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ABREVIATURAS E SIMBOLOS

A: Aminoacido alanina

ACTH: Hormonio corticotrofico

AD: Heranga autossémica dominante

ADH: Hormonio anti-diurético

ADNPM: Atraso do desenvolvimento neuro-psicomotor
AH: Adeno-hipofise

AR: heranga autossdmica recessiva

C: Aminoacido cisteina

CC: Corpo caloso

CDC: Centers for Disease Control and Prevention

cm: Centimetro

DGH: Deficiéncia do hormonio de crescimento

DGHI: Deficiéncia do hormonio de crescimento isolada
DHHM: Deficiéncia hipotalamo hipofisaria maltipla
dL: Decilitro

DP: Desvio-padrao

DSO: Displasia septo-Optica

FAST1-RM: Protocolo de ressonancia magnética FAST1
FSH: Horménio Foliculo-estimulante

G: Aminoacido glicina

GH: Hormonio do crescimento

GHRHR: Receptor do horménio liberador de hormdnio do crescimento
GLI2: GLI-Kruppel Family member 2

GLI3: GLI-Kruppel Family member 3

HESX1: Homeobox gene expressed in ES cells

HPE: holoprosencefalia

IGF-1: fator de crescimento insulina simile tipo 1

ITT: Teste de tolerancia a insulina

ISCMSP: Irmandade da Santa Casa de Misericordia de Sdo Paulo
Kg: Quilograma

LHX3: LIM homeobox 3



LHX4 LIM homeobox 4

M: Aminoé&cido metionina

Kg: Micrograma

mL: Mililitro

mg: Miligrama

N: Aminoécido asparagina

ng: Nanograma

m2: Metro quadrado

NHE: Neuro-hipofise ectopica

ng: Nanograma

NY: New York

OTX2: Orthodenticle Homeobox 2
PCR: Reagdo em cadeia de polimerase
PIT1: Pituitary-specific transcription fator 1
PITX2: Paired Like Homeodomain 2
POU1F1: POU Class 1 Homeobox 1
PRL: Prolactina

PROKR?2: Prokineticin Receptor 2
PROP1: Prophet of PIT1

RM: Ressonancia magnética

S: Aminoé&cido Serina

SHH: Sonic Hedgehog

SOX2: SRY-related HMG-box 2
SOX3: SRY-related HMG-box 3

T: Aminodcido Treonina

TAL.: tetraiodotironina livre

TSH: Hormondnio tireotrofico

Ul: Unidade

USA: United States of America

V: Aminodcido valina


https://en.wikipedia.org/wiki/HMG-box
https://en.wikipedia.org/wiki/HMG-box
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1. INTRODUCAO

1.1. Deficiéncia do Hormdnio de Crescimento (GH)

A deficiéncia do hormdnio de crescimento (DGH) acomete cerca de 1:3500 nascidos vivos
(Lindsay et al, 1994). Pode apresentar-se de forma isolada (DGHI) ou combinada a outras
deficiéncias hormonais hipofisérias, conhecida como deficiéncia hipotalamo-hipofisaria
multipla (DHHM), e também se manifestar de forma esporadica ou familiar.

A etiologia da DGH est relacionada com causas adquiridas ou congénitas (Bierich, 1990).
As causas adquiridas estdo associadas a tumores, irradiacdo e processos infecciosos,
inflamatdrios ou traumaticos, envolvendo a regido hipotalamo-hipofisaria. Entre as causas
congénitas estdo os insultos perinatais e as alteracdes genéticas. Entretanto, a etiologia da DGH

ainda permanece desconhecida na maioria dos casos (Garel, Leger, 2007).

1.2. Neuro-hipofise ectdpica e hipopituitarismo

A identificacdo de neuro-hipdfise ectopica (NHE) em imagem de Ressonancia Magnética
(RM) é um indicador sensivel e especifico de hipopituitarismo, embora a patogénese da
disfuncdo da adeno-hipofise desses casos permaneca obscura (Léger et al, 2005). Devido as
dificuldades de estabelecer valores de corte normais para os testes de estimulo para GH,
alteracdes na RM podem auxiliar no diagndstico de DGH.

Maghnie e col. (2007) fizeram uma revisdo de 13 estudos sobre a RM em pacientes com
DGH e, demonstraram uma prevaléncia variavel de 50% a 100% de NHE nos pacientes com
DHHM e de 30% a 40% nos com DGHI. Ja na populacdo geral, sem evidéncias de
endocrinopatia, a prevaléncia de NHE é estimada em 0,006% (Brooks et al, 1989), reforcando

que ndo se trata de uma alteragdo comum na populagéo higida.

Longui e col (2004) desenvolveram um protocolo simplificado de aquisi¢do de imagem,
FAST1-RM, realizado sem sedacéo, anestesia ou contraste. Inclui somente a sequencia sagital
em T1 (12 cortes com espessura de 2 mm e GAP de 0,2 mm) e com duragéo aproximada de



3,25 minutos. Este protocolo reduziu o tempo e os custos da investigacdo de anormalidades

hipotalamo-hipofisarias.

1.3. Causas genéticas de insuficiéncia hipofisaria

Varios fatores de transcri¢cdo foram descritos como importantes no desenvolvimento do
sistema hipotadlamo-hipofisario, dentre eles SOX3, OTX2, HESX1, LHX4, GLI2,
POU1F1/PIT1, PROP1, SIX6, LHX3, SOX2, GLI3, PTX2. Alteracdes dos genes que codificam
estes fatores causam defeitos na diferenciacdo, proliferacdo e migragdo celular durante a
embriogénese. A tabela 1 descreve as principais alteragdes clinicas e de imagem, associadas as
mutacdes dos genes envolvidos na ontogénese hipofisaria.

Em particular, muta¢Ges nos genes LHX4, HESX1, SOX3, GLI2, OTX2 e PROKR2 (Di
lorgi et al, 2011; Marui et al, 2002; Reynaud et al, 2012; Romero et al, 2011; Wajnrajch, 2002)

tém sido associadas a ectopia da neuro-hipofise e insuficiéncia hipofisaria.

Mutacdes no LHX4, HESX1, SOX3, OTX2 e PROKR2 tém sido associadas a Sindrome
da interrupcdo da haste hipofisaria em menos de 5% dos casos (Tatsi et al, 2013; Davis et al,
2009; Davis et al, 2013; Reynaud et al, 2011; Reynaud et al, 2012). Esta sindrome ¢é
caracterizada por haste hipofisaria afilada ou ausente, associada a neuro-hipofise ectopica ou
ndo visualizada e hipoplasia de adeno-hip6fise, portanto, a maioria dos casos ainda permanece
com a causa genética desconhecida.



TABELA 1: Aspectos clinicos e de imagem associados aos fatores de transcricdo hipofisario (Di lorgi et al,

2011; Reynaud et al, 2012; Cabe et al, 2013.)

Gene Heranca Deficiéncias  NHE Alteracoes Outras anormalidades
Hormonais hipofiséarias
Ligada X GH,TSH,LH, + AH ADNPM, hipoplasia de CC, cisto
SOX3 FSH, ACTH. hipoplasica, de CC.
PRL haste ausente
ou fina.
OTX2 AR/AD GH, TSH, LH, + AH normal ou Anoftalmia bilateral,
FSH, ACTH. hipoplasica, Chiari-1, microcefalia,
haste ausente. ADNPM, fenda palatina.
HESX1 AR/AD GH isolada ou +  AHnormal ou DSO.
v.p. GH, TSH, hipoplasica,
FSH, LH, haste ausente.
ACTH
LHX4 AD GH, TSH, LH, +/- AH Chiari-1, hipoplasia de CC.
FSH, ACTH hipoplasica,

haste ausente.



Continuagéo

Gene Heranca Deficiéncias NHE Alteragdes Outras anormalidades
Hormonais hipofisarias
GLI2 AD/vp. GH, TSH, +/- AHhipoplasica. Holoprosencefalia,
ACTH, fenda palatina, polidactilia pos-
LH/FSH, axial, anoftalmia.
(+/-)  PRL,
ADH
POU1F1 AR/AD GH, PRL, - AH normal ou Ausente.
TSH hipoplésica.
PROP1 AR GH, PRL, - AH normal, Ausente
TSH, LH, aumentada
FSH. ou hipoplésica.
ACTH (+/-)
LHX3 AR GH, PRL, - AH hipoplasica Rigidez da coluna cervical, com
TSH, LH, ou aumentada ombros elevados, limitando a
FSH. Microadenoma. rotacdo da cabeca
ACTH (+/-) a 75-80°, surdez neurosensorial.
SOX2 AR LH, FSH. - AH hipoplésica. Microftalmia, anoftalmia,
GH (+/-) hipoplasia do nervo o&ptico,
DSO, malformac6es cerebrais,
hamartoma hipotalamico,
micropénis, surdez
neurosensorial,
defeitos gastrointestinais.
GLI3 AD GH, TSH, - AH hipoplésica. Hamartoblastoma,
LH, FSH, polidactilia pos-axial.
ACTH. PRL
PITX2 AD/AR GH (+/-) - AH hipoplésica, Anormalidades craniofaciais,
aumento da sela dentes e olhos. Sindrome de
tarcica. Axenfeld-Rieger.
PROKR2 AD/ AR/ GH, TSH, +/- AH hipopldsica, DSO, hipoplasia de bulbo
Ligada X LH/FSH, haste afilada ou olfatorio
ACTH ausente

AD: Autossémica Dominante. AR: Autossémica Recessiva. v.p.: penetrancia variavel. PRL: prolactina.
ADH: horménio anti-diurético. AH: adeno-hipofise. +: presente. -: ausente. CC: corpo caloso. ADNPM:
atraso do desenvolvimento neuro-psicomotor. DSO: displasia septo-Optica.



