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RESUMO

Introducgdo: Durante a gravidez, devido ao aumento da exigéncia metabdlica placentaria
ha um aumento na producdo das espécies reativas de oxigénio (ROS) que podem causar,
por exemplo, oxidagdo de &cidos graxos poli-insaturados na placenta, além disso, nesta
fase ocorre um aumento na expressdo da aromatase e do receptor relacionado ao
estrdgeno gama (ERRgama) na placenta humana. Objetivo: O objetivo do estudo foi
avaliar os parametros de estresse oxidativo e imunomarcacdo da aromatase e do
ERRgama na placenta humana. Métodologia: A capacidade antioxidante total (ACAP),
atividade da glutamato cisteina ligase (GCL), concentracdo glutationa (GSH),
peroxidagéo lipidica e imunomarcagdo da aromatase e do ERRgama foram analisados
em tecido placentario de 58 parturientes. Estas analises foram relacionadas com os
dados socio-demogréficos das participantes. Resultados: Os recém-nascidos de maes
fumantes nasceram com menor peso (p=0,001). A concentracdo de GSH diminuiu a
producdo da peroxidagdo lipidica (p<0,05), por outro lado, a atividade de GCL teve
efeito oposto (p<0,001). Encontramos uma diminui¢do na capacidade antioxidante total
e aumento da peroxidacao lipidica (p<0,05) na placenta. A placenta de maes fumantes
tinham menos marcacdo da aromatase (p=0,037) j&, as mées mais velhas tiveram menos
marcacdo do ERRgama (p=0,009) na placenta. A GSH teve efeito positivo na
imunomarcacdo de ERRgama (p=0,001). Conclusdes: A expressdo da aromatase e do
ERRgamma na placenta sdo alterados tanto por fatores exdgenos, tais como o fumo do
cigarro, como por fatores enddgenos, tais como a concentracdo de GSH e a idade da
mée. Os marcadores de estresse oxidativo na placenta sdo mais elevados em mées mais

velhas e em placenta com menor capacidade antioxidante total.

Palavras-chave: placenta, estresse oxidativo, aromatase e receptor relacionada ao estrégeno

gama.



ABSTRACT

Introduction: During pregnancy, due to increased metabolic demand placental there
is an increased production of reactive oxygen species can cause, for example, oxidation
of polyunsaturated fatty acids in the placenta, furthermore this phase there is an increase
in the expression aromatase and estrogen receptor-related gamma (ERRgamma) in
human placenta. The objective of the study was to evaluate the parameters of oxidative
stress and immunolabeling of aromatase and ERRgamma in the human placenta.
Methods: The total antioxidant capacity (ACAP), glutamate cysteine ligase (GCL)
activity, glutathione (GSH) concentration, lipid peroxidation and immunolabeling of
aromatase and ERRgamma were measured in placental tissue of 58 parturient. These
analyzes were related with socio-demographic data of the participants. Results: The
fetus of smoking mothers were born with less weight (p=0.001). The concentration of
GSH decreased lipid peroxidation (p<0.05). We found a reduction in total antioxidant
capacity and increased lipid peroxidation (p<0.05) in the placenta. Smoking mothers
had less aromatase (p=0.037) already older mothers had less labeling of the ERRgamma
(p=0.009) in placenta. Conclusions: The expression of aromatase and ERRgamma in
the placenta are altered both by exogenous factors such as cigarette smoke, as by
endogenous factors such as the concentration of GSH and the age of the mother.
Markers of oxidative stress in the placenta are higher in older mothers and placenta with

lower total antioxidant capacity.

Keywords: placenta, oxidative stress, aromatase and estrogen-related receptor gamma
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LISTA DE ABREVIAURAS

ACAP - Capacidade antioxidante total
CAT- Catalase

DHEA- Deidroepiandrosterona

ER- Receptor de estrogeno

ERRgama- Receptor relacionado ao estrogeno gama
GCL- Glutamato cisteina ligase

GR- Glutationa redutase

GPx- Glutationa peroxidase

GSH- Glutationa reduzida

GSSG- Glutationa oxidada

hCG- Gonadotropina coridnica humana
H,O,- Perdxido de hidrogénio

MDA- Malondialdeido

O," - Radical anion superoxido

-OH- Radical hidroxila

ROS- Espécies reativas de oxigénio
SOD- Superdxido dismutase

TBARS- Substancias reativas ao acido tiobarbitirico



1. INTRODUCAO
1.1. Placenta, uma glandula endécrina
A placenta € um érgdo temporério que serve como local de trocas fisioldgicas
entre a mée e o feto (Moore et al., 2012), que inclui transmissdo de nutrientes, gases e
agua para o feto, excrecdo de residuos de produtos do metabolismo fetal no sangue
materno (Brolio et al., 2010). Por esse motivo, a placenta desempenha papel
fundamental no crescimento fetal. Além disso, a placenta fornece uma barreira que

protege o feto de xenobidticos presentes no sangue materno (Yan et al., 2005).

Segundo Gude et al., 2004 a placenta ndo possui nervos por isso, qualquer
comunicacdo entre a mae e o feto ocorre através de substancias por via sanguinea.
Durante muitos anos, acreditava-se que a circulacdo materna é estabelecida dentro da
placenta logo apds implantacdo, porém, atualmente, sabe-se que o fluxo sanguineo
materno significativo ocorre pds 122 semanas de gestacdo (Jauniaux et al., 2005). A
placenta é constituida por dois componentes: a porcdo fetal, originaria do saco coriénico

e a porcdo materna derivada do endométrio (Moore et al., 2012) (Figura 1).

Figura 1. Placenta humana. A: porcédo fetal da placenta humana. B por¢do materna
da placenta humana. Fonte: Adaptado de: http://fpebr.blogspot.com.br.



