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RESUMO

A presente dissertacdo trata-se de um estudo de caso exploratorio que discorre sobre fatores
neuro-estruturais, hormonais, neuropsicoldgicos e suas possiveis associa¢cdes, em um par de
gémeos monozigdticos adulto, do sexo masculino, discordantes para o transexualismo. Ambos 0s
gémeos foram submetidos a entrevistas semi-estruturadas por meio de equipe especializada
pertencente ao Programa de Transtorno de ldentidade de Género do Hospital de Clinicas de
Porto Alegre (HCPA). Aplicou-se o intrumento Wechsler Adult Intelligence Scale (WAIS), com
0 objetivo de avaliar diversas fun¢des cognitivas verbais e ndo-verbais que contribuem para a
inteligéncia geral e realizou-se Ressonancia Magnética do encefalo, com a finalidade de medir o
volume de uma série de estruturas cerebrais. Ainda, a méde dos sujeitos (0 pai alegou néo ter
disponibilidade em participar) forneceu informacgdes sobre a gestacdo, parto, condi¢bes de
nascimento, infancia, meio ambiente, alteracBes clinicas presentes e passadas e eventos
incomuns na histéria de vida dos gémeos. Em cinco regiGes cerebrais foram detectadas
diferencas nos volumes de determinadas estruturas, e nas habilidades de linguagem e raciocinio
viso-espacial houve divergéncia entre 0os gémeos. Sugere-se que fatores epigenéticos possam
estar envolvidos tanto na discordancia fenotipica como nos achados deste estudo.

Palavras chave: transexualismo, Transtorno de identidade de género, gémeos, monozigose,

Ressonancia Magnética, testes psicologicos.



ABSTRACT

The present work is an exploratory study case that discusses about neuroanatomical, hormonal
and neuropsychological factors and their possible associations in one monozygotic male twin
pair discordant for transsexualism. Both twins answered semi-structural interviews applied by
specialized team from Gender Identity Disorder Program of Hospital de Clinicas de Porto
Alegre, Brazil; In addition, they were tested with the Wechsler Adult Intelligence Scale (WAIS)
battery that evaluate verbal and non verbal cognitive functions that contribute to general
intelligence; and underwent magnetic resonance imaging (MRI) to measure the volumes of
specific cerebral structures. The mother of the twins gave information (father did not want to
participate) about the pregnancy, delivery, conditions of birth, childhood, raising environment,
unusual medical or life history events. Both neuroimaging and cognitive function testing
detected different outcome between the twins. In six different cerebral regions differences have
been found in the volume of specific structures, as well as in language, visuo-spatial abilities. It
is suggested that epigenetic factors could be related to the phenotypic discordance and the
findings of this study

Keywords: Transsexualism; Gender identity disorder; Twins, monozygotic; Magnetic resonance

imaging; Psychological tests.



APRESENTACAO

Este trabalho consiste na dissertacdo de mestrado intitulada “Gémeos monozigdticos
discordantes para transexualidade: diferengas neuroanatomicas e psicologicas”, apresentada ao
Programa de Po6s-Graduacdo da Universidade Federal do Rio Grande do Sul em fevereiro de

2012. O trabalho é apresentado em trés partes, ha ordem que segue:

1. Introducdo, Revisdo da Literatura e Objetivos
2. Artigo
3. Conclusdes e Consideracdes Finais.

4. Referéncias



INTRODUCAO

Transexualidade é uma condicdo considerada pela Organizacdo Mundial de Salde
(OMS) como um tipo de transtorno de identidade de género (TIG). A Classifica¢do Internacional
de Doencgas, 10* versdo (CID-10), da OMS, Capitulo V, Transtornos Mentais e do
Comportamento, inclui nos chamados Transtornos de Identidade Sexual o transexualismo, o
travestismo de duplo papel e os transtornos de identidade sexual na infancia, além dos genéricos,
outros transtornos de identidade sexual e transtorno de identidade sexual ndo especificados
(OMS, 1993). De acordo com a CID-10, o transexualismo refere-se a condi¢do do individuo que
possui uma identidade de género diferente ao que foi designado no nascimento, tendo o desejo de
viver e ser aceito como sendo do sexo oposto, geralmente acompanhado por uma sensacdo de
desconforto ou impropriedade do seu préprio sexo anatdbmico e um desejo de se submeter a
tratamento hormonal e cirurgia para tornar seu corpo congruente quanto possivel com o0 sexo
preferido. Para que esse diagnostico seja feito, esta condicdo deve ter estado presente
persistentemente por pelo menos dois anos e ndo deve ser um sintoma de outro transtorno
mental, tal como esquizofrenia, nem estar associada a qualquer anormalidade intersexual,
genetica ou do cromossomo sexual. Transexuais freqlientemente relatam sentirem-se “presos no
corpo errado”, referem vontade de mudar sua aparéncia fisica e assemelharem-se ao sexo oposto
0 quanto for possivel (Cohen-Kettenis e Gooren, 1999).

Segundo o DSM-IV-TR, para realizar o diagnostico de TIG, pelo menos dois critérios
devem estar presentes:

(A) Forte e persistente identificacdo com o género oposto, que consiste no desejo de ser, ou a

insisténcia do individuo de que ele é do sexo oposto - essa identificacdo como género oposto nao


http://pt.wikipedia.org/wiki/Transtorno_de_identidade_de_g%C3%AAnero
http://pt.wikipedia.org/wiki/CID-10
http://pt.wikipedia.org/wiki/Identidade_de_g%C3%AAnero
http://pt.wikipedia.org/wiki/Sexo

deve refletir um mero desejo de quaisquer vantagens culturais percebidas por ser do outro sexo.
(B) Evidéncias de um desconforto persistente com o préprio sexo atribuido ou uma sensacao de
inadequacao no papel de género deste sexo.

(C) O diagndstico ndo deve ser feito se o individuo tem uma condicdo intersexual fisica
concomitante (p. ex., sindrome de insensibilidade aos andrégenos ou hiperplasia adrenal
congeénita)

(D) Evidéncia de sofrimento clinicamente significativo ou prejuizo no funcionamento social ou
ocupacional ou entre outras areas importantes da vida do individuo.

A prevaléncia estimada do transexualismo varia de 1 em 10.000 até 1 em 100.000 em
transexuais masculino-para-feminino (MpF) e de 1 em 30.000 até 1 em 400.000 nos transexuais
feminino-para-masculino (FpM) (Cohen-Kettenis & Gooren, 1999). O transexualismo pode ter
inicio precoce ou tardio, o que facilita a divisdo em subgrupos. Transexualismo de inicio precoce
é aplicado ao individuo que tem o desejo de se tornar do sexo oposto ja na infancia, enquanto
que de inicio tardio se aplica ao individuo em que a identificacdo com o género oposto surge na
puberdade ou mais tarde. A idade de 12 anos marca a divisdo entre entre esses dois periodos
(Doorn, Poortinga, & Verschoor, 1994)

Na busca de evidéncias de fatores biolégicos como determinantes na génese do
transexualismo, historicamente tém-se duas linhas de pesquisa: a que envolve fatores hormonais,
que vem se desenvolvendo desde a década de 70 e evoluiu desde a busca por alteracdes
quantitativas de hormonios até a influéncia dos hormonios masculinos na diferenciagéo cerebral,
e a que busca alteracdes genéticas e/ou cromossdmicas (Saadeh, 2004).