1.4. Casos familiares de hipopituitatismo

Mutaces no PROP1 sdo a causa mais frequente de DHHM e também de casos
familiares, correspondendo de 29% a 50% dos casos familiares de pan-hipopituitarismo (Cogan
et al, 1998; Deladoéy et al, 1999; Turton et al, 2005; Vieira et al, 2007) A morfologia da
glandula hipofisaria é variavel, com adeno-hipofise de tamanho reduzido a aumentada, haste

sem alteracOes e neuro-hipdfise tdpica (Mendonca et al,1999; Vallette-Kasic et al, 2001).

Deficiéncias de GH, prolactina e TSH estdo associadas a muta¢cdes no POU1F1 (antes
conhecido como Pit-1), sem ectopia da neuro-hipofise. A prevaléncia dessa mutagdo em casos
esporéadicos de hipopituitarismo é de 3,8%, enquanto que nos casos familiares é de 25% (Turton
et al, 2005).

Mutacdo no HESX1 é uma causa rara de hipopituitarismo, principalmente em casos
familiares. Em uma avaliacdo de 133 pacientes com DHHM (33 com NHE), um grupo italiano
(De Rienzo et al, 2015) detectou mutacdo no HESX1 em apenas um caso esporadico (0,8%) e
em nenhum caso familiar. Ndo foi encontrada mutacdo no LHX3 e LHX4, reforcando estes

genes como causa rara de hipopituitarismo.

Apesar da forte associacdo de mutacGes do GLI2 com NHE, ha poucos dados de casos
familiares na literatura. Franca e col (Franca et al, 2010) descreveram em trés familias, ndo
relacionadas, trés novas muta¢des nonsense no GLI2. Em uma das familias, trés individuos
apresentaram mutacao no GLI2, em associagdo com NHE e DGH. Ainda nesta familia, outros
dois individuos tinham a mutacdo sem nenhuma deficiéncia hormonal, entretanto ndo tiveram
a regido hipotalamo-hipofisaria avaliada por RM. Na segunda familia, pai e filho tinham a
mesma mutacdo, porem somente o filho apresentava NHE e DGH. Na terceira, o caso indice e
améae apresentaram mutacao, sendo o primeiro com DHHM, diabetes insipidus e neuro-hipofise

ndo visualizada, a mde ndo era acometida.

Outro caso familiar de NHE e DHHM foi descrito por Gregory e col (Gregory et al,
2015). Dois irméos acometidos apresentaram uma mutacdo nova em homozigose do LHX4

(c.377C>T, p.T126M), que determinou um fenotipo letal na primeira semana de vida.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Turton%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=15963055

Ashkenazi-Hoffnung e col (2010) descreveram uma nova mutagdo missense no OTX2
(p.R90S) em dois membros de uma mesma familia, entretanto apenas o caso indice apresentava

malformacdes oculares e DGHI, o pai ndo tinha evidencias de hipopituitarismo.

1.5. GLI2 e Neuro-hipofise ectopica

O GLI2 (OMIN*165230) recebeu esse nome por ter sido inicialmente amplificado de
gliomas cerebrais. Esté localizado no braco longo do cromossomo 2 na posi¢do ql4, possui 13
exons e codifica a proteina GLI2 que contém 1586 amino&cidos (Roessler et al, 2005).

O GLI2 é um fator de transcricdo implicado na via de sinalizacdo Sonic Hedgehog
(SHH). A via SHH é expressa em estruturas da linha média como a notocorda e o assoalho do
tubo neural, tendo importante funcdo na formacéo do sistema nervoso central. Esté envolvida
no desenvolvimento hipofisario, através da inducdo da proliferacdo celular de modo tecido

especifico (Treier et al, 2001).

Mutagbes em genes que levam a reducdo da sinalizacdo SHH sdo causas genéticas de
holoprosencefalia (HPE), que é caracterizada pela clivagem incompleta do prosencéfalo.
(Roessler, Muenke, 2010). AlteracGes do GLI2 tém sido descritas em pacientes com HPE ou
fendtipo HPE-simile, associadas a polidactilia e anormalidades hipofisarias (Roessler et al,
2003). Outros trabalhos (Franca et al, 2010; Franca et al, 2013) descreveram alteragdes do GLI2
em individuos com hipopituitarismo, porém sem HPE, sendo que a maioria apresentava NHE
na RM.

Por apresentar um importante papel na embriogénese hipofisaria, o GLI2 é um gene

candidato para pacientes com DGH congénita de etiologia desconhecida.

Numa coorte brasileira de 207 pacientes com DGH congénita, foram encontradas
mutacdes no: PROP1, GH1, GHRHR em 12,5% dos individuos. Ectopia da neuro-hipéfise foi
visualizada em 125/207 (60,4%) dos casos. Dos pacientes com NHE e insuficiéncia hipofisaria
14% apresentaram mutacdes do GLI12, e apenas 1 (0,8%) mutacdo no HESX1 (Abrdo et al, 2006;
Carvalho et al, 2003; Franca et al, 2010; Franca et al, 2013; Osorio et al, 2002; Rocha et al,
2008). Esses dados reforcam que mutacGes no GLI2 sdo a causa mais frequente de DGH
associada a NHE, independente do fendtipo.



1.6. Justificativa

Em nosso servico, a investigacdo inicial de baixa estatura consiste na dosagem de IGF1
basal, seguida da RM-FAST1, o que permitiu a identificacdo de um maior niumero de pacientes
com NHE. Com este protocolo, foram investigados prospectivamente 64 familiares de 37
pacientes com ectopia do hipersinal, durante os Gltimos 10 anos. A facilidade e o baixo custo
da técnica FAST1-RM, permitiram detectar duas familias com casos de NHE e insuficiéncia

hipofisaria (DGH), além do caso indice.

2. OBJETIVOS
e Descrever clinicamente e radiologicamente casos familiares de NHE.
e Avaliar os genes GLI2, HESX1, OTX2 e LHX4 em duas familias com casos de NHE e

insuficiéncia hipofisaria.

3. METODOS

3.1. Considerac0es éticas

O estudo foi aprovado pelo Comité de Etica em Pesquisa da ISCMSP (anexo 7.1). Todos
0s pacientes, responsaveis legais e familiares concordaram com o Termo de Consentimento
Livre e Esclarecido (anexos 7.2, 7.3 e 7.4) e, foram devidamente esclarecidos sobre o protocolo

de pesquisa.

3.2. Casuistica

Nos ultimos dez anos foram acompanhados, no servigo de endocrinologia pediatrica da
Santa Casa de Misericordia de S&o Paulo, 85 pacientes com diagnostico radiologico de NHE
com evidéncias clinicas e/ou laboratoriais de deficiéncia hipotalamo-hipofisaria. Foram
realizadas RM da regido hipofisaria (RM-FAST1) de 64 familiares de 37 pacientes (34 mées,
24 pais, 5 irméos e 1 av0). Deste grupo foram detectados dois casos familiares de NHE e
insuficiéncia hipofisaria. Neste trabalho avaliamos os casos indices, além dos seus pais e

irmaos.



3.3. Avaliacao clinica
Foram coletados os seguintes dados pessoais dos casos indices:

> Antecedentes pessoais: tipo de parto, idade gestacional, peso e comprimento de
nascimento, histéria de ictericia neonatal prolongada, andxia neonatal, micropénis
(definido pelo tamanho do pénis menor que -2,5 desvios-padréo) e hipoglicemia;

» Auvaliacdo antropométrica do momento do diagnostico e ao primeiro ano de tratamento
com GH (em escore Z, CDC 2000).

» Estatura dos pais (em escore Z, CDC 2000).

3.4. Avaliagéo laboratorial

3.4.1. Determinacdes séricas de IGF1, TSH, T4 livre, cortisol, LH e FSH.

Foram realizados por Quimioluminescéncia, utilizando kit Immulite 2000 (Siemens,
NY, USA).

3.4.2. Teste de estimulo de GH apds clonidina

O teste foi realizado como descrito a seguir: a) paciente em jejum desde as 22 horas do
dia anterior; b) obtencao de acesso venoso periférico para coleta das amostras; ¢) administracdo
de 0,1 mg/m? de clonidina por via oral; d) determinagdo do GH nos tempos 0, 45, 60 e 90
minutos. O GH foi dosado através do método de quimioluminescéncia, utilizando kit Immulite
2000 (Siemens, NY, USA).

3.4.3. Teste de tolerancia a insulina (ITT)

O teste foi realizado como descrito a seguir: a) paciente em jejum desde as 22 horas do
dia anterior; b) obtencéo de acesso venoso periferico para coleta das amostras; ¢) administragdo
de 0,1 U/Kg de insulina regular por via intravenosa; d) determinacdo do GH, cortisol e glicemia
nos tempos 0, 15, 30, 45, 60 e 90 minutos. O GH foi dosado através do método de
quimioluminescéncia, utilizando kit Immulite 2000 (Siemens, NY, USA).



