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RESUMO

Os mecanismos etiopatogénicos que levam ao desenvolvimento dos nédulos
e tumores da tireoide ainda ndo sdo bem conhecidos. E fato estabelecido que a
prevaléncia dessas lesdes € maior nas mulheres. Dessa forma, 0 que nos motivou a
realizar esta Tese foi avaliar se os hormonios sexuais femininos tem efeito direto
sobre as células de tireoide humanas normais podendo contribuir para a sua

etiopatogenia.

Este estudo teve como objetivos padronizar um modelo de cultura priméria de
células foliculares de tireoide humana normal e nesse modelo validar um gene
normalizador apds tratamento com estradiol e progesterona, avaliar os efeitos da
progesterona na expressao dos genes NIS, TG e TPO bem como avaliar a
expressdo génica e proteica e a possivel localizacdo intracelular do receptor de

membrana GPR30 nestas células.

Em nosso modelo de cultura primaria em monocamada, as células foliculares
mantiveram sua morfologia cubdide caracteristica e permaneceram diferenciadas o
que foi evidenciado pela dosagem de tireoglobulina e T4 livre, no sobrenadante do
meio de cultura, e pela identificacdo das proteinas TG e TPO por imunocitoquimica.
A estimulacdo com progesterona aumentou a expressao dos genes NIS, TG e TPO,

respectivamente, 1.78 (p=0.003), 1.50 (p=0.034) e 1.64 (p=0.018) vezes, quando
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comparadas ao grupo tratado somente com TSH. Essa estimulacdo da progesterona
foi inibida por mifepristona sugerindo que a progesterona tem efeito direto nas
células foliculares da tireoide e que esse efeito € mediado por seu receptor nuclear.
A normalizacdo da expressdao génica foi realizada pelo gene B-actina, o qual
demonstrou uma maior estabilidade entre os grupos analisados. Demonstramos
também que as células normais da tireoide expressam tanto o gene como a proteina
do receptor de membrana GPR30 com possivel localizacdo na membrana celular e

no espaco perinuclear.

Palavras chaves: Tireoide; Cultura Primaria; Célula Folicular; Tireoperoxidase;
Tireoglobulina; Simporter sédio/iodo; Gene de Referéncia; Progesterona; Estradiol;

Receptor de Progesterona; Receptor de Estrogénio; GPR30.
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ABSTRACT

The mechanisms leading to the development of thyroid nodules and tumors
are not well established. As these lesions are more common in women, female sex

hormones could be involved in the pathogenesis of these disorders.

The objectives of this study were to establish a model of primary culture of
normal human thyroid follicular cells, to validate a normalizing gene for gRT-PCR
after treatment with estradiol and progesterone, to evaluate the effects of
progesterone on the expression of genes NIS, TG and TPO, and to evaluate the
GPR30 gene and protein expression as well as its possible intracellular location, in
these cells. In our model of primary monolayer culture, follicular cells maintained their
characteristic cuboid differentiated morphology; and had evidence of differentiated
thyroid function: the production of thyroglobulin and free T4, and identification of TG
and TPO proteins by immunocytochemistry . Adding progesterone to TSH increased
NIS, TG and TPO mRNA, respectively, 1.78 (p=0.003), 1.50 (p=0.034) and 1.64
(p=0.018) folds, compared to the group treated with only TSH. This stimulation was
inhibited by mifepristone, suggesting that progesterone has a direct effect on the
thyroid follicular cells. Normalization of gene expression was performed using B-actin

as reference gene. We have also demonstrated that normal thyroid cells expressed
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GPR30 gene and protein, which is possibly localized in the plasma membrane and

the perinuclear region.

Keywords: Thyroid; Primary Culture; Follicular Thyroid Cell; Thyroperoxidase;
Thyroglobulin; Sodium/lodide Simporter; Reference Gene; Progesterone; Estradiol;

Progesterone Receptor; Estrogen Receptor; GPR30.
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INTRODUCAO

A glandula tireoide foi descrita pela primeira vez por Aristételes, sendo
denominada assim em 1656 por Thomas Wharton. Seu nome, em grego, significa "em

forma de escudo".

A tireoide é uma glandula endécrina com cerca de 15 gramas, formada por dois
lobos unidos pelo istmo, localizada na parte anterior do pescoco (Hoyes, 1985;
Policeni, 2012). Cada lobo é constituido por foliculos esféricos que contém coloide no
seu interior e que sdo revestidos por células epiteliais cuboides, conhecidas como
tireocitos ou células foliculares. As células foliculares sao polarizadas e estédo dispostas
em monocamadas ao redor do coloide, o qual é composto principalmente pela
glicoproteina tireoglobulina, precursora dos horménios tireoidianos T3 (triiodotironina) e
T4 (tiroxina ou tetra-iodotironina). As células foliculares séo cerca de 80% das células
formadoras da glandula, o restante € composto por células parafoliculares ou células C,

responsaveis pela producédo de calcitonina, células endoteliais, que formam as paredes

dos vasos, e fibroblastos, que formam o tecido de sustentacdo da glandula.

Cada foliculo possui autonomia na regulacdo do sistema de vascularizacéo
sendo este considerado morfologicamente um sistema heterogéneo tanto em estado

normal como anormal (Gerard, 2000; Gerard, 2002).
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O controle da funcdo e do crescimento da glandula normal, bem como a
secrecdo dos hormobnios tireoidianos, é regulado principalmente pelo TSH, um
horménio produzido pela hipéfise em resposta a secrecdo hipotalamica de horménio
liberador de tirotrofina, em um circuito de retroalimentacao, conforme Figura 1. O iodo,
um halogénio que deve ser ingerido na alimentacdo, é um dos componentes

indispensaveis na sintese dos hormonios da tireoide.

Hipotdlamo Hipofise Tireoide

‘— TRH ! | TSH —T

—— 5 Estimulacao

----- » Inibicao

Figura 1 - Regulagéo da funcéo tireoidiana.

Fisiologia normal da célula folicular

As células foliculares tém caracteristicas que as tornam diferenciadas e
especializadas, sendo estas a capacidade de formar o foliculo, a producdo de
tireoglobulina, a iodagéo de residuos de tirosina e a producdo, o estoque e a secrecao
dos hormdnios tireoidianos (De Felice, 2004). A organizacao e a polaridade das células
foliculares também fazem parte das caracteristicas destas células diferenciadas e séo
essenciais para a sincronia do metabolismo especializado da glandula e para a

captacdo de iodeto. A estrutura folicular permite que a célula atue como uma célula
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exodcrina, jA que secreta tireoglobulina para o limen folicular, e uma célula endocrina,
gque secreta 0s hormonios tireoidianos na corrente sanguinea (Suzuki, 2000;

Mauchamp, 1998).

As células foliculares exibem uma superficie basal ou basolateral, de frente ao
espaco intersticial e capilares, e uma superficie apical, a qual contém numerosas
microvilosidades sendo a regido de interface entre célula folicular e o coloide. Nestas
células ha juncbes comunicantes (gap junctions) na membrana plasmatica que
permitem a troca de pequenas moléculas e um metabolismo coordenado entre as

células foliculares adjacentes.

A2
Circulagédo (\d‘\“
Sanguinea
S
Limen
Folicular

Foliculo

Figura 2 - Representacdo esquematica de uma célula folicular da tireoide, com a
localizagdo celular das principais proteinas e organelas envolvidas na regulacdo da funcéo
diferenciada destas células. IGF-I: fator de crescimento semelhante a insulina-1; IGF-IR:
receptor de IGF-I; NIS: simporter sédio/iodo; TG, tireoglobulina; TJ: juncdes de ocluséo
intercelular (tight junctions); Tox: oxidases; TPO: tireoperoxidase; TSH: tirotrofina; TSH-R:

receptores de TSH; E: endossomo; ER: reticulo endoplasmatico; G: aparelho de Golgi, L:
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lisossomo; M: mitocondria, N: nucleo; P: peroxissomo; R: ribossomo livre. Figura modificada de

van de Graaf, 2001.

Células foliculares em cultura primaria sdo um modelo bem estabelecido e
representativo do funcionamento das células foliculares in vivo, pois sdo sensiveis e
dependentes do hormdnio TSH capazes de produzir e secretar TG (Nitsch, 1980;
Chambard, 1983; Roger, 1984; Chambard, 1987; Rasmussen,1996; Mruck, 2002).
Quando cultivados in vitro, as células epiteliais da tireoide se arranjam em uma
monocamada polarizada apresentando uma resisténcia aproximadamente de 6,000

Q'cm? e uma diferenca de potencial transepitelial com cerca de 20 mV (Ericson, 1992).

A disposicdo em monocamada das células foliculares permitiu estudar o
mecanismo estimulatério do TSH, modelo no qual foi possivel observar a elevagédo nos
niveis de cAMP, efluxo de iodeto e exocitose da tireoglobulina em poucos minutos apos

a estimulacdo com TSH (Ericson, 2000).

Regulacdo da funcéo e crescimento das células foliculares da
tireoide

Para a manutencdo da homeostase celular, a célula deve ser capaz de codificar,
integrar e decifrar sinais provenientes do meio externo por meio de ativacao ou inibicéo
de vias de sinalizacao intracelulares. Estimulacéo por sinais extracelulares, tais como
horménios e fatores de crescimento, iniciam uma série de respostas através de

ligacbes a receptores especificos ou inespecificos. A regulacdo da funcéo da tireoide
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envolve trés principais vias de sinalizacédo: a cascata da adenosina monofosfato ciclico
(AMPc), a cascata da proteina quinase ativada por mitdgeno (MAPK) e a cascata do
fosfatidil-inositol 3 quinase (PI3K) (Brzezianska, 2011).

Diversas moléculas, fatores de crescimento ou hormonios, apods ligarem-se aos
seus receptores especificos ou ndo, aumentam os niveis intracelulares de AMPc. A
ligacdo do TSH ao seu receptor de membrana, por aumentar os niveis de AMPc,
estimula (a) a proliferacéo, sendo que a presenca de insulina ou IGF-I provavelmente &
necessaria para um efeito mitogénico (Kimura, 2001; Dremier, 2002); (b) a
diferenciacdo das células foliculares (Kupperman, 1993); (c) a manutencdo da
morfologia cuboidal da célula folicular (Passareiro, 1985; Roger, 1988) e (d) a inducéo
da expressao de genes de diferenciacdo da tireoide, tais como TG, TPO, NIS e TSHR,
uma vez que o AMPc liga-se a subunidade reguladora da proteina quinase dependente
de AMPc (PKA) que por sua vez, entra no nacleo e fosforila proteinas nucleares
especificas. Essa cascata € controlada por um sistema de retroalimentacdo negativa,
sendo que as fosfodiesterases possuem um papel majoritario na parada da inducao do
sinal de AMPc.

As proteinas quinases ativadas por mitbgenos (MAPK) constituem uma das
principais vias de sinalizacdo das células eucaridticas e estdo envolvidas em diversas
funcdes celulares. Nas células foliculares, a cascata de MAPK (ERK1/2) é ativada por
fatores de crescimento tais como EGF que, combinados com insulina ou IGF-1, tém
efeito mitogénico (Roger,1988; Dumont, 1992).

Diversos receptores de superficie, especialmente os ligados a tirosina quinase,
podem ativar a enzima PI3K, que, quando ativada, converte o bifosfato 4,5-

fosfatidilinositol (PIP2) na membrana plasmética em trifosfato 3,4,5-fosfatidilinositol

5
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(PIP3). O PIP3 recruta proteinas quinase dependente de fosfoinositideos-1 e 2 (PDK1
e PDK2), os quais ativam a proteina quinase B (PKB ou também conhecida como AKT)
por fosforilacdo (James, 1996; Alessi, 1997).

As cascatas de cAMP, MAPK e PI3K induzem a proliferacdo e manutencédo da
homeostase nas células foliculares. Qualquer forma de estimulacéo ou inibicdo de uma
ou mais dessas cascatas, seja por moléculas sinalizatérias ou mutacdes genéticas,

pode resultar na proliferacdo anormal dessas células.

Lesdes da Tireoide

Lesbes da glandula tireoide estdo entre as doencas enddcrinas mais comuns,

tendo implicacdes bioldgicas e médicas extremamente importantes.

Noédulos Tireoidianos

O bocio multinodular € a anormalidade benigna mais comum da tireoide, sendo
caracterizada pelo aumento da glandula, com deformacédo da estrutura normal. Embora
nao seja a Unica, a falta de iodo € uma condicdo totalmente aceita na etiologia do
desenvolvimento de nédulos benignos (Krohn, 2005; Knudsen, 2002; Hansen, 2005). A
falta de iodo leva a uma hiperplasia da célula folicular para que esta se adapte a uma
utilizacado mais eficiente do iodo e, consequentemente, causa aumento do metabolismo
desta célula. Ainda, a deficiéncia de iodo traz aumento na producéo e liberacdo de
TSH, com aumento do AMPc e, consequentemente, estimula a funcao e o crescimento

da célula folicular (Meyer, 2009).
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Embora em menor frequéncia, mutagdes no receptor de TSH como na proteina a
G estimulatéria (Gsa) (Figura 3) podem levar a producédo constitutiva de AMPc,
tornando a célula folicular hiperplasica e, assim, estimulando a proliferacdo e secrecao

dos horménios da tireoide (Vassart, 1992).

Como o cancer de tireoide, os nodulos tireoidianos apresentam uma maior
frequéncia nas mulheres, sendo a prevaléncia de 4 a 7% em mulheres e 1% em
homens, tomando-se como referéncia dois estudos realizados na Inglaterra e nos
Estados Unidos, paises onde ndo ha deficiéncia de iodo (Tunbridge, 1977; Canaris,
2000). Esse dado sugere que outros fatores, mais comuns nas mulheres, podem estar
envolvidos na etiologia do bocio. Em areas com deficiéncia de iodo, a prevaléncia de
bocio pode chegar a 50% (Krohn, 2002). Ainda, sabe-se que as mulheres sdo mais
suscetiveis a deficiéncia de iodo (Laurberg, 1998) e que o envelhecimento se
acompanha de reducdo da prevaléncia de bécio difuso nas mulheres (Vanderpump,
1995). A maior prevaléncia das neoplasias e nddulos benignos da tireoide em mulheres
€ pobremente entendida, e pode estar associada a efeitos diretos e indiretos dos

hormoénios sexuais femininos na tireoide.

Cancer de Tireoide

O cancer de tireoide € o tumor maligno mais comum do sistema enddcrino,
representando a sétima malignidade mais comum entre as mulheres (Ortega, 2004).
Para o Rio Grande do Sul, segundo INCA, estima-se uma taxa de 11,5 casos para

cada 100 mil mulheres para o ano de 2012 (INCA, 2012).

Os tumores malignos da tireoide sao provenientes de dois grupos celulares que
possuem origens embrioldgicas distintas, sendo o0s subtipos carcinomas papilifero,
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folicular e anaplasico originarios de células foliculares; ja o subtipo carcinoma medular
€ originario de células C. Dentre eles, o carcinoma papilifero € o mais frequente,

correspondendo a cerca de 80% dos casos.

Em geral, as mulheres apresentam uma incidéncia de cancer de tireoide trés vezes
maior do que os homens (Zarate, 2009; Ortega, 2004), sendo que o pico de incidéncia
de casos nas mulheres ocorre ao final do periodo reprodutivo, atingindo um pico de 40-
49 anos, enquanto que nos homens o pico ocorre aos 60-69 anos de idade.
Interessantemente, as taxas de incidéncia comecam a se equivaler por volta dos 85

anos de idade (Rahbari, 2010).

Em relacdo ao prognostico do carcinoma papilar, os homens apresentam uma
evolucdo mais agressiva, com uma menor sobrevida livre de doenca e uma maior
mortalidade. Para os subtipos mais agressivos de céancer de tireoide, anaplasico e
medular, os indices de incidéncia e agressividade sdo semelhantes entre homens e

mulheres.