Alguns achados indiretos, tém sido propostos como marcadores bioldgicos do

transexualismo: uso preferencial da mao esquerda (refletindo lateralidade cerebral organizada



antes do nascimento); padrdes de assimetria em impressdes digitais, que se desenvolvem antes
do nascimento e provavelmente séo influenciados por horménios esterddes, tanto em transexuais
masculinos quanto femininos, diferindo dos controles, homens e mulheres (Green &Young,
2001); ordem de nascimento, sendo os transexuais masculinos os irmaos mais novos, (Green,
2000) e, por fim, os transexuais masculinos tendo mais tias maternas do que tios maternos,
achado similar aos dos homossexuais masculinos ndo transexuais (Green & Kervene, 2000).

Até o presente momento, o0 entendimento etiolégico da transexualidade segue
inconclusivo. Um grande volume de evidéncias aponta o envolvimento de alteracbes de aspecto
genético, hormonal e nas diferentes exposicOes ambientais, tanto na fase pré-natal como ao longo
do desenvolvimento (Coates, 1990; Zucker & Bradley, 1995; Cohen-Kettenis & Gooren, 1999;),

a seguir examinadas.

Fatores genéticos:

Até o presente momento, ha um nimero pequeno de relatos publicados de pares de
gémeos monozigbticos (MZ) concordantes ou discordantes para 0 transexualismo.
Delineamentos ancorados em gémeos sdo importantes por proporcionarem uma estimativa da
contribuicdo relativa de fatores genéticos e ndo genéticos para um especifico fenotipo. A
dicotomia “ambiente versus herdabilidade” proposta por Francis Galton em 1865, tem
estimulado estudos com gémeos com o propdsito de analisar duas hipoteses centrais: o papel da
influéncia genética na suscetibilidade da doenca (Bailey, et al, 2000; Coolidge, et al, 2002) e o
papel dos fatores ambientais na génese da discordancia entre gémeos MZ (Zucker & Bradley,
1995; Braun-Sharm, 2004; Kato et al., 2005). Eventos genéticos po6s-zigéticos de variados tipos e

gravidade ndo apenas precedem a gemelaridade, mas também sdo responsaveis por disparar este



evento. Enquanto é verdadeiro que a maioria dos gémeos MZ sdo fenotipicamente semelhantes,
existem um significativo nimero de pares MZ que ndo séo genotipicamente nem fenotipicamente
“idénticos”. Recentemente, um expressivo numero de relatos de casos revelou que a discordancia
fenotipica entre gémeos MZ pode ser explicada por diversos tipos de diferengas genéticas ou
epigenéticas, inter-relacionadas entre si (Machin, 1996), sendo o ultimo fenémeno definido como
“o estudo das variagdes hereditarias mitdticas ou meidticas na fung¢do génica que ndo podem ser
explicadas por alteragdes na sequéncia de DNA” (Petronis et al., 2006). Destes mecanismos,
metilacdo de residuo de citosina na molécula de DNA, acetilacdo e outras modificacbes de
histonas ja foram descritos. Sendo assim, a comparagdo entre gémeos idénticos se torna um
delineamento ideal para testar epigenética ambiental, j& que as diferengas na seqiiéncia de DNA

teoricamente ndo seriam fatores de confusao.

Fatores hormonais:

Em relacdo a contribuicdo hormonal, pode-se afirmar que disturbios enddcrinos pré-
natais, como hiperplasia adrenal congénita (HAC), condi¢do caracterizada por producdo
excessiva de andrégenos no periodo pré-natal, resisténcia a andrégenos ou impregnacdo por
horménios exdgenos foram, por muito tempo, aventadas como principais alteragcdes clinicas
responsaveis pelo desenvolvimento do transexualismo. Porém, essa teoria tornou-se insuficiente
para explicar a transexualidade, uma vez que a maioria dos sujeitos acometidos por estes
distdrbios endocrinos ndo desenvolveram esta condicdo (Kester P, Green R, Finch SJ &
Williams K, 1980). Meninas com HAC foram estudadas quanto ao comportamento. A maioria
das afetadas demonstrou uma maior agressividade e um interesse em atividades tipicamente

masculinas, quando comparadas aos controles (Berenbaum, 1999; Berenbaum, Korman, Duck, &



Resnick, 2004). Poucos casos de troca de género foram documentados (Cohen-Kettenis &
Gooren, 1999). Ainda, a maioria dos individuos afetados que foram criadas pelos pais como
meninas desenvolveram uma identidade de género feminina. N&o obstante, alteracOes
indeterminadas na secre¢do das gonadotrofinas (déficits androgénicos ou hiperandrogenismo)

durante a diferenciacéo cerebral, ainda sdo apontadas como ponto chave no mecanismo causal.

Fatores ambientais:

Exposicdo a altos niveis de estresse durante a gestacdo tem o potencial de impactar
negativamente o desenvolvimento fetal, desfechos do parto e, consequentemente, a salde na
infancia e fase adulta (Van den Bergh 2005; Wadhwa 2005; Entringer 2008; Weinstock 2008;
O’Donnell et al. 2009). Desta forma, o estresse vivenciado pela mée durante o periodo pré-natal
também foi proposto como possivel fator etiol6gico implicado no transexualismo. Esta hipotese
estaria baseada em um experimento com modelo animal que evidenciou o papel feminilizante do
estresse materno no comportamento sexual da prole de ratos do sexo masculino (Ward, Denning,
Hendricks & French, 2002) por meio do atraso da liberagdo de testosterona em um estagio critico
da diferenciacdo sexual do cérebro (Ward & Weisz, 1980). Descri¢cdes detalhadas de
modificacdes neuroanatdmicas e comportamentais induzidas pelo estresse pre-natal em humanos
foram abordadas em algumas revisdes (Weinstock, 1997, 2001), que ressaltam o papel da
atividade autonémica do sistema nervoso central e sua influéncia no fluxo sanguineo placentério.
Entretanto, em 2002, Hines et al, publicaram uma andlise prospectiva que evidenciou um efeito
discreto do estresse pré-natal no comportamento ligado ao género no sexo feminino e nenhum

efeito no sexo masculino.



Influéncias parentais também foram apontadas como fatores implicados no
desenvolvimento do transexualismo (Springer, 1981; Kuchenhoff, 1988). Todavia, nenhum
suporte empirico sélido foi encontrado ao testar algumas destas hipdteses posteriormente (Green,

1987; Zucker, 1994).