O desenvolvimento da placenta depende da diferenciagdo dos trofoblastos em
citotrofoblasto e sinciciotrofoblasto (Genbacev et al., 1996). O sinciciotrofoblasto é a
camada sincicial que estd em contato direto com o sangue materno e desempenha papel
importante no transporte de nutrientes, residuos e troca gasosa (Poidatz et al., 2012)

(Figura 2). Além disso, o sinciciotrofoblasto sintetiza uma série de hormoénio tanto

proteicos como esteroides (Genbacev et al., 1996; Moore et al., 2012).

Figura 2: Micrografia da placenta humana. Corte transversal do lado materno da

placenta humana, aumento 20 X. Fonte: Laboratério de histologia da FURG.

Os hormdnios proteicos sintetizados pela placenta sdo: a) gonadotrofina
coriénica humana (hCG) horménio que ajuda a prolongar a vida util do corpo lateo no
inicio da gravidez (Evain-Brion et al., 2003; Moore et al., 2012); b) somatomamotrofina

corionica humana age no feto modulando o desenvolvimento e estimula a produgédo de
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insulina; c) corticotrofina coribnica humana, quando liberado na corrente sanguinea

materna pode ajudar a modular o metabolismo materno (Gude et al., 2004).

Ja em relacdo a producdo de horménios esteroides pela placenta, um estudo
relatou que uma das caracteristicas da placenta € sua intensa atividade esteroidogénica
(Evain-Brion et al., 2003). As células precursoras da placenta ndo expressam aromatase
por isso, a capacidade da placenta de sintetizar o estr6geno é vastamente aumentada
ap0s a nona semana de gestacdo em associacdo com a invasdo do citotrofoblasto,
alargamento das arteriolas uterinas, aumento do fluxo sanguineo e a disponibilidade de
oxigénio. Nesta fase a aromatase € altamente expressa na placenta e entdo esta se torna

uma glandula enddcrina altamente ativa (Kumar et al., 2011).

1.2 Aromatase e suas funcdes na placenta

A enzima aromatase € um membro da familia do citocromo P450 é produto do
gene CYP19A1 e fica localizada no reticulo endoplasmatico. A porcao catalitica da
aromatase contém um grupo heme, bem como um local de ligacdo de esteroides
(Chumsri et al., 2011). A expressao da aromatase em varios tecidos humanos € regulada
pela utilizacdo alternativa de multiplos éxons (a aromatase é composta por multiplos
éxonsl) e promotores de tecidos especificos (Harada et al., 2011). O local de iniciacdo
da transcricdo na placenta reside ~100.000 pb do local de iniciacdo da traducédo do éxon

Il (Figura 3) (Mendelson et al., 2005).
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Figura 3: Representacdo esquematica do gene CYP19 humana (aromatase). Os éxons
I1-X (roxo) que codificam a proteina aromatase. A regido de ligacdo do heme (HBR) e
dois sinais de poliadenilagdo na regido 3’ nao traduzida (UTR; preto) sdo codificados
pelo éxon X. Os éxons | do tecido especifico sdo inseridos num local comum (indicado
pelas linhas verticais) imediatamente a montante do codon ATG no éxon Il. Fonte:
Adaptado de (Mendelson et al., 2005).

A aromatase catalisa a etapa limitante da biossintese dos estrogenos: a
aromatizacdo de androgenos em estrégenos (Chumsri et al., 2011; Harada et al., 2011).
Em contraste com outros érgdos esteroidogénicos, a placenta humana ndo expressa
citocromo P450 17a-hidroxilase e por isso ndo pode utilizar os esteroides de 21
carbonos, tais como pregnenolona ou a progesterona como substrato para a sintese de
andrdgenos para estrégenos. Assim, a sintese de estrégenos na placenta depende de uma
fonte precursora de andrégenos o deidroepiandrosterona (DHEA) e
deidroepiandrosterona-sulfato (DHEA-S) produzidos pela glandula adrenal materna e
fetal respectivamente (Figura 4) (Gambino et al., 2012; Rainey et al., 2004; Stocco et

al., 2012).

12



Mae Placenta Feto

/ \ colesterol LDL

Circulagdo € = =p == == Estradiol :
materna Estriol 1‘ 4 : Adrenal fetal \
Esterona | clivagem da cadeia lateral

1 ]

| 17BHSD | 17a hidroxilase, 17, 20-liase
" aromatase | Esteroides sulfotranferase/

[ 3pHsD || \—
| sulfatase | \I/
DHEA-S = |w wee g e e ey e 4o
A
Esteroides sulfotranferase Figado fetal
17a hidroxilase, 17, 20-liase 160 hidroxilase
clivagem da cadeia lateral 150 hidroxilase
Adrenal materna ! 160OH.DHEA-S
colesterol LDL \ /‘ 15,16 0OH-DHEA-S

Figura 4. Biossintese de estrdgeno na placenta humana. Fonte: Adaptado de (Rainey et
al., 2004).

Os niveis elevados da aromatase na placenta humana servem para: a)
metabolizar grandes quantidades de andrégenos produzidas pelas glandulas adrenais
fetais, impedindo assim a conversdo destes esteroides em andrégenos ativos, o que pode
masculinizar o feto; b) gerar estrogenos biologicamente ativos, 0 que aumenta a
angiogénese, fluxo sanguineo Utero-placentario e reduz a resisténcia vascular sistémica
(Kumar et al., 2011; Stocco et al., 2012). A aromatase da placenta também é critica,
para a diferenciacdo dos 6rgdos genitais externos femininos (Stocco et al., 2012).

