu s rozvinutym neurologickym
postizenim.

Faktory, které urcuji prognézu SOD, jsou pfedevsim zavaznost zrakové poruchy,
spektrum a tize hormonalnich deficitli, rozsah postizeni mozku a v neposledni
fadé i v€asnost diagnozy a kompetentni odborné sledovani a lIéCba. Jeji v€asné
rozpoznani a soustavna péce predejde zavaznym komplikacim jako adrenalni
krizi, elektrolytovému rozvratu ¢i naruseni psychomotorického vyvoje opakovanymi
hypoglykémiemi. Umozni také optimalné vyuzit zbytk( zraku a v€asné zachytit

rozvoj dalSich endokrinopatii.
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Souhrn

Septo-opticka dysplazie (SOD) je vrozena vyvojova vada charakterizovana
hypoplazii optickych nervu, anomaliemi centralniho nervového systému a
poruchou endokrinnich funkci hypotalamu a hypofyzy. U skupiny 11 pacientu (5
chlapct, 6 divek) s SOD jsme analyzovali morfologicke, oftalmologické a
endokrinni nalezy. Malformace mozku byly nalezeny u 10 z nich a zahrnovaly
agenezi septum pellucidum (4), corpus callosum (3), fornixu (1), anomalie
hypofyzy (9), korové malformace (4) a dalSi ojedinélé nalezy. U 9 z 11 pacientl
byly zjistény vyvojové anomalie optickych nervl - hypoplasie jednostranna (6)
nebo oboustranna (2) a dysplastické zmény (1). Oboustrannou slepotou trpéli 2

pacienti, jednostrannou slepotou 6 pacientu. Strabismus by prokazan u 9,
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nystagmus u 4 pacientd. Hormonalni deficit byl zjistén u 9 pacientl. NejCasté;jsi byl
deficit ristového hormonu (8), dale centralni hypotyreoza (7), hypokortikalismus
(6), hypogonadismus (2) a diabetes insipidus (1). V€asna diagnéza a komplexni

pristup k Ié€bé jsou zakladnim pfedpokladem pro kvalitni péci o déti s SOD.

Klicova slova

septo-opticka dysplazie, De Morsiertv syndrom, hypoplazie optiku, deficit

ristového hormonu

Septo-optic dysplasia: morphological,
ophthalmologic and endocrine findings in 11

patients

Vosahlo Jan, Krasny Jan, Srp Antonin, Brunnerova Renata, Lebl Jan

Summary

Septo-optic dysplasia (SOD) is a developmental abnormality characterised by
optic nerve hypoplasia, brain malformations and hypothalamic-pituitary
deficiencies. Morphological, ophthalmologic and endocrine findings were studied
in 11 children with SOD - 5 males and 6 females. Brain malformations were found
in 10 children and included aplasia of septum pellucidum (4), corpus callosum (3)
and fornix (1), pituitary abnormalities (9), cortical malformations (4) and some
additional findings in single patients. Developmental abnormalities of optic nerve
were seen in 9 children - unilateral (6) and bilateral (2) optic nerve hypoplasia and
dysplastic changes (1). Blindness was present in 2 children bilaterally and in 6
children unilaterally. Nine children suffered from strabismus and 4 from
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nystagmus. Endocrine symptoms were present in 9 patients. The most prevalent
was growth hormone deficiency (8), followed by central hypothyroidism (7),
hypocorticalism (6), hypogonadism (2) and diabetes insipidus (1). Early diagnosis
and interdisciplinary approach are essential in an adequate care for children with
SOD.

Key words

septo-optic dysplasia, De Morsier syndrome, optic nerve hypoplasia, growth

hormone deficiency

Uvod

Septo-opticka dysplazie (De Morsiertv syndrom) (SOD) je vzacna vrozena vada
charakterizovana hypoplazii optickych nervil, malformacemi centralniho
nervového systému a deficity hormonu hypotalamo-hypofyzarniho systému.
K diagndze septo-optické dysplazie je nezbytna pfitomnost nejméné dvou ze tri
uvedenych znaku (4, 17, 23). Hypoplazie optickych nervi je jedno- nebo
oboustranna a je ¢asto provazena poruchami zraku rizného stupné (10, 14).
Obvyklym nalezem u jednostranné formy hypoplazie je strabismus (3).
Malformace CNS zahrnuji pfedevsim defekty stredocarovych struktur - aplazii
septum pellucidum, corpus callosum nebo fornixu, hypoplazii hypofyzy, dal$imi
moznymi nélezy jsou kortikalni ¢i cerebelarni malformace (1, 15, 18, 19).
Spektrum hormonalnich poruch saha od izolovaného deficitu riistového
hormonu pfes kombinované pituitarni deficity az po panhypopituitarismus
v€etné diabetes insipidus (4, 11, 12, 13, 14, 16, 26, 27). Hormonalni poruchy
mohou béhem Zivota progredovat (8, 23, 26). Prezentovana prace je
retrospektivni studii 11 pacientll se zamérfenim na podrobny popis

oftalmologickych, morfologickych a endokrinnich naleza.

38



Soubor pacientli a metody

Do studie byli zac¢lenéni pacienti s diagnézou SOD, ktefi byli vySetfeni nebo jsou
sledovani v endokrinologické ordinaci Kliniky déti a dorostu 3.LF UK a FNKV v
letech 1998 az 2002. Soubor sestava z 11 déti - 5 chlapct a 6 divek. Vék pacientu
pfi prvnich projevech onemocnéni byl 1 den az 8,9 roku, diagnéza SOD byla
stanovena ve véku 4,7 az 17,0 let.

Pro stanoveni diagnézy SOD byla uréujici pfitomnost alespori dvou ze tfi pfiznak
SOD - hypoplazie optickych nervu, malformace CNS a deficity hypofyzarnich
hormond. Hypoplazie optickych nerva byla diagnostikovana fundoskopicky,
malformace CNS na zkladé vySetfeni mozku magnetickou rezonanci (MRI),
pfipadné pocitacovou tomografii (CT), a hormonalni deficity na zakladé vySetreni
nativnich hladin hormonu a dynamickych endokrinnich testa.

Oftalmologicka vySetfeni v€éetné hodnoceni vysledkl byla provedena na
Oftalmologickeé klinice 3.LF UK a FNKV. Zobrazovaci vySetifeni v€éetné hodnoceni
vysledkl byla provedena na Radiodiagnostické klinice 3.LF UK a FNKV, ¢aste¢né
byly pouzity vysledky zobrazovacich vySetfeni zaznamenané ve starsi
dokumentaci. Standardni dynamické endokrinni testy (pyridostigmin-clonidinovy
test, inzulinovy test, LHRH test) byly provedeny na Klinice déti a dorostu 3. LF UK
a FNKV. Hladiny hormona byly rutinné vysetfeny v Ustavu biochemie a
pathobiochemie 3.LF UK a FNKV (FSH, LH, prolaktin, fT4, TSH, kortizol), na
Klinice déti a dorostu 3.LF UK a FNKYV (rtistovy hormon) a v Ustavu klinické
biochemie a patobiochemie 2.LF UK a FN Motol (IGF-I, IGFBP-3). Caste&né byly

pouzity vysledky hormonalnich vySetfeni zaznamenané ve starSi dokumentaci.

Vysledky

Morfologické nalezy

MRI nebo CT vySetfenim byly malformace mozku prokazany u 10 z 11 déti. Ctyfi z
nich mély agenezi septum pellucidum, tfi CasteCnou agenezi corpus callosum,
jedno z déti nemélo vyvinuty fornix. Adenohypofyza byla normalné utvafena pouze

u dvou déti, v 7 pripadech byla hypoplasticka, ve 2 pfipadech byl nalez popsan
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jako empty sella. Korové malformace byly zjistény u 4 déti - u 2 z nich se jednalo o
schizencefalii s ektopii Sedé hmoty a poruchou gyrifikace (pachygyrie,
polymikrogyrie), u jednoho o izolovanou ektopii Sedé hmoty a u jednoho o
izolovanou pachygyrii. DalSimi nalezy byla cysta v infundibulu, cysta glandula

pinealis a lipom hypotalamu.

Tab. 1. Malformace mozku u 11 déti se septo-optickou dysplazii

Malformace mozku celkem 10/11
ageneze septum pellucidum 4/11
ageneze corpus callosum (€astecna) 3/11
ageneze fornixu 111
hypoplasticka adenohypofyza/empty sella 9/11
korové malformace 4/11

Oftalmologické nalezy

Tézké vyvojové anomalie zrakovych nervl byly prokazany u 9 pacientu —
hypoplazie optickych nervi u osmi z nich a dysplastické zmény u jednoho.
Oboustranna hypoplazie byla nalezena u 2 déti a byla provazena oboustrannou
slepotou. U 6 déti byl nalez hypoplastickych zmén disku zrakového nervu
jednostranny, zrakova ostrost takto postizenych oCi byla na urovni prakticke
slepoty. Z déti s hypoplazii optického nervu byl u tfi z nich patrny double ring sign
a vyrazna vinutost cév. Dysplastické zmény disku zrakového nervu pod obrazem
kolobomu a gliomatéznich zmén byly pfitomny na obou ocich jednoho ditéte.
Stupen zrakové ostrosti u néj nebylo mozno spolehlivé stanovit vzhledem

k zavaznému mentalnimu defektu. U 2 pacientl byl oftalmoskopicky nalez na
discich optického nervu i v makularni krajiné bez zfejmych vyvojovych anomailii,
zrakova ostrost obou oCi byla 1,0 a prostorové vidéni bez zjiSténych poruch.

Strabismus byl pfitomen u 9 pacient(, u 4 pacientu byl prokazan nystagmus.
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Tab. 2. Oftalmologické nalezy u 11 déti se septo-optickou dysplazii

Fundoskopické nalezy

vyvojové anomadlie optickych nervu 9/11
hypoplazie optickych nervi 8/11
jednostranna 6/11
oboustranna 2111
dysplastické zmény disku 1/11
double ring sign 3/11
vyrazna vinutost cév 3/11

Funkéni hodnoceni zraku

oboustranna slepota 2/11
jednostranna slepota (monokulus) 6/11
fyziologicka zrakova ostrost oboustranna 2/11
nelze hodnotit 111
Nystagmus 4/11
Strabismus 9/11

Endokrinni nalezy

Deficit nékterého z hormonu hypofyzy (rastovy hormon, TSH, ACTH, FSH/LH,
ADH) byl nalezen u 9 pacientu. Izolovany deficit jednoho hormonu hypofyzy byl
prokazan u 1 pacienta, u 2 byl zjistén deficit dvou hormonu, u 5 deficit tfi hormon(
a u jednoho deficit 4 hormonl hypofyzy. NejCastéjSim deficitem byl deficit
rustového hormonu diagnostikovany u 8 pacientt nasledovany deficitem TSH u 7,
ACTH u 6 a ADH u 1 pacienta. Deficit FSH/LH byl prokazan u 2 ze 4 pacientu v
pubertalnim nebo postpubertalnim véku. U 7 déti v prepubertalnim véku nemohla
byt vzhledem k prepubertalnimu véku sekrece gonadotropint spolehlivé

posouzena.

Tab. 3. Hormonalni deficity u 11 déti se septo-optickou dysplazii

Hormonalni deficit 9/11
deficit ristového hormonu 8/11
centralni hypotyreoza 7111
centralni hypokortikalismus 6/11
deficit FSH/LH 2/4
diabetes insipidus 1/11
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Tab. 4. Sife hormonalni poruchy u 11 déti se septo-optickou dysplazii

Pocet hormonalnich deficitt Pocet pacientt
(rastovy hormon, TSH, ACTH, FSH/LH,
ADH)
0 2/11
1 1711
2 2/11
3 5/11
4 111
Diskuse

Uplna forma SOD je charakterizovana kombinaci hypoplazie optickych nervi,
malformaci CNS a deficitd hypotalamo-hypofyzarniho systému, netplna forma
pak jeden z t&chto tfi znakd postrada. Uplna forma SOD je méné &asta, vyskytuje
se asi ve 30 % pfipadl (27). V nasi skupiné byla uplna forma SOD prokazana u 5
pacientt z 11 (45 %).