Fatores neuroanatdémicos:

Sugere-se que a neuroanatomia desempenhe um papel critico na determinacdo da
identidade de género. A diferenciacdo sexual cerebral durante o desenvolvimento embrionario
parece ocorrer em momentos diferentes em relacdo a diferenciacdo sexual do restante do corpo
(Zhou et al., 1995). Nos ultimos anos, investigaram-se evidéncias de diferengas sexuais
morfoldgicas no sistema nervoso central, em particular, no nacleo intersticial do hipotalamo
anterior. Com o objetivo de explorar essa hipétese, varios estudos examinando estruturas
cerebrais em transexuais MpF foram realizados. Andlises cerebrais pos-mortem demonstraram
que transexuais MpF apresentavam uma subdivisdo central do nucleo do leito da estria
terminalis semelhante ao padrdo encontrado no sexo feminino, em relacdo ao tamanho e nimero
de neurdnios (Zhou et al., 1995). Do mesmo modo, outro estudo encontrou volume e densidade
neuronais do nucleo intersticial do hipotalamo anterior (INAH3) semelhante ao sexo do feminino
(Garcia-Falgueras & Swaab, 2008). Em estudos de neuroimagem, Emory, Williams, Cole,
Amparo & Meyer (1991), ndo detectaram associagdes entre o transexualismo e a anatomia do
corpo caloso. Em uma recente analise morfologica exploratoria, encontrou-se que o volume da
massa cinzenta do putamen foi maior em transexuais MpF que em controles masculinos e
femininos (Luders, Sanchez, et al., 2009). Em contraste a estudos prévios, Savik & Arver (2011)

observaram uma reducdo significativa no volume do tdlamo e do putdmen quando comparados a
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controles femininos ou masculinos, indicando que o transexualismo pode estar associado com
alteracBes anatdmicas em regides cerebrais localizadas fora do hipotalamo. Esse estudo também
sugeriu que individuos com transexualismo apresentam um volume de substancia cinzenta (SC)
maior na regido insular direita, no cortex frontal inferior e no giro angular direito, assim como no

cerebelo e giro lingual, e hd diminuicdo de SC e substancia branca (SB) no giro pré-central.

Fatores cognitivos:

Existem evidéncias de diferencas entre os sexos nas fungdes cognitivas, como linguagem
e percepgéo espacial, embora isso ndo seja um consenso. A inteligéncia parece refletir algumas
demandas que tém sido atribuidas a vérias regides cerebrais, ex.: tarefas verbais demandam do
lobo frontal inferior e temporal posterior; visuo-espaciais demandam do parietal; codificacdo e
recuperacdo de informacGes exigem do hipocampo, tarefas executivas como resolucdo de
problemas, planejamento, raciocinio, sao realizadas pelo cortex frontal (Andreasen et al., 1993
Flashman et al.,1997). Diferengas individuais na inteligéncia geral sdo avaliadas através do
Wechsler Adult Intelligence Scale (WAIS), um instrumento validado no Brasil (Nascimento,
2004) que consiste em 11 diversos subtestes que avaliam uma variedade de habilidades mentais
verbais e ndo-verbais que contribuem para a inteligéncia geral. A espessura de SC e SB estdo
ligadas a inteligéncia (Gignac,Vernon, & Wickett, 2003; Haier et al., 2004; Haier, Jung, Yeo,
Head, & Alkire, 2005). Alguns estudos confirmam diferenca entre 0s sexos nestas estruturas: a
razdo SC/SB é discretamente maior em mulheres do que em homens (Gur et al., 1999; Goldstein
et al., 2001; Allen et al., 2003). Analises regionais especificas demonstraram que mulheres
apresentam maior volume de SC no giro pré-central, cortex orbito-frontal, frontal superior e giro

lingual. Enquanto homens apresentam volumes maiores no cortex fronto-medial, hipotalamo,
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amigdala e giro angular (Goldstein et al., 2001). Tanto SB como SC parecem estar sob forte
influéncia genética (Baare, van Oel, Hulshoff Pol, Schnack, & Durston, 2001; Thompson et al.,
2001). Apesar de ser altamente herdavel, (Thompson et al., 2001; Posthuma et al., 2002;),
existem evidéncias que o volume de SC em humanos pode aumentar com o aprendizado motor
(Draganski et al., 2004) ou com o aprendizado de uma segunda lingua (Mechelli et al., 2004).

A inteligéncia geral avaliada através do WAIS ndo demonstrou nenhuma diferenca entre
homens e mulheres (Jensen, 1998). Contudo, em relacdo a habilidades especificas, sugere-se que
0s homens se destacam nas tarefas de rotacdo mental e percepcdo espacial, enquanto que as
mulheres apresentam melhor desempenho em tarefas de memoria verbal, fluéncia verbal e
velocidade da articulacdo (Zaidi, 2010). Testes de rotagdo mental em trés dimensdes (3D)
produzem a mais consistente diferenca entre os sexos, a favor dos homens (Voyer et al., 1995;
Kara “di et al., 2003; Peters, 2005).

Estudos com Ressonancia magnética funcional (RMf) vem sendo desenvolvidos a fim de
investigar as bases cerebrais nas diferengas sexuais em tarefas espaciais. Gur et al. (2000), ao
analisar uma tarefa de rotagdo mental em duas dimensbes (2D), demonstrou que homens e
mulheres ativam preferencialmente areas cerebrais diferentes para a mesma tarefa. Ao estudar
sujeitos com desempenho semelhante em tarefas de rotacdo mental, Jordan et al. (2002),
observou um aumento significativo da ativacdo no cortex motor esquerdo em homens, € uma

maior ativacao na regido temporal e parietal em mulheres.

Fatores hormonais:
Estudos sugerem que as diversas funcdes neuropsicoldgicas e as regides cerebrais séo

afetadas por horménios sexuais especificos. Embora alguns argumentem que o tratamento com



12

estrogenos ndo € capaz de alterar certas estruturas cerebrais (Garcia-Falgueras and Swaab, 2008),
outro estudo demonstrou que o tratamento com drogas anti-androgénicas e estrogenos diminui o
volume cerebral dos transexuais MpF para padrdes semelhantes aos do sexo femininos (Hulshoff
Pol et al. 2006). Altos niveis salivares de testosterona demonstraram estar associados com baixo
erro e respostas mais rapidas em testes de rotacdo mental (Hooven et al., 2004). Ainda, uma
Unica dose de testosterona aumentou o desempenho nas habilidades de rotagdo mental 3D em
mulheres jovens (Aleman et al. 2004). Em contraste, sujeitos tratados com bloqueador
androgénico para cancer de prostata demonstraram queda no desempenho das habilidades
espaciais, porém melhora no desempenho de memdria verbal (Cherrier et al., 2001). Ha
evidéncias de que o estradiol exerca um efeito negativo nas habilidades espaciais em mulheres
durante o ciclo menstrual (Hausmann et al., 2000) e em homens (Kozaki & Yasukouchi, 2008).