Resposta normal ao teste de estimulo (clonidina ou ITT) foi considerada normal quando pico
de GH > 5 ng/mL (Tauber, 2007).

3.4.4. Outras deficiéncias hipotalamo-hipofisarias

O diagnéstico de hipotireoidismo central foi determinado por valores de T4 livre abaixo
de 0,8 ng/dL. Hipocortisolismo quando valores de cortisol no ITT menores que 18 mcg/dL ou
valores séricos basais abaixo de 5 mcg/dL. Atraso puberal estabelecido pela auséncia de
caracteres sexuais secundarios, broto mamario nas meninas e aumento do volume testicular nos

meninos, apos os 13 e 14 anos de idade, respectivamente.

3.5. Radiografia de maos e punhos para determinacéo da idade dssea

A idade 6ssea foi determinada pelo método de Greulich-Pyle (Greulich, Pyle, 1959).

3.6. RM da regido hipotalamo-hipofisaria

Realizada no Servigo de Diagnoéstico por Imagem da ISCMSP, em aparelho Philips
Gyroscan 1.0 T (1 Tesla) e aparelho Philips Achieva 1.5 T. Foi utilizado um protocolo
simplificado de aquisicdo de imagem, na sequéncia sagital em T1, sem a utilizacdo de contraste
ou sedagdo, que consta de 12 cortes com espessura de 2 mm, com GAP entre eles de 0,2 mm.
Com isto, a duracdo total do exame € de apenas 3,25 minutos. Os pacientes estavam sob
restricdo hidrica por pelo menos 6 horas para adequada visualizacdo do hipersinal da neuro-
hipdfise (Longui et al, 2004).

3.7. Analise molecular

Avaliacdo molecular do: GLI2, HESX1, OTX2 e LHX4 foram realizadas para 0s casos

indices e seus familiares. Os detalhes técnicos estdo descritos no Anexo 4.

Andlise in silico:

A predicdo in silico do impacto da troca de amino&cido na estrutura da proteina, foi feita
por meio de programas computacionais PolyPhen (http://genetics.bwh.havard.edu/pph), SIFT



http://genetics.bwh.havard.edu/pph

(http://sift.jcvi.org), MutationTaster

(http://rostlab.org/services/snap).

(http://www.mutationtaster.orq)

e
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SNAP


http://sift.jcvi.org/
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Context: The presence of Ectopic Posterior Pituitary gland (EPP) is highly indicative of
pituitary dysfunction, in particular growth hormone deficiency (GHD). Familial cases of
hypopituitarism associated with EPP were scarcely described in the literature. The presence of

familial cases suggests the possibility of defects during pituitary embryogenesis.
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Objective: To describe the clinical, hormonal, pituitary imaging features of two families with
more than one affected member with EPP and GHD.

Design: Retrospective, observational, familial case description.
Setting: The study was conducted at a university hospital.

Patients: A simplified magnetic resonance imaging (FAST1-MRI) was performed in 64
relatives of 37 patients with EPP. This protocol included only sagittal-T1 imaging (thickness:
2 mm and gap: 0.2 mm) without gadolinium administration. The LHX4, OTX2, HESX1 and

GLI2 genes were sequenced in the familial cases.

Results: Two non-consanguineous and unrelated families (2/37) with two affected EPP and
GHD members each were identified. In one family a non-synonymous heterozygous GLI2
variant was detected in 4 members, however in only two of them EPP was present. In the other
family no mutation was found.

Conclusion: After performing simplified MRI protocol and search for the most common genes
related to EPP and hypopituitarism, we found a GLI2 mutation in one family with partial

penetrance, reinforcing the need for new gene search in this condition.
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INTRODUCTION

The presence of Ectopic Posterior Pituitary gland (EPP) is frequently associated with pituitary
dysfunction, in particular growth hormone deficiency (GHD). EPP can be identified in 40-60%
of patients with, isolated GHD or combined pituitary hormone deficiency (CPHD) [1-4].

Mutations of genes involved in early stages of pituitary embryogenesis have been associated
with ectopic/undescended posterior pituitary lobe, such as OTX2, SOX3, GLI2, HESX1 and
LHX4 [5-8].

Among them, GLI2 mutations appear to be the most frequent. The Sonic Hedgehog (SHH)
signaling pathway is expressed in midline tissues, and mediated by three related zinc-finger
transcription factors: GLI1, GLI2 and GLI3 [9]. Mutation in SHH components causes
holoprosencephaly (HPE), as a consequence of incomplete cleavage of the forebrain. There is

a variable clinical presentation of HPE, ranging from hypotelorism to complete cyclopia [10].

GLI2 mutations were initially described in patients with HPE [10, 11], but more recently was
recognized a partial HPE phenotype, without other brain defects, with or without polydactyly

and variable pituitary hormone deficiency [12, 13].

Our group has developed a simplified MRI protocol (Fast Acquisition Sagittal-T1; FAST1-
MRI) [1] employed during the initial approach of patients with short stature and/or reduced
growth velocity. This approach substantially increased the identification of patients with EPP
and allowed the evaluation of their relatives. So, we could identify two families with a second
affected member with EPP and GHD. Despite familial cases of GHD were well described, the
description of familial cases of EPP are scarce [12, 14, 15].

In the present report, we described the clinical, hormonal, pituitary imaging features and
sequencing of GLI2, LHX4, OTX2 e HESX1 in two families with more than one affected
member with EPP and GHD.

METHODS

During the last 10 years, we detected 85 EPP patients (29% females, 71% males) evaluated at
the institutional outpatient pediatric endocrinology clinic. FAST1-MRI was also performed in
64 relatives, of 37 patients with EPP.
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EPP was identified in a second affected member in two unrelated families. In these familial
cases, LHX4, OTX2, HESX1 and GLI2 genes were than submitted to Sanger sequencing
analyses. This study was approved by the Institutional Ethics Committee, and the informed

written consent was obtained.

Clinical data, birth weight and height, and age of pubertal onset were retrospectively collected.
Height and weight SDS (using CDC 2000 as a reference population) and serum IGF1-SDS
concentration (chemiluminescence , Immulite 2000; Siemens, New York, N.Y., USA) were
measured at diagnosis and after 1 year of GH treatment. Clinical and hormonal evaluations

were also performed in family members of EPP patients.

Normal response after GH stimulation tests (clonidine 0.1 mg/m? and/or insulin tolerance test
0.1 IU/kg) was considered as a GH peak >5 ng/ml (chemiluminescence kit, Immulite 2000;
Siemens) [16]. The diagnosis of central hypothyroidism was defined as free T4 values <0.8
ng/dL. Hypocortisolism was defined as a serum cortisol peak <18 pg/dL during the insulin
tolerance test or as baseline serum cortisol levels <5 ug/dL. Pubertal delay was established by

the absence of pubertal development at 13 and 14 years old, respectively for girls and boys.

The simplified FAST1-MRI protocol was performed in patients and their relatives. Briefly, the
protocol does not employ sedation, anesthesia or contrast, and is performed after a 6-hour period
of water restriction. It includes only the sagittal-T1 sequence acquisition (TE: 25 ms; TR: 593
ms; thickness: 2 mm, and gap: 0.2 mm). This protocol addresses 12 slices directed to the

hypothalamic-pituitary region, and takes around 3.25 min to be completed [1].
DNA analysis

Genomic DNA was extracted from peripheral-blood leukocytes, using standard procedures
[17]. The genes LHX4, OTX2, HESX1 and GLI2 were amplified by Polymerase Chain Reaction
(PCR) and sequenced on an automated ABI Prism 310 Gene Analyzer. Details of PCR

amplification and sequencing were performed as described previously [12, 18, 19].
In silico analysis

The functional impact of detected variants was predicted by four different types of in silico
analyses: PolyPhen (http://genetics.bwh.harvard.edu/pph), SIFT v.2 (http://sift.jcvi.org),
MutationTaster (http://www.mutationtaster.org) and SNAP (http://rostlab.org/services/snap).



http://rostlab.org/services/snap

15

RESULTS

Two (2/37) non-consanguineous and unrelated families with two affected EPP members were
identified. In Family 1 a GLI2, p. S267S homozygous variant and a LHX4 intronic variant,
€.983A>G (p. N328S), were detected, and considered as polymorphism by using the prediction
sites. In Family 2 we detect a non-synonymous heterozygous GLI2 variant, p. A268V,
considered deleterious in the in silico analysis. This variant was reported in the 1000 Genomes
database with frequency of the 0,50% the analysis of 2184 alleles, and 0,7% the 274 alleles of
a Brazilian control group (13). None of the patients or relatives presented mutation in HESX1,
LHX4 and OTX2 genes.