1.3 Receptores relacionados ao estrégeno-gama na placenta

Os receptores relacionados aos estrogenos (ERRs) sdo receptores nucleares
orfaos que foram identificados por meio de sua homologia com os receptores de
estrogeno (ERa e B). Os primeiros ERRs a serem identificados foram ERRa (NR3B1) e
ERRB (NR3B2), posteriormente foi identificado um terceiro membro da familia dos
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ERRs o ERRy (NR3B3) (Duellman et al., 2010; Eichner et al., 2011; Poidatz et al.,
2012). Embora os ERRs, compartilham estreito parentesco estrutural com os ERs os
ERRs ndo se ligam aos estrogenos (Duellman et al., 2010; Eichner et al., 2011; Poidatz
et al., 2012). No entanto, os ERRs apresentam diferentes niveis de atividade constitutiva
(dependendo do tecido) e, podendo interagir com co-ativadores independente de
qualquer ligante (Abad et al., 2008). A atividade transicional dos ERRs séo altamente
dependente de proteinas co-ativadoras entre elas pode-se destacar a familia de
reguladores de transcrigdo o co-ativador alfa do receptor gama ativado por proliferador

de peroxissoma (PGC-1a) (Rangwala et al., 2007).

Estudos tém mostrado que as isoformas dos ERRs sdo expressos em niveis
muito elevados em tecidos com elevadas exigéncias metabdlicas (Poidatz et al., 2012;
Rangwala et al., 2007). Durante o desenvolvimento fetal o ERRgama é altamente
expresso em tecidos metabolicamente ativos tais como; musculo esquelético, tecido
adiposo e tecidos cardiacos. Ja nos adultos os niveis mais elevados da expressao do
ERRgama €é observado no tecidos cardiacos, cérebro, rins e pancreas (Abad et al.,
2008). Takeda et al., 2009 mostrou que a placenta humana também expressa grandes
guantidades de ERRgama. Entre as isoformas do ERRgama conhecidas, a isoforma-1
(ERRgamal) é expressa exclusivamente na placenta. Apesar dessas descobertas pouco

se sabe das funcgdes fisiologicas do ERRgama na placenta.

1.4 Estresse oxidativo

Grande parte da energia produzida no organismo € gerada por meio de
fosforilagdo oxidativa, o que implica cinco complexos enzimaticos da cadeia
respiratoria mitocondrial que estdo envolvidos no transporte de elétrons através de uma

série de proteinas via reacOes redox, tendo como destino final uma molécula de
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oxigénio que € entdo convertida em agua no complexo 1V (Andrade et al., 2010). No
entanto, durante esse processo e em condi¢des normais ~1-3% do oxigénio é reduzido
univalentemente, ou seja, um processo em que a molécula recebe um elétron por vez, o
qual vai ocupar um dos orbitais externos, produzindo intermediarios reativos,
denominado ROS (Valko et al., 2007).

ROS incluem as espécies radicalares como, radical anion superoxido (O;°) e
radical hidroxila (-OH), que possuem um elétron desemparelhado na ultima camada
orbitral e, ndo radicalares como o peréxido de hidrogénio (H,0,). O radical superéxido
é a primeira espécie a ser formada a partir do oxigénio molecular pela adicdo de um
elétron, é pouco reativo e impermeavel a membranas lipidicas agindo apenas no local
onde é produzido (Andrade et al., 2010; Ribeiro et al., 2005).

Embora ROS tenham chamado atencdo primeiramente como subproduto do
metabolismo aerdbico potencialmente prejudicial, sabe-se agora que estas ROS
desempenham papeis importantes na célula (Burton et al., 2011). Em baixa
concentracdo atuam como moléculas sinalizadoras intracelulares (Andrade et al., 2010),
por exemplo, na regulacdo da transcricdo de genes (Mariani et al., 2006). As ROS
passam a ter efeito prejudicial ao organismo quando ocorre um aumento excessivo na
sua producdo ou uma diminuicdo na defesa antioxidante, levando ao estresse oxidativo

(Andrade et al., 2010).

As ROS podem atuar no organismo oxidando proteinas, DNA e acidos graxos
polinsaturados denominado (peroxidacao lipidica) (Ribeiro et al., 2005). A peroxidacéo
lipidica pode ser definida como uma cascata de eventos bioquimicos resultante da acéo
das ROS sobre os acidos graxos polinsaturados das membranas celulares levando a

destruicdo dessas estruturas, faléncia dos mecanismos de troca de metabolitos e em
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condicBes extremas a morte celular (Galhardi et al., 2009; Lima et al., 2001). Os &cidos
graxos polinsaturados sdo particularmente susceptiveis ao ataque de radical hidroxila
(Burton et al., 2011). Durante a oxidacdo de lipideos h&a formacdo de substancias
denominadas aldeidos. Dentre os aldeidos o malondialdeido (MDA) é um dos mais
abundantes e é utilizado como um marcador bioquimico da peroxidagdo de lipideos in

vivo e in vitro (Barbosa et al., 2008; Ribeiro et al., 2005).

1.5 Sistema de defesa antioxidante

Para combater os efeitos danosos das ROS, os organismos aerobicos possuem
um sistema complexo de moléculas capazes de interceptar, degradar as ROS ou ainda
reparar os danos causados por estas, denominado sistema de defesas antioxidantes, que
podem ser de natureza enzimatica ou ndo enzimatica (Mota et al., 2004). As enzimas
antioxidantes presentes no sistema biologico mais comum sdo: a) superdxido dismutase
(SOD) que converte o radical superoxido em perdxido de hidrogénio (Mariani et al.,
2006; Nassi et al., 2009); b) catalase (CAT) que faz a conversdao do perdxido de
hidrogénio em &gua e oxigénio (Mariani et al., 2006) e c) glutationa peroxidase (GPx)
(Erdem et al., 2012) que constitui em uma classe principal de enzima envolvida na

neutralizacdo do peroxido de hidrogénio (Roland-Zejly et al., 2011) (Figura 5).