Em transexuais, Slabbekoorn et al.(1999) evidenciou que MpF nédo tratados com
hormdnios tinham melhor desempenho nas tarefas de rotagdo mental em 3D do que transexuais
FpM também ndo tratados, porém, ap6s dez meses de tratamento ocorria reversdo desta
diferenca. Outro estudo de pacientes transexuais ndo tratados, evidenciou que o modelo de
rotacdo mental era consistente com o sexo bioldgico dos pacientes e ndo com a identidade de
género (Haraldsen et al., 2003). Dois anos ap0s, 0 mesmo grupo demonstrou que o tratamento
hormonal ndo modifica a habilidade de rotacdo mental, ja que os resultados dos pacientes
tratados foram idénticos aqueles encontrados nos controles (Haraldsen et al., 2005). Da mesma
forma, Miles et al (2006) evidenciaram que o estrogeno ndo tem influéncia na rotacdo mental
em transexuais MpF.

Existem apenas dois estudos de RMf e rotacdo mental com transexuais. O primeiro, ndo

obteve resultados significativos, provavelmente pelo pequeno tamanho da amostra (Sommer et
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al., 2008). Mais recente, Schoning et al. (2009) estudou uma amostra de transexuais MpF e
evidenciou que tanto os tratados com hormonios quanto os ndo tratados tiveram maior ativagéo
na regido témporal e menor ativacdo no lobo parietal esquerdo durante a tarefa, quando
comparados aos controles masculinos.

Considerando os fatores revisados, o presente trabalho tem como objetivo estudar as
diferencas em relagdo a exposi¢cdo ambiental no periodo de desenvolvimento, o desempenho

cognitivo e neuroanatomia em um par de gémeos MZ discordantes para o transexualismo.
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OBJETIVOS

Objetivo Geral

Investigar diferengas neuroanatdmicas, cognitivas e ambientais em um par de gémeos

monozig6ticos masculino discordante para o transexualismo.

Objetivos Especificos
Comparar os resultados individuais do WAIS e da Ressonancia Magnética do encéfalo
(um gémeo contra 0 outro).
Correlacionar os resultados do WAIS com o volume das estruturas cerebrais e fatores

ambientais



Discordant Transsexualism in Male Monozygotic Twins: Neuroanatomical and

Psychological Differences
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Abstract

One monozygotic male twin pair discordant for transsexualism is described. Both twins were
interviewed, tested with the Wechsler Adult Intelligence Scale (WAIS) battery for cognitive
functions and underwent magnetic resonance imaging (MRI) to measure the volumes of specific
cerebral structures. Interviews with the twins and their mother indicated no unusual medical or
life history events that could have a causal role in the emergence of the disorder. Both cognitive
function testing and neuroimaging detected different outcome between the twins. In six different
cerebral regions differences have been found in the volume of specific structures, as well as in
language and spatial abilities. It is suggested that epigenetic factors could be related to the

phenotypic discordance and the results found in this study
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Introduction

Transsexuality is defined as a gender-identity disorder (GID), characterized by a firm
conviction that one belongs to the opposite sex, which often leads to a request of sex
reassignment surgery (SRS) (Blanchard, 1993; Cohen-Kettenis & Gooren, 1999). The etiology of
transsexualism remains uncertain, and explanations ranging from biological to psychosocial
causes have been suggested (Coates, 1990; Cohen-Kettenis & Gooren, 1999; Zucker & Bradley,
1995).

The “nature (heredity) versus nurture (environment)” dichotomy (Galton, 1865)
stimulated two central types of twin studies: studies aimed at determining the magnitude of the
genetic influence on disease susceptibility (Bailey, Dunne, & Martin, 2000; Coolidge, Thede, &
Young, 2002) and studies aimed at identifying environmental risk factors causing discordance
between monozygotic (MZ) twins (Hepp, Milos & Braun-Scharm, 2004; Kato, Iwamoto,
Kakiuchi, Kuratomi, & Okazaki, 2005; Zucker & Bradley, 1995). Recently, a number of case
reports have revealed that phenotypic discordance between MZ twins can arise from several
types of interrelated genetic and epigenetic differences (Machin, 1996), being the last phenomena
defined as “the study of mitotically or meiotically heritable variations in gene function”( Petronis
et al., 2006).

Regarding the “nurture” factor, resistance to androgens, the presence of exogenous
hormones during fetal development and prenatal endocrine disorders, such as congenital adrenal
hyperplasia, were among the earliest proposed origins of transsexualism. However, this
explanation was weakened since the majority of individuals with these conditions were not
transsexual despite the phenotypic difference (Kester, Green, Finch, & Williams, 1980).

Nevertheless, undetermined alterations in gonadotrophin secretion (androgenic deficits or



27

hyperandrogenia) during brain differentiation are still considered as a key causal mechanism of
the emergence of the disorder.

Stressful events such as trauma, illness, and maternal use of alcohol, nicotine and other
substances during pregnancy have also been proposed as causes of transsexualism. Prenatal
stress has been shown in animal studies to be associated with neurodevelopmental and
behavioral disturbances and with long-lasting structural and functional changes in the brain (I. L.
Ward, 1984). Additionally, an animal model demonstrated a feminizing role of maternal stress
on the sexual behavior of male rat progeny (O. B. Ward, I. L. Ward, Denning, Hendricks,
&French, 2002) via a delay in the release of testosterone during the stage of sexual
differentiation of the brain (I. L. Ward & Weisz, 1980).

Parental influences, such as extreme closeness to the mother (“blissful symbiosis”),
atypical psychosexual development of the parents, father absence, or parental dynamics (such as
a maternal wish for a daughter) have also been held responsible for the development of GID
(Kuchenhoff, 1988; Springer, 1981). However, no solid empirical support was found in
subsequent studies testing these hypotheses (Green, 1987; Zucker et al., 1994).

A number of studies have examined brain structures in male-to-female (MtF)
transsexuals. Sexual morphological differences in the hypothalamic nuclei have been found from
some postmortem brain analyses which revealed that the central subdivision of the bed nucleus
of the stria terminalis in MtF transsexuals is similar to females in terms of its size and number of
neurons (Zhou, Hofman, Gooren, & Swab, 1995). Recently, Garcia-Falgueras & Swaab (2008)
also found female-like volume and neuronal density of the interstitial nucleus of the anterior
hypothalamus (INAH3). In terms of neuroimaging studies, Emory, Williams, Cole, Amparo &

Meyer, (1991), did not detect any associations between transsexualism and the anatomy of the
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corpus callosum. In a recent explorative voxel-based morphological (VBM) analysis, gray matter
(GM) volume in the putamen was more pronounced in MtF transsexuals than in male and female
controls (Luders, et al., 2009). In opposition to previous studies, Savik and Arver (2011)
observed a significant reduction in thalamus and putamen volume in MtF transsexuals compared
to male and female controls.