Agenezi septum pellucidum je mozno prokazat u 20-60 % pacientl (26), v nasi
sestavé pak u 4/11 (37 %) pacienti. Ageneze corpus callosum se vyskytuje v
uplné formé, u niz tato struktura neni viibec vytvorena, nebo ve formé neupiné, u
niz je corpus callosum zGZeno nebo chybi néktera jeho &ast. Uplnou agenezi
corpus callosum jsme nezaznamenali, neuplna ageneze byla nalezena u 3/11 (27
%) pacientu. Anomalie oblasti hypofyzy (hypoplazie, empty sella) jsou Castym
nalezem u SOD. V nasi sestavé byly nalezeny u 9/11 (82 %) pacientt. Kortikalni
malformace zahrnuji schizencefalii, dystopii Sedé hmoty a poruchy gyrifikace (15,
19). Jsou Casto spojeny s vyvojovym opozdénim a neurologickymi deficity (2,
15). Prognosticky vyznamna je pfitomnost nebo nepfitomnost schizencefalie - u
pacientl se schizencefalii se Castéji vyskytuji o¢ni pfiznaky a kifece, u pacientl
bez schizencefalie spiSe hypotalamo-hypofyzarni poruchy (1).

Zakladnim oftalmologickym nalezem u SOD je jedno- nebo oboustranna
hypoplazie optického nervu. Néktefi autofi povazuji tento pfiznak za nezbytny

pro diagnézu SOD (26, 27). Hypoplazie optickych nervl byla oftalmoskopicky
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zjisténa u 8 z 11 (73 %) naSich pacientl, u 2 (18 %) z nich oboustranné a u 6 (55
%) jednostranné. V nékterych pfipadech nachazime na discich i dysplastické
zmény (25), u kterych je popisovana asociace s endokrinopatiemi (10). U jednoho
z nasich pacientu byly dysplastické zmény diskl - kolobom a gliomatéza
zachyceny (3).

Zakladni diagnostickou metodou hypoplazie optickych nervi je fundoskopie s
hodnoceni priméru optického kanalu (20). Papila zrakového nervu je vétSinou
zmensena na 50-33 % normalniho priméru a lemovana dvojitym prstencem
atrofické cévnatky a pigmentového listu sitnice - obraz popisovany jako double-
ring sign (21). Papila zrakového nervu muze byt redukovana na velikost pouhé
cévni branky s bélavym lemem a doprovazena vyraznou vinutosti cév, nékdy je
naopak jen mirné zmensena a atroficka.

Funkéni postizeni zraku jsou u pacientt s SOD &asté. Slepota postihuje 25-50 %
déti, zavaznym postizenim zraku jich trpi 30-40 % (10, 14). V nasi skupiné byla
oboustranna slepota zjisténa u 2/11 (18 %) a jednostranna u 6/11 (55 %) pacientu.
Strabismus je ¢astym nalezem u déti s SOD a mUze byt prvnim pfiznakem, ktery
privede dité k Iékafi (3). U vSech 9 naSich pacientl s vyvojovymi anomaliemi
(hypoplazie, dysplazie) byl strabismus zjistén. Nystagmus nalézame hlavné u
pacientd s oboustrannym postizenim zrakového nervu (5, 6, 10). V na$i sestavé
byl nystagmus popsan u vSech 3 déti s oboustrannou hypoplazii optickych nervu a
u 1 ditéte s jednostrannou hypoplazii optického nervu.

Hormonalni deficity se v riznych sestavach vyskytuji u 30 — 100 % pacientu, v
nasi skupiné pak u 9/11 (82 %) déti. Spektrum odchylek saha od izolovaného
deficitu ristového hormonu az k deficitu vSech hormont hypofyzy véetné ADH
(4, 14, 26, 27). Pacienti s SOD jsou ohrozZeni progresivni ztratou hormonalni
sekrece (8, 23, 26).

NejcastéjSim hormonalnim deficitem u pacientl s SOD je deficit ristového
hormonu. Toto tvrzeni se potvrdilo i v nasi sestavé pacientd, kde jsme tento
deficit prokazali u 8/11 (73 %) z nich. Deficit ACTH je dalSi Castou hormonalni
poruchou. V nasi sestavé se centralni hypokortikalismus vyskytl u vice nez
poloviny pacientl - u 6/11 (55 %), v Cetnosti byl vSak pfedstizen centralni
hypotyreézou, ktera byla zjisténa u 7/11 (64 %) pacientd. Poruchy funkce

gonadotropint se projevuji jednak opozdénym nebo chybéjicim nastupem
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puberty, jak tomu bylo i u 2 naSich pacientt, nebo naopak pfed&asnou a rychle
postupujici pubertou (6, 9). Diabetes insipidus je v riznych sestavach pacientu
nalézan u 9-40 % (14, 23, 26, 27), v nasi sestavé pak u 1/11 (9 %). Porucha se
vétSinou projevi jiz v prvnich mésicich Zivota. Prognosticky zavazna je kombinace

diabetes insipidus a poruchy pocitu zizné (14, 24).

Zaver

Déti se septo-optickou dysplazii vyZaduji soustavnou a dlouhodobou péci
zalozenou na interdisciplinarni spolupraci zahrnujici détského oftalmologa,
endokrinologa a neurologa. V€asna diagnéza a spravné vedena péfe umozni
maximalni moznou kompenzaci zrakové poruchy a véasnym rozpoznanim a
Iééenim endokrinopatii pfedejde rozvoiji jejich zavaznych komplikaci - adrenalni
krize, elektrolytového rozvratu €i naruSeni psychomotorického vyvoje

opakovanymi hypoglykémiemi.

Problematika je feSena v ramci vyzkumného zaméru MSM 111200001.
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Abstract

Septo-optic dysplasia (SOD) is a heterogeneous brain midline anomaly associated
with ophthalmological, endocrinological, and/or neurodevelopmental symptoms.

The clinical phenotype correlates with abnormal brain magnetic resonance
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imaging (MRI) findings. However, variations of the septum pellucidum (SP)
appearance and their clinical impact have not been studied in depth. Sixty eight
patients with optic nerve hypoplasia (ONH) were investigated for the presence of
associated SP anomalies and correlations between clinical findings and their MRI
abnormalities established. Thirty patients had either complete (n=22) or partial
(n=8) absence of the SP. Pituitary hormone deficiencies were present in 64% or
25% of the cases, respectively. Neurological symptoms did not occur in patients
with SP remnants or unilateral ONH. Hippocampus abnormalities (43%) that have
not been described before in SOD and falx abnormalities (17%) correlated
significantly with neurological symptoms and developmental delay (p< 0.05 and
p<0.01, respectively). Maternal age at birth was low (21.2 years) and drug abuse
during pregnancy was reported in 27% of the patients. Twelve patients with
pituitary anomaly and ONH but normal SP showed similar clinical and MRI
features, and were classified as SOD-like. The remaining 6 patients were not
assigned to SOD. We conclude that unilateral ONH and SP remnants are
associated with a milder SOD phenotype. Hippocampus abnormalities and falx
abnormalities seem to constitute important features of severe clinical disease,
irrespective of SP appearance. Our anamnestic data support the hypothesis of
vascular disruption during embryogenesis.

Key words

Septo-optic dysplasia, Brain midline malformation, Optic nerve hypoplasia,

Pituitary deficiency

Abbreviations

bONH Bilateral optic nerve hypoplasia

CcC Corpus callosum

MPHD Multiple pituitary hormone deficiency
ONH Optic nerve hypoplasia
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SOD Septo-optic dysplasia
SP Septum pellucidum
uONH Unilateral optic nerve hypoplasia

Introduction

The spectrum of clinical features in septo-optic dysplasia (SOD; OMIM #182230)
is highly heterogeneous. The clinical picture was first described in 1956 [11]. Later
on, Hoyt et al. [13] reported the association of pituitary deficiency with SOD.
Numerous reports have been published to date, each with different focuses,
depending on the speciality of the reporting centres, i.e., if looked at from an
ophthalmological, endocrinological, or radiological perspective [2, 4, 6, 8, 14, 18,
24, 26]. Contributing to the great heterogeneity of SOD, it has been common
practice to establish the diagnosis of SOD if at least two out of three criteria (optic
nerve hypoplasia [ONH; OMIM #165550], absence of the septum pellucidum [SP],
pituitary hormone deficiency) were present, thus, accepting the absence of one of
the initially described abnormalities. Moreover, most reports did not differentiate
between complete absence and partial absence of the SP.

Basically, the term SOD might be regarded as anachronistic in view of the fact that
a number of associated structural brain abnormalities described in SOD can be
found in patients with ONH and pituitary deficiency, but normal SP, who do not
qualify for the diagnosis by definition [6]. Hence, if SP appearance is used as a
criterion for the diagnosis or exclusion of SOD, patients with identical symptoms
but different SP appearance on magnetic resonance imaging (MRI) will end up
with different diagnoses. On the other hand, the term SOD” is well established and
draws the clinician’s attention to possibly associated life-threatening endocrine
disorders. From a conservative and practical point of view, it would, thus, be
rational to consider an SOD phenotype in brain midline anomalies associated with
ONH and morphological abnormalities of the pituitary gland, even if the SP is
normal.

We analysed 68 patients with ONH, 30 of who had an SP abnormality and were
classified as SOD. We aimed to refine MRI features suggestive of SOD with

particular consideration of the SP appearance, especially with regard to pituitary
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insufficiency and neurological symptoms or developmental delay. To explore their
relevance, clinical and MRI symptoms established in SOD were also analysed in
12 patients with ONH and pituitary anomaly, who had a normal SP.

Patients and methods

Patients with ONH diagnosed at fundoscopy were recruited at one Czech, one
Slovenian, and three Austrian centres. All patients underwent MR,
ophthalmological, endocrinological, and neurological assessment. Investigations
were performed as part of their routine clinical management and consent was
obtained from the parents or caregivers.

All patients had baseline endocrinological investigations. Routine laboratory
methods and commercial assays were used. Dynamic tests were performed if
baseline results were abnormal or if endocrine deficiency was clinically suspected.
Growth hormone (GH) deficiency was diagnosed if stimulated GH levels (arginine
test, insulin tolerance test) were below 10 pg/L. Thyroxin levels were assessed for
the diagnosis of thyrotrophic deficiency. Spontaneous, adrenocorticotropic
hormone (ACTH; 1 ug), or hypoglycaemia-stimulated cortisol levels above 550
nmol/L were considered to be normal. Gonadotrophic function was examined by a
luteinizing hormone-releasing hormone test if indicated. Patients suspicious of
arginine vasopressin (AVP) deficiency according to clinical symptoms and morning
urine osmolality levels were admitted to hospital for fluid balance assessment and
water deprivation testing. Multiple pituitary hormone deficiency (MPHD) was
diagnosed if two or more pituitary hormones were deficient. Endocrine evaluation
was repeated at 3- to 6-monthly intervals to detect any gradual decrease of
pituitary function.

Visual acuity, field changes, and motility disturbances were evaluated with age-
related tests at each centre (data not shown). Indirect fundoscopy was performed
to detect morphological abnormalities of the optic nerve head and retinal vessels.
ONH was classified as either unilateral (uUONH) or bilateral (b ONH). Visual
development was graded as normal (visual acuity >0.5-1.0), delayed (visual acuity

>0.1-0.5), or severely impaired/absent (visual acuity <0.1).
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The presence of neurological symptoms was evaluated according to patient
history, clinical status, and electroencephalogram (EEG) findings. School type and
school performance were taken into account to evaluate developmental disorders.
MRI was performed using 1.5-Tesla super-conduction systems. T1- and T2-
weighted series were performed in transversal, sagittal, and axial planes, with a
slice thickness of 1-3 mm before and after gadolinium enhancement. All MRI
images were evaluated centrally by the same investigators and compared to 25
age-matched subjects referred to MRI investigations for various reasons other
than ONH/SOD. The SP was classified as normal, absent, or partially absent if
remnants were visible. The size of the anterior pituitary was compared to standard
values [1]. Pituitary abnormalities were classified as minor when the posterior
pituitary and the infundibulum were present, and as severe when one or both were
absent, according to the probability of associated pituitary deficiency [9, 25].
Hypoplasia of the corpus callosum (CC) was diagnosed if its area on sagittal slices
was significantly reduced. The hippocampi were assessed with regard to their
size, shape, spatial orientation, and laterality of abnormalities, and were
considered as abnormal if they were hypoplastic and/or vertically orientated on
coronal images. Falx abnormalities were recorded if the rostral falx was
hypoplastic or absent. Cortical malformations comprised the occurrence of focal
cortical dysplasia, subependymal heterotopia, polymicrogyria, pachygyria,
incomplete opercularization, or schizencephalic clefts.

