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'RESUMO

Em seres humanos a gbnada inicia sua diferenciagdo em testiculo em torno da
sétima semana de gestacdo. O principal gene responsdvel por ativar este processo &
denominado SRY e localiza-se no brago curto do cromossomo Y (Yp). A proteina produzida
por este gene contém um dominio conservado (“HMG box™) que permite sua ligagdo ao
DNA. Mutagbes no SRY resultam em uma condi¢do conhecida como disgenesia gonadal
pura XY, caracterizada por fendtipo feminino e génadas formadas por tecido fibroso. Mais
raramente, estas mutagOes podem ser encontradas em pacientes com diagndstico de
disgenesia gonadal parcial XY, caracterizado pelo desenvolvimento anormal do testiculo,
ou ainda em hermafroditas verdadeiros, nos quais ocorre presenca simultinea de tecido
ovariano e testicular nas génadas.

A disgenesia gonadal XY também pode ocorrer devido a perda da porcdo distal do
brago curto do cromossomo 9, o que sugere que esta regifo contenha um ou mais genes
necessarios para o desenvolvimento testicular. Ha vérios genes situados nesse intervalo,
mas at¢ o momento considera-se que DMRTI, que tem homologia com genes que
participam da determinag@o do sexo em outros filos, seja o provavel responsével por este
tipo de reversdo sexual.

No presente trabalho foram estudados os genes SRY e DMRTI em vinte e dois
pacientes com distirbios da diferenciagdo gonadal. Dentre esses, uma paciente tinha
gobnadas disgenéticas e cariétipo 46,X,i(Y)(q11); trés apresentavam disgenesia gonadal pura
46,XY; quatorze apresentavam disgenesia gonadal parcial 46, XY e quatro eram
hermafroditas verdadeiros [um com cariétipo 46,X,del(Y)(q11.2) e trés com cariétipo
46,XY].

Apenas um paciente da amostra tinha delecdo do gene SRY devido a um rearranjo
cromossdmico que resultou na formacdo de um isocromossomo de Y [46,X,i(Y)(q11)]. Tal
cromossomo nao apresentava seqii€éncias de braco curto e de centrdmero. Andlises de
imunofluorescéncia com proteinas centroméricas revelaram a presenca de um centrdmero

funcional préximo ao ponto de quebra.



Nos demais casos, houve amplifica¢cdo do gene SRY. O sequenciamento da porgdo
codificadora do gene revelou a ocorréncia de duas mutagdes. A primeira, N65H, afeta um
cédon localizado no dominio conservado HMG e ocorre em uma paciente com disgenesia
gonadal pura XY. A segunda, R30I, afeta um cédon fora do “HMG box” mas situado numa
seqiiéncia que determina a fosforilagdo da proteina SRY. Esta mutac@o estd presente em
varios membros de uma mesma familia, incluindo uma paciente com disgenesia gonadal
pura XY, dois irmdos com a forma parcial XY e homens normais. As proteinas geradas

pelos alelos alterados foram expressas em E. coli. Demonstrou-se que a proteina SRYMNH

Y®* nao é fosforilada por

ndo € capaz de ligar-se a0 DNA alvo; enquanto a proteina SR
PKA e conseqiientemente liga-se a0 DNA com menor afinidade que a proteina selvagem.

O sequenciamento da regifo promotora do SRY mostrou a presenca de uma delegéo
de 3 pb que remove parte de um sitio de ligagdo a um fator de transcrigdo (Spl). Esta
mutacio ocorre em um caso de disgenesia gonadal pura XY e também estd presente no pai
da paciente. Os demais individuos néo apresentaram alteracdes no SRY.

O estudo da regido cromossdmica 9p24 e do gene DMRTI n3o sugeriu a ocorréncia
de perda de heterozigosidade nesses casos. Estes dados deverdo ser confirmados por
experimentos de hibridizagdo in situ (FISH), entretanto os resultados indicam que delecdes
do gene DMRTI nio s3o uma causa freqiiente de reversao sexual.

Verificou-se que muta¢des no gene SRY ocorrem na maior parte dos casos de
disgenesia gonadal pura XY, visto que alteragdes nesse gene foram encontradas nas trés
pacientes com esse diagndstico e cariétipo 46,XY. O estudo funcional das alteragdes
encontradas revelou que as mutagdes que afetam drasticamente a fungdo da proteina SRY
estdo associadas 2 forma pura de disgenesia gonadal, enquanto mutages que permitem
alguma atividade da proteina podem ocorrer em vérios fenétipos, inclusive no masculino
normal. Contudo, tais mutac¢des sdo raras em casos de disgenesia gonadal parcial XY, tendo
sido verificadas em apenas dois irméos com esse diagnéstico. Além disso, mutagdes no

gene SRY sdo pouco freqiientes em hermafroditas verdadeiros.



SUMMARY

In humans, activation of genes in the testis-determining pathway at seven weeks of
gestation causes the gonad to differentiate into testis. The gene that induces the testis
development is called SRY (sex determining region on the Y chromosome). SRY was
mapped to the short arm of the Y chromosome. It encodes a protein containing a DNA
binding domain known as HMG box. SRY mutations are found in XY females harboring
pure gonadal dysgenesis. More rarely, SRY mutations are detected in patients with XY
partial gonadal dysgenesis or even in true hermaphrodites.

Deletions of the distal part of the short arm of chromosome 9 (9p) has also been
reported to be associated with XY gonadal dysgenesis, suggesting that this region contains
a gene (or genes) required for normal testis development. Recent studies have described a
gene in this region with sequence similarity to genes that regulate sexual development of
nematodes and insects. This gene, called DMRT]I, is so far the best candidate for sex
reversal caused by the 9p deletions.

In this study, we studied the SRY and DMRT] genes in twenty-two patients with
gonadal differentiation anomalies. One patient presented gonadal dysgenesis and a
46,X,1(Y)(q11) karyotype; four patients presented 46,XY pure gonadal dysgenesis; fourteen
had 46, XY partial gonadal dysgenesis and four were true hermaphrodites [one had a
46,X,del(Y)(q11.2) karyotype and three had a 46,XY karyotype].

One patient had a SRY deletion due to a chromosomal rearrangement
[46,X,i(Y)(q11)]. The rearranged chromosome lacked sequences from Y short arm and
centromere. Imunofluorescence studies with specific antibodies showed a neocentromere
located close to the breakpoint.

The SRY gene was amplified from all the remaining cases. However, sequencing
analysis revealed the presence of two mutations. One of them, N65H, changes a codon
within the HMG box and was found in a patient with XY pure gonadal dysgenesis. The
other, R30I, 1s located outside the HMG domain but alters a phosphorylation site. This
mutation is familial and was found in three affected siblings (a XY pure gonadal dysgenesis
and two partial gonadal dysgenesis patients) and in non-affected male relatives. Mutant and

wild-type proteins were expressed in E. coli. EMSA assays showed that the SRY"H



protein is not able to bind the target DNA. The SRY®"

protein is not phosphorylated by
the PKA enzyme and therefore has a reduced DNA-binding capacity.

The SRY core promoter was also sequenced and a three base pair deletion was
detected within a Spl transcription factor binding site. This deletion was found in a XY
pure gonadal dysgenesis patient and in her father.

Studies on the loss of heterozygosity to detect deletions on chromosome 9 short arm
indicated that DMRT! deletions are not frequently found in association with sex reversal.
These studies will be confirmed by FISH analysis.

The data presented here showed that 100% of XY females had SRY mutations.
However, SRY mutations are rare in XY partial gonadal dysgenesis patients and in true
hermaphrodites. Functional analysis of the mutations showed that the protein had lost its
DNA binding capability in a pure gonadal dysgenesis patient but was still able to bind
DNA, although less efficiently due to the lack of protein phosphorylation, in a familial
mutation associated with different phenotypes.

The molecular etiology of most cases of partial gonadal dysgenesis and true

hermaphroditism remained unexplained. Patients who partially develop testis are likely to

have mutations in genes other than SRY.



L. INTRODUCAO

Nos mamiferos a determinagdo do sexo € estabelecida no momento da fertilizaco através
da heranga de um cromossomo X ou Y paterno. O cariétipo 46,XY corresponde ao sexo
masculino, enquanto o cariétipo 46,XX corresponde ao sexo feminino. Apesar do sexo
cromossdmico ji estar definido no zigoto, o dimorfismo sexual ndo é observado em
embrides humanos com menos de sete semanas. A partir dai, as gdnadas diferenciam-se em
testiculos nos embrides portadores de cromossomo Y ou em ovarios na auséncia deste

Cromossomo.

O evento piv0 na determinagéo sexual € a especializagdo das gdnadas, as demais diferencas
entre 0s sexos sdo efeitos secundérios devidos a horménios produzidos por elas (Jost et al.,
1973). Portanto pode-se definir determinagio sexual como sendo o evento que desencadeia
a formagdo do testiculo ou do ovério. O processo que se segue & formacio das gdnadas é

chamado diferenciagdo sexual (Goodfellow e Darling, 1988).

Nos dltimos anos houve um grande avango no entendimento dos mecanismos envolvidos
na determinagdo e diferenciagdo do sexo; vdrios genes que participam desses processos
foram descobertos e a forma como eles interagem tem sido intensamente investigada.

Contudo, o conhecimento que se tem a esse respeito estd longe de ser completo.

Apesar do uso de modelos animais e do aprimoramento das técnicas que viabilizam o
estudo da expressdo de genes in vitro e in vivo, a maior parte dos dados obtidos até o

momento tiveram origem na anélise de individuos com desenvolvimento gonadal anormal.

Em um individuo com cariétipo 46,XY a determinagdo gonadal anormal pode ser causada
por alteragdes no gene SRY (“‘sex-determining region on the Y chromosome”), resultando
em uma condi¢do conhecida como disgenesia gonadal XY ou, mais raramente, em
hermafroditismo verdadeiro XY. Nem todos os pacientes com esses tipos de anomalias, no
entanto, tm mutagdes no SRY. A andlise molecular pode auxiliar na confirmacdo do

diagnoéstico, na compreensdo do distiirbio e na escolha dos procedimentos a serem adotados



no tratamento dos pacientes. Além disso, o estudo do SRY e de outros genes pode vir a

resolver questdes importantes sobre o fendmeno da determinagédo sexual.

O presente trabalho foi realizado com o intuito de colaborar para o esclarecimento da
etiologia de casos de distdrbios da diferenciagdo gonadal, em especifico, casos de

disgenesia gonadal ou hermafroditismo verdadeiro na presenga de cromossomo Y.

Este trabalho é resultado de um projeto multidisciplinar realizado com a colaboragdo de
técnicos e professores dos seguintes nicleos de pesquisa: Centro de Biologia Molecular e
Engenharia Genética (CBMEG-UNICAMP); Departamento de Genética Médica (FCM-
UNICAMP); Grupo Interdisciplinar de Estudos da Determinagdo e Diferenciagdo do Sexo
(GIEDDS) (FCM-UNICAMP); Departamento de Genética Humana - Mount Sinai Scholl
of Medicine NY; Departamento de Morfologia - UNIFESP/EPM; e Centro de Biologia

Molecular Estrutural - Laboratério Nacional de Luz Sincrotron (LNLS).