Mutacbes de ponto e rearranjos cromossdmicos sdo fatores etioldgicos bem
estudados e caracterizados nas doencas benignas e malignas da tireoide. A maioria
dessas mutacBes envolve os genes efetores das vias MAPK e PI3K-AKT e podem
ocorrer ao acaso, por falha do sistema de reparo do DNA, ou por exposicdo a
diferentes tipos de radiacdo. Na Figura 3, podemos observar as alteracbes genéticas
mais comuns e sua frequencia nos diferentes subtipos de cancer de tireoide derivados
de células foliculares, bem como as vias de sinalizagdo ativadas ou inibidas (Hebrant,
2011; Fagin, 2008; Grande, 2012). Ainda, cerca de 20 a 30% dos adenomas sao

causados por fatores etioldgicos desconhecidos (Hebrant, 2011).
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derivadas de células foliculares, com o percentual de cada tipo de cancer (caixa roxa); a
frequéncia das principais mutagdes envolvidas (verde), bem como as rotas ativadas ou inibidas

em cada alteragéo (laranja). Figura modificada de Hebrant, 2011; Fagin, 2008 e Grande, 2012.
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Progesterona

Os primeiros relatos de isolamento e purificagéo da progesterona foram em 1934
(Allen, 1934). Quimicamente, € conhecida como 4-pregneno-3,20-diona com um
esqueleto de 21 carbonos (C1H3002) e uma massa molecular de 314,47 g/mol. A
origem de seu nome data de 1935 (Allen, 1935) e, etimologicamente, a palavra
progesterona, que é derivada do latim, indica seu papel vital na gestacdo (pré =

favoravel; gester = derivado de gestacéo; e ona = termo que indica hormonio).

Além de ser um horménio classicamente conhecido como regulador fundamental
no desenvolvimento e na manutengdo funcional do sistema reprodutor feminino
(Lessey, 2003; Graham, 1997), pode desempenhar fungbes em outros tecidos, como
mediar sinais do comportamento sexual feminino no cérebro (Mani, 2012), atuar na
modulacdo da massa Ossea (Seifert-Klauss, 2010) e em outros tecidos (Graham,
1997). Em um estado ndo gestacional, a producdo de progesterona ocorre
principalmente no corpo luteo (Niswender, 2002). A biossintese da progesterona ocorre
a partir do colesterol em duas etapas basicamente: primeiramente o colesterol é

transportado para dentro da mitocondria e, por clivagem enzimatica, € convertido em
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pregnenolona que, por sua vez, é convertida em progesterona por acao das enzimas

presentes no reticulo endoplasmatico liso (Rekawiecki 2008; Niswender, 2002).

Na gestacdo ha necessidade de uma concentracdo circulante maior de
progesterona e para tal, além do corpo lateo receber estimulo hormonal luteotrofico
para manter uma constante producdo de progesterona, ocorre producdo de

progesterona placentaria pelo sinciciotrofoblasto (Gomez-Concha, 2011; Uribe, 2003).

Receptores de Progesterona (PR)

Localizado no braco longo do cromossomo 11 (11g22.1), o gene PR foi
identificado em 1969 (O'Malley, 1969), caracterizado e clonado em 1970 (Sherman,
1970). Desde entdo, a presenca de PR tém sido descrita em varios tipos de tecidos,

reprodutivos ou nao.

Os PRs, assim como os demais receptores nucleares, séo fatores de transcricao
organizados basicamente em trés dominios funcionais: um dominio amino terminal
pouco conservado, o qual contém dois dominios de transativacdo, responsaveis pelo
recrutamento de proteinas do receptor; um segundo dominio altamente conservado de
ligacdo ao DNA que contém dedos de zinco, responséavel pela sua especificidade, e um
terceiro dominio igualmente conservado carboxi terminal o qual contém apenas um

sitio de transativagdo (Ellmann, 2009).

As principais isoformas do PR sédo a isoforma A (PRA) com 94 kDa, e a isoforma
B (PRB) com 114 kDa, sendo ambas codificadas pelo mesmo gene (Ellmann, 2009). A
diferenca entre as isoformas A e B se d& pela insercdo de um residuo adicional de 164
aminoacidos na por¢do amino terminal do PRB (Kastner, 1990b; Kastner, 1990a),

regido que representa o dominio amino terminal citado acima, provavelmente refletindo
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diferencas de transcricdo de ambas as isoformas. A isoforma C apresenta um tamanho
de 60 kDa, ndo apresenta atividade transcricional por ndo apresentar o dominio de
ligacdo ao DNA, e foi sugerido que influencia a atividade das isoformas PRA e PRB

(Wei, 1997; Condon, 2006).

Regulacdo da expressao dos PRs

Nos tecidos alvos classicos que respondem aos estimulos da progesterona e do
estrogénio, é demonstrado que tanto os derivados de estrogénio como a propria
progesterona sdo os moduladores fisioldgicos da expressdo dos PRs (Graham, 1997),
pois os derivados de estrogénio aumentam a expressdo dos PR enquanto a
progesterona a diminui (Katzenellenbogen, 1980). Contudo, 0 estrogénio ndo controla a
expressdo dos receptores de progesterona em todos os tipos de tecido e seu efeito
pode variar entre diferentes especies, conforme revisado recentemente (Jacobsen,

2012).

Uma Revisao Sistematica sobre a presenca de receptores de progesterona em

tecido tireoidiano normal ou anormal encontra-se no Capitulo Il desta Tese.

Efeitos genémicos da progesterona

Segundo a teoria classica, a molécula de progesterona se difunde na membrana
celular, tanto por difusdo através da membrana ou assistida por transportador. No
citosol, as moléculas de progesterona ligam-se aos receptores nucleares de

progesterona, e sofrem uma mudancga conformacional a qual gera uma dissociacao de
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proteinas acessorias, que anteriormente mantinham o receptor na sua forma inativa
(Pratt, 2004). Por fim, complexo progesterona-receptor gera um aumento da afinidade
no dominio de ligacdo ao DNA e migra para o nucleo, onde vai influenciar a transcricéo
de genes alvos (Rochette-Egly, 2003; Tata, 2002). A via descrita acima € chamada
"gendmica", pois envolve acao direta sobre a transcricdo de genes alvos e tem laténcia

de horas ou dias.

A mifepristona, um horménio sintético derivado de noretindrona que também é
conhecida como RU-486, apresenta atividade antagonista da progesterona por ligar-se
com alta afinidade aos receptores nucleares da progesterona, sendo esta a base para
a utilizacdo desta droga como contraceptivo e abortivo (Meyer, 1990). Esta droga foi
sintetizada pela primeira vez em 1980 por pesquisadores franceses e em 1988 ja

estava disponivel comercialmente.

Efeitos ndo gendmicos mediados pela progesterona

Além dos efeitos genbmicos, a progesterona € capaz de gerar também efeitos
nao gendmicos, Nnos quais sua acao ocorre com um tempo de laténcia muito curto, via
ativacdo de proteinas de membrana ou citosoélicas, onde segundos mensageiros sao
gerados e atuam em diferentes vias de sinalizacao intracelular (Lange, 1998). A priori
nao ha razdo ou dados suficientes para desconsiderar a possibilidade de que ambos os
efeitos ocorram de forma complementar (Lange, 2008; Silva, 2010), na qual a inducao
de acgbBes ndo genbmicas influenciaria indiretamente as ac¢des gendmicas (Lange,
2008). Os efeitos ndo gendbmicos podem ser agrupados em trés classes, com base em
seus mecanismos de acao: (1) efeitos que ocorrem na membrana plasmatica, mas nédo
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mediados por receptores; (2) efeitos mediados por receptores presentes na membrana
celular e (3) efeitos que ocorrem através de receptores classicos localizados na
membrana celular (Falkenstein, 2000). Efeitos rapidos podem também ocorrer em
organelas como a mitocondria e em outros sitios celulares. Vale ressaltar que os
efeitos ndo genbmicos da progesterona ja foram relatados em varias células como
espermatozoides (Blackmore, 1990), odcitos (Tian, 2000), neurbnios (Cai, 2009),
plaguetas e eritrocitos (Losel, 2003), no entanto, ndo foram avaliados nas células

foliculares da tireoide.

Estradiol

Diferentemente da progesterona, os efeitos classicos e ndo classicos do
estrogénio e seus derivados, bem como a distribuicdo de seus receptores nucleares,
tém sido avaliados na literatura. Uma revisdo detalhada encontra-se no Capitulo | desta

Tese.

Recentemente foi descrito que os efeitos do 17B-estradiol também podem ser
mediados por meio de um receptor de membrana ndo classico, conhecido como

GPR30 ou GPER.

GPR30/GPER

O conhecimento sobre o0 GPR30 iniciou-se no periodo de 1996 a 1998, no qual

grupos independentes isolaram este receptor orfao em linfoblastos (Owman, 1996),
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células B (Kvingedal, 1997), células endoteliais de corddo umbilical (Takada et al.,

1997) e no DNA gendémico humano (Feng, 1997; O'Dowd, 1998).

Mais tarde, foi relatado que este receptor 6rfao era capaz de mediar a ativacédo
nao-gendmica das proteinas quinases reguladas por sinais extracelulares 1 e 2 (ERK-
1/2) em resposta ao estimulo por 17-B-estradiol em células de céancer de mama
(Filardo, 2000; Filardo, 2002). Em 2005, dois grupos independentes postularam o
GPR30/GPER como um novo receptor de estradiol, devido a este horménio ligar-se
diretamente a este receptor (Thomas, 2005; Revankar, 2005). Desde entdo, inUmeros
trabalhos foram publicados em diversos tipos celulares normais ou nao, conforme

revisado recentemente (Prossnitz, 2011).

Em 2001, antes do GPR30/GPER ser descrito como receptor de estrogénio,
Manole demonstrou que o 17B-estradiol ativava a via das ERK1/2 em células
foliculares de bdcio, sugerindo que este horménio era capaz de desencadear efeitos
nao gendmicos nestas células (Manole, 2001). Até o momento, dois trabalhos foram
publicados avaliando a expressao e os efeitos mediados pelo GPR30/GPER em células

foliculares na tireoide (Vivacqua, 2006; Kumar, 2010).

Vivacqua e cols avaliaram os efeitos do estradiol em células de linhagem de
carcinoma de tireoide humana pouco diferenciada (WRO) transfectadas com
oligonucleotideos anti-sense especificos para GPR30/GPER (Vivacqua, 2006), as
quais sdo negativas para a expressdo dos receptores classicos do estrogénio, Era e
ERB. Neste estudo, os autores demonstraram que nas células transfectadas ocorreu
uma diminuicdo na expressao do gene c-fos quando comparado com as células nao

transfectadas. Este gene apresenta expressdo aumentada e esta envolvido na
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progressao do ciclo celular em diferentes tipos de neoplasias de tireoide (Kataki, 2003)

e em bocio (Thomas, 2010).

No estudo realizado por Kumar e colaboradores, foi vista expressédo baixa do
GPR30/GPER na linhagem WRO e auséncia desse gene nas linhagens originarias de
carcinoma papilifero NPA87 e KAT5 (Kumar, 2010), e, por tal razdo, os autores nao

avaliaram nestas células a resposta do GPR30/GPER apds estimulacao por estradiol.

Recentemente foi sugerido que se estude o papel do GPR30/GPER em células
humanas normais para minimizar resultados contraditérios, uma vez que as células de
linhagens podem variar seu fenotipo, mesmo sob condic¢des fisioldgicas ideais (Barton,

2012).

Outro ponto de bastante discussdo na literatura tem sido a localizac&o
intracelular deste receptor desde suas primeiras publicacdes em 2005. A localizacéo
intracelular € um ponto importante para predizer tanto as caracteristicas fisico-quimicas
guanto o mecanismo de acdo de um farmaco. Como a sinalizacdo mediada pelo
GPR30 tem-se mostrado alterada em diversos estados patolégicos (Prossnitz, 2011),
este receptor representa um alvo importante para o desenvolvimento de novos agentes

terapéuticos (Prossnitz, 2008).

Embora o GPR30/GPER tenha sido relatado em compartimentos isolados, como
na membrana plasmatica (Thomas, 2005; Funakoshi, 2006; Filardo, 2007; Sanden,
2011; Lucas, 2010; Revankar, 2005), no reticulo endoplasmatico (Revankar, 2005;
Kleuser, 2008; Otto, 2008; Lin, 2009) e no aparelho de Golgi (Sakamoto, 2007),

atualmente a teoria mais aceita é que, assim como outros tipos de receptores de
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proteinas G, o receptor GPR30/GPER passa por um processo de endocitose apés a

sua estimulacao, conhecido como translocacéao.

Normalizacdo da reacdo em cadeia da polimerase quantitativa

em tempo real (QRT-PCR)

Atualmente, a metodologia da gRT-PCR é a técnica de maior sensibilidade e
especificidade para avaliar a expressédo génica entre diferentes grupos experimentais,
pois pode-se determinar o nimero exato de cépias produzidas a cada ciclo. Contudo,
devido a alta sensibilidade desta técnica, a etapa da normalizacdo dos dados obtidos
vem sendo bastante discutida em trabalhos recentes (Andersen, 2004; Meller, 2005;

Rubie, 2005; Zhang, 2005; Dheda, 2004).

7

A normalizacdo dos niveis de expressdao de um gene alvo é realizada para
compensar a variabilidade associada a técnica da gRT-PCR. As maiores fontes dessas
variagbes sdo a qualidade da extragdo e pureza do RNA total, além da eficiéncia da
sintese de DNA complementar (cDNA) (Silver, 2006). Assim, a escolha de um gene de
referéncia apropriado para cada experimento € um ponto crucial na analise da

expressao génica para ajustes compensatérios dessas variacdes experimentais.

Genes de referéncia, comumente chamados de genes constitutivos ou genes
normalizadores, sdo genes que regulam funcdes basicas e essenciais para a célula, e
por tal razdo, a expressao destes genes deveria ser estavel em diferentes individuos,
tipos de tecidos e células e em diferentes estados fisiologicos ou ndo (She, 2009). No

entanto, na pratica, os genes de referéncia comumente usados podem ter expressao
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variavel entre individuos ou em resposta a tratamentos (Khimani, 2005). Assim, 0s
genes de referéncia selecionados devem ser validados para cada configuracdo
experimental e a escolha deve ser baseada na maior estabilidade do gene entre as

amostras analisadas.

Algoritmos computacionais como BestKeeper (Pfaffl, 2004), GeNorm
(Vandesompele, 2002) e Normfinder (Andersen, 2004), entre outros, tém ajudado na
escolha do gene de referéncia mais estavel dentre um grupo de genes candidatos para
a normalizacéo individualizada de cada experimento, uma vez que relatos da literatura
tém demonstrado a dificuldade de desenvolver um padrdo experimental geral. O
programa NormFinder calcula um valor de estabilidade para cada gene candidato,
baseado na analise da expressado dos diferentes subgrupos experimentais, permitindo
fazer uma estimativa da variacdo do gene em andlise tanto intra como intergrupo. A
estabilidade dos genes € mostrada como valor de estabilidade, sendo que os genes
com menor valor de estabilidade possuem alta estabilidade de expressao (Andersen,

2004).
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JUSTIFICATIVA

A prevaléncia de doencas da tireoide é maior em mulheres, assim, os horménios
sexuais progesterona e estradiol podem ter efeitos diretos nas células foliculares da
tireoide. Como nao ha estudos in vitro ou in vivo que tenham avaliado efeitos da
progesterona na glandula tireoide, o estudo do efeito desse horménio em células
tireoidianas pode contribuir para esse conhecimento. Além disso, recentemente foi
descrito um receptor de membrana para estradiol, chamado GPR30 ou GPER,

portanto, justifica-se avaliar sua presenca em células normais da tireoide.

31



Ana Paula Santin OBJETIVOS

OBJETIVOS

Objetivo Geral

Avaliar os efeitos in vitro na expressao dos genes e proteinas NIS, TG e
TPO em células foliculares da tireoide tratadas com progesterona e caracterizar a
expressdo e possivel localizacdo do receptor de membrana GPR30 nas células

foliculares da tireoide.