There is some evidence of sexual differences in cognitive functions, although researchers
continue to debate this issue. Individual differences in general intelligence as assessed with the
Wechsler Adult Intelligence Scale (WAIS), one measure of 1Q, are strongly related to
differences in GM and white matter (WM) volumes in a number of specific areas distributed
mostly in frontal, temporal, and parietal regions (Haier, Jung, Yeo, Head, & Alkire, 2004).
Evidence has demonstrated that men excel in mental rotation and spatial perception, whereas
women perform better in verbal memory tasks and verbal fluency tasks and demonstrate a faster
speed of articulation (Zaidi, 2010). Moreover, It has been found that three-dimensional (3D)
mental rotation tests produce the most consistent sex differences in favor of males (Karadi,
Csathd, Kovéacs, Kosztolanyi , 2003; Peters, 2005; VVoyer, 1995).

Besides SRS, the medical treatment of transsexualism involves the administration of
exogenous hormones. Although some researchers argue that estrogen treatment does not alter
certain brain structures (Garcia-Falgueras & Swaab, 2008), other studies have shown that
treatment with anti-androgen and estrogen decreases the brain volumes of MtF transsexual
subjects towards female proportions (Hulshoff Pol et al., 2006). Additionally, estradiol has been
reported to have a negative effect on spatial abilities in women during the menstrual cycle
(Hausmann, Slabbekoorn, Van Goozen, Cohen-Kettenis, & Guntlrkin, 2000) and in men

(Kozaki & Yasukouchi, 2008). High levels of salivary testosterone are associated with lower



29

error rates and faster responses in mental rotation tests (Hooven, Chabris, Ellison, & Kosslyn,
2004). In contrast, subjects treated with androgen blockade for prostate cancer showed a
decrease in spatial abilities but increased performance on verbal memory (Cherrier, Rose,
Higano, 2003).

The aim of this study is to investigate differences in environment, neuroanatomy and
cognitive functions in a specific pair of male monozygotic twins discordant for transsexualism, .
In addition, we investigate if these differences are hormone dependent, since the affected twin is

feminilizated by the hormone therapy.

Methods

A MZ male twin pair discordant for gender identity was studied. The material was
gathered via unstructured in-person and telephone interviews with the twins and their mother, as
well as physical examinations, neuropsychological tests, and neuroimaging studies. This
information was supplemented by inspection of medical records for the transsexual twin, who
was diagnosed with GID based on DSM-IV-R criteria, received psychological and clinical
support, hormone therapy, and sex reassignment surgery in 2010 through the Gender Identity
Disorder Program (PROTIG) at Hospital de Clinicas de Porto Alegre, Porto Alegre, Brazil.
Informed consent was obtained from the twins and their mother to perform the detailed
interviews, zygosity examination, and MRI.

To assess general intelligence, both twins were tested with the WAIS battery (Wechsler,
1981), which consists of 11 diverse subtests that tap a variety of verbal and non-verbal mental
abilities related to general intelligence. The WAIS full-scale 1Q score (FSIQ) is based on

performance on all 11 subtests according to age-based norms validated to the Brazilian
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population (Nascimento, 2004). Six of the WAIS subtests can be summarized as a single verbal
IQ score, and the other five subtests can be summarized as performance IQ.

All MRI images were acquired in a 1.5-T Philips MRI scanner, model Achieva, software
version 2.6.3, magnetic field gradient model Nova Dual, with an 8-channel head coil. We
acquired 1-mm?® isotropic volumetric MP-RAGE T1-weighted images with the following
parameters: repetition time (TR) of 8.7 ms, echo time (TE) of 4.0 ms, flip angle of 8°, inversion
time (TI) 1000 ms, acquisition matrix 224 x 221. In total, we acquired 170 slices in 6 min 33 s.
Each subject was scanned five times with the same protocol and was removed from the scanner
and repositioned between each of the five acquisitions. All images were processed using the
automated pipeline of FreeSurfer v5.0 (Fischl et al., 2002). For all 10 image datasets (five from
each subject), GM, WM, and subcortical structures were segmented and measured for each
hemisphere via the automated segmentation protocol within FreeSurfer (Desikan et al., 2006).
Apart from the automated calculations, each dataset was inspected visually to control for gross
structural abnormalities, accuracy of registration, and presence of artifacts. All statistical
analyses were conducted using SPSS 18.0 for Windows using the volumes of WM and GM for
each of the segmented structures calculated within FreeSurfer. The five measures of each twin
were treated as independent and analyzed with t-test. Structures with p <.001 were considered
(table 2).

Results

At the time of assessment, the twins were aged 24 years. P, the affected twin, had begun
taking about 2.5mg/day of oral estrogen around three years earlier, and C had never used any
type of hormones. P had a very female face, smooth skin, long hair, delicate behavior, and

dressed in typical women’s clothes, whereas C exhibited typical male conduct and a masculine
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appearance. Physical examination did not reveal any abnormal external phenotype.
Chromosomal analysis revealed a normal male karyotype (46, XY) in both brothers. Molecular
genetic analysis using 15 microsatellite markers confirmed monozygosity. The probability of
monozygosity was calculated to be 99.9994%. There was no indication of any additional
psychiatric disorder in both twins, since there is no positive results in the MINI interview, as well
as in their first-degree relatives, according information.

The twins were the second birth to a 23-year-old mother and 27-year-old father. They
have one older half-brother from their mother’s first marriage, two younger brothers, and one
younger sister. They grew up in a very small city in southern Brazil with about ten thousand
inhabitants, and were raised in poor economic conditions. Their father worked as a farmer and
abused alcohol. He was described as a quiet and indifferent person, except when he consumed
alcohol, which made him become verbally aggressive toward his family. He helped his wife to
raise the twins and resided with them until they were teenagers The twins’ mother was described
as nervous and impatient with the children. She held several jobs briefly during the twins’
childhood, but most of the time she worked as a housekeeper.

The full-term twin pregnancy was clinically uneventful, although the mother gained only
approximately 14 pounds (6 kg), much lower the expected. The pregnancy was neither planned
nor wanted. When the mother realized that she was pregnant, she tried to induce miscarriage by
drinking a plant tea: Ruta graveolens, in which there is “metilnonilcetona” that is responsible to
stimulate the uterus. She was feeling distressed and hopeless because she became pregnant just
after a traumatic episode: her older son had been kidnapped by her first husband at a bus station

and offered for adoption.
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During the pregnancy, she smoked five to six cigarettes a day, took Diazepam
occasionally, and drank alcohol twice a week in the first two months. The presence of twins was
discovered only moments before delivery. There are no formal data concerning the twins’
obstetric history because we could not acquire the records from the hospital where they were
born. No notable events took place during the cesarean section and the mother does not know
why the surgery was chosen The transsexual twin, P, was delivered first and had a birth weight
of 6.83 pounds (3100 g); soon after, the unaffected co-twin, C, was delivered at 6.28 pounds
(2850 g). Both had slight anemia and jaundice as newborns. Their motor skills and language
developed normally according to the mother’s. The twins were breastfed until they were one
month old. Both twins are right-handed.