Ja entre as defesas antioxidantes ndo enzimaéticas, pode-se destacar a glutationa
reduzida (GSH), um dos mais importantes antioxidantes das células e, considerada a
primeira linha de defesa contra as ROS (Dickinson et al., 2002). O que determina a
elevada concentracéo intracelular de GSH é o equilibrio entre as rea¢Bes que consomem
a GSH as reagdes que produzem glutationa oxidada (GSSG), por exemplo, na
degradacdo do peroxido de hidrogénio pela GPx (Mota et al., 2004). A manutencdo dos

niveis normais de GSH acontece, em parte, através da reducdo da GSSG, catalisada pela
16



enzima glutationa redutase (GR) que requer poder redutor do NADPH gerado na via das

pentoses fosfato (Dickinson et al., 2002).
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Figura 5. Cooperacéo entre antioxidantes. Fonte: Adaptado de (Cederberg 2001).

A GSH é um tripeptideo composto por glutamato cisteina e glicina, a sintese de
GSH ocorre em duas etapas: na primeira etapa que € considerada a etapa limitante na
sintese da GSH, a y-glutamil cisteina sintase (y-GCS) atualmente chamada de glutamato
cisteina ligase (GCL) catalisa a formagdo do dipeptideo y-glutamil-cisteina (y-GluCis)
na segunda etapa, a GSH sintetase faz a ligacdo do aminoécido glicina com o dipeptideo
com gasto de ATP gerando GSH (y-glutamil-cisteina-glicina) (Lu et al., 2009; White et

al., 2003) de acordo com as reagdes abaixo:

y-glutamato + L-cisteina + ATP —y-glutamil-L-cisteina + ADP + Pi
(catalisada pela GCL)
y-glutamil-L-cisteina +L-glicina + ATP — GSH + ADP + Pi

(catalisada pela GSH sintetase)
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A GCL ¢é um heterodimero constituido de duas subunidades uma é denominada
subunidade catalitica (GCLc) que tem toda a atividade catalitica da enzima e a outra é a
subunidade regulatéria (GCLr). A atividade da GCLr modifica a atividade da
holoenzima, diminuindo o valor do Km (constante de Michaelis que caracteriza a
afinidade da enzima pelo substrato) para o glutamato e aumentando o valor do Ki
(constante de inibicdo) para a GSH (White et al., 2003). A sintese da GSH em células é

normalmente regulada pela inibicdo do feedback da GCL pela GSH (Lu et al., 2009).

1.6 A placenta e o estresse oxidativo

No primeiro trimestre da gestacao existe um aumento fisioldgico na producéo de
ROS devido a hipdxia-reoxigenacao apos o estabelecimento do fluxo sanguineos nos
espacos intervilosos (Potdar et al., 2009; Dickinson et al., 2002). Durante a gravidez
devido ao aumento nos niveis da atividade metabolica na mitocondria placentaria
(Myatt et al.,2004; Potdar et al., 2009) também ha um aumento na producdo de ROS
(Potdar et al., 2009; Roland-Zejly et al., 2012). Por isso, a placenta é considerada uma
fonte importante de estresse oxidativo durante a gravidez (Erdem et al., 2012). Porém,
trabalho tem relatado que peroxidacdo lipidica produzida durante a gravidez é
controlada pelas enzimas antioxidantes sintetizadas pela placenta (Mueller et al., 2005).
No entanto, ha evidéncias crescentes de que 0 estresse oxidativo desempenha papel
importante em condicdes patoldgicas durante a gravidez como, pré-eclampsia, aborto
espontaneo (Burton et al., 2011), restricdo de crescimento intra-uterino e até morte fetal

(Al-Gubory et al., 2010).
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2. JUSTIFICATIVAS

Durante a gestacdo a placenta funciona como uma glandula enddcrina e
desempenha inumeras fungdes que visam o crescimento e o desenvolvimento do feto.
Por isso, qualquer alteracdo na sua funcdo tera consequéncias diretas para o feto em
desenvolvimento, neste sentido, € importante avaliar esses niveis no final da gestacdo, ja
que trabalhos tém relatado que o stress oxidativo desempenha papeis importante em
varias patologias. Diante da importancia da aromatase na sintese do estrogeno, qualquer
insulto na sua sintese pela placenta pode ter consequéncias graves. Uma vez que foi
relatado que o ERRgama é altamente expresso na placenta durante a gestacdo é

importante maior compreenséo sobre o seu papel na placenta.

3. OBJETIVOS

3.1 Objetivos gerais

Avaliar os niveis de peroxidacao lipidica, capacidade antioxidante total, atividade da

GCL e contracdo da GSH e expressao da aromatase e do ERRgama na placenta humana.

3.2 Objetivos Especificos

Avaliar a influéncia do tabagismo materno, sexo do recém-nascido e a imunoexpressao

da aromatase no peso do recém-nascido.

Avaliar a influéncia do tabagismo materno e expresséo do ERRgama na

imunoexpressdo da aromatase na placenta.

Avaliar influéncia da idade da mée e o papel da GSH na imunoexpressdo do ERRgama

na placenta.
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Avaliar a influéncia da idade da mae e o papel da GCL e GSH nos niveis de

peroxidacdo lipidica na placenta.

Avaliar a capacidade antioxidante total da placenta em relagdo aos niveis de

peroxidacdo lipidica.
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ABSTRACT

Introduction: During pregnancy, due to increased metabolic demand placental there
is an increased production of reactive oxygen species can cause, for example, oxidation
of polyunsaturated fatty acids in the placenta, furthermore this phase there is an increase
in the expression aromatase and estrogen receptor-related gamma (ERRgamma) in
human placenta. The objective of the study was to evaluate the parameters of oxidative
stress and immunolabeling of aromatase and ERRgamma in the human placenta.
Methods: The total antioxidant capacity (ACAP), glutamate cysteine ligase (GCL)
activity, glutathione (GSH) concentration, lipid peroxidation and immunolabeling of
aromatase and ERRgamma were measured in placental tissue of 58 parturient. These
analyzes were related with socio-demographic data of the participants. Results: The
fetus of smoking mothers were born with less weight (p=0.001). The concentration of
GSH decreased lipid peroxidation (p<0.05). We found a reduction in total antioxidant
capacity and increased lipid peroxidation (p<0.05) in the placenta. Smoking mothers
had less aromatase (p=0.037) already older mothers had less labeling of the ERRgamma
(p=0.009) in placenta. Conclusions: The expression of aromatase and ERRgamma in
the placenta are altered both by exogenous factors such as cigarette smoke, as by
endogenous factors such as the concentration of GSH and the age of the mother.
Markers of oxidative stress in the placenta are higher in older mothers and placenta with

lower total antioxidant capacity.