Objetivos Especificos

1. Estabelecer um modelo de cultura priméaria de células foliculares da tireoide
humana;

2. Avaliar a expressdo génica e proteica do receptor ndo classico GPR30 em
células foliculares de tireoide humanas;

3. Avaliar o gene de referéncia adequado em cultura primaria de células foliculares
humanas expostas ou ndo a tratamentos com estradiol e progesterona e seus
respectivos inibidores nucleares e

4. Avaliar o efeito da progesterona na expressao génica da tireoglobulina, da
tireoperoxidase e do transportador sodio/iodo, em células foliculares de tireoide

tratadas com TSH.
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METODOLOGIAS

Delineamento do estudo

Este estudo tratou-se de um ensaio experimental in vitro.

Obtencéo do tecido

As células foliculares de tireoide humana normais foram obtidas de tecido normal
circunjacente a tumores diferenciados de tireoide retirado em tireoidectomia total ou
quase total e digerido para a separacdo das células. A normalidade do tecido foi
avaliada por patologista durante exame de congelacdo e o tecido obtido foi
acondicionado em tubos tipo Falcon contendo meio de transporte Hank's (GIBCO,
Grand Island NY, USA) refrigerado, contendo 100 ug/ml de kanamicina (Sigma Aldrich,

St. Louis MO, USA).

Cultura priméaria de células foliculares datireoide

O tecido de tireoidiano foi digerido com Colagenase Tipo | (GIBCO) para a
separacao das ceélulas do tecido conjuntivo. Os meios testados foram meio 199, meio

Ham’s F-12 modificado por Coon e meio DMEM (Dulbecco's Modified Eagle Medium),
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todos suplementados com soro bovino fetal (SBF) 10% (GIBCO), kanamicina 100 pg/mi
(Sigma Aldrich), insulina 10 pg/ml (ASPEN PHARMA), transferrina 5 pg/ml (Sigma
Aldrich) (meio 2H), e TSH 1 mUI/ml (Sigma Aldrich) (meio 3H). As células em uma
densidade de 1,0x 10° células/ml foram semeadas em placas de 6 pocos, e cultivadas
em estufa umidificada com temperatura de 37°C, em atmosfera com 5% de CO,

(Thermo Scientific's Revco Elite 11®).

As células em cultura foram acompanhadas por microscépio de contraste de
fase durante todas as etapas do estudo. Somente as culturas que apresentaram
morfologia compativel, com populacdo estimada de menos de 10% de fibroblastos, e

sem contaminacéao, foram incluidas no estudo.

Desenho experimental e tratamentos utilizados

No 5° ou 7° dia apds semeadura, as células geralmente apresentavam cerca de
80% de confluéncia, e entdo, eram lavadas com PBS a 37°C e tratadas com meio 2H
(meio 3H sem TSH), por 48 horas e divididas em quatro ou oito subgrupos, conforme
descrito nos Capitulos IV e V, respectivamente.

Etanol foi adicionado se necessario para que todos 0s grupos contivessem 0,1%
de alcool absoluto no meio, considerando que os horménios esteroides e seus
antagonistas foram solubilizados em etanol. Nao ha estudos na literatura avaliando os
efeitos da progesterona e seu inibidor nas células foliculares da tireoide e, por isso,
testamos trés diferentes concentracdes de progesterona. Os tempos de exposi¢cdo aos

tratamentos foram de 3, 6, 12, 24 e 48 horas.
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Extracdo de RNA total

Ao finalizar os tempos de tratamentos, o meio foi aspirado e as células foram
lavadas com tampéo fosfato-salino (PBS) e RNA total foi extraido com 1 mL/10 cm? do
reagente Trizol® (GIBCO, BRL, NY, EUA), que mantém a integridade do RNA enquanto
rompe as ceélulas e dissolve os componentes celulares (Chomczynski, 1987). Em
seguida, adicionaram-se 200ul de cloroférmio, e apdés breve homogeneizacdo, as
amostras foram centrifugadas para separar a solucdo em fase organica e fase aguosa,
na qual se encontra 0 RNA. A precipitacdo do RNA foi feita pela adicdo de alcool
isopropilico e o precipitado foi lavado com etanol 75% em agua isenta de RNAses. O
RNA foi ressuspendido em 15 a 30 pl de agua livre de RNAse. A concentracdo e a
pureza do RNA extraido foram avaliadas através do espectrofotbmetro Nanodrop ND-
1000 (Nanodrop Technologies, Rockland DE EUA). Os critérios verificados
considerando a amostra de RNA pura foram uma relacdo Azgo/Azg0 €ntre 1,8-2,0 e uma

razao de Aseo/Arzo> 2,0.

Sintese de cDNA

A sintese do DNA complementar (cDNA) foi feita a partir de 1 ug de RNA total. A
solucdo de RNA foi inicialmente desnaturada a 65°C por 5 minutos, juntamente com 1
puL de oligonucleotideo complementar (Oligo(dT)) a cauda poli-A e com 1 pL
desoxirribonucleotideos (dNTPs). Em seguida foi adicionada uma mistura contendo
tampao Tris-HCI 200 mM pH 8,4 com KCI 50 mM, MgCl, 25 mM, DTT 0,1M e 40

unidades da enzima RNase OUT, e incubado por 2 min a 42°C. Apos, foram
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adicionadas 50U da enzima transcriptase reversa SuperScript Ill, incubando-se a 42°C
por 50 min. Apos foi feita nova desnaturacdo a 70°C por 15 min para inibir a atividade
enzimatica e a mistura foi incubada com 2U da enzima Rnase H por 20 min a 37°C. O

produto desta reacéo foi armazenado a -20°C até seu uso.

Reacdo em Cadeia da Polimerase em Tempo Real (QRT-PCR)

A analise da expressdo génica foi feita através do gRT-PCR. Essa € uma
metodologia sensivel que utiliza um sistema de deteccdo continua da cinética da
reacao de qRT-PCR por fluorescéncia (Bustin, 2000). O corante fluorescente utilizado
nas amplificacdes foi 0 SYBR Green | (Invitrogen) e a referéncia passiva utilizada foi o
fluor6éforo ROX (Invitrogen) (Morrison, 1998). A descricdo dos primers utilizados bem
como suas caracteristicas encontram-se descritas na Tabela 1. A especificidade da
reacdo para cada primer foi confirmada através de uma curva de dissociacdo ou curva
de melting conforme pode ser visto na Figura 4. A amplificacdo foi realizada em
duplicata em placas de 96 pocos, com protocolo Unico para os diferentes genes,
constituido de um ciclo inicial por 10 minutos a 95°C, seguido por 40 ciclos por 15
segundos a 95°C, 1 minuto a 60°C para anelamento e 30 segundos em 72°C. Analise
da curva de dissociacdo para confirmar a presenca de um unico produto durante a
reacao foi realizada por execucdo de um gradiente de 60-95°C, com um aumento
gradual de temperatura de 2°C por min. A eficiéncia da amplificacdo de cada gene foi
determinada com base na inclinacdo (slope) da curva relativa, utilizando cinco
concentracdes seriadas de cDNAs (ndo diluido, 1:10, 1:100, 1:1000, 1:10000) de um

pool de cDNA obtidos a partir de 2 pL dos cDNAs das amostras analisadas.
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Tabela 1 - Caracteristicas dos primers para amplificacdo dos genes marcadores de

diferenciagéo das células foliculares da tireoide.

Gene Primer Sense (5'- 3" Posicdo cDNA Produto (pb)

GGCTAATGCTACATGTCCTG 5354-5374

TG 231
GCTTCTGTTGGAGATGCTGG 5565-5584
GTCTGTCACGCTGGTTATGG 61-80

TPO 242
CAATCACTCCGCTTGTTGGC 283-302
TCCATGTATGGCGTGAACC 1117-1135

NIS 234
CTTCGAAGATGTCCAGCACC 1331-1350

TPO: tireoperoxidase; TG: tireoglobulina; NIS: simporter do sodio-iodeto;

§ " i
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Figura 4 - Curva de dissociacdo ou curva de melting para os genes (A) tireoperoxidase,

(B) simporter sodio-iodeto e (C) tireoglobulina, demonstrando a especificidade dos primers na

amplificagdo de um Unico produto.
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Selecédo do gene de referéncia

A descricao dos critérios para a escolha do gene de referéncia e a metodologia

utilizada encontram-se no Capitulo IV desta Tese.

Andlise da expresséo proteica

Extracao de Proteinas

Para extracdo das proteinas, as células em cultura foram lavadas com PBS
gelado e lisadas com 1 mL do tampé&o RIPA (Tris-HCI 50 mM pH 7,4, EDTA 1mM pH
7,4, desoxicolato de sédio 0,25%, NaCl 150 mM, Triton X-100 1%, PMSF 1 mM, NaF 1
mM, NazCO, 1mM e leupeptina 1 ug/mL). O material foi solubilizado por 2 horas a 4°C,
e apos foi centrifugado a 10.000 x g por 10 min a 4°C. O sobrenadante contendo as
proteinas foi transferido para outro tubo e estocado a -20°C, enquanto o precipitado
contendo as organelas celulares e restos da membrana celular foram descartados. A
concentracdo de proteinas foi medida pelo método colorimétrico de Bradford (Bradford,
1976), utilizando-se uma curva padrao com concentracdes conhecidas de albumina de

soro bovino (BSA).

Western blotting

Para separacao das proteinas foi utilizado o SDS-PAGE (eletroforese em gel de
poliacrilamida com dodecil sulfato de so6dio) com uma concentracdo de poliacrilamida
de 7% a 10%. Aproximadamente 20 ug da proteina extraida das amostras foram

incubadas com solucdo de Laemmli (glicerol 50%, SDS 10%, Tris 62,5 mM, azul de
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bromofenol 0,1% e 2-B-mercaptoetanol 0,05%) a 95°C por 10 min (Laemmli, 1970) para
desnaturacdo e apos submetidas a eletroforese na presenca de tampdo de blotting

(glicina 192 mM, Tris 25 mM e SDS 0,1%, pH 8,3).

As proteinas foram transferidas do gel para uma membrana de PVDF
(Immobilon™-P, Millipore USA), previamente lavada por 15 segundos em metanol P.A.
e durante 2 minutos em agua destilada. A transferéncia foi efetuada no sistema Semi
Dry Trans-Blot SD (Bio-Rad), por 1 hora, com uma diferenca de potencial elétrico de

aproximadamente 25 V.

As membranas com as proteinas transferidas foram incubadas durante 2 horas
em solucdo blogueadora (TBS - NaCl 15 mM, EDTA 5 mM, TRIS 50 mM, Tween 20
0.5%, pH 7.4 e leite desnatado 5%) para saturar os sitios inespecificos, auxiliando a
diminuir ligacfes inespecificas entre anticorpo e membrana e também nos niveis de

interferéncia do background.

Apo6s o bloqueio, as membranas foram incubadas overnight a 4°C, sob suave
agitacdo, com os anticorpos primarios descritos na Tabela 2 e apés, incubados por 2
horas em temperatura ambiente com anticorpos secundarios caracteristicos. Por fim,
as membranas foram expostas em sala escura, com solucdo para quimiluminescéncia
(ECL) por cerca de 1 min, e colocadas em contato com o filme fotografico (HyperFilm
ECL, GE HealthCare, Uppsala, Sweden). Apds a revelagdo, a densidade Optica das
bandas foi medida pelo software ImageJ®. A densitometria obtida para as bandas das

proteinas em estudo (Tabela 2) foi normalizada pela proteina B-tubulina.
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Tabela 2 - Caracteristicas dos anticorpos primarios utilizados para detectar proteinas*.

Nome do Anticorpo Marca Isotipo Diluicdo
Ac anti-GPR30 (K-19)-R Santa Cruz rabbit IgG  1:200
Ac anti-GPR30 (N-15)-R Santa Cruz rabbit IgG  1:200

B-Tubulina Invitrogen mouse IgG1 1:1000
AKT Santa Cruz rabbit IgG  1:250
pPAKT Santa Cruz rabbit IgG  1:250

ERK 1/2 Santa Cruz rabbit IgG  1:250
pPERK 1/2 Santa Cruz rabbit IgG  1:250

* AKT: proteina quinase B; pAKT proteina quinase B fosforilada; ERK 1/2: proteina

cinase regulada por sinais extracelulares tipo 1 e 2; pERK 1/2: proteina cinase regulada

por sinais extracelulares tipo 1 e 2 fosforiladas; GPR30: receptor de estrogeno acoplado

a proteina G.

Imunocitoquimica

A técnica de imunocitoquimica foi utilizada para analisar a estrutura do

citoesqueleto e também avaliar a possivel localizacdo e distribuicdo intracelular das
proteinas especificas, tireoperoxidase e tireoglobulina, e das proteinas do citoesqueleto
F-actina e a-tubulina, nas células foliculares em cultura. As condi¢des para a avaliagdo
da presenca e da possivel localizagcédo intracelular do receptor de membrana GPR30

nas células foliculares da tireoide encontram-se no Capitulo VI desta Tese.

As células foram cultivadas sobre laminulas em placas de 35 mm nas mesmas

sem alterar a morfologia destas.

condicdes descritas acima. Apdés as células foliculares atingirem a morfologia
caracteristica e confluéncia de 80-90%, as células foram lavadas com PBS gelado e
fixadas com solucdo de paraformaldeido a 4% por 30 minutos, o qual fixa as células
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Para permeabilizacdo das células, um passo importante para avaliacdo de
proteinas intracelulares ja que os anticorpos sdo moléculas grandes e ndo tém acesso
direto ao citoplasma, foi utilizado uma solucdo a 0,1% de Triton X-100, diluida em
tampdao fosfato. Apos, os sitios inespecificos foram bloqueados com solucdo a 5% de
albumina bovina por duas horas a temperatura ambiente.

Apos o bloqueio, as laminulas contendo as células foliculares foram incubadas
em camara umida overnight com os anticorpos primarios especificos contra TG ou TPO
ou tubulina e depois, incubadas por duas horas em camara Umida e escura com seus
respectivos anticorpos secundarios acoplados ao fluoréforo Cy5 ou Cy3 (Sigma
Aldrich). Para revelagdo dos filamentos de actina utilizou-se faloidina marcada com
isotiocianato de fluoresceina (FITC Labeled-Sigma). As células foram visualizadas em
microscopio Optico de fluorescéncia e armazenadas em um computador IBM-PC

compativel.
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RESULTADOS e DISCUSSAO

Os resultados e a discussdo dos experimentos desta Tese estdo apresentados
no formato de Capitulos separados. Os resultados que j4 foram publicados ou que

serdo submetidos encontram-se na Lingua Inglesa.
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Abstract

Thyroid diseases are more prevalent in women, particularly between puberty and
menopause. It is wellknown that estrogen (E) has indirect effects on the thyroid
economy. Direct effects of this steroid hormone on thyroid cells have been described
more recently; so, the aim of the present paper was to review the evidences of these
effects on thyroid function and growth regulation, and its mechanisms. The expression
and ratios of the two E receptors, a and 8, that mediate the genomic effects of E on
normal and abnormal thyroid tissue were also reviewed, as well as nongenomic, distinct
molecular pathways. Several evidences support the hypothesis that E has a direct role
in thyroid follicular cells; understanding its influence on the growth and function of the
thyroid in normal and abnormal conditions can potentially provide new targets for the

treatment of thyroid diseases.

Correspondence  should be addressed to Tania Weber Furlanetto,

taniafurlanetto@gmail.com
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1. Introduction

Thyroid diseases are more prevalent in women particularly between puberty and
menopause [1], and women are more susceptible to the goitrogenic effect of iodine
deficiency [2]. Carcinomas of the thyroid are three times more frequent in women than
in men, and the peak rates occur earlier in women [3]. These epidemiological data

suggest a role of estrogen in the pathogenesis of thyroid diseases.

Estrogen has a well-known indirect effect on thyroid economy, increasing the
thyroxine binding globulin [4], and the need for thyroid hormone in hypothyroid women
[5]. Direct effects of estrogen on thyroid cells have been described more recently [6], sO
the aim of the present paper was to review the evidences of these effects on thyroid

function and growth regulation, and its mechanisms.