P and C were frequently ill during their first years of life, mainly suffering from asthma
attacks. Their attacks were treated with B2 agonist (Salbutamol or Fenotherol). P became sick at
the same frequency as C, but usually spent more time affected by illness. Nevertheless, the
mother reported that the twins weighed the same, contracted the same childhood diseases, and
took the same quantity and type of medication. The difference was that whereas C’s recovery
was typically fast and full, P needed more time to regain his health. C was more sports-minded
and played mostly with boys. P enjoyed both playing soccer with the boys in the neighborhood
and playing with dolls with the girls. When the twins and their cousins played together, P would
touch and kiss the female cousins, whereas C did not display this behavior. P claims to have “felt
different” from the other boys since an early age, but he did not understand why.

C was described as not very friendly, quiet and lonely, while P was described as calm,
focused and outgoing. They studied in the same class until the end of the primary school, when C

left school to dedicate himself to farm work while P attended and graduated high school. At the
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beginning of adolescence P started to be sexually interested in boys, whereas C was always
interested in girls. When P was fifteen years old, he secretly began to experiment with makeup.
Gradually, he began to appear in public wearing eyeliner, face powder, and tight clothing. His
first sexual experience happened with a man when he was sixteen. He was involved in casual
relationships with several married men until he met his husband. C denies any doubt about his
gender identity and any homosexual involvement. He married a woman approximately six years
before the study and has two young children from this relationship.

In the assessment of cognitive abilities through the WAIS (Table 1), twin C presented
average results in the following indexes: Verbal Comprehension Index that assesses acquired
verbal knowledge and the ability to understand linguistic information; Processing Speed Index
that includes the subtests related to attention and concentration to quickly processes visual
information; and Working Memory Index which refers to the ability to pay attention to the
information, keep it, process it and then response. In the Perceptual Organization index that
gathers the subtests evaluating nonverbal fluid reasoning, attention to detail and visual-motor
integration, twin C achieved an above average score.

Twin P presented average results in the Verbal Comprehension Index, Working Memory
Index and Perceptual Reasoning Index, and above average results in the subtests grouped in the
Processing Speed Index. Although there is no significative difference between the twins in terms
of 1Q, it is clear that there is a tendency of C performs better in the visual-spatial subtests and P
in those in the field of language. As the main objective of this analysis was the comparison
between the twins and due the fact that the Brazilian adaptation of the WAIS battery did not

include normative tables differentiating genders, we chose to use only raw scores (table 1).
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p* C A %
Subtests
Picture Completion 21 18 P>C 15%
Vocabulary 47 32 P>C 28%
Codes 71 50 P>C 30%
Similarities 18 20 P<C 11%
Block Design 34 47 P<C 38%
Arithmetic 11 1 P=C 0%
Matrix Reasoning 15 14 P>C 7%
Digit Span 19 16 P>C 16%
Information 13 6 P>C 54%
Picture Arrangement 6 11 P<C 83%
Comprehension 24 12 P>C 50%
Symbol Search 30 27 P>C 10%
Letter-number Sequencing 9 P>C 12%
Object Assembly 37 26 P>C 30%
Indexes
Verbal Comprehension Index 35 27 P>C 23%
Working Memory Index 34 34 P=C 0%
Perceptual Reasoning Index 35 36 P<C 2%
Processing Speed Index 24 20 P>C 27%
1Qs
Verbal 1Q 71 59 P>C 27%
Performance 1Q 55 55 P=C 0%
Total 1Q 126 114 P>C 10%

*affected twin

highlighted data emphasized differences above 20%

In brain estructural analyses (table 2), the affected twin P presented smaller volumes

compared to C in the following structures of 5 cerebral regions:

1-Limbic region: (a) posterior cingulate cortex, (b) left isthmus of cingulate gyrus, (c) left

rostral cingulate cortex.

2- Intrabrain region: (a) left ventral diencephalon, (b) left inferior lateral ventricle.

3-Parietal lobe; (a) left precuneus cortex, (b) left superior parietal gyrus.

4- Frontal lobe: (a) left caudal middle frontal gyrus, (b) left frontal pole.
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5-Temporal lobe: (a) left hippocampus, (b) left fusiform gyrus.

Twin P presented larger volumes compared to C in the following structures:

1-Limbic region: (a) left caudal anterior cingulate gyrus.

2-Intrabrain region: (a) right lateral ventricle (b) third ventricle.

3-Parietal lobe: (a) left supramarginal gyrus, (b) right precuneus cortex.

4-Frontal pole: (a) left lateral orbitofrontal cortex, (b) left and right portions of the
triangular part of inferior frontal gyrus.

5-Temporal lobe: (a) Left ehtorhinal cortex, (b) right inferior temporal gyrus.

6-Occipital lobe:(a)right cuneus cortex.
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Hemisphere Region Structure P* - Median volume C - Median volume A %!

Right Frontal Right triangular part of inferior frontal gyrus 4722,2 4197,8 P>C 12%
Intrabrain Right lateral ventricle 4618,2 3581,4 P>C 29%
Intrabrain Right inferior lateral ventricle 723,4 1108,6 P<C 35%
Limbic Right Posterior cingulate cortex 444 .4 484.,6 P<C 9%
Occipital Right cuneus cortex 3647,2 3384,6 P>C 7%
Parietal Right precuneus cortex 10373,8 9912,8 P>C 4%
Temporal Right inferior temporal gyrus 11740,2 10628,8 P>C 10%
Intrabrain Third ventricle 908,2 798,2 P>C 13%

Left Frontal Left lateral orbitofrontal cortex 8442,2 7780,6 P>C 8%
Frontal Left triangular part of inferior frontal gyrus 3807,6 3737,2 P>C 1%
Frontal Left frontal pole 793 896,8 P<C 12%
Frontal Left caudal middle frontal gyrus 6802 6837 P<C 1%
Intrabrain Left ventral IDC 4127 4270,2 P<C 4%
Limbic Left isthmus of cingulate gyrus 2625,8 2682 P<C 3%
Limbic Left rostral anterior cingulate cortex 2694,4 2805,2 P<C 4%
Limbic Left caudal anterior cingulate cortex 1417 1335,6 P>C 6%
Parietal Left precuneus cortex 9522,2 10443,6 P<C 9%
Parietal Left superior parietal gyrus 12657,2 129928 P<C 3%
Parietal Left supramarginal gyrus 10381,2 9988,8 P>C 3%
Temporal Left fusiform gyrus 8959,4 9663,8 P<C 8%
Temporal Left hippocampus 4063,8 4342 P<C 7%
Temporal Left entorhinal cortex 1957 1893,6 P>C 3%

*affected twin
1 p<.0009

Highlighted data emphasized differences above 10%
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Discussion

The case reported here provides evidences of structural and neuropsychological factors
that could be associated for the transsexuality discordance in this twin pair, although it is not
possible to determine causality. We can infer that these two brothers were raised in the same
environment and exposed to similar external stimuli during childhood. However, the maternal
stressful life event during pregnancy and vulnerability of the transsexual brother may be
important factors. It is well established that pregnancy dramatically affects the maternal
hypothalamic-pituitary-adrenal (HPA) axis, leading to increased basal levels of corticotropin-
releasing hormone (Lindsay & Nieman, 2005). The physiological consequences of this increase
in cortisol remain a matter of debate, but most discussions have focused on effects on the fetus
(Mastorakos & llias, 2003). Adverse life situations experienced by the pregnant mother and her
reactions to them could alter the fetal environment and have deleterious effects on the child’s
mental and physical health (Maccari et al., 2003; Wadhwa, Sandman, & Garite, 2001;
Weinstock, 2001). Additionally, the intrauterine environment is not necessarily equal for both
MZ twin (Machin, 1996), particularly in this pair, since there is no record information if they had
the same placenta or membrane. Even though there is not a clear medical history regarding those
events it is possible to hypothesize that environment might had a contribution to the discordance

outcome between the twins.