Family 1:

The index case (Fig. 1A, 11.2), male, was first evaluated at 5.8 years of age, complaining of
short stature (height: 95 cm; -3.8 SDS). He was born from non-consanguineous parents, at full
term by cesarean delivery, cephalic presentation. Birth weight and length of 3310 g and 47 cm,
respectively, with no perinatal complications. He had unilateral cryptorchidism, corrected after
treatment with human chorionic gonadotropin. GH peak after insulin stimulation test was 1.2
ng/mL and recombinant human growth hormone (rhGH) replacement (0.1 Ul/kg/day) was
initiated at the age of 5.9 years. At 11.9 years of age puberty started, however with no
spontaneous progression. At the age of 14 years, serum level of testosterone was low, testicular
volume of 4 cm3, and the treatment with testosterone was initiated. The rhGH was discontinued
at 16.8 years of age. Seven years after rhGH withdraw, obesity was diagnosed (BMI: 32.0),
with concomitant elevation of LDL- cholesterol and decrease of IGF1 levels (- 2.65 SDS). At
this time, during insulin stimulation test, GH and cortisol peaks were of 0.18 ng/mL and of 16.8
pg/dL, respectively. GH treatment was reintroduced at a lower dose, and therapy with
corticosteroids was recommended only during stress conditions. The final height was 170 cm
(-0.96 SDS), and above target height (-1,58 SDS). The MRI showed hypoplastic anterior
pituitary gland, ectopic posterior pituitary lobe at the median eminence, non-visible pituitary
stalk, and herniation of the cerebellar tonsils through the magnum foramen, indicative of Chiari

type | malformation.

His sister (Fig. 1A, 11.1), 30-yr-old, had normal hormonal evaluation, without clinical evidences
of hypopituitarism (height: 168 cm, 0.68 SDS) and normal FAST-MRI. The father (Fig. 1A,
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1.1), 52-yr-old, had a height of 166.5 cm (-1.44 SD), normal FAST-MRI and no evidence of
hypopituitarism.

The mother (Fig. 1A, 1.2) of the index patient, 51-yr-old, had a height of 151.5 cm (-1.82 SDS)
and abnormal GH response during insulin stimulation test (peak, 2.18 ng/mL) and normal
cortisol response. She had normal pubertal development history, with menarche at 13 years old.
Her MRI showed: normal anterior pituitary, thin pituitary stalk, EPP (at the median eminence)

and Chiari type | malformation.

All the relatives had normal cognitive development. There was no report of cases of short

stature and of hypopituitarism in the maternal and paternal family.

The index case and his mother presented homozygous variant in GLI2, p. S267S, considered as
polymorphism by Mutation Taster prediction. They also presented intronic variant: ¢.983A>G
(p. N328S) in LHX4 gene, described as benign by SIFT and PolyPhen predictions.

Family 2:

The index case (Fig. 1B, 11.1), male, born full term by vaginal delivery, cephalic, with birth
weight and length of 3850 g and 51 cm, respectively, without perinatal insults history. There
was no history of consanguinity in the family, and no significant diseases during childhood.
Referred for evaluation at 14.7 years of age, due to growth failure noticed since he was 2 years
old. At this age, short stature was established (height: 132 cm; -4 SDS), testicular volume of 4
cm?d, with bone age of 12.5 years. There were no abnormalities at physical exam. GH peak after
clonidine (0.1 mg/m2) stimulation was 1.1 ng/mL. All other hormones were normal at basal
condition. . The MRI (Fig. 1C), showed normal anterior pituitary, thin pituitary stalk and EPP
(adjacent to the infundibular recess of the 111 ventricle). At the age of 16.5 years, after two years
of rhGH replacement (0.1 Ul/kg/day), his height was 148 cm (-3.3 SDS), and testicular volume

of 8 cm3, suggesting a spontaneous pubertal progression.

A sibling (Fig. 1B, 11.2), 10.7 years, was evaluated and also presented short stature (height:
121.2 cm, -3.1 SDS). He was prepubertal, bone age of 7 years. IGF1 level was low (-3.12 SDS),
and the FAST-MRI (Fig. 1B, 11.2) showed normal anterior pituitary, thin stalk and EPP (at the
median eminence). GH peak after clonidine stimulation was 9.2 ng/mL, and all other hormones
were between normal ranges. Despite the normal response during GH stimulation, treatment

with GH was introduced, considering the FAST-MRI abnormalities associated with clinical
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manifestations of GHD. The growth increment during the first year of rhGH treatment was +0.5

SDS. The physical exam was normal, without any phenotypical abnormality.

The younger sibling (Fig. 1B, 11.3), 9.5 year old, with height of 130 cm (-0.94 SDS), had no
clinical and/or laboratorial evidence of hypopituitarism. The FAST1-MRI was normal, such as

the evaluation of the physical exam.

The father (Fig. 1B, 1.1), 42 years, had height of 164.4 cm (-1.73 SDS), he was healthy and had
normal FAST1-RM.

The mother (Fig. 1B, 1.2), 35 years, had normal FAST1-RM as well physical exam, with stature
of 158.8 cm (-0.70 SDS). There was no history of short stature and of pituitary insufficiency

neither in the father’s nor in the mother’s family.

The two siblings with EPP and GHD, the healthy sibling and the mother, presented non-
synonymous GLI2 variant, p. A268V, considered as deleterious by PolyPhen, SIFT and

Mutation Taster predictions. Molecular evaluation of the father was normal.
DISCUSSION

The prevalence of EPP in general population, without evidences of endocrine abnormalities, is
0.006% [20], but if we take into consideration patients with pituitary deficiency this number

increases to 60% (1-4). In our Unit, the prevalence of EPP in GHD patients is around 58%.

GH stimulation tests are associated with high false-positive and false-negative rate. Therefore,
our Pediatric Endocrinology Unit employs the simplified MRI protocol (FAST1-MRI), as a tool
to investigate patients with short stature and reduced growth velocity, associated with
determination of IGF1 levels. This strategy allowed the recognition of EPP in individuals that,
despite having clinical features of GHD still maintain normal secretory pattern of GH under
stimulation tests, accounting for 20% of the whole group [21].

In this study, we investigated relatives of 37 patients with EPP. Two familial cases (5.5%) of
EPP and GHD were detected, suggesting at least in some cases a genetic origin of this

abnormality.
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Mutations in PROP1 are the most frequent cause of combined pituitary hormone deficiency
(CPHD) in sporadic and familial cases (29-50%) [22-24], but patients with this mutation always

have topic posterior pituitary gland, with anterior pituitary of variable morphology [25, 26].

Familial cases of hypopituitarism associated with EPP were scarcely described in the literature.
In the familial cases described in this study, there was no neonatal complication and no breech

delivery report.

Mutations in GLI2 represent the most frequent cause of CPHD associated to EPP until now,
even in the absence of HPE and polydactyly [27]. We present a family with four non-
synonymous GLI2 variant affected members, in which none of them presented polydactyly or
phenotype of HPE. Two of them had EPP and GHD and the other two were completely
asymptomatic. This could suggest incomplete clinical penetrance of this variant previously
indicated as deleterious. This same variant, p.A268V, was described by Franca et al [13] in a
patient with panhypopituitarism, EPP and no history of perinatal insults. In this same study, the
authors evaluated patients with EPP and GHD and found 12.5% with non-synonymous GLI2

variant, reinforcing this gene as a candidate gene for this condition.

Franca et al [12] also described, in three families with hypopituitarism, three novel
heterozygous nonsense GLI2 mutations. In one of the families, three individuals have GLI2
mutations in association with EPP and GHD. Also in this family, three members had the
mutation and no evidence of hormonal deficiency, but they had no evaluation of the
hypothalamic-pituitary region by MRI. In the second family, father and index case had the same
mutation, however, only the index case had EPP and GHD. In the third, the index case and the
mother had the same mutation. The index case had MPHD, antidiuretic hormone deficiency

and posterior pituitary lobe not visible, and her mother was not affected.

The incomplete penetrance of gene effect observed in these families could be justified by the
need of other genetic or environmental factor to determine the pituitary phenotype. It is unclear
whether the non-synonymous variants in all these studies have functional significance.

Functional studies are necessary to confirm the deleterious effect of these variants.

The pathogenesis of pituitary dysfunction in EPP cases remains still unknown [28]. Traumatic
or ischemic etiologies, present in cases of perinatal insult and/or breech delivery, have been

considered in cases of congenital hypopituitarism. These phenomena could cause pituitary stalk
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transection and axonal reorganization with formation of EPP [29]. Some other genes besides
GLI2 were associated with EPP and hypopituitarism, such as LHX4, HESX1, SOX3, OTX2 and
PROKR?2 [5-8, 30].

To identify genes and involved factors in GHD represent a great challenge, because only few
cases have the subjacent genetic defect already recognized. Some studies have described LHX4
mutations in subjects with the EPP, Chiari malformation and hypopituitarism [31, 32]. In our
study, those individuals from family 1 with EPP, GHD and Chiari malformation presented only
a benign variant of LHX4, and they had no symptom related to this malformation. There was
no history of consanguinity and no other cases of hypopituitarism in this family. Despite the
normal stature (- 1,82 SDS), however below her family target height (-0,75 SDS), and absence

of complaints, the mother had an abnormal response to GH stimulation test.

Another familial case of EPP and MPHD was described by Gregory et al [15]. Two affected
siblings had a novel homozygous LHX4 mutation (c.377C> T, p.T126M), which determined a
lethal phenotype in the first week of life.