2. Estrogen and Its Receptors

17-B-estradiol (E2) is a lipophilic hormone with low-molecular weight that occurs
naturally. Cellular signaling of estrogen is mediated classically upon the binding on two
soluble intracellular nuclear receptors, estrogen receptor (ER) alpha, and ER beta [7].
The isoform 3 is smaller than the isoform a, and the DNA-binding domains of both
subtypes are highly conserved. After binding of E2, ER forms a stable dimer that
interacts with specific sequences called estrogen response elements (ERE) to initiate
the transcription of target genes. Ligand-bound ERs can also interact with other
transcription factors complexes and influence transcription of genes that do not harbor

EREs. Third and fourth mechanisms of ERs regulatory actions are, respectively, non-
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genomic and the ligand independent pathway. A variety of rapid signaling events such
as activation of kinases and phosphatases and increases in ion fluxes across
membranes has been described. These and other aspects of signaling and targets of

ERs have been reviewed recently [7].

Recently, a transmembrane intracellular non-classical ER mediating rapid cell

signaling was described, a G protein—coupled receptor (GPCR), named GPR30 [8].

2.1.Expression of ERs in Human Thyroid Tissue.

Classically, the presence of ER is fundamental for a direct action of estrogen in a
given cell. ER has been described in both neoplastic and non-neoplastic human thyroid
tissues, but the results are discordant. Immunohistochemical assays, with monoclonal
antibodies, are the most commonly used methods for establishing receptor status. As
may be seen in Table 1, some studies have found ER-positivity in normal and abnormal
thyroid tissue, while others have not detected ER protein in any tissue studied. This
discrepancy could be due to methodological issues; the development of monoclonal
antibodies against ER with high sensitivity and specificity, and others factors such as
tissue fixation, tissue processing, interpretation of immunohistochemistry and cut-offs

for positive results, could have contributed to the sensitivity of the techniques employed

[71
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Table 1. Estrogen receptor (ER) in human normal thyroid, and benign and

malignant thyroid disease.
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2.2.Expression of ERa and ERf in Human Thyroid Tissue.

ER expression in human thyroid was first reported in 1981 [37]. ERa was first
described in 1973 [38], and ERB was identified in 1996 [39], so only from this moment
on it was possible to evaluate the relationship between isoforms of ERs in thyroid
tissue. An important role of different patterns of distribution and expression of subtypes
ERs in thyroid carcinoma has been proposed: estrogen binding to ERa would promote
cell proliferation and growth, and, in contrast, ERB would promote apoptotic actions and
other suppressive functions in thyroid tumors, as reviewed by Chen et al. [40]. Then,
ERa : ERp ratio could have a role in the pathophysiology of thyroid cancer [40], similar
to that postulated for breast cancer [41].

In differentiated thyroid follicular tumors, the expression of ERa has been
associated with well-differentiated tumors and reduced incidence of disease recurrence
[54]. ERa protein [55] and ERa mRNA [19, 56] are expressed in normal and neoplastic
follicular cells of the thyroid. Also, the expression of ERa and ERB was detected in
human medullary thyroid cancer [34] with an increased ratio of ERa/ER[, suggesting a
possible role in tumor growth and progression. A few studies evaluated ERa and ERf
expression in normal and abnormal thyroid tissue, as shown in Table 2.

The effects of the agonists of ERa and ERp, respectively,propyl-pyrazole-triol
(PPT) and diarylpropionitrile (DPN), in the proliferation of thyroid cancer cell lines has
been studied: PPT had a stimulatory effect, while inhibition of proliferation and DNA
fragmentation were observed after DPN [45]. In the same study, small interference
ribonucleic acid (siRNA) blocking ERa or ER3 demonstrated that knockdown of the ERa
attenuated E2-mediated B-cell lymphoma 2 (Bcl-2) expression, an important
antiapoptotic protein, while knockdown of the ERP enhanced E2-induced Bcl-2

expression [45].
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Table 2: ERa and ERB in human normal thyroid, and benign and malignant

thyroid diseases.

Study Isoform Al bemipn All . Benign lesions Carcinoma
CAICIIOMA Adenoma  Goiter Papillary  Follicular Medullary Anaplastic
Vaiman et al.
31152010 ERax 0/34 0/150 0/90 0/6 0/4 0/5
ERﬁ 30/34 126/150 60/90 4/6 3/4 3/5
Winters et
al[32;2000 R kil
Vannucchi et
a[33;2000 RO 138
Cho et al. [34];
2007 ERy 10/11
ERS 811
Bléchet et al.
e ERa 0/28
ERS 26/28
Ceresini et al.
36]; 2006 ERa 0/17 0/17
ERB 17/17 14/17

Data are shown as number of ER-positive samples/total number of samples.

2.3. Expression of GPR30 in Thyroid Lines Cells

Growing evidence suggests that estrogens are also able to exert nongenomic
events mediated by GPR30 [8]. Vivacqua and colleagues analyzed the effects of E2
and the phytoestrogen genistein in human follicular thyroid carcinoma cell lines, WRO
and FRO, and ARO, a human anaplastic thyroid carcinoma cell line [46]. Both
hormones stimulated in vitro proliferation of these cell lines through the GPR30 and
mitogen-activated protein kinase signaling cascade [46]. In other human benign and

malignant thyroid tissue, the expression of GPR30 has not been studied.

3.Response to E, Stimulation In Vitro
3.1. Proliferation

Several studies described proliferation of thyroid cells induced by E2, as shown in

Table 3.
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Table 3: E2 effects on thyroid protein expression, function, and proliferation in

vitro.
Study Thyroid cells  Presence of ERa/ERS e}@fsgion expi:s{i . Proliferation expi:ion lll(;l;ld; mg(; A
Kumar et al.[42]; 2010 NPAS87 ERa+/ERf+ 1
KATS5 ERa+/ERf+ t
WRO ERa+/ERS+ t
Rajoria et al. [43]; 2010 BCPAP ERa+/ERS+ !
Nthy-3-1 ERa+/ERf+ !
Zeng et al. [44]; 2008 KAT5 ERa+/ERf+ f 0 f
FRO ERe+/ERSB+ 0 t |
Zeng et al. [45]; 2007 KAT5 ERa+/ERS+ t 0 t
FRO ERa+/ERS+ t t t
ARQO ERa+/Erfi+ t 0 1
;féga;q“a st al. [26]; WRO ERwt/ERS— i
FRO ERa+/ERf5— t
ARQO ERa—/ERf— t
Lee et al. [47]; 2005 KAT5 t
Banu et al. [48]; 2001 NPAS7 ER+ f t
WRO ER+ |
Manole et al. [6]; 2001  HTC - TSHr ERa+/ERf+ 1 1 t
Goiter ERa+/ERJ+ t t t
XTC 133 t
Purlanetto et al. [49];
2001 [49] FRTL-5 t |
Futlmetoetal. 505 gy 5 ERa+ 1 !
Nagyetal. [51]; 1999* Mng t
Ca 1
Ade |
Del Senno et al. [52];
1989** - N ! !
Ade t t
Ca 0 0
Yang et al. [53]; 1988 TT t

Estrogen receptor (ER) +: presence of expression, —: absence of expression; NPA87, KATS, and BCPAP: human papillary thyroid carcinoma cell lines; WRO
and FRO: human follicular thyroid carcinoma cell lines; Nthy-3-1: human normal transformed thyroid cell line; ARO: human anaplastic thyroid carcinoma
cell line; HTC-TSHr: human thyroid carcinoma cell line lacking endogenous TSH receptor; XTC-133: thyroid cancer cell line of Hurthle cell origin; FRTL-
5: Fischer rat thyroid cell line. Mng: multinodular goiter; Ca: carcinoma; Ade: adenoma; N: normal thyroid; TT: human medullary thyroid carcinoma cell
line; 1: increase, : decrease, and 0: no effect, after E2 exposure.: *thyroid tissue obtained in surgical resection, under organotypic culture conditions for 48
hours;** suspension cultures of thyroid follicles.

Some of the

bromodeoxyuridine (BrdU) [6],

most

commonly

used

assays

are

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

incorporation

of

tetrazolium

bromide (MTT) [45, 47, 50, 57], [(3)H]-thymidine incorporation [48, 52, 53], and trypan

blue solution [43]. Cotreatment with ICI182780, fulvestrant,an antagonist of E2 by
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inhibition and degradation of ER [58], significantly attenuated these proliferative effects.

Based in these studies, E2 increases proliferation of thyroid cells.

3.2.ER-Dependent Effects on Thyroid Differentiation Proteins

Several Few studies evaluated E2 effect on gene transcription of differentiation
proteins in thyroid cells. In Fischer rat derived thyroid cell line, FRTL-5, E2 treatment
decreased the sodium-iodide symporter (NIS) gene expression [50], and the iodide
uptake [49]. E2 increased the thyroglobulin gene expression in suspension cultures of
human thyroid follicles of adenoma and carcinoma [52]. These data are shown in Table
3. The opposite effects of E2 on the NIS gene expression and iodide uptake, in FRTL-5
cells, and the thyroglobulin gene expression, in suspension culture of thyroid cells,
could be due to the different systems studied; it cannot be excluded that estradiol
affects these genes by different intracellular pathways. These results, together with the
increase in cell growth caused by estrogen, could implicate this hormone in the
pathogenesis of goiter and thyroid carcinoma; nevertheless, as just one study evaluated
the effect of estrogen on thyroid differentiated proteins in human thyroid tissue, more
studies should be done to better understand the role of estrogen in thyroid differentiated

protein expression.

3.3.Non-Genomic Effects of E2

Some of the actions of E2 in the proliferation of thyroid cells are mediated by the
activation of signal transducing pathways, as shown in Table 4. E2 can induce
activation of phosphatidylinositol 3-kinase (PI3K) [42] and phosphorylation of
extracellular signal-regulated kinase 1/2 (ERK1/2) in follicular thyroid carcinoma cells,

mainly due to interaction via membrane associated ER [42, 45, 46]. PI3K and Erk1/2
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signaling may play a critical role in preventing apoptosis and inducing cell cycle

progression by induction of key genes expression [59].

Table 4: Non-genomic estrogens effects on thyroid cells.

Study Cells GPR30 MAPK PI3k Cyclin D1 c-fos Bel-2 Bax
Kumar et al.[42]; 2010 NPAS7 - t t
KAT5 — t t t
WRO + t t t
Zeng et al. [45]; 2007 KAT5 t !
FRO t !
WRO f |
Vivacqua et al. [46]; 2006 WRO + t
FRO + t
ARO + 1
t
t
1

Manole et al. [6]; 2001 HTC-TSHr
Goiter
XTC 133 t

NPA87 and KAT5: human papillary thyroid carcinoma cell lines; WRO and FRO: human follicular thyroid carcinoma cell lines; HTC-TSHr: human thyroid
carcinoma cell line lacking endogenous TSH receptor; XTC-133: thyroid cancer cell line of Hurthle cell origin; Goiter: primary culture of human thyroid cells
isolated from goiter nodules. (+): presence of expression; (—) absence of expression; (1): increase, (}): decrease, and (0): no effects, after E2 exposure.

—_ = = = —
—

Expression of early response genes and regulatory genes of the cell cycle are
necessary for proliferation of cells. As E2 has been demonstrated to stimulate the
growth of thyroid cells, it is important to study the expression of key cell-cycle genes
such as cyclin D1 after stimulation with E2. Cyclin D1 regulates the cell progression
cycle facilitating G1 to S phase transition and also has an estrogen-responsive
regulatory region [60], that is likely different from the canonical EREs. Overexpression
of cyclin D1 in thyroid malignancies has been reported [61-65], moreover, its
expression has been associated with an aggressive behavior in papillary thyroid
microcarcinomas, because over 90% of the metastasizing microcarcinomas expressed

cyclin D1 [66].

E2 significantly increased the expression of cyclin D1 in a human thyroid
carcinoma cell line lacking endogenous TSH receptor (HTC-TSHr cells), and in a thyroid

cancer cell line of Hurthle cell origin (XTC-133), which was abolished by PD.098059 that
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blocked GO/G1 to S phases [6]. E2 upregulated cyclins A and D1, as well as the proto-
oncogene c-fos, in WRO, FRO, and ARO cells [46]. Cyclin D1 was also shown to be

upregulated by E2 in KATS5, a papillary thyroid cancer cell line, and WRO cells [42].

Together, these results are very compelling, pointing to an ability of E2 to
regulate genes mediating cell cycle progression in thyroid cells, and potentially

contributing to the pathogenesis of thyroid cancer or thyroid hyperplasia.

4. Conclusions

There are evidences that estrogen may have direct actions in human thyroid cells
by ER-dependent mechanisms or not, modulating proliferation, and function. Different
patterns of distribution, expression, and ratios of ERa and ERB may have a role in
thyroid cancer cells proliferation, as well as in the outcome of thyroid cancer. Studying
estrogen effects on thyroid cells is a potential tool to better understand the pathogenesis
of thyroid diseases, and to develop targets to its treatment. Further studies on the
influence of E2 on the growth and function of the thyroid are needed, preferably in

primary culture of normal and abnormal human thyroid cells.
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Abstract

Thyroid cancer and thyroid nodules are more prevalent in women than men,
and the incidence of thyroid cancer is increasing. As this increase appears to be larger
in women, sex hormones may have an etiological role contributing to it. Progesterone
effects on thyroid cells have not been described. The identification of progesterone
receptor (PR) in the thyroid would be an important step to postulate an effect of
progesterone in these cells, so the objective of this systematic review was to evaluate
studies of PR in thyroid tissue. Progesterone receptor (PR) has been found in normal
and diseased thyroid. The studies reviewed suggest that its positivity is higher in
benign and well-differentiated carcinomas when compared to less differentiated

tumors, nevertheless, technical reasons could have influenced the results.

Keywords: Thyroid; Receptors, Progesterone; Thyroid Cancer; Thyroid Nodules
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Introduction

Thyroid nodules and thyroid cancer are more common in women (Mitchell et al.,
2007; Vanderpump, 2011). The incidence rate of thyroid cancer is increasing, which
could be due to better surveillance techniques. Nevertheless, other factors are
probably involved because not only the incidence of small tumors increased, but also
of larger ones. As the increase in incidence appears to be more rapid in women, sex
hormones may have an etiological role contributing to thyroid cancer (Enewold et al.,

2009).

A prospective cohort study demonstrated increased risk of thyroid cancer in
young women with longer adolescent menstrual cycles, later menarche, and
pregnancy ending within five years of the cohort enrollment (Horn-Ross et al., 2011).
Others studies have shown an increased risk of thyroid cancer and thyroid nodules
with higher body mass index (Engeland et al., 2006; Kim et al., 2012; Kitahara et al.,

2011; Oh et al., 2005; Peterson et al., 2012).

A higher prevalence of nodular goiters was noted in women during and after
pregnancy (Struve et al., 1993). During pregnancy, thyroid nodules increased in
number and size (Kung et al., 2002); and thyroid cancer affected one in a thousand
pregnant women, being the second most common type of cancer in pregnancy (Imran
and Rajaraman, 2011). For each additional pregnancy the risk of developing cancer
increased by 8 percent (Truong et al., 2005). These studies reinforced the hypotheses
that sex hormones could have a role on the pathogenesis of these thyroid disorders.

Several studies suggested a direct effect of estrogen on thyroid cells growth (Filardo et
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al., 2000; Furlanetto et al., 1999; Kumar et al., 2010; Manole et al., 2001), but there

are no studies of progesterone effects on thyroid cells.

In a randomized, double-blind, placebo-controlled study in healthy
postmenopausal women, progesterone decreased slightly circulating levels of TSH
(Caufriez et al., 2009). In addition, another study demonstrated decreased TSH levels
in the early luteal phase, which could be due to higher levels of progesterone (Caufriez
et al., 2011). These effects could be indirect or not. As progesterone effects are mainly
mediated by its nuclear receptor (Kastner et al., 1990b), the aim of this review was to
evaluate and compare the publications about progesterone receptors (PR) in the

thyroid.
Search strategy

We searched for published articles indexed in PUBMED and
EMBASE/MEDLINE through keywords in the title or abstract: "thyroid gland" [All
Fields] OR "thyroid tissue"[All Fields] OR "thyroid cells" [All Fields] AND "progesterone
receptor" [All Fields] AND ("humans'[MeSH Terms] OR "humans" [All Fields] OR
"human" [All Fields]), in PubMed; (‘progesterone receptor/exp OR 'progesterone
receptor’) AND 'thyroid tissue', in EMBASE/MEDLINE. Full texts were read for possible

inclusion. Three additional citations in other publications were also included.