Clinical and MR findings in SOD patients (n=30) were stratified by SP appearance
and compared with the SODIike group (n=12). Associations between MRI
abnormalities and clinical symptoms were studied in the complete group (SOD and
SOD-like, n=42) by means of Spearman’s correlation. Comparisons of frequencies
and means were done using Fisher’s exact test and Wilcoxon’s exact test,
respectively. All analyses were performed using SAS software, version 9 (SAS
Institute Inc., Cary, NC, USA, 2002—-2003).
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Results

Patient selection

Out of 68 patients with ONH, 30 had an SP abnormality consistent with SOD.
Twenty-two of them had complete SP absence and eight had partial SP
absence/SP remnants (Fig. 1). Another two patients with abnormal SP had lobar
holoprosencephaly. Among the 36 patients with ONH and without SP abnormality,
12 had a pituitary anomaly visible on MRI and were classified as SOD-like.
Diagnoses established in the remaining 24 patients who had normal pituitary
anatomy and no endocrine disorders comprised isolated ONH (n=15), CC
agenesis (n=4), sequelae from maternal diabetes/diabetic embryopathy (n=2),
schizencephaly (n=2), or focal cortical dysplasia (n=1). Preliminary results on a

subgroup of SOD patients have already been published [22].

Fig. 1 Axial T2-weighted images showing septum remnants (a) and the presence of a septal

vein only on one side (b)

Pregnancy and birth history of patients with SOD
The median maternal age at delivery (21 years; range 16—34.5) was significantly

lower (-5.3 years; p<0.001) compared with data from the National Birth Registry
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(Statistic Austria). Maternal age was equally distributed between the different SP
appearance groups. Medications (tranquilizers) and/or drug abuse (cigarettes,
alcohol/binge drinking) during early pregnancy was reported in 8/30 mothers
(27%), with no significant association with their age (p=0.76). Gestational age (GA;
40.01£0 weeks), birth weight (0.031£0.8 SDS), and birth length (0.11+0.8 SDS) were
normal. Perinatal complications (hypoglycemia, sepsis, asphyxia) occurred in eight
children (27%).

Clinical assessment of SOD patients

Table 1 shows the results of the clinical assessment of the patients in this study.

Table 1 Patient characteristics and clinical findings in relation to septum pellucidum (SP)

appearance
n (%) Absent SP SP remnants All SOD patients SOD-like
22 (100) 8 (100) 30 (100) patients
12 (100)
Median age [range] at 1.25[0-13.17] 3.33[0.2-12.75] 1.56 [0-13.17] 5.19 [0-8.88]
diagnosis (years)
Mean length+SD at diagnosis -1.44+1.32 —-0.53+£1.30 -1.1911.4 —2.19+1.61
GH deficiency 13 (59) 2 (25) 15 (50) 9 (75)
TSH deficiency 9 (41) 2 (25) 11 (37) 8 (67)
ACTH deficiency 7 (32) 0 (0) 7 (23) 7 (58)
AVP deficiency 5(23) 0 (0) 5(117) 2(17)
Isolated hormone deficiency 3(14) 0 (0) 3 (10) 1(8)
Multiple hormone deficiency 10 (45) 2 (25) 12 (40) 9 (75)
ONH unilateral 3(14) 3 (38) 6 (20) 2(17)
ONH bilateral 19 (86) 5 (63) 24 (80) 10 (83)
Neurological symptoms 8 (36) 0 (0) 8 (27) 4 (33)
Developmental delay 7 (32) 1(13) 8 (27) 6 (50)

Auxological and endocrinological findings

The median age at diagnosis was 1.56 years, showing a considerable difference

between SP subgroups. Sex was equally distributed. The target height was
0.02+0.63 SDS. Patients with SP remnants were, on average, taller than those
with completely absent SP (-0.53 vs. —1.44 SDS), with a lower incidence of
pituitary deficiency (25 vs. 59%). ACTH deficiency and diabetes insipidus was not
found in patients with SP remnants. The progressive loss of pituitary function was
observed in 9/15 hormone-deficient patients (60%). No pubertal disorder occurred.

The mean follow-up time was 3.0 years.
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Ophthalmological findings

Twenty-two of thirty patients (22/30, 73%) initially presented with nystagmus
and/or squint and/or symptoms of delayed or absent visual development. The
maijority (80%) had bONH, and three of the six cases with uONH were found
among the eight patients with SP remnants. Among the children with bONH, 6/34
had normal, 13/34 delayed, and 14/34 severely impaired or absent visual
development. The degree of visual impairment correlated significantly with the

presence of severe pituitary anomaly (p<0.02).

Neurological findings

Neurological symptoms, comprising abnormal muscle tone, focal signs, or
seizures, were recorded in 8/30 patients (27%), but did not occur in patients with
SP remnants. They were significantly more frequent in patients with MPHD
(p<0.02). Six of the eight patients with developmental delay also had neurological
symptoms. There was no association with the degree of visual impairment
(p=0.89).

MRI assessment

The MRI results are shown in Table 2.

Table 2 Septum appearance and magnetic resonance imaging (MRI) findings

Absent SP SP remnants All SOD SOD-like

n (%) 22 (100) 8 (100) patients patients
30 (100) 12 (100)

Anterior pituitary hypotrophic 16 (73) 3 (38) 19 (63) 10 (83)
or absent
Posterior pituitary ectopic or 12 (55) 2 (25) 14 (47) 8 (67)
absent
Pituitary stalk thin or absent 13 (59) 2 (25) 15 (50) 11 (92)
CC hypoplasia 10 (45) 3 (38) 13 (43) 5 (42)
Hippocampus anomaly 12 (55) 1(13) 13 (43) 4 (33)
Falx abnormality 5(23) 0 (0) 5(117) 3 (25)
Cortical malformations 10 (45) 2 (25) 12 (40) 4 (33)

Four patients with a minor pituitary anomaly and two patients with a severe
pituitary anomaly did not show endocrine deficiency during the observation period,
whereas one patient without pituitary anomaly visible on MRI had isolated GH
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deficiency. Overall, a pituitary anomaly was less frequently seen in patients with
SP remnants (p=0.053). Severe pituitary anomalies were significantly correlated
with pituitary deficiency (p<0.001), whereas minor pituitary anomalies were not
(p=0.68). CC hypoplasia (43%) was equally distributed between the SP groups.
Cortical malformations (Fig. 2) were more common in the absent SP group.
Hippocampus anomalies of size and/or spatial orientation (43%; Fig. 3) were
unilateral in five and bilateral in eight cases. Falx abnormalities (17%; Fig. 4) were
not observed in patients with SP remnants. Severe pituitary anomaly, as well as
neurological symptoms and developmental delay, were found significantly more

often in patients with hippocampus and falx abnormalities (Table 3).

Fig. 2 Coronal T1-weighted images showing cortical malformations: polymicrogyria (a);

schizencephalic cleft (b)
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Fig. 3 Coronal T2-weighted image: Fig. 4 Median sagittal T2-weighted image
missing septum pellucidum, hypoplastic showing absent rostral falx

corpus callosum, and sagittalized (the arrows indicate its ending)

hippocampus (arrow)

Table 3 Association of clinical symptoms and MRI features in septo-optic
dysplasia (SOD) and SOD-like patients with hippocampus and
falx abnormality. In five patients, both abnormalities were present

Hippocampus anomaly Falx abnormality All SOD and SOD-like
17 8 patients

n 42
Clinical symptoms

Pituitary deficiency 12 6 25

ONH bilateral 16* 7 34

Neurological symptoms 8** 7** 12

Developmental delay 9* 6** 14
Associated MRI features

Severe pituitary pathology 12* 6* 18

CC hypoplasia 8 3 18

Cortical malformations 9 4 16

*p<0.05; **p<0.01

SOD-like phenotype

Clinical and MRI features of all patients with ONH plus pituitary anomaly and
normal SP in comparison with SOD are presented in Tables 1 and 2. Striking
similarities could be found, including the occurrence of hippocampus and falx

abnormalities (Table 3). Maternal age at diagnosis (21.33 years; range 17.9-31)
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and pregnancy drug abuse (42%) were similar to the SOD patients, whereas the
age at diagnosis was higher in SOD-like patients, possibly due to the evolving
character of pituitary deficiency, as endocrine deficiency was overrepresented in
this group.

bONH vs. uONH

Clinical symptoms and MRI features of bONH and uONH in patients with SOD as
well as an SOD-like phenotype are presented in Table 4. In general, the
phenotype associated with uUONH was much less severe and was inversely
correlated with pituitary deficiency (p<0.05). None of the uONH patients had
neurological symptoms or developmental delay.

Table 4 Occurrence of clinical symptoms and MRI features in relation to optic nerve
hypoplasia (ONH; unilateral or bilateral) in all patients (SOD and SOD-like)

ONH bilateral ONH unilateral

n 34 8
Clinical symptoms

Isolated pituitary hormone deficiency 3 1

Multiple pituitary hormone deficiency 20 1

Neurological symptoms 12 0

Developmental delay 14 0
Associated MRI features

Minor pituitary pathology 10 4

Severe pituitary pathology 18 0

CC hypoplasia 18 0

Hippocampus anomaly 16 1

Falx abnormality 7 1

Discussion

The diagnosis and classification of SOD is still a matter of discussion.
Heterogeneity arises because of the variability of clinical symptoms, morphological
abnormalities, and focus of observers. In the present multicentre study, based on
central MRI evaluation, 30 patients with ONH and abnormal SP were investigated

and the associations of MRI findings with endocrinological, ophthalmological, and
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neurodevelopmental symptoms were analysed. The investigation protocol was
also evaluated in 12 patients with ONH and pituitary anomaly, but normal SP.
Endocrine deficits were found in 50% of all SOD patients, and the majority (80%)
had MPHD. Similar to previous reports [5, 28], we observed a gradual loss of
pituitary function in a considerable proportion of the hormone-deficient patients
(60%). This high figure might be due to the low age at diagnosis and the long
follow-up duration. Among patients with absent SP, a relatively high percentage
had ACTH deficiency (32%) and AVP deficiency (23%). Both disorders potentially
increase the mortality risk during intercurrent iliness in affected SOD patients,
caused by thermoregulatory dysfunction, hypocortisolism, and electrolyte
disorders [7].

In general, severe pituitary anomaly on MRI, comprising posterior pituitary and/or
stalk anomalies, was significantly correlated with pituitary deficiency, and all
patients with MPHD had morphological abnormalities, whereas only one patient
with isolated GH deficiency had normal pituitary appearance. However, specificity
was low, and six patients with pituitary pathology did not present with endocrine
symptoms during the observation period. It remains to be seen if they will develop
pituitary deficiency in the future.

Patients with SP remnants (27%) had a milder phenotype that differed from
patients with completely absent SP. Accordingly, those children were older at
diagnosis. Additionally, uONH was infrequently associated with hormonal deficits
and was never seen in combination with neurodevelopmental symptoms, which is
reflected by the fewer abnormal structures on brain MRI. In accordance with
Barkovich et al. [4], our results suggest that a quantitative effect according to the
time or impact of an event in early pregnancy could be responsible for the severity
of the phenotype of SOD.