II. REVISAO BIBLIOGRAFICA

IL.1 Determinacio e diferenciacdo do sexo

O desenvolvimento das gdnadas, glandulas adrenais e sistema renal sdo intimamente

relacionados devido 2 sua origem comum no mesoderma intermedidrio (Harrison, 1978).

Por volta da quarta e quinta semanas apéds a fertilizagdo, tem inicio a formacdo da gdnada
primordial a partir do mesoderma na regido ventral mediana do embrifo. O epitélio
germinativo prolifera produzindo corddes sexuais que penetram no mesénquima € se
distribuem em duas regides: uma cortical e outra medular. Estes corddes cercam as células

germinativas primordiais (Beiguelman, 1982).

Até a sexta semana de gestagdo, ndo € possivel distinguir embrides com predestinacio
masculina ou feminina; as gdnadas sdo apenas duas saliéncias e sdo chamadas bipotentes
ou bissexuais. Estdo presentes também os primérdios dos condutos genitais internos
masculinos e femininos e genitais externos rudimentares (Beiguelman, 1982; 'Toublanc,

1988).

Uma vez constituida a gdnada em seu estado bipotente, a diferenciacdo desta em testiculo
ou ovario depende do sexo cromossdmico do embrido. Em torno da sexta semana de
desenvolvimento fetal, na presenca da proteina SRY, a gdnada bissexual comeca a se

diferenciar em testiculo.

Acredita-se que a funcio principal da proteina SRY seja acionar, direta ou indiretamente, a
diferenciacdo das células de Sertoli. O aparecimento destas células é um dos primeiros
indicios morfolégicos da diferenciagdo sexual masculina. Elas alinham-se em corddes que
posteriormente englobam as células sexuais primitivas (espermatogdnias). Estes corddes

formardo os tibulos seminiferos, tibulos retos e rede testis. Em torno da oitava semana as

" Toublanc, 1988 apud Guerra Jr. e Maciel-Guerra, 1997.
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células somédticas mesenquimais diferenciam-se em células de Leydig (Beiguelman,1982;

Moore, 1978; Voutilainem, 1992; >Toublanc, 1988; Larsen, 1993).

Associados ao mesonefro estio dois pares de estruturas bilaterais conhecidas como dutos
mesonéfricos (ou dutos de Wolff) e dutos paramesonéfricos (ou dutos de Miiller). Na
diferenciacdo gonadal masculina, as células de Sertoli produzem o chamado horménio anti-
miilleriano (HAM), que induz a regressdo dos dutos de Miiller (dutos femininos). As
células de Leydig, por sua vez, produzem a testosterona que induz a estabilizagéo dos dutos
de Wolff (dutos masculinos) que dio origem a maior parte da genitédlia interna masculina
(epididimo, canal deferente, vesicula seminal e duto ejaculatério). A testosterona €
convertida em di-hidrotestosterona que viriliza os genitais externos (Moore, 1978;

3Grumbach, 1960; Josso, 1992; Larsen, 1993).

A diferenciacdo sexual masculina propriamente dita (isto €, a masculinizagdo dos
primérdios dos genitais internos e externos) tem inicio a partir da produgéo de horménios
androgénicos pelas células de Leydig entre a oitava ¢ nona semana de gestagdo. Na

auséncia dos hormontos testiculares desenvolve-se o fenétipo feminino.

Em 1973, experimentos realizados por Jost e colaboradores demonstraram que a formagéo
dos dutos de Miiller, bem como a feminizacdo dos genitais externos, ndo sdo provocados
pelos ovarios, mas sim pela auséncia de horménios androgénicos produzidos pelos
testiculos. Os resultados de tais pesquisas mostraram que em mamiferos,
independentemente da predestinagdo cariotipica sexual dos embrides, a destrui¢do de suas
gdnadas provoca a diferenciagdo dos dutos de Miiller € o desenvolvimento de genitalia
externa feminina. Portanto, os ovérios ndo sdo requeridos para a diferenciacdo dos condutos

sexuais e dos genitais externos femininos (Beiguelman, 1982).

Uma vez que o estdgio critico da diferenciacdo sexual foi ultrapassado, o que ocorre em

torno da nona semana de gestagdo, o primérdio genital fica irreversivelmente

2 Toublanc, 1988; Larsen, 1993 apud Guerra Jr e Maciel-Guerra, 1997
3 Grumbach, 1960; Josso, 1992; Larsen, 1993 apud Guerra Jr e Maciel-Guerra, 1997
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comprometido com o desenvolvimento feminino e ndo pode mais se diferenciar numa

gbnada masculina (Saenger, 1984).

A transformacdo das gbénadas indiferentes em ovdrios inicia-se na décima semana de
gestagdo. Ha um desenvolvimento acentuado da regido cortical dos corddes sexuais
primitivos e degeneracdo da regido medular. As células mesenquimatosas diferenciam-se
em células foliculares, que envolvem as células germinativas primordiais (ovogdnias) as
quais, posteriormente, dardo origens aos foliculos primdrios (Moore, 1978; Beiguelman,

1982; “Toublanc, 1988; Larsen, 1993).

Para a manuteng@o ovariana € necesséria a presenga de dois cromossomos X integros, caso
contrario os foliculos ovarianos degeneram-se e a gbnada torna-se disgenética, ou seja,
constituida somente de tecido conjuntivo, sem elementos da linhagem germinativa

S(Tsafriri et al., 1976).

Na auséncia do hormonio anti-miilleriano, os dutos de Miiller se desenvolvem e formam o
trato genital feminino (dtero, trompas e porgdo superior da vagina). Na falta de testosterona
os dutos de Wolff continuam indiferenciados e parte deles permanece como apéndices
residuais. Na auséncia da di-hidrotestosterona, forma-se a genitdlia externa feminina

(Moore, 1978; Beiguelman, 1982:° Toublanc, 1988; Larsen, 1993).

I1.2 Distarbios da diferenciacio gonadal

De forma geral a designagdo do sexo no ser humano € realizada corretamente com base na
verificacdo dos genitais externos. A presenca de testiculos e genitais masculinos
corresponde o caridtipo 46,XY; enquanto & presenca de ovérios € genitais femininos

correéponde o cari6tipo 46,XX. Existem, no entanto, distirbios que afetam a determinagio

* Toublanc, 1988; Larsen, 1993 apud Guerra Jr. ¢ Maciel-Guerra, 1997.
> Tsafriri et al., 1976 apud Beiguelman, 1982.
6 Toublanc, 1988; Larsen, 1993 apud Guerra Jr. e Maciel-Guerra, 1997.
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ou diferenciacdo sexual de forma que o sexo ndo pode ser definido com base apenas na

aparéncia dos genitais.

Alguns destes distirbios sdo avaliados somente na puberdade por se apresentarem atraves
de atraso no aparecimento das caracteristicas sexuais secunddrias. A maior parte, no
entanto, manifesta-se por ambigiiidade genital e pode ser identificada no recém-nascido.
Nestes casos a defini¢do apropriada do sexo € urgente e requer uma série de procedimentos

cirtirgicos, terapia hormonal e acompanhamento psicoldgico.

H4 diversas maneiras de classificar os distirbios da determinacio e diferenciac@o do sexo.
Seguimos no presente trabalho os critérios adotados pelo GIEDDS, descritos por Guerra Jr.
(1997). De acordo com tais critérios, estas anomalias s@o sub-divididas em: (i) distirbios da
diferenciagio  gonadal, (ii) pseudo-hermafroditismo masculino, (iii) pseudo-

hermafroditismo feminino, (iv) outros.

Dentre os distirbios de diferenciagdo gonadal encontram-se: sindrome de Turner,
aberracdes estruturais do cromossomo X sem fenétipo de Turner, disgenesias gonadais,
hermafroditismo verdadeiro, homens XX e sindrome de Klinefelter. H4 vdrios tipos de
disgenesia gonadal (DG), sendo elas: DG 46,XX; DG 46,XY; DG mista; DG associada a

doenca degenerativa renal e DG associada a Displasia Camptomélica (Guerra Jr., 1997).

No presente trabalho, foram estudados casos de disgenesia gonadal XY e de

hermafroditismo verdadeiro XY.
I1.2.1 Disgenesia Gonadal 46, XY
A denominacdo “disgenesia gonadal 46,XY” refere-se a um grupo de anomalias nas quais

existe um defeito na determinagdo testicular (Berkovitz et al., 1991). A disgenesia gonadal

XY inclui as seguintes formas: pura, também chamada completa, e parcial ou incompleta.
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A DG pura 46, XY caracteriza-se por um fendtipo feminino € auséncia de tecido testicular.
Os pacientes apresentam gbnadas em forma de fita, constituidas de tecido fibroso, e
quantidades variadas de estroma semelhante ao ovariano. Estdo presentes o ttero, as tubas
uterinas e a vagina. A genitédlia externa ¢ feminina. Em geral o diagndstico € feito na época
da puberdade devido & amenorréia primdria e 2 falta de aparecimento dos caracteres sexuais
secunddrios. Os niveis séricos basais de horménio foliculo estimulante (FSH) e hormonio
luteinizante (LH) sdo normalmente elevados, enquanto os niveis de estrégenos e

andrégenos sdo baixos.

Alguns trabalhos descrevem a presenca de elementos tipicos de tecido ovariano nas
gbénadas disgenéticas de mulheres 46,XY (Cussen et al., 1979; Bernstein er al., 1980;
Berkovitz et al, 1991). De acordo com Berkovitz et al. (1991), na auséncia de
determinacg@o testicular as gdnadas de mulheres 46,XY desenvolvem-se em ovarios mas
sofrem degeneracdo devido a falta de um segundo cromossomo X, processo semelhante ao
que ocorre nas pacientes com sindrome de Turner. De fato, as gdnadas de pacientes com
DG pura XY sdo histologicamente indistingiiiveis das pacientes com sindrome de Turner

(45,X).

A maior parte das pacientes com DG pura XY, também chamadas mulheres 46,XY, nio
apresenta anomalias cromossdmicas (Levilliers et al., 1989). Isto quer dizer que as delecdes
de partes do cromossomo Y s3o raras nestas pacientes e, quando ocorrem, em geral esto

associadas a caracteristicas clinicas da sindrome de Turner.

A DG parcial ou incompleta, também conhecida como pseudohermafroditismo disgenético
(Federman et al., 1967), é definida pela presenca de diferenciacdo testicular parcial e
ambigiiidade genital. A genitdlia externa pode apresentar graus variados de ambigiiidade
(Berkovitz et al., 1991). Em geral, os individuos afetados tém niveis baixos de testosterona:
dependendo da gravidade da disgenesia testicular, os niveis de horménio anti-miilleriano

(HAM) podem estar baixos ou serem indetectéveis.

14



Nos pacientes com DG parcial a histologia gonadal € varidvel, porém freqiientemente
observam-se tiibulos seminiferos hipopldsicos associados a dreas semelhantes ao estroma
ovariano (testiculos disgenéticos). Podem ocorrer gbnadas disgenéticas bilaterais ou um
testiculo disgenético e uma goénada disgenética (Berkovitz et al., 1991; Berkovitz e
Seeherunvog, 1998). Outros autores, no entanto, chamam de disgenesia gonadal parcial
apenas Os casos nos quais encontram-se gbnadas disgenéticas bilaterais e preferem a
denominag¢do “diferenciacio gonadal assimétrica” para os casos nos quais encontra-se um

testiculo disgenético (Rey et al., 1999).