Results and Discussion

After reviewing the 29 papers obtained in the search and three citations
retrieved from manual search, 12 papers that examined PR status in the thyroid were

included in this review (Figure 1).
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Search in databases:
PUBMED (n=11)
EMBASE (n=15)

+ References from others sources (n=3)

(n=29)
> Excluded for others subjects (n=10)
> Duplicate studies excluded (n=7)
v

Full-text articles included in review (n=12)

Figure 1: Identification of relevant articles. We searched the PUBMED
and EMBASE database. 12 relevant studies describing PR status on thyroid tissue

were retrieved and examined.

In Table 1 the main features and conclusions of the studies are summarized.
Studies demonstrated no correlation between the PR status and age (Bur et al., 1993;
Fei et al., 2011; Memon et al., 2005; Miki et al., 1990; Money et al., 1989), sex (Bur et

al., 1993; Fei et al., 2011; Memon et al., 2005; Money et al., 1989), histopathologic
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diagnosis (Bur et al., 1993; Fei et al., 2011; Money et al., 1989), or tumor size (Bur et
al., 1993; Fei et al., 2011). The status of PR expression in normal thyroid or thyroid

diseases were summarized in Table 1.

Table 1: Progesterone Receptors (PR) in human normal thyroid, nonneoplastic and

neoplastic thyroid diseases.

Benign lesions Carcinoma
Study, year Country Method Normal
Adenoma Goiter Papillary  Follicular Medullary Anaplastic
Bhargava, 2012 India HC 1755 2/5° 0/3 0/3
Fei, 2011 China HC 66/83 79 3/ 23
Bléchet, 2007 France IHC 2128
Memon, 2005 Pakistan HC 0725 0/a 0r8 013 0/10 0/4
Karlsson, 1997 Sweden IHC 528
Bonacei, 1996 Italy EIA 117202 8/18° 15/18 Ti20
Colomer, 1996 Spain ElA. IHC and DCC 5TETIT
Jaklic, 1995 USA HC 0/3 0/5 01
Bur, 1993 USA HC 0r2 13/39 1/5 0/3 0/3
Miki, 1990 Japan DCC 075 0/6 39 0/3 0/1
Marugo. 1989 [taly DCC 12/23% 21/23¢  5M2%12/12%  9/18%17/189
Money, 1989 Austria ICA 3M5
Chaudhun, 1986 US.A SDG 072 0/3 414 316

Data are shown as number of PR positive samples/total number of samples. a: normal thyroid
tissue surrounding cancer; b: normal thyroid tissue surrounding benign thyroid disease; c: PR in the
cytosol fraction; d: PR in the nuclear fraction; e: by enzyme immune assay and dextran-coated charcoal

assay; f: by immunohistochemistry assay; IHC: immunohistochemical assay; EIA: enzyme immune
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assay; DCC: dextran-coated charcoal assay; ICA: immunocytochemical assay; SDG: sucrose density

gradient assay.

In three studies PR were not found in normal thyroid tissue surrounding tumors
(Chaudhuri et al., 1986; Memon et al., 2005; Miki et al., 1990), which could be due to
the techniques employed or to the small sample numbers; as this protein probably has
a low concentration in normal thyroid. This hypothesis is reinforced by studies that
demonstrated very low PR protein levels in normal tissue: Bonacci showed
concentrations ranging from 1.5 to 6 fmol/mg protein extracted from cytosolic fraction
(Bonacci et al., 1996); and Marugo, evaluating PR presence in the cytoplasm and
nucleus, found concentrations ranging, respectively, from 0.3 to 15.7 fmol/mg protein,

and 31 to 186.3 fmol/mg DNA, (Marugo et al., 1989).

In thyroid adenomas, one study found PR expression (Marugo et al., 1989)
while four studies were not able to detect PR (Chaudhuri et al., 1986; Jaklic et al.,
1995; Memon et al.,, 2005; Miki et al., 1990). Again, the small number of cases
analyzed and/or the sensitivity of the techniques employed could have underestimated

the real prevalence of PR expression in these tissues.

Although two studies were unable to demonstrate PR in goiter (Bur et al., 1993;
Memon et al., 2005), five others studies demonstrated a prevalence of PR positivity
ranging from 20 to 94% (Bonacci et al., 1996; Chaudhuri et al., 1986; Marugo et al.,

1989; Miki et al., 1990; Money et al., 1989).

Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer,

occurring in around 80% of cases, and several studies evaluating PRs in this type of
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tumor have been published. Three studies did not demonstrate PR, (Jaklic et al., 1995;
Memon et al., 2005; Miki et al., 1990) while six others identified this receptor positivity
ranging from 9 to 79% (Bhargava et al., 2012; Bonacci et al., 1996; Bur et al., 1993;
Fei et al., 2011; Karlsson et al., 1997; Money et al., 1989). The findings obtained in the
recent study by Fei and cols, evaluating the presence of PR in PTC, are instigating
due to the number of cases analyzed as well as to the percentage of positive cases,
as shown in Table 1(Fei et al., 2011). In the same study, 78% of PTC cases were
positive for GPR30, a G-protein coupled receptor 30, that has been described to be

up-regulated by progesterone (Ahola et al., 2002; Thomas et al., 2005).

Five studies evaluated the presence of PR in follicular thyroid carcinoma
(Bhargava et al., 2012; Bonacci et al., 1996; Bur et al., 1993; Fei et al., 2011; Memon
et al., 2005), and in three it was positive (Bonacci et al., 1996; Bur et al., 1993; Fei et

al., 2011).

Medullary thyroid carcinoma (MTC) is uncommon (Ceolin et al., 2012; Kebebew
et al., 2005). In three studies, which included the highest numbers of cases, PR were
detected (Blechet et al., 2007; Colomer et al., 1996; Fei et al., 2011), while in four
other studies the authors were not able to demonstrate the presence of this protein

(Fei et al., 2011).

Anaplastic thyroid carcinomas (ATC) are the most aggressive thyroid tumors

and in 7 cases studied, PR was identified in only two cases (Table 1).

Endometrial and breast tissues were the PR positive control most frequently
used in the studies included in this review, and strong staining for PR was evident in

both. Ideally, the positive control should have had a weak to moderate positivity for PR
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expression, as thyroid tissue probably has low PR expression, since there is no gold
standard assay available (Hammond et al., 2010). Karlsson et al. used vimentin as a
control for evaluating antigen preservation after fixation or embedding (Karlsson et al.,

1997).

In some studies PR nuclear staining was considered specific (Blechet et al.,
2007; Bur et al., 1993; Colomer et al., 1996; Jaklic et al., 1995; Karlsson et al., 1997;
Memon et al., 2005; Money et al., 1989). In three studies PR was considered positive
with staining of nucleus and/or cytoplasm: Marugo observed more positive cases for
PR in the nucleus (Marugo et al., 1989), while Fei and Bhargava found PR preferably
expressed in the cytoplasm (Bhargava et al., 2012; Fei et al., 2011). Others studies
evaluated PR only in the cytosol (Bonacci et al., 1996; Chaudhuri et al., 1986; Miki et
al., 1990). It has been shown previously that PR are translocated from the cytoplasm
to the nucleus in response to progesterone stimulation (Perrot-Applanat et al., 1992)

and in this context, it seems reasonable to evaluate the receptor in both fractions.

The considerable variability in PR status in the thyroid could be explained, at
least partially, by the assessment methods (Table 1). Colomer showed that
immunohistochemistry (IHC) assays are more sensitive than steroid binding analysis
and enzyme immune assay in the same samples (Colomer et al., 1996). IHC was the
methodology more frequently used in the studies reviewed here, so the conflicting

results could be due to variations in the sensitivity and protocols of this technique.

In conclusion, this systematic review demonstrated that PR is probably present

in normal thyroid, as well as in benign and malignant thyroid diseases, so its presence
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cannot be used to separate these conditions. Studies using more sensitive techniques

could be useful to elucidate the prevalence of this protein in different thyroid diseases.
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CAPITULO 1lI

Padronizacdo de um Modelo de Cultura Priméaria de Células

Foliculares de Tireoide Humana
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Dissociacdo enziméatica e condi¢cfes de cultivo

O isolamento das células foliculares a partir do tecido que constitui a glandula
tireoide ja foi descrito em estudos anteriores (Chambard et al., 1983; Nitsch and
Wollman, 1980; Roger and Dumont, 1984) e representa um modelo de alta

correspondéncia tanto biogquimica como funcional com o tecido original.

Em nosso modelo, a digestdo enzimética do tecido tireoidiano, realizada com
2,5 mg/mL da enzima colagenase Tipo |, foi adequada para isolar as células

foliculares do tecido conjuntivo, conforme obervado na Figura 5.

Figura 5 - A e B, onde podem ser visualizados aglomerados de células foliculares da

tireoide apos digestdo e, em C, uma unica célula folicular isolada.

As células foliculares da tireoide aderiram facilmente nas placas de seis e 24
pocos, mesmo utilizando-se diferentes marcas como TPP®, Corning® e Started®.
Sabe-se que diferentes marcas apresentam diferentes composi¢cdes e combinacdes
de substratos carregados negativamente que auxiliam a adesdo celular sendo que
fibronectina, colageno e laminina estdo entre os subtratos mais utilizados (Kleinman et

al., 1987).
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Os meios DMEM, 199 e Ham's F12 Coon's modificado (F12) foram testados
sendo que o meio F12 apresentou melhores resultados em relacdo a adeséo e a

manutencdo morfoldgica das células foliculares da tireoide.

Os suplementos utilizados no nosso modelo in vitro, foram obtidos do estudo
prévio de Furlanetto e cols em 1999, o qual visou manter as células foliculares em
condic@es fisioldgicas semelhantes as encontradas na glandula da tireoide humana.
Além do soro bovino fetal, os suplementos glutamina, transferrina e TSH foram

utilizados em nosso modelo.

A importancia da L-glutamina para sobrevivéncia celular e a proliferagédo in vitro
foi primeiramente descrita em 1949 (Ehrensvard et al., 1949) e melhor elucidada em
1956 (Eagle et al., 1956), onde foi demonstrada atuar como precursor na sintese de
peptideos e de proteinas, purina e pirimidina, acidos nucleicos e nucleotideos, e
também fornecendo carbonos de sua estrutura para reacdes de oxidacao intracelular.
A presenca da transferrina é importante para manter o aporte de ferro para a célula,
auxiliando a célula a manter a homeostase e a regular a quantidade de ferro
absorvida do meio extracelular (Bomford and Munro, 1985). A insulina possui acao
mitogénica e permite a acao proliferativa do TSH nas células da tireoide, (Burikhanov
et al., 1996; Van Keymeulen et al., 2000). O papel essencial do TSH na manutencao
da funcé@o e morfologia das células foliculares da tireoide foi previamente revisado na

introducgéo desta tese.

As culturas utilizadas apresentavam morfologia caracteristica, com presenca de

poucos fibroblastos e sem contaminac¢do microbiolégica ou quimica evidentes.
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Apbs 2 horas em cultura, as células foliculares da tireoide se encontravam
parcialmente aderidas e em 24 horas ja se podia observar a morfologia caracteristica
destas células. O fendétipo e a confluéncia das células em cultura foram
acompanhados por microscopia. As células epiteliais crescem em monocamadas,
formando ilhas de alta densidade celular a partir de um aglomerado ou mesmo de

uma unica célula (Figura 6).

Figura 6 - Imagens obtidas por microscoépio invertido de contraste de fase de células
foliculares da tireoide, demonstrando sua morfologia caracteristica em monocamada em

diferentes escalas e estagios de confluéncia.

A célula folicular isolada apresenta um formato cuboide (Figura 7.A) ou

semelhante ao formato de gota (Figura 7.B), com presenca de vacuolos ao redor do
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ndcleo, sendo caracteristicas igualmente observadas em estudos prévios de cultura

primaria de células foliculares de tireoide (Roger and Dumont, 1984).

N&o obtivemos sucesso na tentativa de tripsinizar as células foliculares para
passagens consecutivas, pois embora apresentassem boa adesdo, a formacao das
ilhas em monocamadas e a morfologia regular da célula epitelial raramente foram

observadas (Figura 7.C).

Figura 7 - Morfologia caracteristica em ampliagdo maior das células foliculares da
tireoide em formato cuboide (A) e em formato de gota (B) e a perda da morfologia 3 dias apds

tripsinizagéo (C).

Padrédo de distribuicdo dos filamentos de F-actina e a-tubulina nas células

foliculares da tireoide em cultura primaria

Para melhor conhecermos a morfologia das células foliculares da tireoide,
avaliamos o padrdo de distribuicdo dos microtibulos e os microfilamentos do

citoesqueleto dessas células pela técnica de imunocitoquimica de fluorescéncia.
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Os microtubulos, que séo polimeros de tubulina, organizados a partir da regiao
perinuclear em direcdo a periferia, sdo responsaveis por condicionar a forma celular
(Infanger et al., 2006) e, como podemos observar na Figura 8.A e 8.B, a distribuicédo
destes filamentos concentram-se na regido perinuclear.

Os microfilamentos de actina determinam a forma da membrana plasmatica e
participam da geracdo de forcas contrateis (Alberts et al., 2002; Etienne-Manneville,
2004). A presenca do TSH no meio é necessaria para manter o formato cubdide da
célula (Figura 8.C e 8.D) e sua auséncia leva ao aumento das fibras de stress de

actina (Passareiro et al., 1985; Roger and Dumont, 1984).

-
Figura 8 - Analise das proteinas a-tubulina (A e B) e F-actina (C e D) das células

foliculares da tireoide em aumento de 1000x.
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Os filamentos de actina foram marcados por meio da reacdo com faloidina
conjugada com isotiocianato de fluorosceina, a qual nos permitiu observar que os
filamentos de actina se distribuem de forma organizada e homogénea por toda a

célula folicular, revelando seu formato caracteristico cuboide ou em forma de gota.

Manutencéao da diferenciacédo das células foliculares da tireoide

O meio utilizado permitiu, além da manutencdo da morfologia, que a célula
tireoidiana permanecesse com sua funcédo diferenciada, a qual foi avaliada pela

presenca das proteinas especificas TG e TPO (Figura 9), bem como pela dosagem de

tireoglobulina e T, livre no sobrenadante das culturas (Tabela 3).

Figura 9 - Localizagdo intracelular das proteinas por tireoglobulina (A) e
tireoperoxidase (B) (indicadas por setas, em verde). Os microfilamentos de actina foram

marcados com faloidina (em vermelho) e o nicleo com DAPI (em azul). Aumento de 1000x.

Para marcacéo das proteinas TG e TPO, as células semeadas em laminulas

de vidro foram fixadas, permeabilizadas e incubadas com anticorpos primarios
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especificos contra TG e TPO com posterior dupla marcacdo com as fibras de actina e

com DAPI (Figura 9).

Na Figura 9, observa-se que tanto TPO como TG parecem estar prOximas ao
nacleo. Na glandula integra, as células foliculares apresentam a TPO na regiao apical,
face que fica voltada para o lumen folicular. Sabe-se que, em cultura, as células
foliculares da tireoide perdem a polaridade, porém ndo perdem a diferenciacao.
Alguns autores sugerem que no cultivo em monocamadas, a parte apical da célula
figue voltada para o meio enquanto a parte basal permaneceria aderida na placa de
cultura (Toda et al., 2011). Ainda, vale ressaltar que as imagens obtidas pela técnica
de imunocitoquimica, obtidas pelo microscopio optico, representam uma SuUperposi¢ao
de planos, e, sendo assim, a TPO pode estar de fato na regido apical da célula

folicular.

Tabela 3 - Dosagem de T4 livre e tireoglobulina (TG) em sobrenadante coletado no

ultimo dia de tratamento para avaliar a viabilidade e a diferenciacéo das células foliculares da

tireoide.
T4 livre (ng/dL) TG (ng/mL)
Cultura 1 1,54 2,66
Cultura 2 2,17 9,78
Cultura 4 1,68 196,00
Cultura 5 1,39 14,70
Cultura 6 1,58 71,10
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Avaliando a dosagem de TG, observaram-se niveis variando de 2,66 a 196,00
ng/mL (n=5), enquanto os niveis de variacdo do T4 livre apresentaram uma variacao
de 1,54 a 2,17 ng/dL (n=5). A coleta foi realizada sempre no dltimo dia de tratamento.
Cada "n" representa uma cultura independente e foi proveniente de diferentes
pacientes (Tabela 1). Embora a variacdo das dosagens de T4 livre e TG tenha sido
alta, € importante ressaltar que somente as células epiteliais da tireoide sdo capazes

de sintetizar esses hormonios.