The presence of familial cases associated with absent neonatal complications reinforces the
possibility of defects during pituitary embryogenesis. However, we could identify GLI2
mutations in only one family. The other family had no mutations in the most frequent genes
associated to EPP. Considering the majority of cases of unknown etiology, new genes related
to the EPP development must be investigated.

We emphasize that the detection of familial cases were possible in our cohort as a consequence

of our protocol of FAST1-MRI extended to the first degree family members.

In conclusion, after performing simplified MRI protocol and search for the most common genes
related to EPP and hypopituitarism, we found two families with more than one affected
member. A GLI12 mutation was found only in one family, suggesting that new genes should be

investigated in this condition.
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FIGURE 1. Heredogram of the families with two affected members. Family 1
(fig. 1A) and Family 2 (fig. 1B). *:non-synonymous GLI2 variant, p. A268V,
in the family 2. Arrow: index case. 1C: FAST-MRI of index case of the family
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5. CONSIDERACOES FINAIS

A presenca de NHE ¢é altamente indicativa de disfuncdo hipotaldmica. Em nossa casuista

58% dos pacientes com DGH apresentam ectopia da hipofise posterior.

A patogénese da disfuncdo hipofiséaria nos casos de NHE ainda é incerta (Léger et al, 2005).
Etiologia traumatica ou isquémica, presente em casos de insultos perinatais e/ou em partos
pélvicos, tém sido consideradas em casos de hipopituitarismo congénito (Fujisawa et al, 1987).
Identificar os genes e fatores envolvidos na deficiéncia de GH da NHE consiste em um grande

desafio, pois apenas uma pequena parte dos casos tem as alteracGes genéticas definidas.

Mutacdes no PROP1 séo a principal causa descrita de casos familiares com insuficiéncia
hipofisaria (Cogan et al, 1998; Deladogy J et al, 1999; Turton et al, 2005), porém sempre com
neuro-hipofise topica. H& poucos relatos de casos familiares de insuficiéncia hipofisaria com
NHE na literatura.

Com o protocolo simplificado de RM-FAST1 foram investigados familiares de 37 pacientes

com NHE e, dois casos familiares (5,5%) foram detectados.

Por ser 0 gene mais descrito em casos de NHE, avaliamos o GLI2 nessas duas familias ndo
correlatas. Em uma familia ndo encontramos mutacgdes e, na outra encontramos mutacao, ja

descrita previamente, tanto em individuos afetados como em néo afetados.

Dois casos indices tiveram dois familiares diagnosticados com NHE e DGH. Os quatro
individuos apresentaram neuro-hipdfise na eminéncia mediana e alteracdes de haste hipofisaria
(ndo visualizada ou afilada). A literatura descreve associacdo entre a localizacdo da neuro-
hipéfise com a gravidade da deficiéncia hormonal, com maior prevaléncia de DHHM quando
localizada na regido hipotalamica (Murray et al, 2008; Reynaud et al, 2011). Apenas um caso
(indice da familia 1) apresentou DHHM durante o seguimento (deficiéncia de GH, de
gonadotrofinas e parcial de ACTH), os demais tiveram DGH isolada. Todos os casos estdo em
acompanhamento e as dosagens hormonais sdo realizadas periodicamente, devido a
possibilidade de DHHM evolutiva.

Testes de estimulo para secrecdo de GH possuem baixa acuracia na detec¢éo da deficiéncia.
Kochi e col (Kochi et al, 2016) descreveram resposta normal aos testes de estimulo em 20%
dos pacientes com NHE e clinica de DGH. De forma semelhante, o presente estudo detectou


http://www.ncbi.nlm.nih.gov/pubmed/?term=Turton%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=15963055
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um paciente que, apesar de ter baixa estatura importante (- 3,10 DP), valores baixos de IGF1 e
NHE, ainda mantinha secrecdo normal de GH no teste.

Apesar da malformacao de Chiari tipo | ter sido descrita em casos de NHE com mutacdes
no LHX4 (Machinis et al, 2001; Tajima et al, 2007), em nosso estudo os individuos (familia 1)
com esta malformagéo apresentaram apenas variante benigna (p.N3285) deste gene. Nesta

familia também néo foram detectadas mutacdes deletérias nos genes HESX1, OTX2 e GLI2.

Variante ndo-sindnima do GLI2 foi encontrada em quatro membros de uma mesma familia,
sendo que apenas dois tinham NHE e insuficiéncia hipofisaria. A mesma variante, p.A268V,
foi descrita por Franca e col (Franca et al, 2013) em um paciente com DHHM, NHE e sem
historia de insultos perinatais. Neste mesmo estudo, foram avaliados pacientes com NHE e
DGH, sendo que 12,5% apresentaram alteracées no GLI12, refor¢ando este gene como candidato
para a etiologia da disfuncédo hipofiséria.

Como ja descrito na literatura, (Franca et al, 2013), nossos pacientes com mutacéo do GLI2
ndo apresentaram defeitos de linha média, polidactilia, HPE ou fen6tipo HPE-like.

Apesar da variante do GLI2 ter sido considerada causadora de doenca pela avaliacédo in silico,
o seu efeito deletério ainda é incerto. Estudos funcionais sdo necessarios para estabelecer o real
efeito patogénico. O fato de individuos saudaveis terem apresentado a mesma variante que
individuos acometidos, sugere penetrancia incompleta. Ou seja, a mutag¢do sozinha pode ndo
ser suficiente para causar fenotipo e, provavelmente, necessita de outros fatores genéticos ou

ambientais adicionais para causar doenca.

A presenca de casos familiares de NHE com DGH, associados a auséncia de intercorréncias

neonatais, reforcam a possibilidade de defeitos na embriogénese hipofiséaria.

Portanto, acreditamos que outros genes, além dos conhecidos, devem estar associados a esse

mecanismo e estudos futuros sdo necessarios para melhor compreensao.
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7.2.TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Titulo do Projeto: Avaliagdo de genes envolvidos no desenvolvimento da neuro-hipofise ectopica

Vocé esta sendo convidado (a) a participar do projeto de pesquisa “Avaliagdo de genes envolvidos no
desenvolvimento da neuro-hipofise ectopica”.

A neuro-hipofise ectdpica é uma alteracdo mostrada pela ressonancia magnética (RM) e estd muito
associada a deficiéncia de hormdnio de crescimento (GH) e a outros hormdnios essenciais para a vida,
como: cortisol (horménio do estresse), hormonios da tiredide e dos hormonios sexuais. A deficiéncia
destes hormdnios pode aparecer desde a infancia ou apenas na vida adulta.

Algumas mutacGes genéticas (que o individuo ja nasce com elas) estdo associadas a essa alteragdo da
RNM e a deficiéncia (pouca ou nenhuma produgédo) dos hormdnios. A pessoa que tem alguma dessas

mutacBes pode ser a Unica na familia, ou outras pessoas da familia também podem ter a mutacéo.

Neste estudo, vamos avaliar as mutagdes genéticas, as deficiéncias dos hormonios, a RM e o exame
fisico. Também vamos avaliar os familiares dos pacientes (pais e irmaos) através da RM da cabeca e da

pesquisa das mutacgoes.

Para avaliarmos essas mutacdes, vamos coletar sangue dos pacientes e familiares (uma Unica vez). A
RM e os outros exames de sangue, ja fazem parte do acompanhamento de rotina de cada paciente no

ambulatorio. Faremos perguntas sobre o pré-natal, nascimento, e histéria de doencas na familia.

A sua participacao neste estudo é voluntaria, ndo remunerada, sendo garantidos sigilo e privacidade dos
seus dados. Em qualquer momento podera solicitar retirada dos seus dados do estudo, sem prejuizo do
seu tratamento na instituigdo. Todos os dados obtidos da pesquisa poderdo ser publicados e apresentados

em reunides cientificas, sem constar o nome dos (as) pacientes e seus familiares.

Nome do (a) voluntario (a):

Idade (anos): RG:

Assinatura do voluntario(a):

Assinatura da pesquisadora responsavel:
Dra. Cristiane Kochi. Telefone: (11) 98383-2747/ (11) 2537-7959

Instituicdo: Irmandade Sta Casa de SP — Depto Pediatria.
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7.3. TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO DO FAMILIAR

Titulo do Projeto: Avaliacdo de genes envolvidos no desenvolvimento da neuro-hipofise

ectopica.

Vocé, como familiar de paciente com neuro-hipofise ectdpica, esta sendo convidado (a) a
participar do projeto de pesquisa “Avaliacdo de genes envolvidos no desenvolvimento da

neuro-hipdéfise ectopica”.

A deficiéncia do crescimento pode estar associada a uma alteracdo da glandula que fica na

cabeca e que pode ser vista através da ressonancia magnética (RM).

Essa alteracdo pode ter causa genética e, a pessoa que tem essa alteracdo genética pode ser a

unica na familia, ou outras pessoas da familia também podem ter.

Além dos pacientes, vamos avaliar seus familiares (pais e irmaos) através da RM da cabeca e
da pesquisa das causas genéticas.

Para avaliarmos essas alteracdes genéticas, vamos coletar sangue dos pacientes e seus
familiares (uma Unica vez). Faremos perguntas sobre o pré-natal e nascimento dos pacientes,

além da histdria de doencas na familia.