Twelve of the patients with ONH and pituitary anomaly on MRI had a normal SP
and would not qualify for the diagnosis of SOD in a literal sense. However, when
comparing clinical symptoms and MRI features of these patients to SOD,
consistent similarities could be found. Their lower height at diagnosis might be
explained by the fact that endocrine deficiencies, including GH deficiency, were
overrepresented in this group. We, therefore, suggest to regard the clinical

phenotype as consisting of ONH and pituitary anomaly, but without SP abnormality
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(SOD-like) as a variant within the spectrum of SOD, requiring identical diagnostic
and management strategies.

To our knowledge, hippocampus malformation has not been described in SOD so
far. We observed hippocampus malformations in 43% and 33% of our SOD and
SOD-like patients, respectively. Regarding embryology, hippocampus
development takes place between the 10th and the 18th—20th week of gestation.
During that time, marked expansion of the neocortex and unequal growth of the
various hippocampal structures leads to its gradual infolding into the temporal
horn, associated with a change from vertical to horizontal orientation [15, 20].
Abnormalities of hippocampus size and spatial orientation have been observed in
various congenital brain malformations, such as CC agenesis, lissencephaly, and
holoprosencephaly, and are associated with heterotopia, polymicrogyria, and
schizencephaly [3, 23]. In our patients with hippocampus malformations, cortical
malformations (53%) and CC abnormalities (47%) were also frequent. From a
clinical point of view, the occurrence of hippocampus malformation was strongly
linked with severe pituitary anomaly and neurological symptoms, as well as
developmental delay, to which recurrent infancy hypoglycaemia might have
contributed. Similar statistically significant correlations were found in association
with falx abnormalities that were detected in 17% of SOD and 25% of SOD-like
patients (Table 3). Therefore, the hippocampal region and the falx cerebri should
be regarded as possibly affected brain structures in SOD associated with profound
midline abnormalities and a more severe clinical phenotype.

Regarding pathogenesis, a genetic defect of the pituitary transcription factor
HESX1 (OMIM *601802) leading to an SOD phenotype has been described [10,
27]. Alternatively, a vascular disruption sequence during embryonic brain
development has been discussed [17]. However, HESX1 mutations seem to be
rare [21], whereas association with young maternal age at birth and drug abuse
during pregnancy support a vascular pathogenesis [12, 16, 19]. We also observed
young maternal age, which was equally distributed between SP subgroups and
uONH or bONH. Additionally, the percentage of mothers reporting drug abuse
before the knowledge of pregnancy, mostly cigarette smoking and binge drinking,
was considerably high (27%). These data would rather support the hypothesis of
vascular disruption as the primary event leading to SOD, and suggest that SOD
could be regarded as a clinical continuum, depending on the embryonic stage at
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the time of the causal event, extent of vascular disruption, and area of vascular
supply. Similarly, an intact SP could be in line with a septum-sparing vascular
event during early embryonic life.

In conclusion, the clinical phenotype of SOD varies between different groups of SP
appearance. We found a difference between SOD patients with complete absence
of SP (severe phenotype) and SP remnants (mild phenotype). Moreover, patients
with uONH were significantly less severely affected. Patients with ONH and
pituitary anomaly, but with a normal SP (SOD-like) showed similar clinical and MRI
features as that established in SOD patients. Hippocampus anomalies that were
recorded as a significant SOD feature for the first time and falx abnormalities were
associated with neurological symptoms and a more severe phenotype.
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Abstract

Objective. Multiple pituitary hormone deficiency (MPHD) may result from defects
of transcription factors that govern early pituitary development. We aimed to
establish the prevalence of HESX1, PROP1, and POU1F1 gene defects in a
population-based cohort of patients with MPHD and to analyse the phenotype of
affected individuals.

Design and methods. Genomic analysis was carried out on 74 children and
adults with MPHD from the Czech Republic (including 4 sibling pairs). Phenotypic
data were collected from medical records and referring physicians.

Results. One patient carried a heterozygous mutation of POU1F1 (71C>T), and
18 patients (including 3 sibling pairs) a PROP1 mutation (genotypes
150delA/301delGA /9/, 301delGA/301delGA /8/, or 301delGA/349T>A /1/). A
detailed longitudinal phenotypic analysis was performed for patients with PROP1
mutations (N=17). The mean (+ SD) birth length SDS of these patients
(+0.12+0.76) was lower than expected based on their mean (+ SD) birth weight
SDS (+0.63+1.27; p=0.01). Parental heights were normal. The patients’ mean (£
SD) height SDS declined to -1.5£0.9, -3.6+1.3 and -4.1+£1.2 at 1.5 years, 3 years,
and 5 years of age, respectively. GH therapy, initiated at 6.8+3.2 years of age
(mean dose: 0.022 mg/kg/day), led to substantial growth acceleration in all
patients. Mean adult height (N=7) was normal when adjusted for mid-parental
height. ACTH deficiency developed in 2 of 7 young adult patients.

Conclusions. PROP1 defects are a prevalent cause of MPHD. We suggest that
testing for PROP1 mutations in patients with MPHD might become standard

practice in order to predict risk of additional pituitary hormone deficiencies.

Introduction

Pituitary development is governed by activation of a cascade of transcription
factors that orchestrate both pituitary morphogenesis and differentiation of all 5 cell
lineages of the anterior pituitary — corticotrophs, gonadotrophs, thyreotrophs,

somatotrophs, and lactotrophs. Of those pituitary transcription factors identified so
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far, defects of HESX1 (1, 2), LHX3 (3), LHX4 (4), PROP1 (5, 6), and POU1F1 (Pit-
1) (7, 8) have been found to lead to the phenotype of multiple pituitary hormone
deficiency (MPHD) in humans.

The specific phenotype of POU7F1 defects is characterised by a combined
deficiency of growth hormone (GH), thyrotropin (TSH), and prolactin (PRL) (9-10).
In contrast, endocrine phenotypes of HESX1, LHX3, LHX4, and PROP1 defects
(2-4, 11-14) tend to overlap and have been reported to include failure of up to all 5
cell lineages of the anterior pituitary. To make the understanding of phenotypes
even more complex, the influences of these transcription factors on pituitary
function seem to be dynamic and to develop throughout the human life-span (15-
17). Therefore, detailed endocrine investigation alone is insufficient for identifying
specific genetic defects. Also, additional clinical phenotypic manifestations of
defective transcriptional regulation, such as midline defects or abnormal pituitary
size (1, 3, 4), may be only somewhat helpful in identifying these defects. Thus,
genetic studies of cohorts of patients with MPHD are extremely valuable for
establishing the prevalence of gene defects in distinct populations, as well as in
increasing understanding of how the genotype influences the endocrine and
clinical phenotype.

We are reporting on a study of genetic causes of MPHD in a population-based
cohort of affected patients from the Czech Republic. The structured system of
paediatric and paediatric endocrine care within the country provided a unique
opportunity to study a substantial proportion of potentially affected individuals and
to summarise retrospectively relevant phenotypic data on a longitudinal basis.
Patients were analysed with regard to mutations in the HESX1, PROP1, and
POU1F1 genes.

Subjects and methods

Recruitment of patients
The use of GH as a therapeutic agent is restricted to 12 paediatric centres and 4
centres for adult patients in the Czech Republic. Responsible physicians from all
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centres countrywide were asked to collaborate in collecting DNA samples and
phenotypic data of their patients with idiopathic MPHD.

Patients were included in the study cohort if they were diagnosed as GH-deficient
(diagnosis confirmed by peak GH levels below 20 mIU/L in 2 provocative tests) in
combination with at least 1 additional pituitary hormone deficiency. Patients with a
known postnatal cause of acquired hypopituitarism, such as pituitary tumour,
cranial irradiation, or trauma, were excluded. Five paediatric centres and one
centre for adults reported patients fulfilling these criteria and participated actively
in the patients’ recruitment. Some patients were recruited through Lilly’s GeNeSIS
post-marketing program. DNA samples from all patients were analysed centrally
(University Hospital for Children and Adolescents, Leipzig, Germany).

Collection of data

In all patients with a confirmed PROP1 gene defect, phenotypic characteristics
were evaluated on a longitudinal basis using data recorded by the attending
physician on a standardised data collection form. The following data were
collected:

(a) measured or reported parental heights;

(b) perinatal history: week of gestation, type of delivery, birth length/weight, known
hypoglycaemic episodes, prolonged neonatal jaundice, maldescent testes;

(c) height/weight data as recorded by the general paediatrician at regular visits at
the ages of 1 year, 1.5 years, 3 years, and 5 years, up to the start of GH
administration;

(d) age at start of any hormonal substitution and locally measured hormonal levels
before the start of relevant therapy;

(e) height and Greulich-Pyle bone age (18) before the start of relevant hormone
therapy;

(f) GH dose and height velocity at the start of GH treatment and at years 1, 2, and
3 thereafter; and

(g) adult height, if already available.

Expression of auxological data
Data on birth length, birth weight, and postnatal growth are expressed as standard

deviation scores (SDS) of population standards derived from the Fifth Nation-Wide
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Survey of Czech Children and Adolescents in 1991 (19). Parental heights are
expressed as SDS of the height of individuals aged 18 to 18.99 years from the

same reference data.

Genetic analyses

Genomic DNA was extracted from peripheral blood by a simple salting out
procedure. Fragments containing exons of HESX1 (3 fragments), PROP1 (3
fragments), and POU7F1 (6 fragments) genes were amplified by polymerase chain
reaction (PCR) on a Mastercycler (Eppendorf) or Mastercycler gradient
(Eppendorf) using specific primers (Table 1). PCR Master Mix (Promega) was
used for amplification of fragment 3 of PROP17; 50 uL of reaction solution
contained approximately 200 ng of genomic DNA, 12.5 pmol of each primer, and
25 pL of PCR Master Mix (Promega). TagPCR Core Kit (Quiagen) was used for
amplification of all other fragments; 50 yL of reaction solution contained
approximately 200 ng of genomic DNA, 12.5 pmol of each primer, 1.25 U of Taq
DNA polymerase, 10 nM of each deoxynucleotide, and 5 pL of PCR buffer. For all
primers, the PCR consisted of 5 minutes at 95°C followed by 33 cycles of 1 minute
at 95 °C, 1 minute at annealing temperature, and 30 seconds at 72°C.

PCR products were mixed with wild type PCR products and denaturated by heat;
then all 888 DNA fragments (12 fragments from each of 74 patients) were
screened for the presence of a mutation on the Wave®Nucleic Acid Fragment
Analysis System (Transgenomic™) using a dHPLC mutation detection protocol.
The validity of the dHPLC method had been previously evaluated with 5 different
POU1F1 gene mutations and 6 different PROP1 gene mutations and had been
encountered in the laboratory.

After purification of PCR products using the QlAquick® PCR Purification Kit
(Qiagen), samples that were positive for a mutation upon screening (33 /7%/
fragments of POU1F1 gene; 87 /39%/ fragments of PROP1 gene and 13 /6%/
fragments of HESX1 gene) were sequenced on an ABI PRISM™ 310 Genetic
Analyzer (Applied Biosystems) using the BigDye® Terminator v1.1 Cycle
Sequencing Kit (Applied Biosystems) and according to the cycle-sequencing
protocol provided by the manufacturer. The same primers as for PCR were used
for sequencing of HESX1 fragments, PROP1 fragment 2, and POU71F1 fragments
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1, 2, and 4. The universal primers TGT AAA ACG ACG GCC AGT (sense) and
CAG GAA ACA GCT ATG ACC (antisense) were used to amplify the remaining

fragments.

The results of DNA sequencing were evaluated with GeneTool or GeneTool 2.0

(BioTools Incorporated) software.