Trabalhos na literatura descrevem que a insulina em baixas concentracdes,
mesmo na auséncia de TSH, é capaz de aumentar a sintese de TG (Deleu et al.,
1999; Kimura et al., 2001). Neste contexto, nhotamos que, apdés 48 horas mesmo na
auséncia de TSH as células foliculares ainda apresentaram producéo de TG, fato que
poderia estar associado a estimulacdo pelo soro bovino fetal e pela insulina. Embora
o modelo em monocamadas e a falta de suplementacdo com iodo ndo represente um
modelo adequado para avaliagdo da sintese dos horménios tireoidianos, vale
ressaltar que a dosagem desses hormonios foi utilizada somente para avaliarmos a
viabilidade funcional das células em cultura e garantir que estas células estivessem

diferenciadas até o fim dos experimentos.

Futuros estudos com células foliculares normais cultivadas em matrizes
tridimensionais e com a suplementagédo de iodo sdo necessarios para acompanhar a
cinética da TG e do T4 livre desde o estimulo até sintese final, bem como para validar
e caracterizar as condi¢des ideais de todo processamento analitico para avaliacao

desses horménios, desde a coleta até a dosagem final.
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Abstract

The use of appropriately chosen reference genes for normalizing gene
expression in real-time quantitative reverse transcription polymerase chain reaction is
an important step in the analysis of gene expression, compensating for several
technical factors. As female sex hormones have been shown to influence growth and
differentiation of thyroid follicular cells, the establishment of normalizer genes in
human thyroid cells in primary culture, treated with progesterone, and estradiol, is
important to evaluate their effect on gene expression in these cells, so candidate
reference genes were studied. 3-Actin, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), b2-microglobulin (B2M), and TATA box binding protein (TBP) were
evaluated in thyroid cells treated with estradiol, progesterone, and their inhibitors.
Normfinder software was used to assess the stability of the genes and identified b-
actin as the gene with adequate stability and lower inter-group variations, when
compared to TBP, B2M, and GAPDH.

Keywords: Real time qRT-PCR, Primary cell culture, Thyroid, Gene expression,
Estradiol, Progesterone.
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Introduction

Estradiol has been shown to affect both growth and function in rat thyroid cells or
abnormal human thyroid cells by modulating the expression of genes such as the
sodium/iodide symporter (NIS) [1, 2], thyroglobulin (TG) [3], and thyroperoxidase
(TPO) genes [4, 5]. The signaling mechanisms involved in these actions are still
unknown [6, 7]. Estradiol-induced thyroid cell proliferation is probably mediated by
genes responsible for regulating one or more stages of this process, as cyclin D1 [8],
and proto-oncogene c-fos [6]. So far, there are no data regarding the effects of
estradiol, and progesterone in vitro in human normal thyroid cells, although their
receptors have been identified in these cells [9, 10].

Real-time quantitative reverse transcription polymerase chain reaction (qRT-
PCR) is the most sensitive and specific method for assessing gene expression [11],
although normalizing this method has been widely discussed recently [12-16].
Normalization of a target gene expression is performed to compensate for several
technical factors, such as quality of RNA extraction, RNA purity, poor efficiency of the
synthesis of complementary DNA (cDNA), inaccurate quantification of RNA sample,
and variability of pipetting [17]. Thus, the choice of an appropriate reference gene for

each experiment is a crucial point in the analysis of gene expression.

Software programs, Normfinder [12], GeNorm [18], and Bestkeeper [19], have
been used for choosing reference genes. In this context, this study aimed to evaluate
the most stable reference gene in human thyroid cells in primary culture treated with
progesterone and estradiol, and its inhibitors.

Materials and Methods
Tissue Acquisition

Normal human thyroid tissue was obtained from patients who underwent total
thyroidectomy as part of treatment for differentiated thyroid cancer in the Hospital de
Clinicas de Porto Alegre (HCPA). After macroscopic and frozen sections evaluation of

surgical specimens by two pathologists, some of the tissue was treated to obtain
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thyroid cells. This study was approved by the Ethics Committee of HCPA (GPPG: 08-
454).

Isolation of Primary Epithelial Human Thyroid Cells

Thyroid tissue was cut in fragments of about 1 mm? and digested by 3 mg/ml
collagenase type | in Hank’s solution (GIBCO, Grand Island, NY, USA), for 2 h at 37°C
with gentle shaking. The suspension of cells was sequentially filtered through nylon
meshes with 250, 150, and 60 um pore size. The filtered fraction, containing epithelial
thyroid cells, was resuspended in Ham’s F-12 Coon’s modification medium and
seeded in 35-mm Petri dishes at a density of 1 9 106 cells/cm?. Cells were maintained
in the same medium supplemented with 10 % fetal bovine serum, 10 pg/ml insulin, 5
pg/ml transferrin, 1 mU/ml TSH, and 100 U/ml kanamycin (3H medium). Cells were
kept at 37°C in 5 % CO,, with a medium change every 48 h. All reagents were
obtained from Sigma Aldrich Co, St. Louis, MO, USA, unless stated otherwise.

When cells were approximately 80 % confluent, they were deprived of TSH for 48
h (3H medium without TSH: 2H medium), and treated with progesterone or estrogen in
the presence or absence, respectively, of mifepristone (progesterone antagonist,
Sigma Aldrich) or ICI 182780 (antagonist of estradiol, 1.C.I. Pharmaceuticals,
Macclesfield Cheshire, UK). As there is no published study evaluating the effect of
progesterone in human thyroid cells in vitro, three different concentrations of this
hormone were tested: 1, 10, and 100 nM. 17b-Estradiol was studied at 10 nM, as
described previously [1]. Thus, eight groups were treated, as follows: G1, 2H medium;
G2, 2H medium + 20 pU/ml TSH; G3, G4, and G5, 2H medium + 20 pU/ml TSH and,
respectively, 100, 10, and 1 nM progesterone; G6, 2H medium + 20 IU/ml TSH + 10
nM progesterone + 100 nM mifepristone; G7, 2H medium + 20 |[U/ml TSH and 10nM
17B-estradiol; and G8, 2H medium + 20 IU/ml TSH + 10 nM 17B-estradiol + 100 nM
ICI 182780. Experiments were repeated five times in different culture cells to test

reproducibility.

RNA Extraction
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RNA extraction was performed with Trizol (Invitrogen, Life Technologies,
Karlsruhe, Germany) following the manufacturer instructions and stored at -80°C. RNA
concentration and purity were assessed by Nanodrop ND-1000 spectrophotometer
(Nanodrop Technologies, Rockland, DE, USA). RNA purity was considered
appropriate when the ratio of measurements at A260:A280 was from 1.8 to 2.1.

Synthesis of Complementary DNA (cDNA)

1 pg total RNA was transcribed into cDNA using oligo-dT primers and
Superscript Il reverse transcriptase (Invitrogen Life Technologies, Carlsbad, CA, USA)
following the manufacturer instructions. cDNA was diluted to 1:10 in diethyl

pyrocarbonate (DEPC) water and stored at -20°C.

Selection of Reference Genes and Primers Design

Based on commonly used reference genes in cultured cells, and considering
different pathways and functions for each gene, four genes were selected as

candidate for reference gene, as shown in Table 1.

Table 1: Name and function of candidate reference genes for normalizing gene

expression in normal thyroid cells treated with estradiol and progesterone

Symbol  Gene name Function
p-Actin  f-Actin Cytoskeletal structural
protein
B2M p-2-microglobulin Component of MHC-I
GAPDH Glyceraldehyde 3-phosphate Glycolysis and
dehydrogenase gluconeogenesis
TBP TATA box binding protein Transcription factor

MHC-I major histocompatibility complex class 1
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The primer sequences, product length, and mean melting temperature (Tm) for
each gene are shown in Table 2. PCR primers were kindly supplied by Molecular,
Endocrine andTumor Biology Laboratory, Universidade Federal do Rio Grande do Sul.

Annealing temperature of 60°C was used for amplification.

Table 2 Name, product length, mean melting temperature (Tm), and sequence
primers for candidate reference genes for normalizing gene expression in normal

thyroid cells treated with estradiol and progesterone.

Gene Primer sequence Product Mean
length (bp) Tw (°C)

p-Actin Forward: 5'-TGCCGACAGGATGCAGAAG-3’ 106 82.0
Reverse: 5'-GCCGATCCACACGGAGTACT-3'

B2M Forward: 5'-CTATCCAGCGTACTCCAAAG-3’ 165 78.5
Reverse: 5'-ACAAGTCTGAATGCTCCACT-3'

GAPDH Forward: 3'-CTTTGTCAAGCTCATTTCCTGG-3’ 133 84.2
Reverse: 5'-TCTTCCTCTTGTGCTCTTGC-3'

TBP Forward: 5'-GGGTTTTCCAGCTAAGTTCTTG-3' 150 79.1
Reverse: 5'-CTGTAGATTAAACAGGAAATAAC-3

bp base pairs, °C Celsius degree, B2M B-2-microglobulin, GAPDH Glyceraldehyde 3-
phosphate dehydrogenase, TBP TATA box binding protein.

cDNA amplification

gPCR reactions for DNA amplification were performed on the Step One Plus
(Applied Biosystems, USA) using Kit Platinum SYBR® Green gPCR SuperMix-UDG
(Invitrogen). Duplicate measurements were performed to determine reproducibility of
the assays with a single protocol: reaction mixtures were initially incubated at 95°C for
2 min, followed by 40 cycles of 15 sec denaturation step at 95°C, 30 sec at 60°C
annealing step and a 30 sec elongation step at 72°C. For each primer pair,
dissociation curve analyses were performed by running a gradient of 60-95°C to
confirm the specificity of the PCR amplification, and the absence of primer dimer.
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cDNA standard curves were constructed using the threshold cycles with five

measuring 10-fold dilution points from a pooled cDNA of the samples.

Statistical Analysis

The variability of gene expression of candidate genes was evaluated by the
Normfinder algorithm, which automatically calculates the average expression stability

for each candidate gene.

Results

The efficacy of isolation of the epithelial thyroid cells, and the growth conditions
were assessed by phase-contrast microscopy. The confluence in monolayers and

typical phenotype of normal human thyroid epithelial cells are shown in Fig. 1.

Fig. 1 Phase-contrast microscopy of primary human thyroid cells isolated by
collagenase. a Thyroid cell in suspension after enzymatic dissociation, and b thyroid

cells clumps 48 h after seeding. Scale a 20 pum and b 100 pm.

The values of stability of the candidate genes, and ranking obtained from
NormFinder analysis are shown, respectively, in Fig. 2 and Table 3. The most stable

combination was B-actin plus TBP (0.034).
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Fig. 2 Intra- and inter-group variation for candidate reference genes in five
cultures of normal thyroid cells, according to treatment, as evaluated by NormFinder.
The most stable gene is the one that has values closer to zero. GADPH, B2M, and
TBP had higher instability than -actin.
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B2M B-2-microglobulin, GAPDH Glyceraldehyde 3-phosphate dehydrogenase, TBP TATA box
binding protein, G1 no TSH, G2 TSH 20 IU/ml, G3 TSH 20 |U/ml + progesterone 100 nM, G4 TSH 20
IU/ml + progesterone 10 nM, G5 TSH 20 IU/ml + progesterone 1 nM, G6 TSH 20 IU/ml + progesterone
10 nM + mifepristone 100 nM, G7 TSH 20 IU/ml + estradiol 10 nM, G8 TSH 20 IU/ml + estradiol 10 nM +
100 nM ICI 182780.

Table 3 Candidate reference genes for normalization of RT-gPCR in human

thyroid cells, according to their stability, as calculated by NormFinder.

Ranking order Gene Stability value
1 p-Actin 0.033
2 TBP 0.054
3 GAPDH 0.108
4 B2M 0.108

Genes are listed from the most stable gene (fi-actin) to the least stable
one (B2M)

B2M f3-2-microglobulin, GAPDH glyceraldehyde 3-phosphate dehy-
drogenase, TBP TATA box binding protein
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Discussion and Conclusion

In the present study b-actin gene was shown to be suited for RT-qPCR gene
expression data normalization in primary culture cells obtained from normal human
thyroid, when treated with progesterone or estradiol. TBP, B,M, and GAPDH genes
had a greater variation in gene expression indicating a low stability of these genes in
the different groups studied.

Currently, it is accepted that there is no universal reference gene for RT-gPCR
data normalization. Each experiment is unique because of its individual characteristics
and, therefore, it is important to validate the candidate reference gene for every
experimental situation. The importance of choosing the appropriate reference gene
cannot be overstated, because the choice of an unsuitable one could lead to
misinterpretation of biological effects in studies of gene expression [16]. The ideal
reference gene should provide a transcript constant under all experimental conditions

at any time of the cell cycle or cellular differentiation [16].

In the present study, the culture of primary cells obtained from normal human
thyroid tissue was characterized by cell growth in adherent monolayer. The
differentiation of thyrocytes was confirmed by measuring TG in the supernatant of
each study group (data not shown).

NormFinder was chosen to compare candidate genes due to its ability to
estimate inter-and intra-group variability separately (Fig. 2) and then combine them
into a stability value (Table 3), representing the estimated systematic error [12]. The
gene expression is more stable when this value is closer to zero. The stability value

less than 0.15 is the cut-off for an acceptable reference gene [18].

In Table 3, stability values obtained are shown, already considering both
variations; the most stable to the least stable genes were (3-actin > TBP > GAPDH =
B2M.

Unfortunately, there are no studies in normal thyroid cells to compare with our
results. B2M and GAPDH genes are the most often used as reference genes in
several human tissues but today there is emerging evidence that both these genes
could vary its expression in different conditions [20].
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Stability values were calculated separately for intra-and inter-groups. Although
TBP has shown a good stability value (Table 3), due its low intra-group variation
(0.068), its high inter-group variation (0.166), as observed in Fig. 2, does not allow us

to suggest this gene as a reference gene for the experimental conditions used.

Also through the graphical representations in Fig. 2, it can be seen that the
expression of b-actin had a low variation both intra-and inter-group. Nevertheless, it is
important to point out that some variation is expected intergroup, when working with
primary cells culture, mainly due to tissue conditions in vivo, surgical details, and the

various steps for obtaining cells from dissociated tissue.

Because of the importance of evaluating these inter-and intra-group expression
variations, allowing to evaluate the heterogeneity between different cultures, other
softwares, such as GeNorm and Bestkeeper, were not used to assess candidate

reference genes.

Although some studies in immortalized cell lines from rat thyroid or human
abnormal thyroid have shown that steroid hormones could influence the function and
growth of the thyroid [1-3, 6-8, 21] there are no reports on the effects of estradiol or
progesterone in normal human thyroid cells. So these results could be potentially
helpful for future studies to assess changes in the pattern of gene expression in

normal human thyroid cells when exposed to these steroid hormones.

In conclusion, the results of the present study suggest that b-actin gene is more
stable than TBP, GAPDH, and B2M genes to evaluate the response of primary cells

culture from normal human thyroid to treatment with progesterone or estradiol.

Conflict of interest The authors have no conflicts of interest.
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Abstract

Thyroid cancer and thyroid nodules are more prevalent in women, and sex
hormones may have an etiological role contributing to it. Progesterone receptors have
been described in thyroid cells, but there are no data about direct effects of
progesterone on these cells, so the aim of the present study was to evaluate
progesterone effects in the sodium iodide symporter (NIS), thyroglobulin (TG), and
thyroperoxidase (TPO) gene expression in a model of human normal thyroid cells in
primary culture. When thyroid cells were treated with TSH 20 pUI/mL plus
progesterone 10 nM, the expression of NIS, TG, TPO mRNA increased significantly by
1.78, 1.50, and 1.64 folds, respectively, when compared to TSH 20 pUl/mL alone.
These effects were abolished by mifepristone, an antagonist of progesterone receptor,
suggesting that genes involved on thyroid cell function are up regulated by

progesterone through the genomic pathway.