The most consistent difference in WAIS battery performance between the two
brothers is that the affected twin P, had a better verbal 1Q and larger volumes compared to his
brother in cerebral regions associated with language: the right inferior temporal gyrus (Démonét,
1992), right triangular part of inferior frontal gyrus (Foundas, Leonard, Gilmore, Fennell,

Heilman, 1996), and left supramarginal gyrus (Simon, Mangin, Cohen, Bihan, Dehaene, 2002)
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(p<0.01). Otherwise, twin C performed better in spatial and execution tasks and had larger
volumes in the MRI in regions associated with this cognitive functions: the left precuneus cortex
(Cavanna & Trimble, 2006), left superior parietal gyrus (Hoag, 2008) and left frontal pole (Gur,
et al, 2000) (p< 0.01). There is increasing evidence relating psychometric measures of
intelligence and reasoning to regional brain structure and function assessed with a variety of
neuroimaging techniques (Haier, Jung, Yeo, Head, & Alkire, 2004; Haier, White, & AlKire,
2003; Schmithorst & Holland, 2006; Shaw et al., 2006).

Although a previous study found no evidence of changes in spatial abilities in
MtF transsexuals under estrogen treatment (Miles, Green, Hines, 2006), another recent study
suggested that exogenous hormone usage could explain hypoactivation in the cerebral regions
responsible for spatial abilities in MtF transsexuals (Carrillo et al., 2010), a hypothesis that
seems to be in line with the results presented by the transsexual twin in our study.

Brain imaging studies have investigated neuroanatomical differences in transsexual
individuals (Garcia-Falgueras & Swaab, 2008; Luders, Sanchez, et al., 2009; Savik & Arver,
2011). Most of them included structures previously reported to be sexually dimorphic, like
hippocampus, caudate nucleus (Filipek, Richelme, Kennedy, & Caviness, 1994; Murphy et al.
1996; Giedd, Castellanos Rajapakse, Vaituzis, Rapoport , 1997), anterior cingulate gyrus (Paus
et al., 1996), amygdala (Raz, Torres, Acker, 1995 ; Giedd et al., 2006; Neufang et al., 2009).
VBM data from MtF transsexuals has previously been published only by Luders, Sanchez, et al.
(2009), who did not find any clear signs of cerebral feminization. Despite identifying several
structures that show differences specific to transsexual individuals, the results are unreliable. In
addition, our study suggests some others structures that may differ in transsexuals, as described

above.
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The hypothesis of a genetic contribution in transsexualism gained support from case
reports of twin and non-twin siblings who are concordant for this condition and from reports of
families with more than one member who is a MtF transsexual (Green, 2000). Earlier twin
studies were based on the premise that MZ twins are genetically identical, and that phenotypic
differences must arise from nonshared environment (Reiss, Plomin, & Hetherington, 1991;
Turkheimer & Waldron, 2000) However, knowledge of epigenetic mechanisms provides a new
model to understand MZ twin discordance, as explored in this study. Furthermore, many physical
and physiological reasons would be expected to lead to discordance in MZ twins — eg, initial
differences in the number of cells at the time of separation, differences intravascular flow,
differences in attachment to the placenta, type of chorion, and total number of cell divisions
(Machin, 1996). Thus, a complex interaction of multiple genetic, epigenetic, developmental, and
experiential influences seems to be implicated in the differences found between this MZ twin
pair.

Table 3 summarizes the main findings of this study regarding the used techniques:

interview with the twins and their mother, the Wais battery and the brain image.



Table 3: Main Finding

Interview Information A
Birth Weigth P>C
Sickness Resistence P<C
School Years P>C

Wais Battery? Test A
Vocabulary P>C
Codes P>C
Block Design P<C
Information P>C
Picture Arrangement P<C
Comprehension P>C
Object Assembly P>C
Verbal Comprehension Index P>C
Processing Speed Index P>C
Verbal 1Q P>C

Brain Image? Structure A
Right triangular part of inferior frontal gyrus P>C
Right lateral ventricle P>C
Right inferior lateral ventricle P<C
Right inferior temporal gyrus P>C
Third ventricle P>C
Left frontal pole P<C

1 - differences above 20%

2 — differences above 10%
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The present research has some limitations. First limiting factor of this study is
the presence of a single twin pair. Clearly larger groups of comparison with others MZ
twins, dyzigotic twins, or male and female controls would improve power of the
analyses and expand the results. Second, since the affected twin were receiving
hormonal treatment, this study cannot establish whether the differences are a direct
effect of the hormonal treatment or whether they emerge from underlying differences in
the cerebral structure. Third, there is no medical records confirming some obstetrics’
information given by the mother Finally, there is no consensus in the field of statistics
about the best techniques to use with clustering data. Galbraith, Daniel, & Bryce (2010)
suggested that clustering can sometimes be ignored and the data can be treated as if all
observations were independent. The resulting data can then be analyzed using standard
methods for independent observation, such as t-tests. In these cases, some precautions
need to be taken, such as the use of a robust p-value (Kirkwood, 2003), to avoid
introducing error into the analysis.

The present study showed that a pair of MZ twins discordant for transsexuality
unexpectedly presented substantial differences in cognitive and neuropsychological
functioning. To our knowledge, it is the first study that investigates the neuroanatomical
differences between a twin pair discordant for transexualism. Further studies will need
to determine the degree to which genetic variability and environmental factors influence
the development of gender identity and its relation to brain structures and cognitive
functions. Evidence shows that prenatal hormonal exposure plays a role in early infancy
and puberty, critical periods when hormones affect human neurobehavioral organization
(Hines, 2011). Although the mechanisms underlying these influences need to be more

investigated, they could explain our findings.
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o1

CONCLUSOES E CONSIDERACOES FINAIS

Estudos com gémeos sdo particularmente Uteis na tentativa de elucidar o papel
dos fatores ambientais e genéticos na etiologia de vérias condi¢cBes médicas, incluindo
transtornos psiquidtricos, visto que a concordancia clinica entre os individuos costuma
ser alta (Petronis, 2003). Em situacdes em que apenas um dos gémeos monozigdticos
manifesta a doenca, a principal hipotese aventada para explicar o fenémeno é a presenca
dos chamados “fatores ambientais ndo compartilhados” (Reiss, Plomin, & Hetherington,
1991; Turkheimer & Waldron, 2000). Sugere-se que, precocemente, 0 ambiente nédo
seja necessariamente idéntico para ambos 0s gémeos, mesmo os MZ, ja que na fase
intra-uterina eles podem ndo compartilhar da mesma placenta ou membrana, 0 que
contribui para diferencas no desenvolvimento e influi no fenétipo e na vulnerabilidade
individual (Machin, 1996).