Na DG parcial a genitdlia interna consiste de uma combinacdo de derivados de Wolff e
Miiller. A opg¢do do sexo € feminina desde que em idade precoce e com reconstrugdo da

genitdlia externa e remogdo das gdnadas e dos derivados de Wolff (Berkovitz et al., 1991).

Estima-se que tumores do tipo gonadoblastoma ocorram nas gdnadas de at€é 30% dos
individuos portadores de gbnadas disgenéticas e cromossomo Y, tais como 0s pacientes
com DG XY. (Page, 1987a; Mendes et al., 1999). A estes tumores podem se associar
disgerminomas ou outros tumores malignos; portanto, nesses casos, uma vez confirmado o

diagnéstico, hé indicacdo de gonadectomia bilateral.

Do ponto de vista molecular, sabe-se que mutacdes no gene SRY podem causar falha no
desenvolvimento testicular levando & reversdo sexual completa ou parcial. Em 10 a 15%
dos casos de mulheres com caridtipo 46,XY detectam-se alteracdes neste gene (Pivnick ez
al., 1992; Cameron e Sinclair, 1997). H4 uma série de relatos de mutacdes em pacientes
com DG pura. Por outro lado, existem apenas quatro casos de mutagdes em pacientes com a
forma parcial de DG (McElreavey et al.,1996; Domenice et al., 1998; Baud ez al., no prelo;

Assumpcdo et al., no prelo).

11.2.2 Hermafroditismo verdadeiro

O hermafroditismo verdadeiro é definido pela presenca simultdnea de tecido testicular (com

tibulos seminiferos distingiiiveis) e tecido ovariano (contendo foliculos) em um unico
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- individuo. E denominado lateral quando ha ovdério de um lado e testiculo do outro, bilateral
quando ha tecidos ovariano e testicular (ovotestis) de ambos os lados, e unilateral quando
ha ovotestis apenas de um lado, independentemente da gdnada contralateral. Ovotestis é a
gbnada encontrada com maior freqiiéncia, seguida por ovério e, menos freqiientemente,

testiculo (revisto por Guerra Jr., 1997; Guerra Jr. et al, 1998).

Os individuos afetados normalmente apresentam genitdlia ambigua, mas também
observam-se casos de genitdlia externa masculina. O grau de masculinizacdo da genitalia
externa € dos ductos internos depende do quio desenvolvidos sdo os tecidos ovariano e

testicular.

A freqiiéncia dos cariétipos no hermafroditismo verdadeiro varia em diferentes populagdes.
O caridtipo 46,XX € o mais comum (70,6% dos casos), especialmente na Africa (96,9%)
(Krob er al., 1994; Spurdle et al., 1995). Dados da literatura mostram que o caridtipo
46,XY €é pouco freqiiente em algumas regides (aproximadamente 7% na Asia, Europa e
América do Norte), apesar de ser o cariétipo mais fregiiente no Japdo ('Fukuda et al.,
1985). Aberragbes cromossdmicas sdo observadas em 22% dos pacientes e virias
combinacdes de mosaicismo sdo encontradas em pelo menos 10 a 20% dos hermafroditas
(Krob et al., 1994, Guerra-Jr. et al., 1998).

Um estudo realizado pelo GIEDDS (Guerra-Jr. et al., 1998) com um grupo de dez pacientes
do estado de Sao Paulo revelou um perfil cariotipico diferente dos encontrados em outras
publicagbes. Nesse trabalho, quatro pacientes tinham cariétipo 46,XY. Outras aberragdes de
cromossomos sexuais foram encontradas em quatro casos (dois 46,XX/46,XY; um

45,X/47,XYY; um 46,X,delYq) e apenas dois individuos tinham cariétipo 46,XX.

Dentre os pacientes com diagnéstico de hermafroditismo verdadeiro e cariétipo 46,XY, foi

observado que em 10% dos casos ocorrem tumores gonadais (Verp and Simpson, 1987).

7 Fukuda er al.,1985 apud Guerra Jr et al., 1998.
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A etiologia do hermafroditismo verdadeiro 46,XY € pouco conhecida. Dois trabalhos
relataram casos de portadores de mutacdes no dominio conservado do gene SRY (Braun er
al., 1993; Hiort e Klauber, 1995). E interessante notar que o paciente estudado por Braun et
al. (1993) apresentava mosaicismo: a seqiiéncia obtida a partir de DNA de linfocitos
correspondia & do alelo selvagem enquanto que o seqiienciamento do produto gonadal

revelou a coexisténcia do alelo normal e de um alelo mutante.

Berkovitz e Seeherunvog (1998) sugeriram que a DG 46, XY e o hermafroditismo
verdadeiro 46,XY devem ser relacionados. Algumas evidéncias ddo suporte a esta hipdtese.
Em primeiro lugar, mutacdes no gene SRY foram encontradas em pacientes com ambas
anomalias. Em segundo lugar, testiculos disgenéticos de alguns individuos com DG parcial
XY tém é4reas proeminentes de estroma ovariano, sugerindo que no idtero materno estas
gbnadas possam ter sido ovotestis. Além disso, os experimentos realizados por Eicher e
Washburn (1986) mostraram que ap6s a introdugdo de um cromossomo Y da linhagem de
camundongos POS-A no “background” da linhagem C57BL/6J encontravam-se nos fetos
gerados testiculos bilaterais, ovotestis e ovarios. Quando as génadas eram examinadas num
periodo mais tardio, observava-se que o tecido ovariano dos ovotestis havia se degenerado
e as gdnadas remanescentes tinham aparéncia de testiculos disgenéticos. Estes dados
indicam que alguns dos casos de DG parcial 46,XY podem ter sido casos de

hermafroditismo verdadeiro no periodo intra-uterino.

I1.3 Genes envolvidos na determinacio e diferenciacdo do sexo

I1.3.1 Gene SRY

Desde 1959, gracas ao desenvolvimento das técnicas de citogenética e ao estudo de
individuos com constituicdes anormais de cromossomos sexuais, concluiu-se que nos
mamiferos o sexo é determinado pela presenca do cromossomo Y (Jacobs, 1959; Ford,
1959). As andlises de anomalias estruturais do cromossomo Y em humanos sugeriram que

o braco curto desse cromossomo (Yp) deveria conter um ou mais genes que direcionam a
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formacédo dos testiculos. Na auséncia do braco curto o fendtipo € feminino, enquanto na

auséncia do braco longo (Yq) hé presenca de tecido testicular (Gordon e Ruddle, 1981).

Como o fenétipo masculino depende da presencga de testiculos, o suposto gene presente no
cromossomo Y que determina o sexo em humanos foi denominado fator de determinagdo
testicular (TDF). A busca por esse gene durou cerca de 30 anos e sua descoberta mostrou
que os mecanismos genéticos da determinagdo sexual sdo ainda mais complexos do que se

imaginava.

Watchtel ef al. (1975) propuseram a hipdtese de que o antigeno de histocompatibilidade
macho-especifico (H-Y) seria o responsdvel pela indug@o primdria da formacgdo dos
testiculos. As primeiras evidéncias contra a hipdtese de que o antigeno H-Y seria o TDF
surgiram em 1981, quando Haseltine e colaboradores encontraram dois individuos
pseudohermafroditas, com cariétipo 46,XY e tecido testicular, sem evidéncia sorolégica do

antigeno H-Y.

Na década de 80 tornou-se possivel definir a localizagdo do TDF através da construcio de
mapas fisicos detalhados do cromossomo Y humano. Um desses mapas foi construido com
base em homens 46, XX que herdaram seqiiéncias derivadas de Y, provavelmente por
eventos de translocagdo ocorridos durante o emparelhamento dos cromossomos X e Y na
meiose (Guellaen et al., 1984; Page, 1986; Pritchard, 1987; Goodfellow, 1987). Esses
trabalhos mostraram que o TDF deveria estar localizado na por¢éo distal do brago curto do

cromossomo Y.

O mapeamento de seqiiéncias Y-especificas em individuos portadores de alteracdes
estruturais nesse cromossomo possibilitou a divisdo do Y em sete intervalos (Vergnaud et
al., 1986). A andlise das delecdes indicava que o TDF pertencia ao intervalo 1 desse
cromossomo, adjacente a regido pseudoautossdmica. Nessa regido foi encontrado um gene,
chamado ZFY, altamente conservado que codifica uma proteina do tipo ‘“Zinc-finger” (Page

et al., 1987Db).
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Alguns fatos, entretanto, levaram 2 exclusdo do ZFY como fator de determinagao testicular:
a presenca de uma seqiiéncia homéloga ao ZFY no cromossomo X (ZFX) (Schneider-
Gidecke et al., 1989); a presenca de seqiiéncias homodlogas em autossomos de marsupiais
(Sinclair et al., 1988); a descri¢do de trés homens XX e um individuo intersexo XX que ndo
apresentavam ZFY, mas eram positivos para marcadores do intervalo 1A1 (Palmer et al.,
1989); e a descoberta de que em camundongos o gene Zfy € expresso nas c€lulas
germinativas, mas nao nas células somdticas a partir das quais os testiculos se desenvolvem

(Koopman et al., 1989).

Com base nas informagdes fornecidas por Palmer er al. (1989), concluiu-se que o TDF
deveria encontrar-se dentre 60 Kb no intervalo 1Al. Conforme novos marcadores do
cromossomo Y tornaram-se disponiveis, essa regido foi reduzida para 35 Kb. Como
resultado de uma busca minuciosa, foi identificado um fragmento denominado pY53.3 que
detectava seqiiéncia de cGpia tnica, Y-especifica, ndo s6 em humanos mas também em
outras espécies de mamiferos. Analisando-se esse segmento, encontrou-se um gene,

conservado em mamiferos, que foi denominado SRY (Sinclair et al., 1990) (figura 1).
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Fig.1 : Representagdo cronoldgica da busca pelo fator de determinag@o testicular entre 1959

e 1990 (modificado a partir de McLaren, 1990).
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A andlise da seqiiéncia de nucleotideos do gene SRY revelou duas fases de leitura aberta
(ORF - “Open Reading Frame”). A proteina codificada pela menor fase de leitura néo foi
relacionada com nenhuma outra proteina conhecida, ao passo que a fase de leitura maior
codifica uma proteina que exibe alta homologia com a proteina Mc, necesséria para a fissdo
de leveduras, e com proteinas nucleares nao histonicas HMG1 e HMG2 que, ligando-se ao

DNA, atuam como fatores de regulacdo da transcri¢do (Sinclair et al., 1990).

Ao contrdrio da maioria dos genes humanos até agora caracterizados, o SRY humano
consiste de um tnico exon e codifica uma proteina de 204 aminoacidos (Behlke et al.,
1993; Su e Lau, 1993). O estudo de suas seqiiéncias flanqueadoras mostrou a presenca de
dois pequenos segmentos ricos em GC localizados na regido 5’ no transcrita do gene SRY.
Porém, a busca de um elemento promotor néo revelou nenhuma seqiiéncia do tipo “TATA”
ou “CCAAT box” na regido rica em GC, préxima ao sitio de inicio da transcricdo (Su e

Lau, 1993).