Keywords: Thyroid; Progesterone; Mifepristone; Thyroid Cells; Primary Culture.
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Introduction

Thyroid nodules and thyroid cancer are more common in women (Mitchell et al.,
2007; Vanderpump, 2011), suggesting that female sex hormones could be involved in
the pathogenesis of these disorders.

Although estrogens have been shown to regulate proliferation, differentiation,
and function of thyroid cells in vitro, by genomics and non-genomics pathways, as
reviewed recently (Santin and Furlanetto, 2011), there are no data about direct effects
of progesterone on thyroid cells. Progesterone receptor is a member of a family of
nuclear receptors and is capable to regulate directly the transcription of target genes
or interact with a series of co-activator complexes that modify chromatin and influence
their transcription (Weigel and Moore, 2007).

As progesterone receptors have been variably described in thyroid follicular
cells (Bonacci et al., 1996; Marugo et al., 1989), these cells could be susceptible to the
influence of progesterone, so the aim of the present study was to evaluate
progesterone effects on the sodium iodide symporter (NIS), thyroglobulin (TG), and
thyroperoxidase gene expression in a model of human normal thyroid cells in primary
culture.

Methods

Human Thyroid Primary Cell Cultures

Thyroid tissue acquisition, isolation and culture of follicular cells were made as
described previously (Santin et al., 2012). In brief, normal thyroid tissue surrounding
tumors was obtained from patients who underwent total thyroidectomy, and digested

with collagenase.

104



Ana Paula Santin CAPITULO V

Experimental design

Thyroid cells were maintained in Ham’s F-12 Coon’s modification medium
supplemented with 10% fetal bovine serum, 10 pg/mL insulin, 5 pg/mL transferrin, 1
mU/mL TSH, and 100 U/mL kanamycin. Five or 7 days later, cells were deprived of
TSH for 48 hours in the medium described above with 5% fetal bovine serum with no
TSH (2H medium), subsequently, thyroid cells were treated with 2H medium and TSH,
progesterone, and mifepristone, as follows: Group 1: ethanol; Group 2: 20 plU/mL
TSH; Group 3: 20 plU/mL TSH + 10 nM progesterone, and Group 4: 20 plU/mL TSH +
10 nM progesterone + 100 nM mifepristone. The final concentration of ethanol was
adjusted to 0.1%. The cells were treated for 3, 6, 12, 24 or 48 h before total RNA
isolation.

Gene expression analysis

Total RNA was isolated using the Trizol® reagent (Invitrogen Life Technologies,
Carlsbad CA, USA) according to the manufacturer instructions, and concentration and
purity were assessed using Nanodrop ND-1000 spectrophotometer (Nanodrop
Technologies, Rockland DE, USA), and stored at -80°C. 1 ug total RNA was
transcribed into cDNA by Superscript Il reverse transcriptase (Invitrogen Life
Technologies), according to the manufacturer instructions, and then stored at —20°C.

Expression of TG, TPO and NIS by quantitative reverse transcriptase
polymerase chain reaction (QRT-PCR) were performed on Applied Biosystems®
StepOne™ Real-Time PCR System using Kit Platinum SYBR® Green gPCR
SuperMix-UDG (Invitrogen Life Technologies). B-actin was used as reference gene
(Santin et al., 2012). The primers for the specific amplification for TG, TPO and NIS

were described previously (Tanaka et al., 2000). Annealing temperature of 60°C was
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used for amplification; dissociation curves were performed by running a gradient of 60-
95°C to confirm the specificity of the PCR amplification product. All samples were
amplified in triplicate and cDNA standard curves were constructed using the threshold
cycles with five successive 10-fold dilution points of a pool of cDNA samples.

Statistical analysis

gRT-PCR experiments were performed in duplicates, and repeated, in
independent cultures isolated from different patients, three times for NIS gene and four
times for TG and TPO genes. NIS, TG and TPO mRNA values were normalized by B-
actin before statistical analysis. Differences in means were evaluated with the
Student’s t-test or ANOVA. After ANOVA, post hoc LSD test was used to detect which
means were different. All statistical analysis were performed with SPSS software,
version 18.0 (SPSS, Chicago, IL), and considered significant when p was less than

0.05.

Results
Thyroid cells in primary cultures were responsive to stimulation by TSH

Thyroid follicular cell viability and differentiation were assessed by the
characteristic morphology and by staining TG and TPO proteins by
immunocytochemistry (data not shown).

The response to TSH of NIS, and TG and TPO mRNA expression, were better
seen, respectively, after 3h and 48h (data not shown). TG and TPO mRNA expression
increased, respectively, 1.40 and 2.71 folds, after 48 hours of treatment with 20
ulU/mL TSH, NIS mRNA expression increased non-significantly 2.67 fold after 3 hours

of TSH treatment. These results are shown in Figure 1.
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Figure 1: Mean mRNA expression of thyroid proteins in response to TSH in human
thyroid follicular cells in primary culture. The response of sodium-iodide symporter
(NIS), and thyroglobulin (TG) and thyroperoxidase (TPO) genes, were measured,
respectively, after 3h and 48h, by gRT-PCR, and normalized with (-actin gene
expression. Data are shown as the ratio of target cDNA/control, which was arbitrarily
set to 1 + standard deviation. The experiments were performed in duplicates, and
repeated in three independent cultures for NIS, and in four independent cultures for

TG and TPO.

Progesterone up-regulated TG, TPO and NIS mRNA expression in follicular thyroid
cells

To evaluate the effect of progesterone on the expression of TG, TPO e NIS
genes, gRT-PCR was applied. When thyroid cells were treated with TSH 20 plU/mL

plus progesterone 10 nM, the expression of NIS, TG, and TPO increased,
107



Ana Paula Santin CAPITULO V

respectively, by 1.78, 1.50, and 1.64 times when compared to TSH, arbitrarily set as 1

(Figure 2).
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Figure 2: Progesterone increased mean mMRNA expression of thyroid genes in
response to TSH in human normal thyroid follicular cells in primary culture. The
response of the sodium-iodide symporter (NIS), and the thyroglobulin (TG) and the
thyroperoxidase (TPO) genes were measured, respectively, after 3h and 48h, by qRT-
PCR, and normalized with B-actin gene expression. The experiments were performed
in duplicates, and repeated in three independent cultures for NIS, and four
independent cultures for TG and TPO. Data are shown as the mean ratio of
treatment/TSH arbitrarily set as 1 + standard deviation, and were evaluated with

Anova (NIS: p=0.002; TG: p=0.018; TPO: p=0.008), and LSD as post hoc test.

Mifepristone reversed the effects of progesterone in thyroid follicular cells
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In order to determine whether the effects of progesterone in NIS, TG, and TPO
MRNA expression were mediated by the classical pathway, cells were treated with
TSH 20 pUl/ml plus progesterone 10 nM plus mifepristone 100 nM. There was no
difference on the expression of the three genes studied (NIS: p=0.668, TG: p=0.339,
and TPO: p=0.276), when the group treated with TSH 20ulU/mL was compared with
the group treated with TSH 20ulU/mL+ progesterone 10 nM plus mifepristone 100 nM

by the LSD post hoc test, as shown in Figure 2.

Discussion and Conclusions

To investigate the effects of progesterone on thyroid cells, normal follicular
thyroid cells derived from human tissue were cultured in monolayer. Progesterone up-
regulated TG, TPO, and NIS mRNA expression in cells stimulated by TSH and these
effects were abolished by mifepristone.

Isolated human follicular cells derived from normal thyroid tissue have been
described in other studies (Chambard et al., 1983; Nitsch and Wollman, 1980), with
high functional correspondence with the original follicular cells. In our model, thyroid
cells exhibited the expected morphology. Although the control group has been treated
with no TSH, the presence of TG, TPO and NIS mRNA was detected in these
experimental conditions, which could be due to other components of the medium such
as insulin, as observed for proliferation (Kimura et al.,, 2001), or to constitutive
activation.

In agreement with our findings, other studies have reported significant increase
in TG mRNA levels at 48 h of stimulation with TSH. Noseda et al evaluated TG mRNA
levels in FRTL-5 cells and showed a 2-fold and 4-fold increase in the expression at 24
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hours and 48 hours, respectively, when compared to no TSH (Noseda et al., 2005).
Likewise, also in FRTL-5 cells, Velez et al tested different times of TSH stimulation in
thyroid cells and observed an increase in TG mRNA expression approximately 2-fold
in 3 and 6 hours, 2.5-fold at 12, 24 and 72 hours, and a significant increase of about
4.5 times at 48 hours (Velez et al., 2006).

Pratt et al using primary cultures of sheep thyroid cells demonstrated increase
of TPO mRNA in response to TSH, beginning in 8 hours and peaking at 24-72 hours
(Pratt et al., 1989). Eszlinger et al observed that TPO mMRNA expression increased
markedly up to 20-fold after 8, 12, 24 and 48 hours after stimulation with TSH 1mU/ml
in primary cultures of human normal thyroid cells (Eszlinger et al., 2004).

TSH has been shown to up-regulate NIS mRNA in primary cultures of thyroid
cells in monolayer. In cultured human thyroid cells from a patient with Graves’ disease,
NIS mRNA increased about 2.7-fold after 24 h of incubation with TSH (Saito et al.,
1997). NIS mRNA levels in FRTL-5 cells, increased about 2.5-fold, after 48 hours of
stimulation with 20uU/ml TSH (Furlanetto et al., 1999). Ajjan demonstrated that NIS
gene expression was constitutively expressed in TSH-deprived FRTL-5 cells, and was
upregulated about 4.5 times after 6, 12 and 24 h of stimulation by 0.1 mU/ml TSH but
not during the first 2 hours (Ajjan et al., 1998).

Unfortunately, there are no studies of progesterone effect on thyroid cells,
human or not, so data obtained here cannot be compared with other studies.

As the effect of progesterone on the NIS, TG and TPO genes expression was
abolished by mifepristone, an antagonist of PR, a direct action of progesterone on
thyroid cells probably occurred through its nuclear receptor (Leonhardt and Edwards,

2002). Further studies are needed to investigate progesterone effects on thyroid cells.
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In conclusion, our results suggest that genes involved on thyroid cell function

are up regulated by progesterone through its nuclear receptor.
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Abstract

Thyroid nodules and differentiated thyroid cancer are more common in women,
and the incidence of the last has been increasing, which could be due to estrogen
effects in thyroid cells. Estrogen responses are typically mediated through classical
estrogen receptors, the a and 8 isoforms, which have been described in normal and
abnormal human thyroid tissue, although effects mediated through G protein estrogen
receptor 1 (GPR30/GPER), described in some thyroid cancer cell lines, could be
responsible for regulation of growth in normal cells. In this study, GPR30 gene and
protein expression are described in normal human thyroid cells in primary culture, and
is possibly localized in plasma membrane and perinuclear region by
immunocytochemistry. Further studies are needed to determine the functionality of

these receptors in the thyroid as well as its role in normal and abnormal conditions.

Keywords: GPR30; Thyroid; Primary Cell Culture; Thyrocytes, 173-estradiol,

immunocytochemistry;
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Introduction

Thyroid nodules and differentiated thyroid cancer are more common in women,
and the incidence of the last has been increasing (Wartofsky 2010). 173-estradiol
actions have been described in thyroid cells, but mechanisms of action are not well
known (Mendonca and Jorge 2002). Estrogen effects are typically mediated through
two classical estrogen receptors (ER), the a and B isoforms (ERa and ERB) (Banu et
al. 2002, Zeng et al. 2007, Zeng et al. 2008), which have been described in normal

and abnormal human thyroid tissue (Santin and Furlanetto 2011).

In 2002, Filardo et al. reported estrogen-induced activation of the mitogen-
activated protein kinase cascade in breast cancer cells ERa/B-negative, mediated by a
G-protein-coupled receptor (Filardo E. J. et al. 2002), named GPR30 or GPER
(Alexander et al. 2011). Subsequently, GPR30 has been described in several tissues
and cell types (Mizukami 2010, Olde and Leeb-Lundberg 2009) with sub-cellular
localization in plasma membrane (Filardo E. et al. 2007, Funakoshi et al. 2006, Lucas
et al. 2010, Revankar et al. 2005, Sanden et al. 2011, Thomas et al. 2005),
endoplasmic reticulum (Kleuser et al. 2008, Lin et al. 2009, Otto et al. 2008, Revankar

et al. 2005), and Golgi apparatus (Sakamoto et al. 2007).

So far, only two studies, both using carcinoma thyroid cell lines, were performed
to evaluate 17B-estradiol effects mediated through GPR30 in thyroid cells. While
Vivacqua et al. described estradiol-induced proliferation in WRO, FRO, and ARO cell
lines which was prevented by silencing GPR30 (Vivacqua et al. 2006), Kumar et al.

were not able to identify GPR30 expression in NPA87 and KAT5S cells and found low
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expression of this receptor in WRO, suggesting that estradiol-induced proliferation

involves majorly ERa and ERB (Kumar et al. 2010).

GPR30 studies in normal human cells could help to explain current
contradictory results in estrogen responsive tissues, since non transformed cells can
vary their phenotype, even under physiological conditions (Barton 2012). So, the
primary purpose of this study was to evaluate the expression of GPR30 in normal

human thyroid cells. The possible localization of this receptor was also evaluated.

Materials and Methods
Thyroid tissue acquisition

Tissue samples were obtained from patients submitted to thyroidectomy as part
of treatment for differentiated thyroid cancer. Normal human thyroid tissue was
obtained in the Hospital de Clinicas de Porto Alegre (HCPA). After macroscopic from
patients who underwent total thyroidectomy as part of treatment for differentiated
thyroid cancer and frozen sections evaluation of surgical specimens by two
pathologists, some of the normal tissue was kept in Hank’s solution at about 4°C until
processing. The project was submitted to, and approved by, the Research Ethics
Committee of the Hospital de Clinicas de Porto Alegre, Porto Alegre, RS, Brazil. In
accordance with the Resolution HCPA 02/97, based on the Resolution CNS 196/96 of
the National Health Council, Brazil, and the Guideline 9 of the International Ethical
Guidelines for Biomedical Research Involving Human Subjects (CIOMS, WHO,
Geneva, 1993), there was no need to obtain informed consent of the patients, because
only after the surgical procedure the researchers would know if a tissue sample would
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be available, they would not know the identity nor have access to the files of the
patients; and the tissue samples would be discharged by the pathologists, so there
was no interference with these exams. All tissue samples were considered medical

waste, and patient data were anonymized.
Primary culture of normal thyroid cells

Thyroid tissue was cut in fragments of about 1 mm?® and digested by 3 mg/ml of
colagenase Type | (GIBCO, Grand Island NY., USA) for 2h at 37°C with gentle
shaking. The resulting suspension was filtered through nylon meshes with 250, 150
and 60 pm pore size; the filtered fraction containing epithelial thyroid cells was
resuspended and seeded in a 35mm Petri dish at a density of 1x10° cells/cm? in
Ham’s F-12 Coon’s modified medium supplemented with 10% fetal bovine serum, 10
pg/mL insulin, 5 pg/mL transferrin, 1 mU/mL TSH and 100 U/mL kanamycin at 37 °C

with 5% COs,.
Immunocytochemistry

Immunocytochemical analysis was carried out as described previously by
(Loureiro et al. 2010). Briefly, thyroid cells, plated on glass coverslips and maintained
in culture for 4-6 days, changing medium every two days, were fixed with 4%
paraformaldehyde for 30 min and permeabilized with 0.1% Triton X-100 in phosphate-
buffered saline (PBS) for 5 min at temperature. Non-specific sites were then blocked
with 5% bovine serum albumin in PBS for 2 h at room temperature. Cells were
incubated overnight at room temperature with antibodies to N-terminal domain or
internal region of GPR30 (Santa Cruz Biotechnology, Inc. Santa Cruz CA, USA), both

diluted 1:50 in TTBS (0.5M Tris Base, 9% NaCl, 0.5% Tween 20, pH 8.4). Anti-
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thyroglobulin and anti-thyroperoxidase antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA,USA), both diluted 1:100 in TTBS, were used to confirm the presence of
these specific thyroid proteins. Incubation with specific secondary antibody conjugated
with Cy3 (sheep anti-rabbit; 1:5000) or with FITC (sheep anti-mouse; 1:400) were
performed for 2 h room. To visualize microtubules, antibody mouse against a-tubulin
(Invitrogen Life Technologies, Carlsbad CA, USA), diluted 1:500 in TTBS, was used in

immunofluorescence co-labeling.