Keywords: placenta, oxidative stress, aromatase and estrogen-related receptor gamma
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1. INTRODUCTION

The placenta is a complex organ that enables the mammalian embryo to survive
in the intrauterine environment [1]. Among the various functions performed for the
placenta is synthesize and to secrete steroid and peptide hormones [2] including
estrogen. Estrogens are synthesized from Cjo-steroid precursors for the action of
cytochrome P450 aromatase (CYP19A1). This enzyme is highly expressed in the
human placenta [3]. In addition to the aromatase, estrogen-related receptor gamma
(ERRgamma) also was reported to be expressed at highest levels in the human placenta.
This receptor was identified through their homology to the estrogen receptors but is not
activated by estrogen, however, exhibit constitutive activity [4].

During pregnancy, due high metabolic demand there is an increased production
of reactive oxygen species (ROS) by placenta [5]. The ROS produced increases
susceptibility to oxidative stress during pregnancy [6] and can have deleterious effects
on cell as, oxidation polyunsaturated fatty acids [7]. There is increasing evidence that
oxidative stress plays a role in the pathological conditions during pregnancy such as,
intra-uterine growth restriction (IUGR) and fetal death [8].

The ROS can be neutralized by antioxidant defense system which is classified as
enzymatic and non-enzymatic [9]. The glutathione (GSH), synthesized by the enzyme
glutamate cysteine ligase (GCL) is the most important low molecular weight antioxidant
synthesized in cells [10]. It is important to underscore that the antioxidant defense
system also is present in human placenta [2].

The objective of this study was to evaluate the association between parameters
of oxidative stress and immunolabeling of aromatase and estrogen receptor-related

gamma in human placenta.
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2. MATERIALS AND METHODS

2.1 Collection and storage of samples

The study included 58 mothers attended at the Obstetric Center of the University
Hospital of the Federal University of Rio Grande that agreed in signing a consent form
free and clear. Mothers under 18 years old, their legal guardian were responsible for
signing this form. The samples were collected between September 2011 to August
2012. We included only women with uncomplicated pregnancy and excluded multiple
pregnancy. All participants answered a questionnaire (annexl) where we obtained
information such as age and smoking habits. Data of the newborn such as weight and
sex, were obtained through Medical record analysis. After normal delivery or cesarean,
biopsies of placenta were performed on the disk of the central maternal side of the
placenta. The portions of biopsies used in biochemical analysis were stored at -80°C
and to immunohistochemistry were fixed in 4% paraformaldehyde. This study was

approved by the Ethics Committee in Research in the Area of Health, n°54/2011.

2.2 Measurement of total antioxidant capacity (ACAP)

The total antioxidant capacity against peroxyl radicals (ROO") was performed
according to Amado et al. [11]. Aliquots of placenta homogenates were put in a medium
containing 30mM HEPES (pH7.2), 200mM Kcl, ImM MgCl, and 40uM of the
fluorogenic compound 2°,7"-dichlorofluorescein diacetate (H,DCF-DA; Invitrogen) in
presence or absence of 2, 2"-azobis 2 methylpropionamidine dihydrochloride (ABAP; 4
mM; Aldrich), which generates ROO" by thermal decomposition at 37°C. Fluorescence
was considered as a measure of ROS production and was read in a spectrofluorimeter
equipped with a microplate reader (Victor 2 Perkin Elmer) in wavelengths of 485 and

530nm for excitation and emission, respectively. Total fluorescence generation was
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calculated by integrating the fluorescence units (FU) along the time of the measurement.
The results were expressed as area difference of FU x min in the same sample with and
without ABAP addition and standardized to the ROS area without ABAP. The relative
difference between ROS area with and without ABAP was considered a measure of
antioxidant competence of the placenta, were area difference is inversely proportional to

the antioxidant capacity.

2.3 Determination of GCL activity and GSH concentration

GCL activity and GSH levels in the sample placenta were determined according
White et al. [12]. This method employs the reaction of naphthalene dicarboxialdehyde
(NDA) with GSH or y-glutamylcysteine (y-GC) to form fluorescent cyclic products. A
reaction solution (25ul) with 400mM Tris-HCI, 40mM ATP, 20mM glutamate, 2.0mM
EDTA, 20mM sodium borate, 2mM serine, 40mM MgCI was prepared just before the
assay to prevent ATP degradation. After addition of placenta homogenates (25ul), the
plate was incubated at room temperature for 60min and the reaction stopped by adding
50ul of 5-sulfosalicylic acid (SSA, 200mM). After protein precipitation, the plate was
centrifuged for 5min at 2000xg and 20ul of supernatant from each well were transferred
to a white plate, being added a 2,3-naphthalenedicarboxaldehyde (NDA) solution to all
wells, and after 30min of incubation, the fluorescence intensity of the NDA-GSH
complex was read at excitation and emission wavelengths of 485 and 530nm,

respectively.

2.4 Measurement of lipid peroxidation

Determination of lipid peroxides was performed through estimation of the

malondialdehyde content in placenta homogenates employing the thiobarbituric acid
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reactive substances (TBARS) fluorimetric method, according to Oakes and Van der
Kraak. [13]. Aliquots of sample extracts (10ul) were added to a reaction solution
containing 150ul of 20% acetic acid, 150ul of thiobarbituric acid (0.8%), 50ul of
MilliQ water and 20pl of sodium dodecyl sulfate (SDS, 8.1%). This mixture was heated
at 95°C during 30min for derivatization. Following cooling for 10min, 100ul of MilliQ
water and 500l of n-buthanol were added. After centrifugation (3,000x g during 10min
at 15°C), 150ul of the organic phase were placed in a microplate reader and the
fluorescence registered with wavelengths of 520 and 580nm for excitation and
emission, respectively. Concentration of TBARS (nM/mg of wet tissue) was calculated
employing a standard curve of tetramethoxypropane (TMP, Acros Organics) as

Malondialdehyde (MDA) equivalent.