Table 1. Primers used in polymerase chain reaction amplification of fragments containing
exons of HESX1, PROP1, and POU1F1

Gene Fragment Forward Reverse
HESX1 |1 (exon 1) CTATAA GGT GAACTG CAG |AAG AAT TGA AAC AAT TAA
GA GCT GT
2 (exon 2) ACC ATC TAA GAC AGG GCT |ACT TGG TGT CAATTA AAG
TAT CCT
3 (exons 3+4) | GAG ACATAC TGAATATCA | GAA GAT AAT TTC ACT GTT
ACA TAG
PROP1 |1 (exon 1) TGT AAA ACG ACG GCC AGT |CAG GAAACA GCTATGACC
CAG GTG TGG AGA GGA GCT |ATGCTT TCA GCC TCA CAC
2 (exon 2) AGG CAC ATG TGG TCC AGC | GAT AGC ACC AAA GAA ATC
ACC TGC
3 (exon 3) TGT AAA ACG ACG GCC AGT |CAG GAAACA GCTATGACC
TCACCC CTACAGCCATGC |TCAGAC TGG TGT GAC AAA
cC GC
POU1F1 |1 (exon 1) GAA TCG GCC CTT TGA GAC |CCC GGT CAT ATG TAAACT
AG GT
2 (exon 2) GAT CCAAAC TCC TAAATG |GTG TCC CCA AAT TCA ATA
TTT G ACA
3 (exon 3) TGT AAA ACG ACG GCC AGT |CAG GAAACA GCTATG ACC
GAG AAT GAC AAATGG ACT |AGA TTT GCA AAC CAAGTT
4 (exon 4) GAT ACACAGATTTGT GTG |TCC TAC TTATTG AAG CCA
AC TTA
5 (exon 5) TGT AAA ACG ACG GCC AGT |CAG GAAACA GCTATGACC
GTC TACTTT GTGTTTGTA |ACC AGT TTT GTC CTC TAG
TAAC
6 (exon 6) TGT AAA ACG ACG GCC AGT |CAG GAAACA GCTATGACC

ATT CAACCT ACC TTAATT

ATG AAA CGG GAG AAA AAG
GCTA
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Statistical analyses
Data are given as mean * SD if not stated otherwise. Paired t-tests were used for
comparison of paired values, while one-sample t-tests were used for comparison

of sets of SDS data against the zero-value.

Ethics
Patients/parents gave their written informed consent to participate in the study.
The Ethics Committee of the 3™ Faculty of Medicine, Charles University, Prague

approved study conduct.

Results

Mutation screening

Of the 74 patients (including 4 sibling pairs; 44 males and 30 females) with MPHD,
1 male patient had a heterozygous POU7F1 gene defect, and 18 patients
(including 3 pairs of siblings) had a homozygous or double heterozygous PROP1
gene defect without any indication of consanguinity. No patient had a HESX1
gene defect (Table 2). Thus, the overall prevalence of mutation carriers in the 3
screened genes associated with MPHD was 26% of the study cohort. Of the 140
independent chromosomes investigated, a mutation was detected in 31
chromosomes (22%; 30 independent PROP1 mutations and one POU1F1
mutation). All of the identified mutations have been reported previously (6, 20, 21).

Table 2. Genetic findings in patients with MPHD (N=74)

Gene Genotype Number of affected Prevalence among the
patients study cohort
PROP1 150delA / 301delGA 9 24.3%
301delGA / 301delGA 8
301delGA / 349T>A 1
POU1F1 71C>T / wild type 1 1.4%
HESX1 Not applicable 0 0.0%
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Phenotype in patients with a PROP1 gene defect

The identification of a large group of patients with a PROP1 gene defect (N=18; 10
males and 8 females) enabled us to perform a detailed analysis of phenotypic
characteristics from birth up to adolescence/adulthood in these patients.

Of those patients with a PROP1 gene defect, a 74-year-old female with an adult
height of 120 cm had received no hormonal substitution before her eighth decade
of life. At 72 years of age, she was diagnosed to be GH-, TSH-, and PRL-deficient
and hypogonadotropic; however, she had normal morning cortisol levels (729
nmol/L; 26.4 ng/dL). Due to the lack of relevant data from her childhood, she was
excluded from additional phenotypic analyses.

The remaining 17 patients were aged 6 to 36 years (median age: 17 years). All
were diagnosed with MPHD during childhood, and all started hormonal
replacement therapy (including GH treatment) before having achieved adult
height. Phenotypic data for these 17 patients are presented in the following
sections.

Parental heights

The mean (£ SD) heights of both the fathers (-0.35%£1.44 SDS) and mothers (-
0.18+1.33 SDS) of these patients were not significantly different from normal local
standards (19) (Figure 1).

Figure 1. Height SDS of the parents of patients with PROP1 gene defects. The horizontal

bars represent the means.
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Birth and postnatal period

The median gestational age of these patients was 40 weeks (range: 37 to 42
weeks). Delivery was normal in 12 patients. Two patients showed breech
presentation, while 3 patients required Caesarean section. Although there are no
corresponding data from the general population for this period, it appears that
there was no significant association between PROP1 gene defects and abnormal
delivery. The median birth weight of these patients was 3650 g (range: 2150 to
4350 g). When adjusted for sex, the mean (+ SD) birth weight was +0.63+1.27
SDS (p=0.06 versus 0) (19). The median birth length of these patients was 50 cm
(range: 45 to 54 cm). When adjusted for sex, the mean (£ SD) birth length was
+0.12+0.76 SDS (p=0.52 versus 0) (19). However, the mean birth length SDS was
lower than expected based on the mean birth weight SDS of these patients
(p=0.01), suggesting a modest prenatal restriction of longitudinal growth (Figure
2). No episodes of neonatal hypoglycaemia were noted in any of the patients.
One patient experienced prolonged neonatal jaundice and 2 of 10 males had

undescended testes at birth requiring surgery later in childhood.

Figure 2. Birth weight SDS and birth length SDS of patients with PROP1 gene defects. The
observed data did not differ from general population (birth weight: p=0.06; birth length:
p=0.52). However, the patients’ mean (* SD) birth length (+0.12+0.76 SDS) was lower than
expected based on their mean (* SD) birth weight (+0.63+1.27 SDS) (p=0.01). The horizontal
bars represent the means, with p-values for the difference from 0.
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Natural history of growth

Mean + SD height SDS of these patients decreased from +0.12+0.76 SDS (birth
length) to -1.4+£1.2 SDS at 1 year of age, -1.5+£0.9 SDS at 1.5 years of age, -
3.6+£1.3 SDS at 3 years of age, and -4.1+£1.2 SDS at 5 years of age (Figures 3 and

4). These data indicate that the major deficit in statural growth developed between

the ages of 1.5 and 3 years.

Figure 3. Natural history of growth (expressed as height SDS) of patients with PROP1 gene
defects, measured from birth to the start of GH therapy. The height SDS values shown at

the bottom of the figure are given as mean * SD. The horizontal bars represent the means.
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Figure 4. A girl with a PROP1 gene defect (150delA/301delGA) at her (a) first; (b) second; (c)
fourth; (d) fifth; (e) sixth; and (f) seventh birthdays. She started on GH and thyroxin therapy
at 6.7 years of age. Photograph (g) shows her current status at 14 years of age. Typical
facial appearance of growth hormone deficiency (frontal bossing, flat nasal bridge) may be
noticed during early childhood; however, the typical phenotype disappeared later while
under GH therapy. The patient and her parents gave written permission to publish her

photographs without masks, as those would hide relevant signs of hypopituitarism.

(d) -4.28 SDS (e) -4.92 SDS () -5.01 SDS (g) -2.05 SDS

Clinical and endocrine characteristics at diagnosis and at start of replacement

therapy
Age, height, bone age, and hormonal status at diagnosis of pituitary impairment

are summarised in Table 3. The data indicate that hormonal findings at diagnosis
are variable. The age at start of administration of GH, thyroxin, and
hydrocortisone in individual patients is shown in Figure 5. Treatment decisions
were based on routine endocrine investigations (growth velocity, GH stimulation
tests and IGF-I for GH replacement, T4/fT4 and TSH for thyroxin and low basal
morning cortisol for hydrocortisone substitution). Sex steroids were administered
to all pubertal and adult patients.

Pituitary imaging was available in 17 patients. Pituitary was enlarged in three,

normal-sized in four and hypoplastic in 11 patients.
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Table 3. Age, height, bone age, and hormonal status in patients with PROP1 gene
defects at diagnosis of pituitary impairment (N=17).

Mean Median
Variable Normal range
(SD) (range)
Age (1) 6.8 6.2
e(yr -
gely (3.2) (2.8 t0 14.3)
-4.12 -4.43
Height SDS -2 to +2
(1.40) (-6.05 to -1.95)
0.49 0.43
BA/CA -
(0.18) (0.26 to 0.95)
27 17 Age- and sex-
IGF-I (ug/L)
(18) (10 to 47) dependent*
1.31 1.25
TSH (mlIU/L) 0.25-5.0
(0.69) (0.15 to 2.80)
6.6 4.0
fT4 (pmol/L) 10-26
(4.9) (2.1t013.3)
PRL (ug/L) o1 26 2.6-23
Ha (5.1) (0.6 to 12.3) '
342 240
Cortisol (nmol/L) 140-700
(246) (140 to 910)

* All IGF-I values were considered by the investigators to be clearly below the normal range.
Abbreviations: BA/CA — Bone age/chronological age ratio; IGF-I — insulin-like growth factor-I; TSH
— thyrotropin; fT4 — free thyroxin; PRL — prolactin

Bone age was estimated according to the method of Greulich and -Pyle (19).

Cortisol (ug/dL) = (nmol/L) x 0.036; fT4 (ng/dL) = (pmol/L) x 0.078

Figure 5. Age at the start of administration of GH, thyroxin, and hydrocortisone for patients

with PROP1 gene defects. The vertical bars represent the means.
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Growth rates during GH therapy

GH was administered at mean (+ SD) doses of 0.023+0.007 mg/kg/day during the
first year, 0.021+0.007 mg/kg/day during the second year, and 0.022+0.007
mg/kg/day during the third year of treatment. The corresponding growth rates are

shown in Figure 6.

Figure 6. Growth rates during the first, second, and third years of GH administration in
patients with PROP1 defects. The Whisker boxes indicate the minimum value, the 25th

percentile, the median, the 75th percentile, and the maximum value.
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Adult height
To date, 7 of 17 patients have achieved their adult height. The mean (£ SD)

unadjusted adult height of these patients was slightly below normal (-1.0+1.2 SDS;
p=0.06) (19), but was normal when adjusted for mid-parental height (-0.1+1.3
SDS). Adult heights adjusted for mid-parental height ranged from low-normal (in 2
older subjects who received sub-optimal GH therapy during childhood) to high-
normal (for 1 female with small parents and delayed induction of puberty) (Figure
7).
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Figure 7. Unadjusted adult height SDS and adult height SDS adjusted for mid-parental
height in the 7 patients with PROP1 gene defects who have attained adult height. The
horizontal bars represent the means.
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Discussion

Within the study population of 74 patients with MPHD, we identified 19 mutation
carriers (26% of the study cohort). Mutations included a single-allelic POU1F1
gene mutation and 18 PROP1 gene mutations (homozygous or double
heterozygous).

In the case of mutation 71C>T in the POU1F1 gene, leucine replaces proline at
position 24 (P24L). This substitution is known to affect the transactivation domain
of the protein. The mutant protein exerts normal DNA binding but is expected to
act as a dominant inhibitor of POU7F1 action (20).

Among 18 PROP1 mutation carriers, we identified 3 different mutations —
301delGA, 150delA, and 349T>A. Each mutation results in a distinct alteration of
the gene’s protein product. Both the microdeletions 150 delA and 301delGA
cause a frameshift that leads to premature termination of translation, and to the
formation of a truncated, non-functional protein (6, 21). The 349T>A mutation
represents a one-amino acid change within the DNA-binding domain of the gene’s

protein product that leads to a significant reduction in protein-DNA binding (6).
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We found that 301delGA was the most prevalent PROP1 gene mutation within this
study population, representing 72% of all identified mutations. This finding is
consistent with previous observations (22, 23). As 301delGA and 150delA
mutations combined represented 97% of all PROP1 gene derangements, initial
screening for these 2 mutations in candidates for genetic analysis seems
reasonable.

The genetic portion of our study shows that PROP1 gene defects are a frequent
cause of MPHD among affected individuals in the Czech Republic. Our data,
taken from a large, geographically and ethnically defined population of patients
with PROP1 gene defects, allowed extension of previous phenotypic analyses and
brought novel insight into the impact of PROP1 defects on prenatal and postnatal
growth.