A partir do relato de caso apresentado, ndo ha evidéncias claras de fatores que
podem ser apontados como responsaveis pela discordancia para o transexualismo nesse
casal de gémeos. E possivel inferir que esses dois irmdos foram criados no mesmo
ambiente e expostos a estimulos externos semelhantes durante a infancia. Entretanto, é
necessario atentar para duas informacdes: o evento estressor materno ocorrido durante a
gravidez e a salde vulneravel do irméo transexual. E bem estabelecido que gestacbes
afetam de forma dramaética o eixo hipotalamo-hipéfise-adrenal (HHA), levando a um
aumento nos niveis basais de liberacéo de corticotrofina (Lindsay & Nieman 2005). As
consequéncias psicologicas maternas do aumento de cortisol ainda permanecem em
discussao, porém os efeitos no feto tém sido amplamente estudados (Mastorakos & llias
2003). Situagdes adversas experimentadas na gravidez e as reagOes decorrentes dela

podem induzir alteracbes no ambiente fetal e resultar em efeitos deletérios na saude
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mental ou fisica do concepto (Maccari et al.,2003; Wadhwa et al., 2001; Weinstock,
2001). Além disso, o ambiente intrauterino ndo é necessariamente igual para ambos 0s
gémeos (Machin, 1996) e, neste par de gémeos especificamente, ndo ha um registro
obstétrico que confirme a presenca de uma s6 placenta. Ainda, apesar de ndo haver uma
comprovagao clinica dos eventos ocorridos na infancia, € possivel hipotetizar que o
gémeo transexual era mais suscetivel do ponto de vista médico. Este conjunto de
inferéncias aponta para uma possivel contribuicdo ambiental no desfecho discordante do
casal em estudo.

Com o objetivo de explorar possiveis diferencas entre os gémeos, correlacionou-
se os resultados do WAIS com a analise estrutural de regides cerebrais através de
Ressonancia Magnética. Ha evidéncias crescentes, documentadas por uma variedade de
técnicas de neuroimagem, relacionando medidas psicométricas de inteligéncia e
estruturas regionais cerebrais e suas funcdes, (Haier, Jung, Yeo, Head, & Alkire, 2004;
Haier, White, & Alkire, 2003; Schmithorst & Holland, 2006; Shaw et al., 2006).
Algumas diferengas consistentes entre 0s irmaos nesse aspecto merecem ser discutidas.
O gémeo afetado P, apresentou maior QI nas habilidades de linguagem, em associagédo
com aumento de volume de regides cerebrais apontadas por participarem desta fungéo
cognitiva, como o giro temporal inferior direito, pars triangularis (Foundas et al., 1996)
e giro supramarginal esquerdo (Gazzaniga, 2009) (p<0.01), quando comparado ao irméo
gémeo. Por outro lado, C apresentou um melhor desempenho nas habilidades espaciais e
de execugdo, assim como um maior volume evidenciado no precuneus (Cavanna &
Trimble, 2006), giro parietal superior esquerdo (Hoag, 2008) e no polo frontal esquerdo
(Gur, et al, 2000) (p< 0.01), regides cerebrais associadas a estas funcdes. Apesar de ndo
haver evidéncias de alteracBes nas habilidades espaciais em transexuais submetidos a

tratamento com estrogenos (Miles et al., 2006), um estudo mais recente sugeriu que uso
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de horménios exdgenos pode justificar uma hipoativagdo de regides cerebrais
responsaveis pelas habilidades espaciais em transexuais HpM (Carrillo, et al, 2010).

Algumas limitacGes deste estudo devem ser citadas. A primeira delas é a
presenca de apenas um par de gémeos no estudo. Claramente, um grupo de comparacao
com outros pares de gémeos monozigoticos, dizigoticos ou controles femininos e
masculinos aumentaria o poder de analise e ampliaria os resultados. Segundo, uma vez
que 0 gémeo transexual encontra-se em tratamento hormonal, este estudo ndo pode
afirmar se as diferencas encontradas nas estruturas cerebrais sdo subjacentes ou
consequéncias diretas do uso de hormonios. Terceiro, ndo houve possibilidade de acesso
aos registros obstétricos da mée, o que diminui a confiabilidade das informacdes. Por
ultimo, ndo ha um consenso estatistico sobre o melhor método a ser utilizado para dados
agrupados. Galbraith, Daniel, & Bryce (2010) sugerem que, em alguns casos, 0
agrupamento pode ser ignorado e os dados podem ser tratados como se todas as
observagdes fossem realizadas de modo independente. Os dados resultantes podem ser
analisados usando métodos padrdo para uma observacao independente, tais como teste t.
Nestes casos, algumas precaucdes precisam ser abordadas, como a utilizacdo de um
valor p rigoroso (Kirkwood, 2003), para evitar o erro implicito na anélise.

O presente trabalho demonstra que gémeos discordantes para o transexualismo
apresentam diferencas substanciais nas fungfes neuropsicoldgicas e cognitivas, ndo
esperada em pares monozigoticos. Evidéncias demonstram que a exposi¢do a hormonios
no periodo pre-natal apresentam um papel importante nos periodos iniciais da infancia e
puberdade, periodos criticos em que os hormonios afetam a organizagdo neuro-
comportamental humana (Hines, 2011). Embora 0os mecanismos subjacentes a estas
influéncias permanegcam em grande parte ndo investigadas, esta hipotese poderia

justificar nossos achados. Todavia, a razéo para a existéncia de determinadas diferencas
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deve ser investigada em estudos futuros a fim de identificar a intensidade em que a
variabilidade genética e os fatores ambientais influenciam o desenvolvimento da
identidade de género e afetam estruturas cerebrais e fungdes cognitivas.

Esse trabalho consiste em um estudo de caso exploratério que, portanto, ndo
pode estabelecer bases objetivas para as diferengas entre 0os gémeos e a relagdo entre
neuro-imagem e funcBes cognitivas, mas, apenas, gerar hipdteses. Para tanto, serdo
necessarias novas pesquisas comparando neuroimagem e o resultado em tarefas
cognitivas em homens e mulheres ndo afetados com transexuais HpM e MpH, a serem

realizadas pelo PROTIG.
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