2.5 Immunomarcation of aromatase and ERRgamma

The slides of placenta (6um) were deparaffinized with xylene, rehydrated in
graded alcohols, and washed in with distilled water and finally in phosphate buffer
(PBS, pH7.4). They were then treated with 3% hydrogen peroxide in PBS for 15min to
inactivate endogenous peroxidase activity. After, slides were heat-treated for antigen
retrieval using sodium citrate buffer (0.01%, pH6.0). To eliminate nonspecific binding,
slides were incubated with 10% normal goat serum (NGS) in PBS + 3% bovine serum
albumin (BSA) for 2 hours. After, slides were then incubated overnight at 4°C with the
primary antibodies, Anti-Aromatase antibody (ab115271, abcam ®) or ERRgamma (Z-
21: sc-133561, Santa cruz Biotechnology, INC) diluted 1:100 in PBS containing
TritonX-100 0.5%. After, the slides were incubated with secondary antibody for 2
hours, Alexa Fluor 546 rabbit anti-goat 1gG ( Life Technologies) or Donkey Anti-Goat

IgG H&L (DyLight® 488, ab96931, abcam®), diluted 1:200 in PBS containing Triton
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X-100 0.5%. The slides were washed with PBS and incubated during 1min with 4,6-
diamidino-2 phenylindole (DAPI) (D9542, Sigma-Aldrich). Finally, the slides were
mounted with aqueous mount medium (Fluoromount, F4680, Sigma-Aldrich) and
visualized in immunofluorescence microscope (Olympus BX51). The aromatase and
ERRgamma were measured using the Image J program. The negative control was
processed using identical protocols, except for the primary antibody.
2.6 Statistical Analysis

We used multiple regression analysis to examine the relation between
parameters analyzed in placental tissue. Results were considered significant when the
corresponding P value was less than 0.05.

3. RESULTS

In total 58 pregnant women participated in the study, age ranged from 15 to 40
years and the mean age was 23 years. Among the 58 newborns included in the study 30
(51%) were female. The lower and higher weights of the newborn were 1,950g and
4,000g Mean+SD weight was 3,051.09+515.62g. With regard to maternal smoking
during the pregnancy we observed that 19 (32.75%) of the mothers were smokers,
however, was not reported the number of cigarettes smoked per day. The variables that
affected the birth weight were estimated by multiple regressions showed in Table 1.
Birth weight was affected significantly [F(3, 52)=11.439 p<0.002] by sex (p<0.015),
higher in males, by smoking (p=0.006), lower in newborn of mothers who smoked
during pregnancy. Children of smoking mothers were born with less weight (2,945g) in
relation to children of non-smoking mothers (3,161g) and aromatase had a negative

effect (p=0.001) on birth weight.
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The result of multiple regression [F(2, 53)=7.0872 p<0.012] (Table 2) showing
the factors that influence the immunolabeling of aromatase in the placenta, wherein, the
immunolabeling of ERRgamma had a positive effect (p=0.005). The Figure 1 shows the
immunolabeling of aromatase in human placenta in which can see that smoking mothers
had less immunolabeling of aromatase in the placenta (Figure 1.B1 and 1.B1) compared

to non-smokers (Figure 1.C1 and 1.C3) (p=0.037).

The immunolabeling in the placenta ERRgamma is affected by mother's age and
GSH, as shown in multiple regression [F(2, 53)=13.690, p<0.01] (Table 3). The
placenta of older mothers had less ERRgamma (p=0.009) and GSH concentration had a
positive effect on ERRgamma (p=0.001) in the placenta. The representative image of
the immunolabeling of the ERRgamma in human placenta can be seen in (Figure 2B1

and 2.B3).

Multiple regression analysis of lipid peroxidation in placenta was affected by
mother age, GCL activity and GSH concentration [F(5, 50)=6.701 p<0.001] (Table 4).
Older mothers have higher lipid peroxidation in the placenta (p<0.05). GCL activity had
a positive effect on the production of the lipid peroxidation (p<0.001) and, the increased
concentration of GSH decreased lipid peroxidation (p=0.05) (Figure 3B). The Table 5
shows regression results of the ACAP [F(3, 52)= 5.007, p <0.022]. The ACAP was
affected by the lipid peroxidation, in which the increase in lipid peroxidation decrease
the total antioxidant capacity the placenta (p<0.05) (Figure 4) and, GCL activity had no

significant effect (p=0.085).

4. DISCUSSION
Decreasing weight in newborn of smoking mothers was reported in studies done

by Simpson [14] and, more recent studies by Sasaki et al. [15], Sbara et al. [16] and,
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Wang et al. [17]. The cigarette smoke is composed of more than 4000 compounds [15],
it is very difficult to correlate specific compounds with negative effects. However,
nicotine one of the principal alkaloids of tobacco smoke, has been implicated in causing
severe adverse effects in the developing fetus. It is well documented that nicotine
activates the adrenergic system, how nicotine crosses the placenta there is a possibility
of activating the adrenergic system fetus. Various laboratory shows that nicotine
induces the release of catecholamines and having a direct vasoconstrictive effect on
blood vessels of the placenta [18]. This decreases placental blood flow which
consequently reduces the amount of nutrient/oxygen transport to fetus [19]. Another
component of cigarette smoke that may have negative effect on fetal growth is the
carbon monoxide, which crosses the placenta and binds to hemoglobin forming

carboxyhemoglobin, further interfering with tissue oxygenation [20].