The mean heights of these patients’ parents were normal; only a few of them were
tested for PROP1 gene mutations and were found to be heterozygotes (data not
shown). Assuming that a substantial number of the non-tested parents were also
heterozygous for PROP1 gene mutations, the finding of normal height is
suggesting that PROP1 haploinsufficiency does not exert any effect on statural
growth. These data are in agreement with previous observations (23).

In spite of the fact that these patients’ mean birth weights and birth lengths were
within the normal range (19), their mean birth length was lower than expected
based on their mean birth weight. Discrepancy between birth length and birth
weight seems to be obvious in children with deficient antenatal GH secretion
and/or action, as shown by Savage (24) in Laron syndrome and by Ranke (25) in a
combined cohort of children with Laron syndrome or GH gene deletion (Table 4).
Our findings suggest that also PROP1 defects influence the prenatal growth
phase, although their impact is minor. Due to the progressive pituitary failure in
these patients, GH secretion might have been partly preserved during the

intrauterine development.
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Table 4. Data on birth length and birth weight in children with severe prenatal defect of
growth hormone secretion or action (Laron syndrome, growth hormone gene deletion) and
in patients with PROP1 gene defect (data given as median). In all patients’ cohorts, the birth

length in consistently decreased compared to birth weight.

Birth length (SDS) | Birth weight (SDS) | Difference (birth length SDS —
birth weight SDS)
Laron syndrome (25) -1.59 -0.72 -0.87
Laron syndrome or GH1 -1.38 -0.56 -0.82
gene deletion (26)
PROP1 gene defect +0.10 +0.67 -0.57
(current study)

Patients with PROP1 defects did not appear to have an increased prevalence of
birth via breech delivery. Neonatal hypoglycaemia was not a prevalent symptom
in patients with PROP1 gene defects. Patients with neonatal hypoglycaemia of
pituitary origin may have a more profound deficit of GH and/or adrenocorticotropic
hormone (ACTH) during the neonatal period than that observed in patients with
PROP1 mutations. Also, prolonged neonatal jaundice and maldescent testes
were quite rare among patients with PROP1 defects, suggesting that severe
MPHD is not present at birth or shortly thereafter. We showed that growth
retardation started to develop within the first year of life, leading on average to a
height deficit of about 1.5 SDS by the first birthday. The most prominent loss of
height (an additional -2.1 height SDS) occurred between the ages of 1.5 and 3
years, during the early phase of the childhood component of growth. In those
patients not diagnosed and treated in time, growth retardation progressed, leading
to a mean height SDS of -4.1 at 5 years of age. The question of when GH
deficiency manifests in patients with PROP1 gene defects is a matter of
controversy (17, 26, 27). This longitudinal study indicates that growth retardation
starts earlier than previously suggested, calling for initiation of GH therapy at
young age.

At diagnosis, bone age was severely retarded (mean bone age/chronological age
ratio=0.49), probably due to combined GH and TSH deficiencies in these patients.
Data on GH secretion were not summarised, as patients were studied over several
decades, using different stimulation tests and GH assays. Nevertheless, available

IGF-I levels indicate severe GH deficiency at diagnosis. In most patients, central
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hypothyroidism was detected at the first endocrine evaluation, and replacement of

both GH and thyroxin was commenced at a similar age. Patients’ PRL levels were

low or low-normal, while their cortisol levels were within the normal range at initial

testing. Only 2 of 7 adult patients required cortisol substitution in early adulthood.

Therefore, the prevalence, age at onset, and clinical significance of late-onset

ACTH deficiency in patients with PROP1 gene defects remains a matter of

controversy (17, 23, 26, 27). From our data and published data, it may be

concluded that late-onset ACTH deficiency may develop during the third or fourth

decade of life in some affected individuals. However, careful and systematic

follow-up of adrenal function may lead to an earlier diagnosis.

In conclusion, we have shown a high prevalence of PROP1 gene defects among

patients with MPHD in a central-European population of Caucasian origin. Thus,

genetic testing may elucidate the aetiology of MPHD in a substantial proportion of

affected individuals. With regard to clinical experience and to published data, such

a testing may help to predict and to recognise early some of the additional medical

problems:

(1) TSH deficiency in patients with normal TSH-T4 axis at diagnosis of growth
hormone deficiency

(2) Gonadotropin deficiency in children expected to enter puberty

(3) A life-long risk of developing ACTH deficiency (23)

(4) Abnormal pituitary morphology (28).

Therefore we suggest that testing for PROP1 mutations in patients with MPHD

might become standard practice.
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Souhrn

Mutace v genu PROP1 zpusobuji kombinovany deficit pituitarnich hormonu s
postizenim sekrece rustového hormonu, TSH, prolaktinu, FSH/LH a ACTH.
Typicka je také abnormalni morfologie hypofyzy. Nalezy zahrnuji na jedné strané
pituitarni hypoplazii az obraz empty sella, u nékterych pacientl ale také pituitarni
hyperplazii, ktera muze imitovat intrasellarni tumor.

V ramci Ceské narodni studie byl defekt PROP1 genu prokazan u 17 pacienta (9
chlapct/muzi, 8 zen/divek) s kombinovanym deficitem hormon0 hypofyzy ve véku
3,5-74 let, v€etné tii sourozeneckych dvojic. Pfi detailnim morfologickém
zhodnoceni zobrazovacimi metodami byl obraz hypoplazie hypofyzy az empty
sella pfitomen u deseti pacientd, u jednoho byla konfigurace hypofyzy normalni a
u Sesti pacientl byl zjistén razny stupen pituitarni hyperplazie. Rozlozeni nalezu
podle véku prvniho vySetfeni podporuje hypotézu o hyperplazii hypofyzy v prvnich
letech zivota, ktera je nasledovana spontanni regresi vedouci k obrazu hypoplazie
hypofyzy az empty sella.

Klicova slova

PROP1, deficit ristového hormonu, kombinovany deficit hormonu hypofyzy,

magneticka rezonance, empty sella

Summary

PROP1 gene mutations lead to multiple pituitary hormone deficiency including
impaired secretion of growth hormone, TSH, prolactin, FSH/LH and ACTH. An
additional typical feature is abnormal pituitary morphology. The findings may range
from pituitary hypoplasia or empty sella to pituitary hyperplasia that may imitate an
intrasellar expansion.

Within a Czech national study, the PROP1 gene defect was found in 17 patients

with multiple pituitary hormone deficiency (9 males, 8 females; age 3.5-74 years)
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including 3 pairs of siblings. A detailed morphological evaluation using imaging
techniques showed pituitary hypoplasia or empty sella in ten subjects, normal
pituitary in one and various degrees of pituitary hyperplasia in six. The distribution
of findings according to age at first examination supports the hypothesis on
pituitary hyperplasia within the first years of life, followed by a spontaneous

regression leading to pituitary hypoplasia or empty sella.

Key words

PROP1, growth hormone deficiency, multiple pituitary hormone deficiency,

magnetic resonance imaging, empty sella

Deficit ristového hormonu (growth hormone deficiency, GHD) je relativné Casté
endokrinni onemocnéni, které se dle riznych zprav vyskytuje u jednoho z 2000-
10000 zivé narozenych déti [9, 17]. Dle klasickych u€ebnic se rozdéluje na
organicky podminény GHD (tumory hypotalamo-hypofyzarni oblasti, stavy po
ozafeni hlavy atd.), ktery pfedstavuje 20-30 % vSech pfipadu, a idiopaticky GHD u
vSech ostatnich postizenych déti.

S rozvojem poznani v oblasti molekularni genetiky se dafi u ¢asti pacientt s
.idiopatickou“ formou GHD identifikovat rizné genové defekty jako pfic¢inu GHD.
Dveé skupiny gent zodpovidaji jednak za izolovany GHD, jednak za GHD spojeny
s deficitem alespon jednoho dalSiho hypofyzarniho hormonu (multiple pituitary
hormone deficiency, MPHD).

Izolovany GHD muze byt zplsoben mutaci genu pro rustovy hormon (GH17) nebo
defektem genu pro receptor growth hormone-releasing hormonu (GHRH-R). Obé
tyto poruchy jsou vzacné.

Kombinovany deficit hormont hypofyzy (MPHD) m(iZze byt podminén defektem
v nékterém z genu kédujicich transkripéni faktory, které se podileji na regulaci
embryonalniho vyvoje hypofyzy. Relativhé ¢astou pfi€¢inou MPHD jsou mutace v
genech PROP1 a POU1F1, ojedinélymi nalezy jsou mutace v genech HESX1,
LHX3 a LHX4. Pro defekty v genu POU1F1 je typicky kombinovany deficit
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rustového hormonu (GH), TSH a prolaktinu (PRL), pro defekty v genu PROP1
navic jesté deficit FSH/LH a v nékterych pfipadech i ACTH [1].

Mutace v PROP1 genu jsou kromé& hormonalnich deficitd spojeny i se zmé&nami
morfologie hypofyzy charakteru hyper- €i hypoplazie. Néktera pozorovani
naznacuji, ze velikost hypofyzy se mize béhem zivota ménit [14]. Hyperplazie
hypofyzy mize imponovat az jako intrasellarni tumor. V minulosti byli proto néktefi
postizeni pacienti zbyte€né neurochirurgicky operovani.

V ramci Ceské narodni studie genovych defektd spojenych s GHD jsme
identifikovali pomérné pocetnou skupinu pacientl s mutacemi v PROP1 genu.

Soucasti této studie bylo také detailni posouzeni pituitarni morfologie.

Pacienti

Do studie bylo zafazeno 17 pacientl (9 muzud/chlapcu, 8 Zen/divek) ve véku 3,5-
74 let z Ceskych center pro 1éEbu ristovym hormonem pro déti i pro dospélé,
v€etné tfi sourozeneckych dvojic. Sourozenecké pary jsou v oddilu vysledku
oznaceni Cisly 3+12, 5+7 a 14+16.

U v8ech pacientu byl prokazan kombinovany deficit hormond hypofyzy na
podkladé mutace v genu PROP1 a bylo k dispozici nejméné jedno zobrazovaci

vySetieni CNS.

Metody

Molekularné-genetické vysetreni

Genomicka DNA byla extrahovana z bunék periferni krve uzitim vysolovaci reakce
[11]. Exony genu PROP1 byly amplifikovany pomoci PCR na pfistrojich
Mastercycler (Eppendorf) nebo Mastercycler gradient (Eppendorf) za pouziti
specifickych primerl: F1 - TGT AAA ACG ACG GCC AGT CAG GTG TGG AGA
GGA GCT, R1 - CAG GAAACA GCT ATGACCATG CTT TCA GCC TCA CAC,
F2 - AGG CAC ATG TGG TCC AGC ACC, R2 - GAT AGC ACC AAA GAAATC
TGC, F3-TGT AAAACG ACG GCC AGT TCACCCCTACAGCCATGCCC,R3
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- CAG GAA ACA GCT ATG ACC TCAGAC TGG TGT GAC AAAGC. K
amplifikaci exont 1 a 2 byl pouzit kit TagPCR Core Kit (Qiagen) podle
nasledujiciho protokolu: 50 ul reakéni smési obsahovalo pfiblizné 200 ng
genomické DNA, 12,5 ul obou primer(, 1,25 jednotky Tag DNA polymerazy, 10
nmol kazdého z deoxynukleotidi a 5 yl PCR pufru. K amplifikaci exonu 3 byl
pouzit PCR Master Mix (Promega) podle nasledujiciho protokolu: 50 ul reakéni
smési obsahovalo pfiblizné 200 ng genomické DNA, 12,5 pl obou primert a 25 pl
PCR Master Mixu (Promega). PCR program sestaval z 5 minut pfi 95°C
nasledovanych 33 cykly: 1 min pfi 95°C, 1 min pfi anilani teploté (62°C pro exon
1, 56°C pro exon 2 a 60°C pro exon 3) a 30 sec pfi 72°C.