A sua participacdo neste estudo é voluntaria, ndo remunerada, sendo garantidos sigilo e
privacidade dos seus dados. Em qualquer momento podera solicitar retirada dos seus dados do
estudo, sem prejuizo do seu tratamento na instituicdo. Todos os dados obtidos da pesquisa
poderdo ser publicados e apresentados em reunides cientificas, sem constar 0 nome dos (as)

pacientes e seus familiares.

Nome do familiar:
RG:

Assinatura do familiar:

Nome do paciente do familiar:

Assinatura da pesquisadora responsavel:
Dra. Cristiane Kochi. Telefone: (11) 98383-2747/ (11) 2537-7959.

Instituicdo: Irmandade Sta Casa de SP — Depto Pediatria.
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7.4. TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA O RESPONSAVEL
LEGAL DO (A) MENOR DE IDADE

Titulo do Projeto: Avaliagdo de genes envolvidos no desenvolvimento da neuro-hipofise ectdpica

Vocé esta sendo convidado (a) a participar do projeto de pesquisa “Avaliagdo de genes envolvidos no

desenvolvimento da neuro-hipofise ectopica”.

A neuro-hipofise ectopica é uma alteragdo mostrada pela ressonancia magnética (RM) e estad muito
associada a deficiéncia de hormonio de crescimento (GH) e a outros horménios essenciais para a vida,
como: cortisol (horménio do estresse), hormonios da tiredide e dos horménios sexuais. A deficiéncia

destes hormdnios pode aparecer desde a infancia ou apenas na vida adulta.

Algumas mutacOes genéticas (que o individuo j& nasce com elas) estdo associadas a essa alteragdo da
RNM e a deficiéncia (pouca ou nenhuma produ¢do) dos hormonios. A pessoa que tem alguma dessas

mutacdes pode ser a Unica na familia, ou outras pessoas da familia também podem ter a mutagéo.

Neste estudo, vamos avaliar as mutagdes genéticas, as deficiéncias dos hormonios, a RM e 0 exame
fisico do paciente pelo qual o sr (a) é responsavel. Também vamos avaliar os familiares dele (pais e

irmaos) através da RM da cabeca e da pesquisa das mutacdes.

Para avaliarmos essas mutagdes, vamos coletar sangue do paciente e de seus familiares (uma Unica vez).
A RM e os outros exames de sangue, ja fazem parte do acompanhamento de rotina de cada paciente no

ambulatorio. Faremos perguntas sobre o pré-natal, nascimento, e histéria de doencgas na familia.

A participacdo do (a) paciente menor de idade, que esta sob sua responsabilidade, neste estudo é
voluntaria, ndo remunerada, sendo garantidos sigilo e privacidade dos dados. Em qualquer momento
voceé ou o paciente poderdo solicitar a retirada dos dados do estudo, sem prejuizo do tratamento dele (a)
na instituicdo. Todos os dados obtidos na pesquisa poderdo ser publicados e apresentados em reunides
cientificas, sem constar o nome dos (as) pacientes e seus familiares. O (a) paciente menor de idade

somente seré incluido (a) neste estudo apés a sua autorizacao.

Nome do (a) responsavel legal:

RG:

Assinatura do (a) responsavel:

Nome do paciente menor de idade:

Assinatura da pesquisadora responsavel:

Dra. Cristiane Kochi. Telefone: (11) 98383-2747/ (11) 2537-7959.

Instituicdo: Irmandade Sta Casa de SP — Depto Pediatria.
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7.5.Anélise Molecular

1) Amostras Pacientes

As amostras de DNA foram obtidas a partir da coleta de sangue periférico, volume de 5 ml, em

tubo com EDTA. As amostra foram submetidas a extracdo ou permaneceram armazenadas a

temperatura de 4 °C por no maximo 2-3 dias. O método de extracdo de DNA utilizado foi o

adaptado de Salazar et al. (1998), descrito a seguir:

1.

© o N o g &

10.

11.
12.

Adicionar 600uL do sangue em tubo Eppendorf® e adicionar 900uL da solugdo TTKML1.
Agitar suavemente até a lise das hemacias pelo triton. Centrifugar a 5000 rpm (5 min, RT)
e descartar sobrenadante. Repetir este item ao redor de 2x, até que ndo haja mais hemaécias
no precipitado.

Lavar o precipitado com 1 mL da solucdo TKM1, para retirada do triton, pipetando
suavemente. Centrifugar a 5000 rpm (5 min, RT) e descartar sobrenadante.

Ressuspender o precipitado em 200uL de TKM2 e adicionar 20uL SDS10%. Homogeneizar
até dissolucdo total do pellet.

Incubar a 65 °C por 15 min.

Adicionar 60uL NaCl 5M para precipitar proteinas. Aplicar vortex por 30 segundos.
Centrifugar a 12000 rpm (10 min, RT).

Recuperar cuidadosamente o sobrenadante (desprezar o precipitado).

Adicionar 560uL de etanol absoluto, invertendo tubo até precipitar o DNA.

Centrifugar a 13000 rpm (10 min, RT). Descartar o sobrenadante e lavar DNA precipitado
com 500uL de etanol a 70%.

Centrifugar novamente a 13000 rpm (10 min, RT). Descartar sobrenadante e deixar
precipitado secar.

Ressuspender DNA em 50uL de ddH2O.

Armazenar em Freezer -20°C



2) Reacdo de Amplificacdo por PCR

A) Gene Gli2 (NM_005270.4/ ENST00000452319.5)

37

A amplificacdo por PCR dos 13 exons do gene Gli2 foi realizada utilizando os seguintes 17

pares de iniciadores (primers sense (F) e antisense (R)):

EXON 1F  5’-tgggtttgggctcagtgt-3° EXON IR 5’-aattaaatcctaacgggctaatg-3’
EXON 2F  5’-tggctgctcttgctatgaaa-3° EXON 2R  5’-gcaggagatgtggctgagg -3’
EXON 3F 5’-catgttggttttggggtctt-3° EXON 3R 5’-gaccaaggctgaggagttga-3’
EXON4F 5’-tgtgcatttctctctgcecttt-3° EXON 4R 5’-ccttgtccccaaaagaaaca-3’
EXON 5F  5’-ccttgcaggctcttcctatc-3° EXON 5R 5’-tctttctectcgggtcaaaa-3’
EXON 6F  5’-tgggcaaggttctctctgte-3° EXON 6R  5’-cttagcatgagctggcagtg-3’
EXON 7F 5’-tgtgcggagagatcctagag-3° | EXON 7R 5’-ttcaccaccaagggtacagc -3’
EXON 8F 5’-cacacacacttgcatccaca-3° | EXON 8R  5’-tccagccccttctgtctagt-3°
EXON 9F  5’-gacagcag ggggtggtct-3° | EXON9R  5’-ccacctccaaacatgatce-3’
EXON 10F 5’-ggttggagcagagcagagaa-3’ | EXON 10R  5’-ggcacctggctatctactgg-3’
EXON 11F 5’-gccccttcagagttgatcct-3° EXON 11R  5’-gggcacggctatggagtc-3°
EXON 12F 5’-gcctgtgcaggcectagag-3’ EXON 12R  5’-gtgggtgccagcctagttg-3°
EXON 13.1F 5’-atgactgagcacggtcaaag-3’ | EXON 13.1R 5’-agtggctgccgcegtactt-3°
EXON 13.2F 5’-cttccacagcacccacaac-3° | EXON 13.2R 5’-acgttctcgcetgatgctagg-3°
EXON 13.3F 5’-cttccacagcacccacaac-3° | EXON 13.3R 5°-tgggggctcatagtggtagt-3°
EXON 13.4F 5’-gacagcacgcagccacac-3> | EXON 13.4R 5’-gaccccatgttgcccatce-3’
EXON 13.5 5’-gtggggtacgtgctgtgce-3° EXON 13.5R 5’-ggaaaaagacaagacagctgga-3’

As reacOes de PCR foram realizadas com volume final de 25 ul contendo 200-500 ng de DNA
genomico, dNTPs 0,2 mM, MgClI2 1,5 mM, 20 pmol de cada iniciador, 5x tampéo de PCR, e

1,25U de enzima Go Tag DNA polimerase (Promega, Madison, WI). Também 2 ml de betaina

foi utilizado em amplificagdes dos exons 13.2, 13.3 e 13.4.. Os exons 13.2 e 13.3 sdo regides

ricas em GC e foram amplificadas com a utilizacdo de uma solucdo Enhancer (Invitrogen,
Carlsbad, CA) e 01.25U de enzima Platinun Tag DNA polimerase (Invitrogen, Carlsbad, CA).
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No termociclador, as rea¢Ges foram iniciadas por desnaturacdo a 95°C durante10 min e seguidas
por 35 ciclos de 45 s de periodo de desnaturacdo a 95°C, 30 s de periodo anelamento a (57°C-
exon 8; 58°C- exons 1-7 e 13.3; 59°C- exons 10 E 11; 60,5 °C-exons 9 e 12; 61°C- exon 13.2;
62°C exons 13.1 e 13.5 e 63°C- exon 13.4) e 1min de periodo de extensdo a 72°C. E,

subsequentemente, um ciclo de 72 ° C durante 10 min.