Foram encontradas na porg¢do 5’que flanqueia o gene SRY vdrias seqiiéncias conservadas
que podem estar relacionadas com o controle da expressio desse gene (Vilain et al., 1992;
Su and Lau, 1993; Veitia et al., 1997a). Pelo menos trés fatores de transcri¢do que se ligam
a essa porgdo estdo aparentemente envolvidos na transativagdo do SRY: Spl, SF-1 e WT1
(Desclozeaux et al., 1998a; de Santa Barbara et al., 2001; Hossain and Saunders, 2001).
Entretanto os mecanismos pelos quais a expressdo do SRY é regulada in vivo permanecem

obscuros.

Paralelamente, Gubbay et al. (1990) descreveram em camundongos o gene 8Sry, homélogo
a0 SRY humano, e demonstraram que o padrdo de expressdo do Sry é consistente com o
esperado para um gene responsavel pela determinacdo testicular, ocorrendo
especificamente nas células somdticas da prega urogenital justamente antes da formagdo do

cordao testicular.

¥ Usou-se a notagdo SRY para o gene humano e Sry para o gene de camundongo. O mesmo padrio foi adotado
para os demais genes.
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A evidéncia direta de que o SRY corresponde ao TDF foi obtida pela andlise de mulheres
que apresentavam DG 46,XY. Algumas dessas mulheres apresentavam mutagdes de novo
no SRY, o que indicou que este gene é realmente requerido para a formag@o testicular (Berta

et al., 1990).

Esses experimentos, porém, ndo demonstraram se apenas o SRY era capaz de induzir a
formagdo dos testiculos. Essa divida foi esclarecida mais tarde por meio da obtengdo de
animais transgénicos: o gene Sry de camundongos e o gene SRY humano foram inseridos,
separadamente, em embrides de camundongo XX. Apesar do gene humano ndo ter se
expressado nos camundongos transgénicos, foi observado que o Sry levou ao
desenvolvimento de testiculos normais nos camundongos XX. O exame interno da genitélia
revelou que o trato reprodutivo era normal, sem sinais de hermafroditismo (Koopman ef al.,

1991).

A expressdo do gene Sry foi detectada em células precursoras das células de Sertoli (Rossi
et al., 1993). Aparentemente a fungdo principal do SRY € ativar a diferenciagdo dessas
células. Em camundongos, a expressdo comeca logo que surgem as cristas genitais, por
volta de 10.5 dpc (“days post coitum™), atinge um pico em torno de 11.5 dpc e € mantida
somente até que surjam os primeiros indicios da diferenciagdo testicular em torno de 12.5

dpc (Koopman et al. 1990; Hacker et al., 1995).

O gene humano, por sua vez, tem um padrdo de expressdo mais amplo que se inicia no
momento da determinacio do sexo e continua até a vida adulta. Na espécie humana a
expressdo comeca em 41 dpo (“days post ovulation™), atinge um pico em 44 dpo e persiste
em niveis baixos a partir dai (Salas-Cortés et al., 1999; McElreavey e Fellous, 1999;

Hanley et al., 2000).

Acredita-se que 6 SRY exerca sua func#o através da regulagdo da expressdo de outros genes
que participam do processo de determinag@o do sexo. A proteina SRY possui um dominio
de ligagio ao DNA formado por 79 aminoécidos. Este dominio foi primeiramente

reconhecido nas proteinas nucleares do grupo de alta mobilidade (HMG) e € chamado
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“HMG box”. Dentre as seqiiéncias do tipo “HMG box” conhecidas, o SRY estd mais
relacionado com duas proteinas de linfécito T, TCF-1 e TCF- 1. Sabe-se que TCF-1 liga-
se especificamente  seqiiéncia AACAAAG. Harley et al. (1992) verificaram que a proteina

SRY também reconhece fragmentos sintéticos de seqiiéncia AACAAAG.

Foi demonstrado que algumas mutagdes associadas com reversio do sexo em mulheres XY
diminuem a capacidade de ligagio da proteina SRY ao DNA. Esses dados indicam que a
ligagdo ao DNA ¢ essencial para que o SRY estabeleca a determinacio sexual masculina

(Harley et al., 1992).

Com a intensificagdo dos estudos, descobriu-se que o dominio HMG da proteina SRY nio
somente permite sua ligagdo ao DNA, mas também induz neste um dobramento (Ferrari er
al., 1992; Giese et al, 1992). Isto sugere que esta protefna possa atuar influenciando a
estrutura da cromatina e regulando a expressdo génica através da justaposicio de sitios
distantes da hélice de DNA. A importéncia desse dobramento para a fungio do SRY foi
comprovada pelo achado de mutagdes que ndo afetam a capacidade de ligagio da proteina

a0 DNA, mas alteram o dngulo de dobramento que ela induz (Pontiggia ef al., 1994).

Visto que provavelmente o SRY atua como fator de transcricdo, outras caracteristicas
comuns a esse grupo de moléculas, tais como dominios de localizacdo nuclear e de
fosforilagdo, foram investigados nesse gene. Dois sitios de localizacdo nuclear
independentes foram detectados nas extremidades do “HMG box” (Poulat et al., 1995;
Siidbeck e Scherer, 1997). Uma mutagdo na por¢io C-terminal do dominio HMG
comprovadamente afeta a localizagdo nuclear da proteina SRY apesar de nio alterar sua

capacidade de se ligar ao DNA e dobra-lo (Li ez al., 2001).

A fosforilagdo € um dos principais mecanismos pelos quais a atividade de fatores de
transcri¢do pode ser modulada na célula. A fosforilacdo de um fator de transcri¢do pode
afetar sua localizacdo nuclear, sua capacidade de ligacio ao DNA ou sua capacidade de
transativagdo. Desclozeaux et al. (1998b) demonstraram que a proteina quinase dependente

de c-AMP (PKA) € capaz de fosforilar residuos de serina localizados na por¢do N-terminal
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da proteina SRY. Além disso, esse evento aumenta a atividade de ligacdo ao DNA dessa

proteina.

Outra caracteristica importante de um fator de transcricdo € sua capacidade de ativar
especificamente os seus genes alvo. O SRY € um membro de uma familia de fatores de
transcri¢do, conhecidos como proteinas SOX, que contém dominios HMG semelhantes.
Todas as proteinas SOX caracterizadas até o momento ligam-se a seqiiéncias similares;
acredita-se que a especificidade de ligacdo € alcancada através da interagdo com co-fatores

distintos (Ng et al., 1997; Kamachi et al., 1999).

Recentemente foi descrito um fator que interage com SRY, SIP! (“SRY interacting protein
1), que contém dominios de interacdo com proteina denominados PDZ (Poulat et al.,
1997). SIP1 interage com sete aminodcidos da por¢do C-terminal do SRY e hd na literatura

um caso de mutacdo nesse sitio associado a DG XY (Tajima et al., 1994).

Mutagdes no gene SRY podem causar falha no desenvolvimento testicular levando a
reversdo sexual completa ou parcial. Até o momento, foram descritas 44 mutagdes na fase
de leitura aberta (“ORF”) do SRY. A grande maioria destas mutacdes foi encontrada em
pacientes com diagnéstico de DG pura XY, mas ha relatos de mutagdes em pacientes com
DG parcial XY, hermafroditismo verdadeiro e reversdo sexual com fun¢do ovariana parcial

(revisto por Assumpgdo et al., no prelo).

A suposi¢cdo de que mutagdes no dominio conservado HMG do SRY causariam um dano
maior a fun¢do da proteina produzida, gerando o fenétipo feminino na DG pura, fez com
que as investigacdes dirigissem-se para essa por¢do do gene. De fato, a grande maioria das
mutagdes descritas dentro do gene estd presente no seu dominio conservado (figura 2). Ha
apenas sete relatos de mutagdes localizadas na fase de leitura aberta do SRY que se situam

fora dessa regido (revisto por Assumpgao ef al., no prelo).

23



= L] = - TEREAES e bk v eaw b pEaw. W A -
~ A e T (l-‘-'i!i__

a * il = i [l O
WP QEAQEOLONHRIKYFYEYEFREREAR

Fig. 2: Posi¢do dos aminoacidos alterados por mutagdes no gene SRY humano.

Dentre os pacientes com sexo reverso foram observados casos nos quais as mutagdes no
SRY ocorrem em mais de um individuo da mesma familia, ou seja, sio herdadas (Berta ef
al., 1990; Jagger et al., 1992; Hawkins et al., 1992; Affara et al., 1993; Tajima et al., 1994;
Schimitt-Ney ef al., 1995, Bilbao et al., 1996; Hines et al., 1997; Domenice et al., 1998;

Imai ef al., 1999; Assumpe¢io et al., no prelo).

A freqiiéncia de muta¢des no SRY em mulheres com DG ¢ relativamente baixa e, como
mencionado, raros sdo os casos de mutagdes encontradas associadas a outros distarbios de
diferenciagdo gonadal. O fato de que a maioria dos pacientes nio apresenta mutacdes no
SRY pode ser devido a fatores como: (1) ocorréncia de mosaicismo; (2) mutacdes nas
seqiiéncias que regulam a expressdo do SRY; (3) mutagdes nas seqiiéncias as quais a
proteina SRY se liga; (4) mutagdes em outros genes envolvidos nos processos de

determinacdo e diferenciagdo do sexo.

No que diz respeito as seqiiéncias regulatorias, apesar de existirem algumas descri¢coes de
mutagGes na regido promotora do SRY (McElreavey et al., 1992; McElreavey et al., 1996;
Kwok et al., 1996a; Poulat e al., 1998), esses eventos sio raros quando comparados com a
freqiiéncia de muta¢do na regido codificadora, particularmente no dominio conservado do

gene (Schimitt-Ney ef al., 1995).

Desta forma, na auséncia de mutagdes no SRY faz-se necessario o estudo de outros genes.

Ha no genoma humano uma série de copias da seqiiéncia consenso a qual a proteina SRY
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se liga. A maioria desses sitios de ligagdo ndo estd implicada na determinagao testicular, o
que torna dificil a identificacdo dos genes regulados pelo SRY. Portanto, outra abordagem
tem sido empregada na busca dos genes que participam da determinac@o sexual: a busca de

loci envolvidos com sindromes nas quais ocorre reversao sexual.

Viérios genes envolvidos no desenvolvimento das gdnadas de mamiferos foram
identificados, alguns dos quais encontram-se descritos em detalhe nas se¢Oes seguintes.
Estes genes podem ser divididos em trés classes com base na sua ordem de ac¢do. Em
primeiro lugar, hd aqueles que sdo necessarios para a formagao das gdnadas bipotentes, tais
como FTZF1 (Luo et al., 1994) e WT'1 (Kreidberg et al., 1993). Em segundo, hd genes que
determinam se a génada indiferenciada vai seguir a via masculina ou feminina; estes
incluem os genes SRY (Sinclair et al., 1990) e SOX-9 (Wagner et al., 1994). E possivel,
ainda, que DAX-1 (Swain et al., 1998; Yu et al., 1998) e WNT-4 (Vainio et al., 1999,
Jordan er al., 2001) também atuem nesta etapa. Finalmente, hd genes que promovem a
diferenciagdo sexual masculina ou feminina da gbénada, uma vez que seu sexo tenha sido
determinado; nesse grupo incluem- se os genes FTZF] e WI1 (Nachtigal et al., 1998) e
WNT4 (Vainio et al.; 1999; Jordan et al., 2001).