Po purifikaci PCR produktt pomoci kitu QIAquick® PCR Purification Kit (Qiagen)
byla provedena obousmérna automaticka sekvenace na sekvenatoru ABI
PRISM™ 310 Genetic Analyser (Applied Biosystems) pomoci kitu BigDye®
Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems) podle protokolu
vyrobce.

K sekvenaci byly u exonu 2 byly pouzity stejné primery jako k PCR amplifikaci. U
exonl 1 a 3 tohoto genu byly pouzity univerzalni primery F - TGT AAA ACG ACG
GCC AGT aR - CAG GAA ACA GCT ATG ACC.

Vysledky sekvenace DNA byly vyhodnoceny pomoci softwaru GeneTool nebo

GeneTool 2.0 (BioTools Incorporated).

Zobrazovaci vysetreni CNS

Standardni zobrazovaci vySetfeni CNS bylo provedeno v misté sledovani
jednotlivych pacientd. U 16 z nich se jednalo o vySetfeni magnetickou rezonanci
(MRI), v jednom pfipadé o vySetfeni pocitatovou tomografii (CT). Snimky z
jednotlivych pracovist byly nasledné vyhodnoceny jednim rentgenologem

s mimofradnou erudici v hodnoceni nalezu v oblasti hypofyzy.

89



Vysledky

Molekularné-genetické vysetreni

U pacientu byly detekovany celkem tfi jiz dfive popsané typy mutaci - frameshift
mutace 150delA a 301delGA v druhém exonu a bodova mutace 349T>A. VSechny
tyto mutace maji recesivni typ dédi¢nosti a u pacientl se vyskytovaly v
kombinacich. Osm pacientl bylo sloZzenymi heterozygoty pro 150delA/301delGA,
osm bylo homozygoty pro 301delGA a jeden pacient byl slozenym heterozygotem
pro 301delGA/349T>A.

Zobrazovaci vysetieni CNS

Normalni morfologie hypofyzy byla zastiZzena pouze u jednoho pacienta (pacient €.
12).

U deseti pacientd byl objem hypofyzy vyznamné zmensen. Ve tfech pfipadech byl
hodnocen jako pituitarni hypoplazie (pacienti €. 8, 9 a 11), v sedmi pfipadech jako
obraz empty sella (pacienti €. 2, 4, 6, 13, 14, 16 a 17).

U Sesti pacientl byl nalezen zvétSeny objem hypofyzy, ktery by bylo mozné
hodnotit jako pituitarni expanzi (pacienti €. 1, 3, 5, 7, 10 a 15). U &ty pacientu
(pacienti €. 1, 2, 5 a 7) byla provedena dveé vySetieni s Casovym odstupem 1,7,
3,9, 0,7 a 0,7 roku. Ve vSech pfipadech byl nalez na hypofyze stacionarni.
Vysledky shrnuje tab. 1.

Tabulka 1. Pfehled vysledki u 17 pacienti s defektem PROP1 genu

pacient | pohlavi genotyp vék pfi vySetfeni morfologicky popis nalezu na hypofyze
(let) (MRl resp. CT)
1 m 150delA/301delGA 3,5 »=adenom hypofyzy*
52 »=adenom hypofyzy*
2 A 301delGA/349T>A 6,2 empty sella
10,1 empty sella
3 z 301delGA/301delGA 8,4 »=adenom hypofyzy* (cysticky
mikroadenom)
m 301delGA/301delGA 10,3 empty sella
z 301delGA/301delGA 12,1 »=adenom hypofyzy*“ + ,adenom
infundibula*
12,8 »=adenom hypofyzy*“ + ,adenom
infundibula*
6 m 301delGA/301delGA 12,6 empty sella
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7 z 301delGA/301delGA 13,4 »=adenom hypofyzy*
141 »=adenom hypofyzy*

8 z 150delA/301delGA 13,8 hypoplazie hypofyzy

9 m 150delA/301delGA 17,8 hypoplazie hypofyzy

10 m 150delA/301delGA 18,5 »=adenom hypofyzy*

11 A 150delA/301delGA 21,8 hypoplazie hypofyzy

12 m 301delGA/301delGA 23,4 normalni nalez

13 m 150delA/301delGA 245 empty sella

14 z 150delA/301delGA 24,9 empty sella

15 m 301delGA/301delGA 34,7 »=adenom hypofyzy*

16 m 150delA/301delGA 35,4 empty sella

17 z 301delGA/301delGA 74,0 empty sella
Pacient 1 - ,,adenom hypofyzy“ 9x8 mm Pacient 3 - ,,cysticky mikroadenom
(MRI T1W - sagitalni fez) hypofyzy*“ 2,9x3,7 mm (MRI T2W - sagitalni

fez)

CONTRAST:

FN Olomouc
W 1252 : L 601

Pacient 2 - empty sella (MRI T1W - Pacient 4 - empty sella (CT — sagitalni fez,

sagitalni fez) rekonstrukce ve stredni ¢are)

10 670/99
15-APR-1999

Ref Scan 11
IMA 34 Ref TP -165.0 |
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Pacient 5 - ,,adenom hypofyzy“ 14x16x14 Pacient 8 - hypoplazie hypofyzy (MRI T1W -

mm + dalsi ,,adenom* o priiméru 6 mm v sagitalni fez)
oblasti infundibula (MRI T1W — gradient -
pilot)

FNEV Praha 10 2T P

7 Feb 2002 1

Pacient 6 - empty sella (MRI T1W — Pacient 9 - hypoplazie hypofyzy (MRI T1W -

sagitalni fez) gradient)

-

GRE_Dsntiphase, HEAD

Pacient 7 - ,adenom hypofyzy* 16x14x13 Pacient 10 - ,,adenom hypofyzy* 14,2x13,2
mm (MRI T1W - gradient - pilot) mm (MRI T1W - sagitalni Fez)
s 1751 /oﬂf’

.

SE_Dhdtel
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Pacient 11 - hypoplazie hypofyzy (MRI Pacient 14 - empty sella (MRI T1W —

T1W - sagitalni fez) sagitalni fez)

Pacient 12 - normalni nalez (MRI T2W - Pacient 15 - ,,adenom hypofyzy*“ 9,5x7,5x7,5
sagitalni fez) mm (MRI T1W - sagitalni Fez)

Pacient 16 - empty sella (MRI T1W —

sagitalni fez)

Pacient 13 - empty sella (MRI T1W —

sagitalni rez)
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Pacient 17 - empty sella (MRI T1W —

sagitalni fez)

Diskuse

Embryonalni morfogeneze a diferenciace hypofyzy je komplexni proces, na jehoz
regulaci se podili fada genu [4]. NaruSeni tohoto procesu mlze vyustit v poruchu
funkce hypofyzy, ktera se projevi kombinovanym deficitem pituitarnich hormona. U
Clovéka byly dosud jako pfi¢ina MPHD popsany mutace v genech PROP1,
POU1F1, HESX1, LHX3 a LHX4. VVSechny tyto geny koduji jednotlivé transkrip&ni
faktory.

PROP1 gen kéduje transkrip&ni faktor, zodpovédnych za diferenciaci
specializovanych bunécnych linii v druhé fazi embryonalniho vyvoje hypofyzy.
Zabira 3kb na chromozomu 5q a obsahuje 3 exony. Protein kédovany timto
genem ma délku 226 aminokyselin a ve své struktufe obsahuje doménu vazici se
na DNA a transkripéni aktivacni doménu [5]. Exprese genu PROP1 je nezbytna
pro regulaci exprese genu POU1F1 a pravdépodobné hraje i dllezitou roli v
ukonceni exprese genu HESX1.

Mutace v genu PROP1 vedou ke vzniku kombinovaného deficitu hormon(
hypofyzy zahrnujiciho deficit GH, TSH, PRL a FSH/LH [7, 12, 14, 15, 18], pozdé&;ji
v zivoté Casto dochazi i k rozvoji deficitu ACTH [1]. GHD obvykle vede k vyrazné
redukci vysky, vzacné byl u pacientl s defektem v PROP1 genu popsan i normalni

rast a normalni dospéla vyska [2]. Hormonalni deficity se mohou rozvijet jiz b&éhem
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détstvi, ale i pozdéji v Zivoté, maji vSak progresivni charakter a postupné dojde
témér vzdy k rozvoji upiného fenotypu [3, 6].

Obvyklym nalezem u pacientll s PROP1 mutaci pfi zobrazovacim vySetieni
hypofyzy je mala nebo normalni adenohypofyza s normalné konfigurovanou
neurohypofyzou [6, 8, 12, 15, 18], u nékterych pak byva popisovana hyperplazie
pfedniho laloku hypofyzy pfipominajici tumor. Tento nalez byva nalézan v prvnich
dvou, nejvySe tfech dekadach Zivota [10, 14, 15].

Pacienti s hyperplastickou hypofyzou jsou obvykle nosi¢i mutace 301delGA,
pfipadné v kombinaci s mutaci 150delA. Souvislost mezi typem mutace a
hyperplazii hypofyzy vSak neni jednoznacna, protoZe u jinych pacientl se stejnou
mutaci nebyla hyperplazie zachycena [10, 14, 15] a vzhled hypofyzy se muze liSit i
mezi sourozenci [13]. Pokud byla v nékterych pfipadech v minulosti vySetfena tkan
hyperplastické hypofyzy histologicky, byl nalez zcela nespecificky — byl nalezen
amorfni material, neobsahujici zadné specifické bunécné linie. ZvétSeni hypofyzy
neni stacionarni, bunécné masy maji tendenci regredovat, coz vyustuje v
hypoplazii hypofyzy az v obraz empty sella [10, 14].

Mechanismus vzniku hyperplazie a nasledné regrese bunécné masy neni znamy.
Vzhledem k tomu, Ze jednou z pfedpokladanych funkci genu PROP1 je ucast na
ukond&eni exprese Casoveé predchazejicich transkripénich faktord HESX1 a LHXS3,
nabizi se spekulace, Ze prodlouzena exprese HESX1 a LHX3 genli umoznuje
delSi pfezivani a mnozZeni nediferencovanych prekurzorovych bunék
adenohypofyzy a teprve opozdéné vyhasinani aktivity téchto transkripénich faktort
pak vede k regresi hyperplastické hypofyzy [16].

V nasi studii jsme popsali morfologické nalezy na hypofyze u velmi pocetné
sestavy 17 pacientd s mutaci v PROP1 genu. V souladu s literarnimi udaji byla
CastéjSim nalezem hypoplazie hypofyzy nebo obraz empty sella (celkem 10/17).
Pouze ojedinély byl nalez normalné konfigurované hypofyzy (1/17). U Sesti
pacientl jsme v oblasti hypofyzy identifikovali hyperplazii az expanzi.

Zajimave je rozlozeni morfologickych obrazl podle véku prvniho vySetfeni (tab. 2),
i kdyz vySetifené pocty pacientl jsou pomérné malé pro spolehlivé statistické
zhodnoceni. Ve skupiné tfi pacientld mladSich 10 let jsme hypofyzarni
hyperplazii/expanzi nalezli v 67 %, u sedmi pacientl ve véku 11-20 let ve 43 % a u

sedmi pacientl starSich nez 20 let u jediného (14 %).
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Pokles Cetnosti hyperplazie/expanze hypofyzy s vékem pacienta by tedy mohl

odpovidat prfedstavé, ze v utlém véku se hypofyza zvétSuje, zatimco v dalSich

dekadach Zivota postupné regreduje do obrazu pituitarni hypoplazie az empty

sella.

Tabulka 2. RozloZeni morfologickych nalezii na hypofyze dle véku pacientt s defektem

PROP1 genu

veék (let) hyperplazie normalni hypofyza hypoplazie/empty sella
0-10 2/3 0 1/3

11-20 3/7 0 417

vice nez 20 17 17 5/7

Zaver

Mutace v genu PROP1 zpUsobuji kombinovany deficit hormond hypofyzy a

morfologické zmény hypofyzy, které zahrnuji jednak hypoplazii hypofyzy az obraz

empty sella a jednak hyperplazii hypofyzy. Tato hyperplazie je pfechodna, nikdy

nebyl pozorovan jeji expanzivni charakter a dle sou¢asnych nazoru nevyzaduje

lécbu.