In negative controls, reactions were performed omitting the primary antibody,
with no reaction. The actin cytoskeleton was observed using fluorophore-labeled
phalloidin, a fungal toxin that specifically binds actin, and the nucleus was stained with
0.25 ug/mL 4',6-diamidino-2-phenylindole (DAPI). Cells were visualized with a Nikon
microscope and images were transferred to a computer with a digital camera (Sound

Vision Inc., Newton, MA, USA).
Western blot analysis

Protein was extracted from 6 primary cultures of normal thyroid cells. Thyroid
cells were homogenized in RIPA buffer containing 20 mM (pH 8.0) Tris-HCI, 150 mM
NaCl, 5 mM EDTA, 10% glycerol, plus 1ug/ml aprotinin, Lug/ml leupeptin, and 0.1mM
phenylmethylsulfonyl fluoride (PMSF). Lysates were centrifuged at 12.000 x g for 30
min at 4°C, and supernatants were used for the assay. Protein content was measured
by the Bradford assay (Bradford 1976) and 50 micrograms of protein were separated
in a 12% SDS-polyacrylamide gel with a standard molecular weight marker (Spectra™
Multicolor Broad, Thermo Fisher Scientific Inc, Rockford, IL, USA). Proteins were

transferred to Immobilon-P polyvinylidene difluoride (0.45 um PVDF) blotting
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membrane with a semi-dry transfer cell (Bio-Rad Trans-Blot® SD, Hercules, CA,
USA). Afterwards, membranes were blocked by incubation with Tris-buffered saline
containing 0.1% Tween 20 and 3% nonfat dry milk for 2 h at room temperature.
Thereafter, membranes were incubated with rabbit anti-GPR30 antibodies (Santa Cruz
Biotechnology), or with mouse anti-a-tubulin antibody (Invitrogen) overnight at 4°C.
Membranes were then incubated in horseradish peroxidase-conjugated anti-rabbit or
anti-mouse immunoglobulin (Santa Cruz Biotechnology). Antigen-antibody complexes
were detected by chemiluminescence and exposed to Kodak medical X-ray processor
102 (Eastman Kodak, Rochester, NY, USA). Films were scanned and the optical
density of each specific band analyzed using the Image Station 4000MM PRO®

(Rochester, NY, USA).
Semiquantitative reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA from thyroid cells was extracted using Trizol® Reagent (Invitrogen
Life Technologies) according to the manufacturer's instructions, and the concentration
of isolated total RNA was measured by using a NanoDrop® ND-1000

spectrophotometer (NanoDrop Technologies, Inc., Rockland DE, USA).

cDNA was synthesized from 2 ug of total RNA in a 20 uL reaction using oligo-
dT primers and the SuperScript Il Reverse Transcriptase (Invitrogen) according to the

manufacturer's instructions, and stored at —20°C until use.

RT-PCR was performed to analyze GPR30 and B-actin mRNA amplification. . -
actin gene was amplified as reference gene with primers: sense 5'-
TGCCGACAGGATGCAGAAG-3’ and antisense: 5-GCCGATCCACACGGAGTACT-3’

and for GPR30, primer pairs used were described previously (Maggiolini et al. 2004).
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Thermocycling conditions for both primers pairs were 10 min at 95°C, followed by 45
cycles of 15 s at 94°C for template denaturation, 1 min at 60°C for annealing and 15 s
at 72°C for extension. The specificity of the products was verified by melting curve
analysis and 2.0% agarose gel electrophoresis containing 0.025 pg/ml ethidium
bromide, and they were photographed under UV light using the ImageMaster
program®. All reagents were obtained from Sigma Aldrich Co. (St. Louis MO, USA),

unless stated otherwise.

Results and Discussion

In this study, for the first time, GPR30 mRNA and protein expression were
demonstrated in normal human thyroid cells. This protein was probably located in

plasma membrane and perinuclear space.

Thyroid epithelial cells instead of thyroid tissue were chosen to evaluate GPR30
expression in human thyroid to avoid nonspecific cells, as vascular endothelial cells.
Although thyroid follicular cells in culture could have had loss of polarity, structural and
functional aspects of differentiated thyroid cells were preserved. Medium
supplemented with TSH allowed the maintenance of the characteristic phenotype of
thyrocytes (Figure 1.A and Figure 1.B), which was confirmed by the presence of
thyroglobulin and thyroperoxidase proteins (data not shown). Thyroglobulin was
present in the supernatant of each culture medium exchange which further confirmed

the differentiation of these cells (data not shown).
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Figure 1: A and B: Primary cell culture of normal human thyrocytes in monolayers, by

phase contrast microscopy.

GPR30 mRNA expression in normal thyroid cells

To examine GPR30 mRNA expression in thyroid cells, RT-PCR analysis was
performed in isolated thyroid cells obtained from six different patients. One single band
in 155 bp (Figure 2.A) was identified in all samples. B-actin gene was amplified to

assess the quality of the mRNA amplification. These data are shown in Figure 2.B.

155 pb

Figure 2: GPR30 mRNA expression in normal thyroid cells. Agarose gel

electrophoresis showing A: GPR30 (155 bp) and B B-actin (105 bp).

GPR30 mRNA was detected in all samples of normal thyroid cells,

differently from the results presented by Kumar and cols (Kumar et al. 2010), which
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were not able to identify GPR30 expression in two papillary thyroid carcinoma cell
lines, although it was identified in less differentiated or undifferentiated thyroid
carcinoma cell lines (Vivacqua et al. 2006). This could be due to abnormalities of

cancer cells.
Detection of GPR30 protein in human thyroid cells

To make a confident assessment of GPR30 immunoreactivity by
immunocytochemistry, both untagged antibodies against GPR30 protein were tested
by Western blot. The antibody against the N-terminal domain of GPR30 protein
revealed a doublet at molecular masses ~ 42 and 55 kDa (Figure 3.A) while the
antibody specific for the internal region showed one band ~ 38 kDa (Figure 3.B), as
expected according to the datasheet of the manufacturer. As already described in
other GPCRs, the ~ 55 kDa band protein can be the result of post-translational
modifications, such as N-glycosylation or unprocessed a- factor at the N-terminal

domain (Zhang et al. 2007).

-

Figure 3: Western blot analysis of GPR30 expression in human normal thyroid
cells in primary culture (n=6). Upper panel: antibody against the N-terminal region of
GPR30, with two protein bands as expected, ~55 and 42 kDa; middle panel: antibody

against the internal region of GPR30, 38 kDa; lower panel: B-tubulin, 50 kDa.
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GPR30 protein is possibly localized in plasma membrane and perinuclear space

in human normal thyroid cells.

Two different epitopes against the N-terminal and the internal region of GPR30
protein were evaluated because antibodies N-terminal, C-terminal or tagged could
influence protein localization on cell surface expression (Langer et al. 2010). To better
characterize the possible intracellular localization of GPR30 within human thyroid cells,
we used double labeling immunocytochemistry for two cytoskeletal components: actin,
using fluorophore-labeled phalloidin, and a-tubulin. No labeling for GPR30 was found
in the negative control tested. Immunohistochemical methods were not performed,
because although allowing the study of cells in their original tissue, they would not
identify the location of cytoskeleton structures in cells, so they would not be useful to

localize these proteins.

a-tubulin was used to visualize the microtubule cytoskeleton structure and its
double labeling with GPR30 antibody against its N-terminal domain demonstrated
GPR30 protein in the plasma membrane in thyroid cells (Figure 4.A) as described in
other cell types (Filardo et al. 2007, Funakoshi et al. 2006, Lucas et al. 2010,
Revankar et al. 2005, Sanden et al. 2011, Thomas et al. 2005) and also, a smaller
amount of this protein around the nucleus. On the other hand double labeling with a-
tubulin and the antibody to the internal region of GPR30 showed its distribution in the
perinuclear space, probably localized in the membranes of the endoplasmic reticulum
(Figure 4.B). In two other studies, calnexin and KDEL (Lys-Asp-Glu-Leu) staining, both

targeting specifically the endoplasmic reticulum, were used to visualize GPR30 protein
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into endoplasmic reticulum and the resulting images were similar to the ones obtained

by us(Cheng et al. 2011a, Kleuser et al. 2008).

Phalloidin-fluorescein isothiocyanate staining of actin was used to identify cell
membrane; double labeling of actin and anti-GPR30 N-terminal antibody suggested
the presence of GPR30 in cell membrane (Figure 4.C and Figure 4.D). As GPR30
protein in plasma membrane was described in several cell types, this explains why
GPR30 has usually been considered a mediator of non-genomic actions of 17f3-

estradiol (Filardo et al. 2007).
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IDAPI GPR30 N-terminal/DAPI

IDAPI GPR30 internal/DAPI

IDAPI GPR30 N-terminal/DAPI

Figure 4. Sub-cellular distribution of GPR30 in human normal thyroid cells by
immunocytochemistry fluorescent staining on coverslips. Nuclei were stained in blue
with DAPI (blue). Co-localization of GPR30 and a-tubulin (panel A and B) or actin
(panel C and D) showing that GPR30 was possibly located in plasma membrane

(merged A and C) and perinuclear region (merged B and D) in human thyroid cells.
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Taken together these findings suggest that GPR30 is not located in a single
compartment of the thyroid cell, with possible occurrence of endocytic trafficking with
internalization and recycling of GPR30, as suggested previously in other cell types
(Cheng et al. 2011a) (Cheng et al. 2011b, Filardo et al. 2007). More importantly, this

work has confirmed the presence of GPR30 in normal thyroid follicular cells.

Conclusions

In this study, we have documented, for the first time, mRNA and protein
expression of GPR30 in normal human thyroid cells and its possible localization in
plasma membrane and perinuclear space. These results justify further studies to
determine the functionality of these receptors in thyroid cells as well as its role in

normal and abnormal conditions.
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CONSIDERACOES FINAIS

Conforme revisado no Capitulo I, hA& um numero consideravel de estudos
avaliando o efeito do 17-B-estradiol em modelos in vitro em diversos tipos de
linhagens e cultura primaria de células foliculares da tireoide. Independente do tipo de
modelo, h4 uma consisténcia e uma reprodutibilidade nos resultados diretos e
indiretos obtidos apds estimulacdo com estradiol. Observou-se que os efeitos do
estradiol podem ser mediados por vias ndo gendmicas, como pelo aumento da
fosforilacdo da proteina ERK 1-2, a qual € mediada via ativacao das proteinas PKC e
c-RAS e também via aumento da expressdo da PI3K que por sua vez levam a
ativacdo da AKT e mTOR. Vale ressaltar que todos esses efeitos citados levam a

proliferacéo das células foliculares da tireoide.

A presenca do receptor da progesterona no tecido tireoidiano normal é a
primeira evidéncia de que a progesterona pode ter acao direta na célula folicular da
tireoide, embora, conforme demonstrado na revisdo sistematica do Capitulo Il, os

estudos avaliados na literatura apresentem inconsisténcia de resultados.

Em nosso modelo avaliado, descrito no Capitulo Ill, a manutencdo da
diferenciacdo das células foliculares foi avaliada pela resposta ao TSH, que
sabidamente, estimula a expressao dos genes TPO, TG e NIS. Este modelo mostrou-

se adequado para avaliar a expressdo desses genes. A utilizacdo de linhagens de
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células foliculares de tireoide, além de ndo apresentar um fenotipo comum e serem
dotadas de mutacdes, em geral, apresentam também a perda da expressao de genes
gue as diferenciam em células foliculares normais e que séo essenciais para manter a

funcdo dessas células.

Para andlise de expressdo génica € aceito que nao existe um gene
normalizador ideal para todos os experimentos e, por isso, ha a necessidade de
validar isoladamente cada condicdo experimental, pois a escolha de um gene
normalizador ndo adequado pode levar a uma interpretacdo equivocada dos efeitos
biolégicos estudados em seu experimento. Em nosso modelo, apés estimular as
células foliculares com estradiol e progesterona, bem como com seus respectivos
antagonistas, identificamos que a B-actina € um gene normalizador aplicavel e
apresenta uma maior estabilidade quando comparadas com os genes TBP, B2M e

GADPH (Capitulo 1V).

Nos experimentos do Capitulo V, demonstramos que a progesterona é capaz
de mediar aumento significativo da expressao dos genes NIS, TG e TPO e, pelo fato
da mifepristona inibir esse efeito, podemos sugerir a hipétese de que esse efeito
direto da progesterona nas células foliculares da tireoide € mediado por receptores
classicos . Até o momento ndo havia conhecimento sobre os possiveis efeitos da

progesterona nestas células.

Por fim, no Capitulo VI, representando o primeiro relato na literatura em células
foliculares da tireoide humana normal, demonstramos que estas expressam tanto o

gene como a proteina do receptor de membrana GPR30 e sua possivel co-localizacéo
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na membrana celular e espaco perinuclear, corroborando a hipotese de translocacao

do GPR30, estudada em outros tipos celulares.

Como conclus@es finais, baseados nos resultados obtidos nos estudos que
compdem essa tese, a progesterona aumentou a expressdo dos genes NIS, TG e
TPO em células foliculares da tireoide humana in vitro e, além disso, essas células
expressam tanto 0 gene como a proteina para o receptor de membrana GPR30 que
possivelmente esta co-localizado tanto na membrana plasmatica como na membrana

do reticulo endoplasmatico (Figura 10).

N-terminal

T mRNANIS, TGe TPO

Figura 10: Efeito da progesterona na expressdo dos genes NIS, TG e TPO e a
possivel localizacdo do receptor de membrana GPR30 em um modelo de células

foliculares normais da tireoide humana em cultura primaria.
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PERSPECTIVAS E RESULTADOS PRELIMINARES

A avaliacdo da expressao das proteinas NIS, TG e TPO esta sendo realizada e

ainda nao temos conclusdes devido ao pequeno nimero de culturas analisadas.

Temos, como perspectivas futuras, avaliar o efeito da progesterona em
modelos 3D, o qual representa 0 modelo mais adequado para tal analise, tanto na

expressao das proteinas NIS, TG e TPO como na atividade da enzima TPO.

Por outro lado, este modelo € ideal para avaliar os efeitos ndo classicos da
progesterona. Como resultados preliminares tém-se os resultados da ativagcdo das
proteinas AKT e ERK 1/2 onde estimulamos as células foliculares da tireoide por 5,
10, 15 e 30 minutos; até o momento, temos o resultado de apenas uma cultura

(Figura 11).

5 min 10 min 15 min 30 min

p-Akt _ _ - - -
ac [ 2T D - - -
PERKIZ g o+ SR 8% 9% 49 .. [N S 08 = 5= = W e
ERK"Z-O. -- . e .Q.....O

G2 G3 G4 G1 G2 G3 G4 G2 G3 G4 G1 G2 G3 G4

Figura 11 - Efeitos da progesterona na fosforilagéo das proteinas AKT e ERK 1/2.
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Resultados preliminares (n=1). G1: meio 2H; G2: meio 2H + TSH 20 plU/mL; G3: meio 2H +
TSH 20 plU/mL + progesterona 10 nM; G4: meio 2H + TSH 20 plU/mL + progesterona 10 nM

+ mifepristona 100 nM.

Em relacdo ao GPR30 temos como perspectiva mais importante avaliar a
funcionalidade desse receptor nas células foliculares, expondo-as a antagonista,
agonistas e RNA de interferéncia especificos para o receptor GPR30. Em andamento
em nosso grupo, estd sendo avaliada a expressdo deste receptor em tecido
tireoidiano normal e em bdcio bem como em cancer papilar de tireoide. Além disso,

estamos estudando o efeito da progesterona sobre a atividade da tireoperoxidase.
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