I1.3.2 Genes ligados ao X

Duplicagdes do brago curto do cromossomo X podem inibir o desenvolvimento testicular
em individuos com caridtipo XY, levando a um fenétipo feminino e disgenesia gonadal
pura ou parcial (Bernstein et al., 1980; Ogata et al., 1992; Bardoni et al., 1993; Am et al.,
1994; Bajalica et al., 1995). A menor por¢do duplicada responsavel pela reversdo do sexo
foi definida como uma regido de 160 Kb em Xp21 (Bardoni et al., 1994). Nesse intervalo
localiza-se o gene DAX-1 (Zanaria et al., 1994), que codifica um membro da superfamilia
de receptores nucleares de horménios e tem sido considerado o provével responsavel por

esta reversdo sexual sensivel a dosagem (DSS).

A expressdo do gene Dax-1 de camundongos estd associada com o desenvolvimento do

trato genital, da glandula adrenal, do hipotdlamo e da glandula pituitdria (Swain er al.,
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1996; Guo er al., 1995; Ikeda et al., 1996). Sua express@o tem inicio na mesma época que a
do SRY mas ocorre tanto nos embrides XX quanto nos XY. A medida que o
desenvolvimento testicular prossegue o gene é reprimido enquanto sua expressdo continua
ao longo do desenvolvimento ovariano. Camundongos XY transgénicos portadores de
copias extras de Dax-1 t€m o seu desenvolvimento testicular atrasado quando o gene se
expressa em altos niveis mas ndo sofrem reversdo sexual. Quando o gene ¢ testado contra
alelos “fracos” (Y poschiavinus) do gene Sry, estes camundongos sofrem reversio sexual

completa (Swain et al., 1998). Isso leva a crer que Dax-1 e Sry atuam de forma antagdnica.

Com base nesses dados, foi sugerido que a reversdo sexual causada pela duplicacio de
Dax-1 se desse através da indugdo de genes responsaveis pelo desenvolvimento do ovirio.
Entretanto, demonstrou-se que a inativagdo de Dax-1 ndo gerou um fenétipo caracteristico

em camundongos XX (Yu et al., 1998).

Apesar de todas as evidéncias do envolvimento de DAX-] com a reversio sexual,
duplicagbes em Xp21.3 nfo sdo comuns em mulheres XY. Zanaria et al. (1994)
hibridizaram o DNA de trinta mulheres XY e todas apresentaram padrdo normal de
hibridizaggo. Veitia e colaboradores também nao encontraram evidéncias de duplicacio em

mais de quarenta pacientes estudadas (Veitia et al., 1997b; Veitia et al., 2001).

SOX-3 (“SRY-like HMG box protein 3”) também localiza-se no cromossomo X e, embora
ndo exista evidéncia direta de que este gene esteja envolvido na determinacdo ou
diferenciagdo do sexo, hd a hipétese de que SOX-3 seja a seqiiéncia ancestral do SRY
(Collignon et al., 1996). Em humanos, SOX-3 ndo € necessério para a formacio do testiculo
visto que pacientes com delecdes nesse gene sdo homens (Stevanovic er al., 1993).
Contudo, Graves (1998) propds um modelo de acordo com o qual a proteina SRY inibiria o
gene SOX-3, que por sua vez seria um inibidor de um fator essencial para a determinagio

testicular.

Além de DAX-1 e SOX-3, outro gene situado no cromossomo X pode estar envolvido com a

determina¢do gonadal. A sindrome de talassemia-o e retardo mental ligada ao X (ATR-X)
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é caracterizada por anomalias faciais e genitais (incluindo testiculos disgenéticos) e retardo
mental grave (Gibbons et al., 1991, 1995a). Gibbons et al. (1995b) mostraram que a
sindrome ATR-X € causada por mutacdes no gene XH2 que pertence a uma familia de

helicases.

11.3.3 Genes autossomicos

Virios genes autossOmicos importantes para a diferenciagdo do sexo também foram
identificados. Alguns desses, tais como FTZF] e WT1, além de ter uma atuagdo essencial
para o surgimento da gdnada, também influenciam etapas posteriores do desenvolvimento
gonadal. As proteinas codificadas por estes genes atuam como fatores de transcri¢do e
devem ter um papel amplo na diferenciagdo embriondria, visto que, quando alteradas dao

origem a doengas que afetam outros sistemas além do genital.

A proteina SF-1 é um membro da familia de receptores nucleares érfaos. A expressdo do
gene que a codifica, conhecido como FTZFI (localizado em no brago longo do
cromossomo 9), é necesséria em trés momentos ao longo da determinag@o e diferenciagdo
testicular. Em primeiro lugar, na formacdo da gbnada bipotente; depois, nas células de
Sertoli para regular a expressdo do gene do horménio anti-miilleriano (HAM); e mais tarde
nas células de Leydig, para regular a expressdo de uma série de hormonios esterdides (Shen

et al., 1994; Sugawara et al., 1996; Giulli ez al., 1997; Crawford et al., 1998).

Camundongos homozigotos para delecdes no Fiz-fI ndo desenvolvem gdnadas e gléndulas
adrenais (Luo et al., 1994). Recentemente o seqiienciamento desse gene em uma mulher
XY revelou uma mutagdo que causa reversdo sexual completa mesmo em heterozigose,

além de causar falha adrenal (Achermann et al., 1999).

O gene WTI localiza-se no cromossomo 11. Mutagdes nesse gene sdo encontradas em
quatro diferentes patologias humanas: tumor de Wilms; sindrome de WAGR (tumor de
Wilms, aniridia, malformacdo genitourinédria e retardo mental), sindrome de Frasier e

sindrome de Denys-Drash (Gessler et al., 1990; Pelletier et al., 1991; Barbeaux et al.,
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1997). Embora os fendtipos associados as sindromes mencionadas variem, sdo freqiientes
alteragbes renais e reversdo sexual XY. Além disso, verificou-se que camundongos
homozigotos para dele¢des no gene Wr-1 ndo desenvolvem testiculos e rins (Kreiberg et al.,

1993).

Foi sugerido que Wt-] atuaria potencializando a expressio de Sry (Hossain e Saunders,
2001). Para tentar determinar se mutagdes no WIJ poderiam causar apenas disgenesia
gonadal, Nordenskjold et al. (1995) estudaram 27 casos de mulheres XY que nio
apresentavam alteracdes no SRY; como nenhuma mutagdo foi detectada, concluiu-se que

alternacdes no WT'/ ndo sdo causa freqiiente de DG isolada.

Outro fator de transcri¢do codificado por um gene autossémico tem grande relevancia na
determinagdo sexual. Ele pertence a familia SOX de proteinas relacionadas ao SRY, e é
chamado SOX-9. Em seres humanos, mutagdes em heterozigose no gene SOX-9, localizado
no bragco longo do cromossomo 17, estio associados a uma sindrome conhecida como
Displasia Camptomélica (Foster e Graves, 1994; Wagner et al., 1994). Esta sindrome
caracteriza-se por graves anomalias esqueléticas e uma grande propor¢do dos pacientes
com cariotipo XY s&o fenotipicamente femininos (Houston et al., 1983; Tommerup et al.,

1993).

Nenhum caso de mutagdo em SOX-9 resultando em sexo reverso sem Displasia
Camptomélica foi relatado. Kwok et al. (1996b) analisaram amostras de DNA de 30
pacientes XY com aberragdes variadas de desenvolvimento sexual e encontraram apenas
um polimorfismo no gene SOX9. Meyer et al. (1997) estudaram 18 mulheres com DG pura
e SRY intacto, mas ndo observaram alteragdes em SOX-9. Esses trabalhos indicam que
mutacdes nesse gene ndo sdo freqiientes em pacientes com reversdo sexual que ndo
apresentam malformacdes esqueléticas. De fato, a distribuicio das muta¢des encontradas
em SOX-9 até hoje ndo indica a existéncia de um dominio da proteina que seja importante

unicamente para o seu papel na determinaco do sexo (Koopman, 2001).
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O tempo de expressdo de Sox-9 em camundongos € compativel com a possibilidade de que
este gene seja diretamente regulado pelo Sry. Contudo, ha evidéncias de que Sox-9 pode
induzir a diferenciacio das células de Sertoli, mesmo na auséncia do Sry (Morais da Silva
et al. , 1996; Vidal et al., 2001). Em seres humanos, hd um relato de duplicagdo de SOX-9

em um tnico paciente com cariotipo 46,XX e genitdlia masculina (Huang et al., 1999).

A proteina WNT-4 € uma molécula de sinalizagdo que atua como repressora da
determinacdo gonadal masculina e influencia o desenvolvimento sexual feminino. Em
camundongos, a delecdo de Wnt-4 causa masculinizagdo dos fetos XX. Wnt-4 €
inicialmente requerido em ambos os sexos para a formagdo dos dutos de Muller. A seguir,
Wnt-4 aparentemente suprime o aparecimento das células de Leydig na gbnada feminina;
conseqiientemente, fémeas com mutacdes neste gene tém a sintese de testosterona ativada

(Vainio et al., 1999).

Em seres humanos o gene WNT-4 situa-se no brago curto do cromossomo 1 (Jordan et al.,
2001). Esses pesquisadores estudaram uma paciente com genitdlia ambigua e testiculos
disgenéticos portadora de um rearranjo em [p e verificaram que no intervalo duplicado
estavam presentes duas copias de WNT-4. Devido a semelhanca entre o quadro clinico desta
paciente e de individuos com duplicagdes de DAX-1, tais autores levantaram a hipétese de
que estes dois genes devem atuar em sinergismo na determinacdo do sexo. De fato, a
transfeccdo de Wnt-4 em células de Leydig e de Sertoli resultou em um aumento na
expressdo de Dax-1 (Jordan et al., 2001). Desta forma € possivel que Sry iniba Dax-1 via

Wnt-4, prevenindo sua fungdo “anti-testiculo”.

As alteragdes relatadas nos principais genes envolvidos na determinagio ¢ diferenciag@o do
sexo (figura 3), com excecdo do SRY, afetam outros 6rgéos além das gonadas. Por isso é
provavel que outros genes sejam responsaveis por casos de disgenesia gonadal, ou mesmo

de hermafroditismo verdadeiro, quando mutacdes no SRY ndo sdo encontradas.
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Fig 3. Desenho esquematico dos principais genes responsaveis pela formagio da gonada

bipotente e pela determinagdo sexual em humanos.

A busca por tais genes continua concentra-se em regides de cromossomos autossdmicos
envolvidas com a reversdo sexual. Delegdes em heterozigose nos segmentos distais de 9p e
10q podem causar reversdo sexual completa ou parcial em mulheres 46, XY (Bennet ef al.,
1993; Wilkie et al.; 1993). Também a duplicagdo parcial do brago longo do cromossomo 22

foi relatada em um caso de hermafroditismo verdadeiro (Aleck et al., 1999).

11.3.3.1 Gene DMRT1

A importancia de 9p no desenvolvimento sexual masculino fica evidente numa revisdo de
80 casos publicados de dele¢des no brago curto do cromossomo 9 visto que 25 dos 60 casos

informativos tinham anomalias na genitalia externa (Huret ez al., 1988).