B) Gene LHX4 (NM_033343.3 / ENST00000263726.3)

Os seis exons do gene LHX4 foram amplificados por PCR usando primers abaixo:

EXON IF 5’- atctccgtagactgcgact-3° EXON IR 5’- ttgggctggagatgcgggat -3°

EXON 2F 5’-tagcagggctgtgtggaag -3° | EXON 2R 5°- cttggggagaggcagagac -3’

EXON 3F 5’- agatcccttgcteectgtgt -3° | EXON 3R 5°- aaacaaaggcctggagagg-3°

EXON 4F 5’- cagataggccgaagccagta -3’ | EXON 4R 5°- aggataccttccacccctgt -3°
EXON SF 5’- ggctttgggtttgtggtg -3° EXON 5R 5°- cccaggggactttcctaag -3°
EXON 6F 5’-tcctggcagcetgacaataaa -3° | EXON 6R  5°- ttggcgtactttcgatectt -3°

O volume de reacdo final de PCR foi de 50 ul, sendo que 200-500 ng de DNA genomico foi
amplificado utilizando-se dNTPs a 0,2 mM, tampao a 10% [0-5 mmol/l de Tris-HCI], 1 nmol
de MgCI2 , 5% de dimetilsulfoxido (DMSO; apenas para amplificacdo do exon 1), 1.25U de
Taq polimerase e 20 pmol de cada iniciador. No termociclador, ap6s desnaturacdo inicial a
94°C durante 5 min, a amplificacdo foi realizada por 35 ciclos de 94°C durante 30 s, 60-63°C

durante 30 s, e 72°C durante 30 s, seguido por um final de 10 min de extenséo.

C) Gene OTX2 (NM_172337/ ENST00000408990.7)

Quatro pares de primers foram construidos para amplificacdo dos trés exons que compoem 0
gene OTX2:

OTX2_F1 TTTAAAAGCCTCTGCCTCG OTX2_R1 GAACAGGGTGTTGCATCC

OTX2_F2 GAGAGCATTGGTAGGCTCC OTX2_R2 TCTCCACAGTCCCATACTCG

OTX2_F3A GAGCCATTCTTGTCCTTAAGG | OTX2_R3A GAAGCTGGTGATGCATAGG

OTX2_F3B CCACTGTCAGATCCCTTGT OTX2_R3B AATGCCTGGCTAAAACTGG
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Para as reacOes de PCR dos amplicons 1 e 2 foram utilizados 50ng de DNA genomico e a reacéo
final com volume total de 50 ul,contendolx Qiagen HotStarTaq PCR buffer, 1.5mM

MgSO4, 5 ml PCR enhancer buffer (Invitrogen), 0.2 mM

dNTPs, 250 nM cada iniciador e 2U de HotStarTaq polymerase. Para os amplicons 3a e 3b, 0
PCR enhancer buffer ndo foi utilizado e 10 ml de Q solution (Qiagen) foi adicionado as reaces.
As condig0es utilizadas no termociclador foram de 1ciclo a 95°C por 15 min; 35 ciclos a 94°C
por 30 s, 55°C por 30 s, 72°C por 1min; e 1 ciclo de 72°C por 5 min.

D) Gene HESX1(NM_003865 /ENST00000295934.7)

Foram utilizados quatro pares de primers para amplificacdo do gene HESX1:

HESX1_F1
AGCTGTTGCTCTGTGCAGACCACGAGA

HESX1_R1
ACAAAGAATTGAAACAATTAAGCTGTG
GCA

HESX1_F2
TGGAACATAAGATTGACCATCTAAGAC
A

HESX1_R?
AGCCTTTATATTATCATTATTGGGTGAA

HESX1_F3 HESX1_R3
AGCTCATTTTTGGAGACATACTTGAATA | TAACATTTCAACATCATGAATAACAACT
HESX1_F4 HESX1 R4

GAATAATAAAATAATGTTTCTGAGACCT
AT

TCATGCTCTGCAATTAGAAGATAATTTC
AC

As reagOes de PCR foram realizadas com volume final de 50 ul contendo 200-500 ng de DNA
genomico, dNTPs 0,2 mM, MgCI2 1,5 mM, 20 pmol de cada iniciador, 5x tampéo de PCR, e
1,25U de enzima Go Taq DNA polimerase (Promega, Madison, WI). No termociclador,
inicialmente a 94°C durante 5 min, seguida de 35 ciclos a 94°C durante 30 s, 55°C durante 30
s, e 72°C durante 30 s, seguido de um periodo final de prolongamento de 10 min.

Os produtos de PCR de todos os genes foram submetidos a eletroforese em gel de agarose a

1,0%, corados com brometo de etidio e fotografados.

3) Purificacdo das amostras para seqguenciamento

Os produtos de PCR dos quatro genes (no volume de 4.5ul) foram pré-tratados com 1,5ul de

ExoSap (combinacdo enzimatica de uma exonuclease | e fosfatase alcalina de camardo (EUA
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Biochemical Corp., Cleveland, OH) e colocados no termociclador por 45 min a 37°C seguido

de 20 min a 80°C para inativagdo enzimatica.

4)_Sequenciamento Automatico

A) Apos a purificacdo, as reacdes de sequenciamento foram realizadas utilizando-se o

BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems Foster City, CA)

como descrito a seguir:

Reacdo: Em cuba de gelo e protegido luz

Reagente Concentragédo Quantidade por amostra
Buffer 5X 1X 4,0 L
Primer Fou R 3,3 pmol/uL 1,0 uL
Produto de PCR|30ng 2 uL
purificado
Big Dye 1,5uL
H.0 11,5 pL
Total 20uL
Termociclador:
Ciclo Temperatura/tempo
25X 96°C/10seg + 50°C/l5seg +
60°C/4min
1X 4°C/oo

Armazendo em freezer -20°C até a precipitacdo

B) Precipitagdo com isopropanol

Adicionar ao produto de PCR, 60uL de isopropanol 65%
Vortex por 10 segundos

Aguardar 30 minutos a T°C ambiente (+24°C) protegido de luz
Centrifugar por 45 minutos em rotacdo Max (14.000rpm)
Remover o sobrenadante, deixar secar

Adicionar 100uL de alcool 70%

Vortex por 10 segundos
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e Centrifugar 15 minutos a 14.000rpm

e Remover o sobrenadante

e Adicionar 100uL de &lcool 70%

e Vortex por 10 segundos

e Centrifugar 10 minutos a 14.000rpm

e Remover completamente o sobrenadante

e Armazenar a -20°C por 15 dias no maximo
Adicionar 10 a 15uL de Hi-Di™ Formamide (Applied Biosystems Foster City, CA) antes
de levar ao sequenciador.
C) Para o sequenciamento foi utilizado sequenciador automatico de eletroforese capilar

3500xL Dx Genetic Analyzer for Sequencing (Applied Biosystems™) que possui

24 capilares de 50cm. O polimero utilizado foi o POP7 e modo de sequenciamento
Fast-seq.

D) As sequencias obtidas por eletroferograma foram analisadas pelo programa
Bioedit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html)


https://www.thermofisher.com/order/catalog/product/4442402?ICID=search-product
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7.6. Normas de Publicagdo da Revista: The Journal of Clinical Endocrinology &
Metabolism”

Types of Manuscripts Accepted for The Journal of Clinical Endocrinology & Metabolism

The following types of articles will be considered for publication in JCEM. All manuscripts
must adhere to the word count limitations, as specified below, for text only; the word count
does not include the abstract, references, or figure/table legends. The word count must be noted

on the title page, along with the number of figures and tables.

1. Clinical Research Articles should be no longer than 3600 words and include no more

than six figures and tables and 40 references.

2. Reviews should address topics of importance to clinical endocrinologists and endocrine
clinical investigators, including scholarly updates regarding the molecular and
biochemical basis for normal physiology and disease states; the state-of-the-art in
diagnosis and management of endocrine and metabolic disorders; and other topics
relevant to the practice of clinical endocrinology. Authors considering the submission
of uninvited reviews should contact the Editors in advance to determine whether the
topic that they propose is of current potential interest to the Journal. Authors should
include a prospectus with a brief narrative of the review's purpose and scope, an outline
describing its contents, and the CVs of all authors involved. These manuscripts should
be no longer than 4000 words and include no more than four figures and tables and 120
references. Authors should include a brief section describing the search strategies used

to obtain information for the review.

3. Case Reports are descriptions of a case revealing novel and important insights into a
condition's pathogenesis, presentation, and/or management. The case report provides
several early seminal and important references but does not include a scholarly review
of the literature. These manuscripts should be 1200 words or less, with no more than

two figures and tables and 10 references.

4. Position and Consensus Statements related to the endocrine and metabolic health
standards and healthcare practices may be submitted by professional societies, task
forces, and other consortia. All such submissions will be subjected to peer review, must

be modifiable in response to criticisms, and will be published only if they meet the
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Journal's usual editorial standards. These manuscripts should typically be no longer than
3600 words and include no more than six figures and tables and 120 references.

5. Letters to the Editor
Structured Abstracts

Modified from the Journal of the American Medical Association
All Original Articles, Clinical Trials Express articles, Reviews, Case Reports, Position and
Consensus Statements should be submitted with structured abstracts of no more than 250 words,
as described below. All information reported in the abstract must appear in the manuscript. The
abstract should not include references. Write the abstract with a general medical audience in

mind.