The weight of the newborn is a variable of great importance due, in large part,
from the recognition of its strong association with mortality not only in the perinatal
period as infant [21]. Higher birth weight found in boys in our study is consistent with

studies by Souza et al. [21] and recently by Secreti et al. [22].

During pregnancy aromatase expressed in the placenta is important for many
functions, such as to generate biologically active estrogen [23] however, at the end of
pregnancy, the increase in the placentary aromatase is related to the increase in the level
of estrogen which plays a fundamental role in labor [24]. Several hormones are related
to the onset of the contraction, the peristaltic contractions of the smooth muscle are
caused by oxytocin liberated by posterior lobe of the pituitary [25]. Oxytocin also
stimulates the release of prostaglandins of the decidua, which stimulate myometrial

contractility sensitizing the cells of this oxytocin. However, estrogens also increases the
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contractility of the myometrium and stimulate the release of oxytocin and
prostaglandins [25]. The circulating corticotropin-releasing hormone (CRH) that is seen
in pregnancy is identical to maternal and fetal hypothalamic CRH but is synthesized in
the placenta in large amounts stimulated by cortisol [26]. The placental CRH stimulates
human fetal adrenal cells to produce dehydroepiandrosterone-sulfate (DHEA-S) and, the
ability of cortisol to stimulate placental CRH makes it possible to create a feed-forward
endocrine cascade that does not end until separation of the fetus from the placenta at
delivery. This positive feedback cascade was proposed to drive the increase in CRH as

well as fetal adrenal steroidogenesis in late gestation [26].

Decreasing in the quantity of aromatase in placenta of smoking mothers was also
reported by Kitawaki et al. [27]. Barbiere et al [28] examined the effects of constituents
of tobacco such as nicotine, cotinine and anabasine on estrogen production in cells of
the placenta and concluded that these compounds inhibit the estrogen formation,
suggesting that nicotine directly inhibit the enzyme aromatase. Already, Kumar et al. [3]
observed that induction of aromatase expression was prevents when the cells were
cultured under hypoxic (2% O,) conditions. If the aromatase expression depends on
oxygen, it is expected a reduction in the expression of aromatase in placenta of women
smokers, once, compounds present in cigarette smoke can diminish blood flow
uteroplacental and leads to hypoxia due to the formation of carboxyhemoglobin [19],

consequently decreases the supply of oxygen to placenta.

Influence of immunolabeling ERRgamma on immunolabeling aromatase was
also reported by Kumar et al. [3], they showed that during the differentiation of
trophoblast in the placenta, ERRgamma induced expression of aromatase. They also

reported that sequences nuclear receptor element (NRE-like)-183pb may serve as
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response element (ERRE) by which ERRgamma induces the basal activity of the
promoter aromatase. These data show that ERRgamma is capable of promoting the
endocrine function of the human placenta by the induction of expression of aromatase

[29].

Although there is no evidence in the literature that explain the mechanisms by
which maternal age affects the immunolabeling of ERRgamma in the placenta, and
considering the role of ERRgamm induction on aromatase placentary, this study
provides more information that can lead to the production of new scientific research to

elucidate the functions of the ERRgamma in placenta.

Poidatz et al. [29] showed in their study that ERRgamma induced mitochondrial
biogenesis in the placenta, based on analysis of mitochondrial DNA content and
expression of the key regulators of mitochondrial biogenesis (peroxisome proliferator-
activated receptor y coactivator 1o (PGC-1a) and nuclear respiratory fator (NRF1).
These data lead to the hypothesis that the ERRgamma to induce mitochondrial
biogenesis may indirectly influence the production of ROS in the placenta. Therefore,
the increase in ERRgamma labeling is accompanied with an increase in the

concentration of GHS which is necessary to make antioxidant defense against ROS.

The increased risk of adverse pregnancy outcomes in adolescents can have
various influences including gynecological immaturity [30]. Despite a decrease in lipid
peroxidation observed in mothers aged 20 to 30 years, still observed a production of
lipid peroxidation. Study has shown that during normal pregnancy due to the high
metabolic activity of placental mitochondria there is an increase in generating ROS
[31], therefore, normal pregnancy is considered a condition of oxidative stress and lipid

peroxidation explains the observed at this age. Based on "Oxidative Stress Theory" for
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aging proposed by Harman 1991 [32] explain the increase in lipid peroxidation in the
placenta of older mothers found in our study. It is noteworthy that beyond the placental
contribution in the production of lipid peroxidation in pregnancy; maternal blood which
circulates placenta can also bring lipid peroxidation [33]. Takeara et al. [34] showed
that lipid peroxide concentration in maternal blood was 70% higher than the umbilical

cord, supporting our hypothesis.

The activity of GCL is a major determinant of the rate of GSH synthesis [35]
however, under physiological conditions GSH is a competitive inhibitor of GCL,
providing negative feedback control of GSH generation [36]. When there is excessive
increase of oxidative stress depletes cellular GSH [35], so a decrease in GSH levels will
cause a transient increase in the activity of GCL pre-existing decreasing feedback
inhibition by GSH [37]. So, the GCL current would have no effect on the regulation of
agents that cause oxidative stress. Although GSH decreased lipid peroxidation, total
antioxidant capacity was not sufficient to eliminate and prevent damage caused by ROS
in the placenta. This result leads to hypothesis that in late pregnancy there is an
increased of oxidative stress. This data is supported by the study by Patil et al. [38]
which show an increase in lipid peroxidation in late gestation compared with beginning

of pregnancy.

We conclude that, maternal smoking during pregnancy has negative implications not
only for the mother but also for the fetus, nevertheless, many mothers continue to
smoke during pregnancy. The expression of aromatase and ERRgamma in the placenta
are altered both by exogenous factors such as cigarette smoke, as by endogenous factors

such as the concentration of GSH and the age of the mother. Markers of oxidative stress
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in the placenta are higher in older mothers and placenta with lower total antioxidant

capacity.
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6. TABLES AND FIGURES

Table 1. Results of multiple regression analysis with birth weigth(g) as dependent
variable.