A reversdo sexual XY tem sido observada em um nUmero substancial de individuos
portadores de rearranjos cromossomicos que resultam em dele¢do da porgdo distal do brago
curto do cromossomo 9. Os pontos de quebra variam de 9p21 a 9p24 (Jotterand & Juillard,
1976; Fryns et al., 1986; Crocker et al., 1988; Hoo et al., 1989; Magenis et al., 1990;
Bennet ef al., 1993; McDonald et al., 1997; Ogata ef al., 1997, Veitia et al., 1997¢; Flejter
et al., 1998; Guioli et al., 1998; Ion et al., 1998; Veitia et al., 1998; Raymond et al. 1999a;
Calvari et al., 2000; Muroya et al. 2000).
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" Grande parte dos pacientes com dele¢des em 9p e cariétipo XY possui genitalia externa
feminina ou ambigua e graus variados de disgenesia gonadal, indo desde gdnadas formadas
por tecido fibroso (disgenéticas) até testiculos hipoplésicos. Tal fenétipo sugere a presenga
de um ou mais genes na porc¢do distal de 9p envolvidos com a diferenciacdo da gbnada

masculina.

Delegdes relativamente grandes em 9p foram associadas a uma sindrome na qual os
pacientes tém fendtipos variados incluindo retardo mental e anomalias craniofaciais.
Delecdes pequenas em 9p, contudo, podem causar reversio sexual € DG pura ou parcial
XY sem outros sintomas associados (McDonald et al., 1997, Veitia et al., 1997c; Flejter et
al., 1998; Veitia et al.; 1998; Calvari et al.; 2000). Isto sugere que a DG e os demais

sintomas sdo causados por perda de genes diferentes.

A analise citogenética e molecular dos casos de reversdo sexual em pacientes com delegOes
em 9p levou a identificacdo de uma regido critica em 9p24.3. Mapeamentos recentes feitos
através do uso de microssatélites refinaram ainda mais este intervalo, localizando-o
préximo ao teldmero do brago curto do cromossomo 9 (Flejter et al., 1998; Guioli et al.,
1998; Veitia et al., 1998). Um paciente descrito por McDonald et al. 1997 e posteriormente
estudado por (Flejter et al. 1998) e Raymond et al. (1999a) aparentemente definiu o0 menor
intervalo critico estimado em 250 kb (Raymond et al., 1999a). No entanto o tamanho dessa
regido € controverso devido a inconsisténcias nos dados de mapeamento dos marcadores de

microssatélites em 9p (Calvari et al., 2000).

Raymond er al. (1998) identificaram um gene humano que se localiza em 9p24.3 e tem
seqiiéncia similar 2 de genes que regulam o desenvolvimento sexual de insetos e
nematodos. Inicialmente foi isolado o gene mab-3, que estd envolvido na diferenciagéo
masculina em C. elegans, e codifica um dominio de ligacdo a DNA (dominio DM) que
também é encontrado no gene ‘“‘doublesex” (dsx?) de D. melanogaster. A anélise de bancos
de dados revelou um cDNA humano que codifica uma proteina com dominio DM, isolado a
partir de uma biblioteca de testiculo. Tal gene é chamado DMRTI (originalmente

denominado DMTI - “DM domain gene expresses in testis”) (Raymond et al., 1998). O
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gene DMRTI tem cinco exons e € previsto que ele codifique uma proteina de 373
aminodcidos com um dominio DM préximo & sua por¢cdo N-terminal (Raymond et al.,
1999a). Foi demonstrado que em adultos este gene s se expressa em testiculos (Raymond

etal., 1998).

A seguir, Raymond ef al. (1999a) identificaram um segundo gene com dominio DM,
chamado DMRT2, que também se localiza em 9p24.3. Seqiiéncias de cDNAs de DMRT2
foram identificadas em bibliotecas de misculo de mulheres, o que demonstra que a sua

expressdo € menos restrita que a de DMRT].

Para verificar a possibilidade de que muta¢des em DMRT] e DMRT2 pudessem interferir
na diferencia¢@o sexual, Raymond et al. (1999a) seqiienciaram toda a regido que codifica
DMRTI em 87 individuos com reversdo sexual XY e encontraram apenas uma mutacdo em
potencial. Também analisaram o dominio DM do gene DMRT2 em 54 mulheres XY e nio
encontraram mutacOes. Tais dados mostraram que mutagdes pontuais nestes genes ndo sdo

causa freqiliente de reversdo sexual XY.

A auséncia de mutagdes em DMRTI e DMRT2 nesses pacientes sugere trés possibilidades.
A primeira € que tais genes ndo participam da diferenciacdo sexual humana. A segunda é
que podem existir mutacdes fora da regifo seqiienciada por Raymond et al. (1999) que
afetem a expressdo dos genes. Alternativamente, a reversio sexual poderia ser causada por
hemizigose de ambos os genes. A terceira hip6tese parece mais provavel ja que anélises de
hibridizagdo fluorescente in situ (FISH) revelaram que as menores delegdes descritas até

aquele momento removiam tanto DMRT quanto DMRT?2.

Posteriormente, Calvari et al. (2000) indentificaram uma delegdo minima em duas irmas
46,XY, clonaram e mapearam esta regido. Esta andlise os permitiu esclarecer a ordem
relativa dos marcadores situados em 9p24.3 e definir que a regido apagada tem menos de
700 kb. Além disso, foi demonstrado que DMRTI ¢ DMRT?2 estdo fora desse intervalo;

DMRT]I, no entanto, situa-se a 30kb da delecdo e tem sua porcdo 5’ orientada para ela.
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Dessa forma, é possivel que a delegdo interfira com a expressdo de DMRTI] por remover

seus elementos regulatdrios ou posicionar o gene muito proximo ao teldémero.

Calvari et al. (2000) também ndo encontraram mutagdes apds estudarem DMRTI em 72
pacientes com reversdo sexual XY. Estes autores sugeriram que esse gene pode ser um
fator que contribui para reversdo sexual ligada a 9p, mas talvez ndo seja o Unico; ou que

outro gene ainda ndo descoberto seja responsével por esse fendtipo.

Foi verificado que a regido critica tem uma densidade de genes maior do que se havia
antecipado previamente. Ottolenghi er al. (2000) seqiienciaram a regido que contém 0s
genes DMRTI e DMRT?2 e identificaram agrupamentos de ESTs, ilhas CpG e uma nova
seqiiéncia que codifica um dominio DM (DMRT3).

Apesar da presenca de outros genes no intervalo critico, modelos animais, especialmente a
obtengdo de “knock-outs” e estudos de expressdo de Dmrtl, reforcam a importancia deste
gene na diferenciacdo da génada masculina. Assim como em humanos, camundongos com
delecdes de Dmrtl apresentam falha no desenvolvimento testicular acompanhada de morte
de células germinativas. Além disso, o efeito da delecdo de Dmrt] s6 foi observado em

animais XY (Raymond et al., 2000).

Raymond et al. (1999b) descobriram que o gene Dmrtl € expresso exclusivamente na crista
urogenital de camundongos de ambos os sexos nos primeiros estdgios da formagdo das
gonadas. Durante a diferenciacdo da gdnada, a expressdo de Dmrt] € mantida apenas nos
embrides masculinos e torna-se restrita aos tibulos seminiferos que estdo em formagao nos
testiculos. Em seres humanos, foi demonstrado que DMRT] também € expresso na crista
urogenital de embrides masculinos € ndo nos femininos. Além disso, em embrides de sete
semanas, DMRTI e SRY sdo expressos somente nos tibulos seminiferos em formagéo

(Moniot et al., 2000).

Nas aves, ao contrario dos mamiferos, o sexo feminino € heterogamético (ZW) e o

masculino é homogamético (ZZ). Em galinhas, o gene Dmrt] € ligado ao Z. Raymond e al.
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- (1999b) mostraram que Dmrtl € expresso na crista urogenital e dutos de Wolff pouco antes
da diferenciacdo sexual e € expresso em maiores niveis em embrides ZZ do que ZW.
Baseados nesse trabalho e em publica¢des anteriores, Raymond ez al. (1999b) sugeriram
que genes contendo dominios DM provavelmente tém uma fungdo importante no

desenvolvimento sexual de mamiferos, aves, nematodos e insetos.

A expressdo gbOnada-especifica de DMRT! em camundongos e seres humanos ¢
extremamente interessante, ja que o inico gene conhecido que participa da determinacgio do
sexo e € expresso exclusivamente na gbnada antes de sua diferenciacdo é o SRY. A
expressdo do SRY restringe-se aos embrides masculinos devido & sua localizacdo no
cromossomo Y. No entanto, ndo se sabe o que restringe sua expressdo a crista urogenital.
Raymond et al. (1999b) especulam a possibilidade de DMRT] ativar a transcri¢do do SRY.
Tal ativagéo poderia explicar o fendtipo causado em humanos por dele¢cdes em 9p somente
nos individuos com cariétipo XY e também a expressdo restrita & gonada do gene SRY. Em
acordo com esta possibilidade, a expressdo de Dmrt] em camundongos é detectada no
estagio 9,5 em camundongos, quando a crista urogenital comega a se formar, enquanto a
expressdo do Sry comega no estagio 10,5 (Hacker et al., 1995). E importante ressaltar que

esse modelo de regulagdo € hipotético e ndo existe até o momento evidéncia experimental

que 0 comprove.

Com excecao de SRY e DMRTI, todos os genes citados nesta revisdo expressam-se nas
génadas e em outros locais no embrido e tém outras funcdes no desenvolvimento
embriondario além da determinac@o sexual. Ndo hd na literatura relatos de pacientes com
DG XY, sem anomalias somdticas adicionais, que tenham altera¢des em outros genes que
ndo SRY ¢ DMRTI. E possivel que duplicacdes em DAX-I e WNT4 também sejam
compativeis com este fenétipo, no entanto os casos publicados até o momento envolvem
duplicagao de porgdes cromossOmicas grandes que estdo associadas a uma série de
expressdes fenotipicas além da disgenesia gonadal. Dessa forma, neste trabalho, estudamos
preferencialmente os genes SRY e a regido cromossdmica onde se encontra o gene DMRTI

para tentar elucidar casos de reversio sexual XY isolada.
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III. OBJETIVO

v Determinar a causa da diferenciacdo gonadal anormal em pacientes com disgenesia

gonadal ou hermafroditismo verdadeiro portadores de cromossomo Y.

OBJETIVOS ESPECIFICOS

v' Verificar, através de PCR, a presenga do gene SRY.

v" Procurar mutagdes na “ORF” do gene SRY através de seqiienciamento.

v Nos casos em que forem encontradas mutagdes que causam troca de aminodcidos,
determinar a capacidade de ligacdo ao DNA das proteinas produzidas a partir dos

alelos alterados.

v’ Procurar mutagdes na regido promotora do gene SRY através de seqiienciamento.

v" Investigar a presenca de dele¢des em 9p24.3 através do uso de microssatélites.

v' Investigar a perda de heterozigose no gene DMRT] através de “Southemn-blotting”.
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IV. CASUISTICA

Os pacientes foram diagnosticados pelo grupo de médicos do GIEDDS. Todos tiveram o
exame de cromatina X em nicleos de células de mucosa oral e o caridtipo a partir de
cultura de linf6citos de sangue periférico realizados no laboratério de Citogenética Humana
do Departamento de Genética Médica da FCM-UNICAMP. As anomalias do
desenvolvimento gonadal foram classificadas de acordo com Guerra-Jr. (1997), Berkovitz

et al. (1991) e Marcantonio et al. (1994).