Vékova distribuce nalezl v sestavé 17 pacientd s mutaci v PROP1 genu

podporuje teorii, Ze v utlém détstvi dochazi k hyperplazii hypofyzy, ktera nasledné

spontanné regreduje do obrazu hypoplazie az empty sella.

Studie byla podporena vyzkumnym zamérem MSM ¢&islo 0021620814.
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7. Lééba rustovym hormonem

7.1. Clanek 6
(Vosahlo J, Zidek T, Lebl J, Riedl S, Frisch H. Validation of a mathematical model

predicting the response to growth hormone treatment in prepubertal children with
idiopathic growth hormone deficiency. Horm Res 2004(61);3:143-7)
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Abstract

A mathematical model developed by Ranke et al. [1] for prediction of the growth
response during the first years of GH replacement therapy was validated in a
cohort of 38 children with idiopathic GHD. Our patients met all inclusion criteria for
the prediction model, but the group differed in some basic characteristics from the
cohort from which the model was derived (age 6.3 vs. 7.3 years, height -3.5 SDS
vs. -2.6 SDS, mean parental height 0.3 vs. -0.6 SDS, maximum GH 2.2 vs. 5.6
pg/L, GH dose 0.5 vs. 0.6 IU/kg/week). Using the model for the first year including
maximum GH after stimulation and the equation for the sixth year, the predicted
value corresponded well with actual height gain. Differences were found when
growth response of the first year excluding maximum GH and of the second to fifth
year were calculated, resulting in significant underestimation of actual height gain
(-0.63 to -1.07 cmlyear). In conclusion, the mathematical prediction model tended
to underpredict growth response to GH treatment in our patients with pronounced
GHD. Severity of GHD seems to be an important parameter for the first year
prediction. Daily injections may be an additional factor improving growth response.

Introduction

Growth hormone (GH) was first used for treatment of GH deficiency (GHD) in 1958
[2]. Until 1985, GH was extracted from human pituitaries which limited its
availability. Only children with severe GHD were treated and the doses were
relatively low. In 1985, recombinant human GH became available which resulted in
increasing numbers of GH-deficient patients being treated and a variety of new
indications for GH therapy.

It is obvious that children with different aetiologies of short stature will respond in
different ways and may require distinct treatment modalities. Experiences
collected from large numbers of patients demonstrate a considerable
interindividual variability of GH treatment response. Prediction models have been
developed to calculate the expected growth response per year in order to optimize

GH therapy in various growth disorders [3, 4,5,6,7]. Based on pre-treatment data
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they may help to decide whether a patient is suitable for GH treatment and what
outcome can be expected.

The aim of our study was to validate a mathematical growth prediction model,
which was developed by Ranke et al [1] and is based on data accumulated in the
Kabi International Growth Study (KIGS) database [8], in an independent group of
GH-treated prepubertal children with idiopathic GHD.

Patients and Methods

Data from 38 prepubertal patients (13 girls and 25 boys) with idiopathic GHD
diagnosed and treated at the Paediatric Department, University of Vienna, Austria,
and at the Paediatric Department, 3™ Faculty of Medicine, Prague, Czech
Republic, were analyzed. Patients were treated with recombinant human GH. The
same inclusion criteria were used as in the original cohort from whom the model
was derived [1]. Only patients with a peak GH level of 10 ug/L or less following a
standard GH provocation test were included. Small for gestational age children
were not included. The girls had a breast development stage B1 according to
Tanner and the boys had a testes volume of 3 ml or less. The age at onset of GH
therapy was between 2-12 years in girls and 2-10 years in boys. Height
measurements for calculation of height velocity were performed in at least annual
intervals. Patients generally received 7 injections GH per week.

According to the original study, height standards from Tanner et al. [9] and weight
standards from Freeman et al. [10] were used to calculate height and weight SDS,
respectively. Birth weight SDS according to gestational age was derived by the
standards of Niklasson et al. [11]. MPH-SDS, based on Tanner et al. [9], was
calculated using the formula provided by Ranke [12].

The provided mathematical models [1] were used to calculate predicted height
velocities of the first, second, third, fourth, fifth, and sixth year of GH replacement
therapy. Two models were used for the first treatment year, one including
maximum GH response to provocation and one not including this variable (table
1). The equation for the fourth year was also used to calculate expected height

velocities for the fifth and sixth year of therapy, according to the original
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publication. For calculation of statistical differences of characteristics of the

reference vs. our study group, unpaired t-tests were performed. Differences

between predicted height velocity by the model and actual observed height gain

were calculated using paired t-tests for each year. A two-sided p-value < 0.05 was

considered to be statistically significant. All calculations were done using SPSS

9.0 for Windows.

Table 1. Mathematical equations [1] used for height prediction

First year

(including GH max)

PHV = 14.55 — 1.37*GH max — 0.33*age at onset + 0.32*birth wt +
1.62*GH dose — 0.40*(ht-MPH) + 0.29*wt

First year

(not including GH max)

PHV =12.41 — 0.36*age at onset + 0.47*birth wt + 1.54*GH dose —
0.60*(ht-MPH) + 0.28*wt

Second year

PHV = 5.69 — 0.09*age at onset + 0.63*GH dose + 0.24*body wt +

0.31* ht velocity previous year

Third year PHV =5.61 — 0.10*age at onset + 0.66*GH dose + 0.30*body wt +
0.32* ht velocity previous year

Fourth year PHV =6.03 — 0.05*age at onset + 0.87*GH dose + 0.40*body wt +
0.21* ht velocity previous year

PHV predicted height velocity (cm/year)

GH max maximum GH response in provocation tests (ug/L)

age at onset age at onset of GH replacement therapy (years)

birth wt birth weight (SD score)

GH dose dose of GH (IU/kg/week)

ht height at the beginning of GH therapy (SD score)

MPH midparental height (SD score)

wit body weight at the beginning of GH therapy (SD score)

Results

Patients characteristics

Characteristics of our patients at the start of GH therapy in comparison with the

original cohort from which the prediction model was derived are shown in table 2.

Except for birth weight, all differences reached the level of statistical significance.
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Table 2. Patient characteristics in comparison with the original cohort (KIGS)

our cohort original cohort [1]
(n=38) (n=593)

Mean + SD Mean + SD p-value
Age (years) 6.3+1.8 73+x24 0.01
Height (SDS) -3.5+1.1 -26+0.8 < 0.001
Weight (SDS) -3.3+x15 -22+1.3 < 0.001
MPH (SDS) 0.3+1.0 -0.6+1.0 < 0.001
Height-MPH (SDS) -3.8+14 -1.9+14 <0.001
Birth weight (SDS) -0.5+0.7 -0.5+0.9 ns
Max GH peak (ug/L) 22+19 5628 < 0.001
GH dose (IU/kg/week) 0.5+0.1 0.6+0.2 0.002

Observed versus predicted height velocity

Observed and predicted height velocities (HV) for each year of therapy are shown

in table 3 and figure 1. Complete data were available for 38, 35, 27, 21, 15 and 10

patients for the first, second, third, fourth, fifth, and sixth year of GH replacement

therapy, respectively. No significant difference between observed and predicted

HV was found for the first year of therapy when maximum GH was included and

for the sixth year of treatment. However, predicted HV was significantly lower

during the first year when the maximum GH value was not included (-1.0 cm/year)

and for the second, third, fourth and fifth treatment year, respectively. In all cases,

calculations underestimated actual height gain, ranging from -0.63 to -1.07

cmlyear.

Table 3. Observed versus predicted height velocity (HV) during GH treatment

Year Observed HV Predicted HV A predicted vs. observed | p-value
[cm/year, mean + SD] [cm/year, mean + SD] HV [cm/year (%)]
1 11.23+2.79 11.33 £ 1.84*/ 0.1 (-0.9)/ ns/
10.23 £ 1.27** -1.0 (-8.9) 0.01
2 8.17 £ 1.96 7.51+1.06 -0.66 (-8.1) 0.01
3 6.93+1.5 6.3 +£0.95 -0.63 (-9.1) 0.01
4 6.48 £ 1.16 5.56 £ 0.78 -0.92 (-14.2) 0.001
5 6.86 = 1.67 5.79 £ 0.56 -1.07 (-15.6) <0.05
6 6.19 £ 1.14 6.0 £ 0.65 -0.19 (-3.1) ns

*including GH max

**not including GH max
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Figure 1. Observed and predicted annual height gain in patients with idiopathic GHD.
% observed height gain

predicted height gain

(first treatment year including respectively excluding |:| GH peak)

*p<0.05 * p<0.01

GH treatment year

Discussion

Models for prediction of response to exogenous GH are mathematical equations
combining various anamnestic and diagnostic variables which enable the
calculation of expected height velocity at the beginning or in the early phase of GH
treatment. They are derived from large data sets obtained from clinical studies. To
date, various prediction models for GH treatment response in children with various
aetiologies of short stature have been presented [1,3,4,5,6,7]. The model validated
in our study was developed by Ranke et al. [1] for prediction of growth response
during the first years of GH replacement therapy in prepuberal children with
idiopathic GHD and was derived from the KIGS database [8]. In this model, only
easily accessible variables were chosen excluding any laboratory parameter

except maximum GH response to provocation.
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In our study group the calculation for the first treatment year including maximum
GH and for the sixth year resulted in concurring data between actual and predicted
height gain. Using the equation for the first year without maximum GH and for the
second, third, fourth, and fifth year resulted in significantly lower prediction values,
ranging from -0.63 to -1.07 cm/year (figure 1).

Although the same inclusion criteria as in the original cohort were applied to select
patients for validation, our patients differed in several basis parameters (table 2).
The severity of GHD was more pronounced in our subjects which is shown by a
significantly lower mean GH peak after provocation test. In other words, in the
original group patients with less severe GHD were included, and it is well known
that these patients will respond less favourable to GH treatment [13]. In addition,
our group was composed from only two university centres applying rather stringent
criteria for diagnosis and laboratory methods which may help to reduce the
variability arising from data composition from a large number of centres. In fact,
the KIGS group was compiled by many independent investigators from many
countries and actually is very heterogeneous. The more pronounced severity of
GHD in our group is also shown by the fact that patients were significantly shorter
at the time of diagnosis and had a significantly lower height—-MPH score as
compared to the original cohort (table 2). This highly significant difference is even
increased by the fact that MPH in the original group was —0.6 SDS and was +0.3
SDS in our cohort. As there is a strong correlation between parent’s height and
their children [14], it might be speculated that genetic factors in the original group
contributed to short stature to a larger extent than in our validation group. The
more pronounced severity of GHD is also reflected by the fact, that growth
prediction underestimated actual height gain despite significantly lower GH doses
used in the study group. Finally, the earlier time of diagnosis and onset of GH
therapy might be another factor for the better growth response in our group
according to the equations where age at onset is a subtraction factor.

The fact that the original cohort was very heterogeneous was already discussed
by Ranke et al. in the original publication who also observed better growth
responses in case of low GH secretory capacity. This tendency was shown in the
more homogeneous original non-KIGS validation groups (OZGROW and Tubingen

patients) with lower GH peaks and younger age at start of GH treatment [1]. In
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contrast to our findings, actual height gain during the following GH-treatment years
did not differ significantly from predicted growth in these patients.

The frequency of GH injections is not considered in the equations though Ranke et
al. concede that there might be improved height gain if GH is administered daily
[1]. In the original group only about 50% of patients were receiving 7 injections per
week while in our validation group daily injections were a common practice. Since
a positive correlation between height velocity and frequency of injections has been
documented [3,15], it is likely that this may be another factor contributing to the
difference between actual growth response and prediction in our patients.

In conclusion, the mathematical model by Ranke et al. [1] showed a good
concordance with actual height gain using the first year equation including
maximum GH response to testing and the equation for the sixth year of GH
treatment. The first year model excluding maximum GH response and the models
for the second to fifth year significantly underestimated the growth response in
children with severe GH deficiency. Maximum GH seems to be an important
predictor and should therefore be included in growth prediction models. Daily
injections versus 6 injections per week may also add to improved actual height

gain.
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