Independent variable Regression Standard error of p-value
coefficient regression coefficient

Intercept 3981.024 0.001

Smoking (no=1; yes=2) -0.643 0.178 0.001

Sex newborn (female=1; male=2)  0.47 0.157 0.015

Aromatase -0.985 0.178 0.001

The level of significance was set at p<0.05.
F(3, 52)=11.439; R2=0.79, adjusted R?=0.72, p<0.002.
F: Fisher Test; Rz coefficient of determination; adjusted R2 coefficient of determination.

Table 2. Results of multiple regression analysis with aromatase as dependent variable

Independent variable Regression Standard error of p-value
coeficiente regression coefficient

Intercept 24.6 0.038

Smoking (no=1; yes=2) -0.519 0.216 0.037

ERRgamma 0.771 0.216 0.005

The level of significance was set at p<0.05.
F(2, 53)=7.0872; R2=0.58, adjusted R2= 0.50; p<0.012.
F: Fisher Test; R? coefficient of determination; adjusted R2 coefficient of determination.

Table 3. Results of multiple regression analysis with ERRgamma as dependent variable

Independent variable Regression Standard error of p-value
coeficiente regression coefficient

Intercept 107.603 0.003

Mother age -0.542 0.166 0.009

[GSH] 0.734 0.166 0.001

The level of significance was set at p<0.05
F(2, 53)=13.690; R2=0.752 Adjusted R?= 0.697; p<0.01.
F: Fisher Test; R? coefficient of determination; adjusted R? coefficient of determination.
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Table 4. Results of multiple regression analysis with MDA as dependent variable

Independent variable Regression  Standard error of p-value
coeficiente  regression coefficient
Intercept 0.595 0.017
Mother age -1.755 0.804 0.034
Mother age**2 1.931 0.806 0.021
[GSH] 1.307 0.464 0.007
[GSH]**2 -1.154 0.467 0.017
GCL activity 0.479 0.128 0.001

The level of significance was set at p<0.05

F(5, 50)=6.7019;R2=0.426; adjusted R2= 0.363, p<0.001
F: Fisher Test; R? coefficient of determination; adjusted R? coefficient of determination.

Table 5. Results of multiple regression analysis with ACAP as dependent variable

Independent variable Regression Standard error of p-value
coefficient regression coefficient

Intercept 32.764 0.017

Atividade GCL 0.396 0.207 0.085

Thars -4.884 1.757 0.019

TBARS**2 5.151 1.749 0.014

The level of significance was set at p<0.05;

F(3, 52)=5.007; R2=0.60 adjusted; R2= 0.48, p<0.022

F: Fisher Test; R? coefficient of determination; adjusted R2 coefficient of determination.
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Figure 1: Immunolabeling of aromatase in the chorionic villi in human placenta during
pregnancy. A: negative control, increase 100X. B: Placenta of Smoking mothers,
increase 100X. C: Placenta of non-smoking mothers, increase 100X. The

Immunolabeling of aromatase is located in the cytoplasm.
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Figure 2: Immunolabeling of ERRgamma in the chorionic villi in human placenta
during pregnancy. A: negative control, increase 100X. B: Immunolabeling of

ERRgamma, increase 100X. The marking of ERRgamma is located in the nucleus.
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Figure 3: A. Relation between levels of malondialdehyde (MDA) in the human placenta
and mother age. B. Relation between levels of malondialdehyde (MDA) in the human
placenta and concentration of the tripeptide glutathione (GSH).
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Figue 4: Relation between total antioxidant capacity against peroxyl radicals (ROQ°)
and levels of thio barbituric acid reative substances (TBARS) in the human placenta.
Data are expressed as the difference in area with and without ABAP relative to the

fluorescence area measured without ABAP.
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CONCLOES GERAIS

O tabagismo materno durante a gestacdo diminui o peso do recém-nascido e a
imunoexpressdo da aromatase na placenta. Neste estudo se observou que filhos de méaes

fumantes nasciam com menos peso em ralacdo aos filhos das maes ndo fumantes.

Os recém-nascidos do género masculino apresentam maior peso ao nascer.

A imunoexpressdo do ERRgama na placenta influéncia a producdo da aromatase, ja a

imunoexpressao do ERRgama diminui com a idade.

Durante a gestacdo, 0 aumento na expressao do ERRgama na placenta influencia a

sintese da GSH.

A producdo de peroxidacdo lipidica na placenta varia de acordo com a idade da
gestante, na qual gestantes mais velhas apresentam maior producdo de peroxidacdo

lipidica.

A GSH sintetizada pela placenta diminui a peroxidacdo lipidica, porém, quando foi
analisada a capacidade antioxidante total, observou-se que houve uma queda na
capacidade antioxidante total e um aumento na producdo da peroxidagdo lipidica.
Mostrando que no final da gestacdo a defesa antioxidante sintetizada pela placenta ndo é
suficiente para diminuir danos causados por ROS. Entdo conclui-se que hd um aumento

do estresse oxidativo no final da gestacao.
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ANNEX 1

Study of oxidative stress and expression of aromatase and estrogen-related receptor

gamma in human placenta.

Number

questionnaire

“THE QUESTIONS IN THIS QUESTIONNAIRE IS CONFIDENTIAL, THERE IS NO
POSSIBILITY OF YOU BEING IDENTIFIED. THEREFORE WE RELY ON YOUR

SINCERITY.”

“LET'S TALK ABOUT YOUR PERSONAL DATA”

1. What color of your skin? (1) White (2) Black

2. How old are you? __ Year (complete)

3. Are you: (1) Single (2) Married or have a partner (3) Widow
4. Series until you study? " The ™ degree (already completed)
5. Do you smoke? (1) Yes How many cigarettes per day?

6. Type of delivery: (1) vagial (2) caesarean

(4) Separate

(2) No (3) Stopped smoking
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