A amostra consiste de vinte e dois individuos, dos quais dezoito tém disgenesia gonadal e

quatro s@o hermafroditas verdadeiros (tabela 1).

Dentre aqueles que apresentam disgenesia gonadal, um tem caridtipo 946,X,i(Y)(q11).
Neste caso especifico estdo presentes sintomas caracteristicos da sindrome de Turner,
conforme descrito em detalhe no Capitulo 1 (artigo 1) deste trabalho. Os demais casos de
DG estéo associados ao caridtipo 46,XY normal. Dentre eles, trés apresentam DG pura

46,XY (mulheres XY tipicas) e quatorze tém DG parcial 46,XY.

Dentre os quatro individuos com diagnéstico de hermafroditismo verdadeiro, trés tém
caridtipo 46,XY e um possui uma delecdo de parte do brago longo do cromossomo Y

[46,X,del(Y)(q11.2)].

Ha duas situagbes nas quais a anomalia € familial. Trés dos pacientes com DG sdo irmaos
(casos 3, 4 e 5), sendo que um deles apresenta DG pura e os demais, DG parcial. Além
disso, ha um caso de DG pura (caso 1) no qual foi relatada a existéncia de parentes com
ambigiiidade genital. Os dados a respeito do diagnéstico, caridtipo, genitlia externa e

gbnadas dos pacientes encontram-se resumidos na tabela 1.

® O cari6tipo desta paciente foi originalmente descrito como sendo 46,X,+mar. A defini¢do do cariétipo
46,X,i(Y)(q11) foi feita através de andlises moleculares descritas no Capitulo 1 (artigo 1) do presente
trabalho.
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Tabela 1: Dados de caridtipo e genitalia dos pacientes

Caso Diagnéstico Cariotipo Genitalia externa Posicao Histologia
(Classificacao de Gonadas Gonadas
Prader)’ (D/E)° (D/E)
CHP DG 46,X,1(Y)(q11) Feminina AlAS D/Df
1 DG pura’ 46, XY Feminina AlA D/D
2 DG pura 46, XY Feminina AlA D/D
3" DG pura 46, XY Feminina AlA D/D
4" DG parcial® 46, XY 4 UA TD/ Df
5% DG parcial 46,XY 4 I/ A TD/D
6 DG parcial 46, XY 4 I/1 TD/”*
7 DG parcial 46, XY 5 AlA 7/D
8 DG parcial 46, XY 5 I/1 TD/TD
9 DG parcial 46, XY 4 I/1 ?/TD
10 DG parcial 46, XY 5 I/1 TD/TD
11 DG parcial 46, XY 5 I/A TD/D
12 DG parcial 46,XY 5 1/(-)° TD/ (-)
13 DG parcial 46, XY 5 1/1 - TD/TD
14 DG parcial 46, XY 2 1/A TD/D
15 DG parcial 46, XY 5 AlA TD/D
16 DG parcial 46, XY 4 I/1 TD/TD
17 DG parcial 46, XY 4 I/A TD/D
18 HV° 46, XY 3 A/A T/0°
19 HV 46, XY 3 LS/ A T/0
20 HV 46,X,del(Y)(ql1.2) 4 LS/A T/0
21 HV 46, XY 3 A/LS Oo/T

# Classificagdo de ambigiiidade genital de acordo com Prader (1954)

®(D/E) = gbnada direita / gonada esquerda

A = abdominal; I = inguinal; (-) = ndo encontrada; LS = labioescrotal

DG pura = disgenesia gonadal pura ou completa; DG parcial = disgenesia gonadal parcial ou incompleta;

HV = hermafroditismo verdadeiro

: D = gbnada disgenética; DT = testiculo disgenético; ? = bidpisia nao realizada; T = testiculo; O = ovdrio
irmaos.

Dados clinicos dos pacientes nos quais foram encontradas alteracdes no gene SRY (casos 1,
2, 3, 4 e 5) encontram-se descritos em detalhe nos artigos que se seguem (Capitulo 2, artigo
2; Capitulo 3, artigo 3). Dados dos demais individuos com disgenesia gonadal parcial estdo
descritos em Scolfaro et al. (2001) (pacientes 1 a 11 e 13 naquele trabalho); e dos
hermafroditas verdadeiros sdo descritos por Guerra-Jr. et al. (1998) (pacientes 2, 6, 8 ¢ 9

naquele trabalho), em anexo.

10 Esta paciente apresenta aberragdes de cromossomos sexuais e diagndstico histolégico de disgenesia gonadal
pura.
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CAPITULO 1

AMPLIFICACAO DO GENE SRY
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V. AMPLIFICACAO DO GENE SRY

A primeira etapa do trabalho consistiu na amplificacdo do gene SRY. Todos os individuos estudados,
com uma tnica exce¢do (paciente CHP), tiveram o SRY amplificado por PCR. Tal fato indica que,
conforme o esperado, a maior parte dos pacientes com disgenesia gonadal ou hermafroditismo

verdadeiro, portadores de cromossomo Y, ndo apresentam dele¢@o do SRY.

A excecdo mencionada refere-se a paciente com DG e caridtipo 46,X,i(Y)(q11). Para tentar identificar
a estrutura do cromossomo derivado de Y foi feito um estudo detalhado com vdrias seqiiéncias
localizadas ao longo deste cromossomo. Observou-se que havia uma perda total do brago curto (Yp) e
dos marcadores do loco centromérico (DYZ3). O cariétipo dos familiares demonstrou que nenhum

deles era portador do cromossomo marcador.

Esse é um caso raro visto que a presenca do centrdmero € importante para que 0S Cromossomos
marcadores perpetuem-se ao longo das divisdes celulares. Tal achado poderia ser explicado de trés
formas: i) o centrdmero desse marcador poderia ser formado por uma quantidade minima de DNA
alféide ndo detectada pelos métodos utilizados; ii) o centrémero poderia ser formado por seqiiéncias
centroméricas de outro cromossomo a partir de um evento de translocacio; iii) na auséncia do DNA

alféide Y-especifico outra seqiiéncia de DNA poderia ter assumido a fung@o de centrémero.

A primeira hipétese parece pouco provével ji que foram realizados experimentos de “nested-PCR”
com a seqiiéncia centromérica e o resultado foi negativo. A segunda explicacdo também foi descartada
ap6s os estudos de hibridizacdo fluorescente in situ (FISH), pois o marcador ndo mostrou sinal positivo
com sondas de centrdmero de X e de Y e com a sonda pan-centromérica. A terceira hiptese parece
mais provdvel visto que hd na literatura a descricio de casos semelhantes. A andlise de
imunofluorescéncia revelou a presenga de proteinas centroméricas nesse marcador. Isso mostra que o

cromossomo, apesar da auséncia do DNA alféide, possui um centrdmero funcional (neocentromero).

Esta etapa do trabalho foi realizada com a colaborac@o dos professores Dra. Maria Isabel Melaragno
do Depto. de Morfologia (UNIFESP/EPM, SP) e Dr. Peter Warburton do Depto. de Genética Humana
(Mount Sinai School of Medicine, New York). Os resultados obtidos culminaram na publicacéo do
artigo: “Identification of a neocentromere in a rearranged Y chromosome with no detectable DYZ3
centromeric sequence” no “American Journal of Medical Genetics”, no prelo.
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INTRODUCTION

In eukaryotes, the centromere, cytogenetically defin-
ed as the primary constriction, is the site of sister
chromatid attachment. It is essential for proper segre-
gation of the chromosomes during mitosis and meiosis
[Pluta et al., 1995]. The :mammalian centromere con-
tains large amounts of highly repeated satellite DNA,
the best characteréged of which is alpha-satellite DNA

idis, 1978~°].

Alpha-satellite DNA is believed to be important for
centromeric function because it is the wonly type of
sequence shown to be present at the primary constric-
tion of all human chromosomes [Manuelidis, 1978]. The
introduction of artificial chromosomes carrying alpha-
satellite DNA into mammalian cells has demonstrat-
ed that this DNA sequence provides some, if not all,
information required in cis for the formation of the cen-
tromere [Haff et al., 1992; Larin et al., 1994; Harrington
et al., 1997, Ikeno et al., 1998].

Conflicting evidence for alphoid satellite as an essen-
tial DNA component of functional centromeres has
emerged from the study of stable marker chromosomes,
which fail to show labeling with specific alpha-satellite
DNA probes. These analphoid chromosomes carry newly
derived centromeres (called “neocentromeres”) that are
apparently formed within interstitial chromosomal sites
that have not previously been known to express cen-
tromere function [Choo, 1997; Warburton et al., 2000].
Moreover, in human dicentric chromosomes, the alpha-
satellite DNA is present on both the active and inactive
centromeres, suggesting that the presence of alpha
satellite per se is insufficient to determine centromere
function [Earnshaw et al., 1989; Warburton, 2001].

Five constitutive centromere-binding proteins have
been implicated in centromere function: CENP-A,
CENP-B, CENP-C, CENP-G and CENP-H. Three of
them (CENP-A, -C and -H) associate specifically with
active centromeres, that is, are present on normal cen-
tromeres and neocentromeres and absent from inactive
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centromeres [reviewed by Warburton, 2001]. These
CENPs may be responsible for the establishment of
an epigenetic mark, which determines the propaga-
tion of human centromeres at particular chromosome
locations.

One effective genetic approach to the learning about
mammalian centromeres is to examine structurally
rearranged chromosomes with abnormal centromeres.
We report on an unusual rearranged Y chromosome
with no detectable alphoid DNA bearing a functional
neocentromere close to the breakpoint.

PATIENTS AND METHODS
Patient Description

An 18-year-old girl was referred to us due to primary
amenorrhea and hypogonadism. She was born at term
to nonconsanguineous and healthy parents. She had
two healthy sibs (a 10-year-old sister and a 5-year-old
brother). Family history was unremarkable. There was
a history of a slight delay on motor and speech devel-
opment, learning difficulties, and nocturnal enuresis.
When she was 4 yearsold, a left inguinal hernia surgery
was performed.

On physical examination, there was normal height
(162 cm)-and weight (64.4 kg), macrocephaly (head cir-
cumference = 59 cm), M-shaped nuchal hairline, post-
erior rotation of the ears, prominent forehead, a diffuse
goiter, widely spaced nipples, cubitus valgus, short
fourth and fifth metacarpals and fifth metatarsals, high
frequency of whorl pattern on fingertips, a right simian
crease; and clinodactyly of the fifth toes. There was
no breast development, external genitalia were female,
gonads were not palpable, and pubic hair wason Tanner
stage IV with a female distribution.

Laboratory investigation showed high levels of folli-
cle-stimulating hormone (68.7 mIU/mL) and luteinizing
hormone {42.1 mIU/mL), low levels of estradiol (12 pg/
mL) and total testosterone (1.5 ng/mL), normal levels
of thyroid-stimulating hormone (0.61 tUI/mL) and free
thyroxine (1.23 ng%%%), and negative thyroid peroxidase
and thyroglobulin antibodies. Bone age was 14 years,
and there was lumbar osteopenia. Echocardiogram
showed mitral valve prolapse. Ultrasonography reveal-
ed hypoplasticuterus (4.95 cm®) and the gonads were not
detected. Bilateral gonadectomy was performed and
histology revealed streak gonads.