NOTE: Abstracts must include all of the headings shown for each type of paper. There may be
a delay in processing your manuscript if no structured abstract is included.

Original Articles should include an abstract with the following headings. Parts of the abstract

may be written as phrases. Each section should include the following content:

1. Context. The abstract should begin with 1-2 sentences explaining the clinical (or other)

importance of the study question.

2. Objective. State the precise objective or study question addressed in the report. If more
than one objective is addressed, the main objective and only key secondary objectives

should be stated. If a hypothesis was tested, it should be stated.

3. Design. Describe the basic design of the study, years of study performance, and duration

of follow-up. If applicable, include the study name (eg, the Framingham Heart Study).

4. Setting. Describe the study setting, for example, general community, a primary care or

referral center, private or institutional practice, or ambulatory or hospitalized care.

5. Patients or Other Participants. State the clinical disorders, number, eligibility criteria,
key sociodemographic features, and method of selection of patients. If matching is used
for comparison groups, characteristics matched should be specified. In follow-up
studies, the proportion of participants who completed the study must be indicated. In
intervention studies, the number of patients withdrawn because of adverse effects

should be given.


http://press.endocrine.org/page/authors#mozTocId863765
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6. Intervention(s). The key features of any interventions should be described, including
their method and duration. The intervention should be named by its most common

clinical name, and nonproprietary drug names should be used.

7. Main Outcome Measure(s). Indicate the primary study outcome measurement(s)
planned before data collection began. If the manuscript does not report the main planned
outcomes of a study, this should be stated and the reason indicated. State clearly if the

hypothesis being tested was formulated during or after data collection.

8. Results. The main outcomes of the study should be provided and quantified, including
confidence intervals or P values. For comparative studies, confidence intervals should
relate to the differences between groups. If relevant, indicate whether observers were
blinded to patient groupings, particularly for subjective measurements. If differences
for the major study outcome measure(s) are not significant, the clinically important
difference sought should be stated and the confidence interval for the difference between
the groups should be given. When risk changes or effect sizes are given, absolute values
should be indicated. Studies of screening and diagnostic tests should report sensitivity,
specificity, and likelihood ratio. If predictive value or accuracy is given, prevalence or
pretest likelihood should be given as well. All randomized controlled trials should
include the results of intention-to-treat analysis, and all surveys should include response

rates.

9. Conclusions. Provide only conclusions directly supported by the results, along with
implications for clinical practice; avoid speculation and overgeneralization. Indicate
whether additional study is required before the information should be used in usual
clinical settings. Give equal emphasis to positive and negative findings of equal

scientific merit.
General Format for Manuscripts
All submissions must be submitted in a single-column format that follows these guidelines:

1. All text should be double-spaced with 1-inch margins on both sides using 11-point type

in Times Roman font.

2. All lines should be numbered throughout the entire manuscript and the entire document

should be paginated.
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All tables and figures must be placed after the references and must be labeled. Submitted
papers must be complete, including the title page, abstract, figures, and tables. Color
charges will apply to all submitted color figures, which cannot be replaced with black
and white versions after acceptance; this is to maintain the integrity of the review
process. Color figures must appear in color in all published versions (online and print)
of the accepted manuscript.

For Endocrinology and The Journal of Endocrinology & Metabolism only: where
applicable, authors are encouraged to mostly cite primary literature rather than review
articles in order to give credit to those who have done the original work.

Any supplemental data intended for publication must meet the same criteria for

originality as the data presented in the manuscript

Title Page

The title page should include the following:

1.

8.

9.

Full title (a concise statement of the article's major contents no longer than 120

characters.)

Authors’ names and institutions. At least one person must be listed as an author; no
group authorship without a responsible party is allowed. A group can be listed in the
authorship line, but only on behalf of a person or persons. All group members not listed
in the authorship line must be listed in the Acknowledgments.

Abbreviated title of not more than 50 characters for page headings

At least three keywords

Word count (excluding abstract, figure captions, and references)
Corresponding author’s contact information

Name and address of person to whom reprint requests should be addressed
Any grants or fellowships supporting the writing of the paper

Disclosure summary

10. Clinical Trial Registration Number, if applicable
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Abstract

For submissions to Endocrinology and Endocrine Reviews, the abstract should be no
longer than 250 words and should not refer directly to the text or references. Briefly describe
in complete sentences the purpose, methods, results, and principal conclusions of the paper.
Prepare the abstract with a general audience in mind, keeping very focused terminology to a

minimum.
Introduction

The article should begin with a brief introductory statement that places the work to

follow in historical perspective and explains its intent and significance.
Materials and Methods

Where applicable, these should be described and referenced in sufficient detail for other

investigators to repeat the work.

The source of hormones, unusual chemicals and reagents, and special pieces of
apparatus should be stated. For modified methods only the modifications need be described.

The Journal of Clinical Endocrinology & Metabolism only: Reporting the Sex of Research

Subjects: See Instructions to Authors for requirements in JCEM.
Results and Discussion

The Results section should briefly present the experimental data in text, tables, or
figures. The Discussion should focus on the interpretation and significance of the findings with
concise objective comments that describe their relation to other work in that area. The
Discussion should not reiterate the Results. For details on the preparation of tables and figures,

see below
Acknowledgments

The Acknowledgments section should include the names of those people who
contributed to a study but did not meet the requirements for authorship. The corresponding
author is responsible for informing each person listed in the acknowledgment section that they
have been included and providing them with a description of their contribution so they know

the activity for which they are considered responsible. Each person listed in the


http://press.endocrine.org/page/jcemita#mozTocId290824
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acknowledgments must give permission — in writing, if possible — for the use of his or her

name. It is the responsibility of the corresponding author to collect this information.
References

All journals use the AMA Style Guide for references. In the initial submission, authors
are required to give the complete list of names in each reference and not use et al. since the

editors may require the full reference to find suitable reviewers.

References to the literature should be cited in numerical order (in parentheses) in the
text and listed in the same numerical order at the end of the manuscript on a separate sheet or
sheets. There must be only one reference to a number. The number of references cited should
be kept to a reasonable minimum; to this end, appropriate recent reviews should be cited

whenever possible.

Examples of the reference style that should be used are given below. Further examples
will be found in the articles describing the Uniform Requirements for Manuscripts Submitted
to Biomedical Journals (Ann Intern Med. 1988; 108:258-265, Br Med J. 1988; 296:401-405).
The titles of journals should be abbreviated according to the style used in the PubMed Journals
database or the AMA Manual of Style (section 14-10).

If the citation formats described here do not match the formats provided in your

reference manager program, please visit the software producer’s website for updates.

Journal articles and abstracts: List all authors. The citation of unpublished observations,
of personal communications, and of manuscripts in preparation or submitted for publication is
not permitted in the bibliography. Such citations should be inserted at appropriate places in the
text, in parentheses and without serial number, or be presented in the footnotes. The citation of
manuscripts accepted for publication but not yet in print is permitted in the bibliography
provided the DOI (Digital Object Identifier) and the name of the journal in which they appear
are supplied. Listing a manuscript as “in press” without a DOI and journal title is not permitted.
If references to personal communications are made, authors are encouraged to keep written
proof of the exchange. If it is necessary to cite an abstract because it contains substantive data
not published elsewhere, it must be designated at the end of the reference [e.g., 68:313
(Abstract)]. The author is responsible for the accuracy of references.

Sample References
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Heidelberg: Springer-Verlag; 1986; 15-16.

4. Burrow GN The Thyroid: nodules and neoplasia. In: Felig P, Baxter JD, Broadus AE,
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Disclosure Summary: The authors have nothing to disclose

Rachel Reynaud
rachel.reynaud@ap-hm.fr

Powered by Editorial MaRHERARPSAIF oduxion Manager® from Aries Systems Corporation

eroessle@mail.nih.gov



51

Ivo Arnhold
iarnhold@usp.br

Opposed Reviewers:
Additional Information:
Question Response

WELLCOME TRUST / RESEARCH None of the above
COUNCILS UK:

In accordance with Wellcome Trust and
Research Councils UK policies, the
Endocrine Society will deposit to PubMed
Central the final published article. For the
full policy, see the Instructions to Authors.
Indicate below if the paper you are
submitting has received funding from any
of the organizations listed below:

CELL LINE AUTHENTICATION: Not applicable to my manuscript.

| have read and understood the Cell Line
Authentication policy and describe my
submission as follows:

STEROID HORMONE MEASUREMENT: My manuscript includes stercid hormone assays and meets the standards described in
the Steroid Hormone Measurement policy.

| have read and understood the Steroid
Hormone Measurement policy and
describe my submission as follows:

PRECIS: Two non-consanguineous families with ectopic posterior pituitary were identified. In
one family a non-synonymous GLI2 variant was detected in 4 members, two of them
had ectopic posterior pituitary

Please submit a brief description of your
paper that will appear on the Table of
Contents along with the title, should your
paper be accepted. The description
should be NO LONGER THAN 200
CHARACTERS and should serve to
buttress the content of the title by simply
stating what was done and what was
concluded.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



MANUSCRIPT HISTORY: Has this No
manuscript been submitted or reviewed
before in an Endocrine Society journal?

INVITED SUBMISSION: Is this an invited No
submission?

SPECIAL REQUESTS:

Enter specific comments or requests to
the editors here.

52