Cytogenetic and FISH Studies

Cytogenetic analysis was performed on metaph-
ase chromosomes obtained from PHA®-stimulated
peripheral blood lymphocytes using GTG, CBG and
QFQ-banding. One hundred cells were analyzed. Fluor-
escence in situ hybridization (FISH) to metaphase cells
using alpha-DNA satellite probes for X and Y chromo-
somes (DXZ1 and DYZ3, Oncor), X-painting probe
(COATSOME' X, Oncor), and human alpha-satellite
pancentromere probe (Vysis®®) were performed accord-
ing to the manufacturer’s instructions. Probe HY10 con-
sists of a 3.4-kb Y-specific repeat, which is a major
component of the Y heterochromatic long arm [Nakahori

et al., 1986]. Immunofluorescence using antibodies
to CENP-A or CENP-C and simultaneous FISH with
probe HY10 were performed essentially as described
[Warburton et al., 1997, 2000].

Molecular Studies

DNA was extracted from peripheral blood [Sambrook
et al., 1989]. The sequences TSPY and DYZ3 were in-
vestigated by polymerase chain reaction (PCR) using
external primers as in Binder et al. [1995]. DYZ3 se-
quence was reamplified in a nested-PCR reaction with
internal primers [Binder et al., 1995]. The following Y-
specific STS—sy81, sy86, syl51, syll7, syl43, sy254,
sy255—were analyzed by PCR as described by Vollrath
et al. [1992] and Reijo et al. [1995]. The presence of the
SRY gene was investigated with primers XES10 and
XES11 [Hawkins et al., 1992}. Each PCR contained nor-
mal female and male controls. A female operator per-
formed all reactions, including DNA extraction.

RESULTS

Chromosome analysis from peripheral blood lympho-
cytes with G-, Q-, and C-banding revealed a nonmosaic
46,X,+mar constitution. The marker consisted of two
blacks -of Q-positive heterochromatin separated by a
region of Q-negative euchromatin. C-banding also re-
vealed positive bands on both marker extremities. The
banding patterns suggested that the marker might be an
i(Yq). The karyotype of hier brother was normal (46,XY),
as well as that of her ‘sister (46,XX). Although the
father was not available for examination, the presence
of a normal Y chromosome in the karyotype of the
brother suggests that the formation of this Y rearranged
chromosome occurred de novo, assuming same paternity
of the sibs.

Molecular techniques were employed to confirm the Y
origin of the marker, and a deletion map was established
(Fig. 1). PCR studies showed positive results for all
Yq sequences tested. However, Yp (SRY, TSPY) and Y
centromeric (DYZ3) sequences tested negative. DYZ3,
which corresponds to the chromosome Y centromeric
alpha-satellite DNA, was assayed by nested PCR and
the result was negative. The marker was therefore
interpreted as a rea(Y)(qter-q11.2::q11.2-gter?”).

FISH experiments were carried out to search for
possible centromere sequences within this marker. The
marker failed to show labeling with X and Y centromeric
probes and with X painting probe (data not shown).
FISH with a human pancentromeric probe (Vysis)
showed hybridization to all normal centromeres but
not to the marker (Fig. 2a). CENP-C- and CENP-A-
specific antibodies were shown to stain a region at or
near the center of the chromosome, close to the break-
point (Fig. 2b,c).

DISCUSSION

We report in this article a rearranged Y chromosome
found in a patient with a 46,X rea(Y)(qter-q11.2::q11.2-
qter) chromosomal constitution. This rearranged Y
chromosome is present in 100% of peripheral blood cells
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JUIES Sequence Y chromosome  Patient Male Female
Yp 112 ; interval control control
11.1 4 R SRY 1 - i E
11.1 & TSPY 3 - - =
L DYZ3 4 ; i y
STS78 4 = ¥
L R STS 81 5 + ; :
Yq STS 86 5 + it :
STS 151 5 + - =
STS 117 5 + + 3
i STS 143 6 n 5 X
STS 254 6 - + Z
STE~255 6 - + ]

Fig. 1. Molecular map of the rearranged ¥ chromosome {+, senquence present; —, sequence absent).

and therefore has been efficiently retained through cell
divisions despite the absence of the endogenous cen-
tromere region. The presence of a neocentromere on this

marker was confirmed by the absence of detectable

alpha-satellite DNA and the presence of CENP-A and
CENP-C (Fig. 2). This marker chromosome raises the
question of the functional requirements for centromere
formation. - '
Four neocentromeres have been reported on deriva-
tive Y chromosomes. One previously reported neocentric
Y chromosome was similar to the one reported here,
although apparently contained slightly less euchro-
matic material (Fig. 1) [Floridia et al., 2000]. This
marker consisted of an inverted duplication of the long
arm heterochromatin and a small amount of euchroma-
tin, with deletion of the endogenous Y centromere and

alpha-satellite DNA [Floridia et al., 2000]. The centro-
meric protein-binding domain in this marker was shown
tobe located within the DAZ gene cluster in Yq11.2. This
chromosomal region is deleted in some infertile males
[Reijo et al., 1995].

Thus, in the two reported cases of inverted duplication
neocentric Y chromosome derivatives, the neocentro-
mere appears to be found in the euchromatic DNA at or
near the breakpoint [Floridia et al., 2000] (Fig. 2b,c).
These chromosomes are consistent with the most com-
mon mechanism for the formation of analphoid marker
chromosomes, the de novo inverted duplication of distal
segments of chromosomes, resulting in mirror-image
chromosomes [Choo, 1997; Warburton et al., 2000].
In the majority of these cases, the neocentromeres are
found on one of the duplicated arms, although there are

Fig. 2. Identification of alphoid DNA sequences and centromeric proteins. a: Fluorescence in situ hybridization (FISH) with a pancentromeric probe is
showh in green and the derivative Y chromosome is identified by FISH using probe HY10 in pink. Immunofiuorescence using antibodies to CENP-C (b) or
CENP-A (c) is shown in green and the derivative Y chromosome is identified by FISH using probe HY10 in pink.

43



4 Godoy Assumpcgao et al.

reports of metacentric chromosomes whose neocentro-
meres are at or near the breakpoints of the inverted
duplications [Choo, 1997].

The other three cases of neocentromere-containing Y
chromosomes are found on “neodicentric” Y chromo-
somes, which contain both an inactivated endogenous Y
centromere and a neocentromere within or very close to
the heterochromatin in the long arm {Bukvicet al., 1996;
Rivera et al., 1996; Tyler-Smith et al., 1999]. It is of
interest that to date such “neodicentric” chromosomes
have only been observed on Y chromosomes. The endo-
genous Y centromeres may be less stable and more easily
inactivated than other centromeres, due to the rela-
tively small arrays of diverged alpha-satellite DNA and
lack of binding sites for the heterochromatin protein
CENP-B [Tyler-Smith et al., 1999]. Furthermore, the
large amounts of constitutive heterochromatin in Y
chromosome long arms may predispose formation of
neocentromeres. Thus, the Y chromosome may be uni-
quely suited to form these unusual chromosomes.

The analysis of rearranged Y chromosomes allowed a
mitotic centromeric interval to be defined consisting of
approximately 150 kb of the alphoid array and about
300 kb of Yp adjacent short arm sequences [Tyler-Smith
et al., 1993]. YACs®®containing human Y alphoid DNA
were introduced into hamster and human cells and re-
formed several of the properties of a centromere [Larin
et al., 1994]. This suggests that Y alphoid DNA contains
the information required to specify some of the centro-
meric functions. However, human markers with neo-
centromeres that contain no detectable alpha-satellite
DNA indicate that this DNA is not mandatory for
centromere function [Choo, 1997, Warburton et al,
2000]. The detailed analysis of a human chromosome 10-
derived neocentromere revealed that the neocentromere
sequence is not similar to known centromeric sequences.
It is possible that the overall composition and distribu-
tion patterns of various unknown functional elements,
or any “ordinary” DNA under appropriate epigenetic
influences, determine centromere formation and func-
tion [Barry et al., 1999; Lo et al., 2001].

Hsu [1994] reviewed seven nonmosaic cases of mono-
centric isochromosomes for the long arm of Y. As expect-
ed, these individuals were all phenotypic females with
sexual infantilism since they lack the SRY gene. Streak
gonads were reported in all cases in which this infor-
mation was available, whereas Turner syndrome (TS)
features and short stature were described in at least half
of them. Therefore, the female phenotype, the normal
height, and the TS features found in our patient are
in accordance with her karyotype. It is not clear yet
whether the slight delay in motor and speech develop-
ment observed in childhood has any relation with the
chromosomal rearrangement observed. Further char-
acterization of patients with rearranged Y chromosomes
might help to clarify these observations.
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VI. ESTUDO DO QUADRO DE LEITURA ABERTA DO GENE SRY

Primeiramente foi estudada a regido conservada do gene SRY (“HMG box”). Dentre os 21 pacientes
que tiveram amplifica¢cdo positiva para o SRY, apenas uma com disgenesia gonadal pura 46,XY
apresentou alteracdo nessa regido (paciente 2). A mutagio foi identificada no nucleotideo 193 e causa a
mudanca de um cédon de asparagina para histidina (N65H). Apesar de ndo ter sido possivel coletar
amostra de sangue do pai da paciente para comprovar que ndo se trata de um polimorfismo, as

evidéncias indicam que a mutagdo ¢é responsével pelo fenétipo.

Em seguida toda a por¢do codificadora do gene SRY foi seqiienciada. Ao final dessa etapa, foi
encontrada uma mutacgio em trés individuos de uma mesma familia (pacientes 3, 4 € 5). A substitui¢éo
de uma guanina por uma timina no nucleotideo 89 muda uma arginina para uma isoleucina no codon
30 (R30I), localizado fora do dominio conservado HMG. A andlise de DNA de outros membros da
familia revelou que o pai e irmdos ndo afetados também eram portadores da mutag@o. Esta mutagéo
afeta um sitio de fosforilagdo pela enzima PKA. Um experimento de ASO-PCR com a segiiéncia
mutante mostrou que ela estd ausente em 100 individuos da populacdo controle, o que reduz a

possibilidade de que essa variante seja um polimorfismo.

Para comprovar que as mutacdes estdo de fato associadas aos fendtipos observados, foram realizados
estudos funcionais. Os alelos normal e mutantes foram clonados no vetor de expressido pET-28a
(Novagen) € as proteinas mutantes, bem como a selvagem, foram expressas em E. coli. Em primeiro

YR 3o ¢ fosforilada

lugar, testou-se a fosforilagdo destas proteinas. Verificou-se que a proteina SR
por PKA. A seguir testou-se a capacidade de ligagdo ao DNA alvo contendo a seqiiéncia consenso a
qual o SRY liga-se. Para tanto, foram realizadas andlises de alteragdo no padrdo de mobilidade
eletroforética (“EMSA” ou “gel shift”). Os resultados obtidos indicaram que as mutagdes descritas

afetam a capacidade do SRY de ligar-se ao DNA.

Parte desta etapa do trabalho foi realizada no Centro de Biologia Molecular Estrutural - Laboratdrio
Nacional de Luz Sincroton (LNLS), em colaboragio com o professor Dr. Celso Eduardo Benedetti. Os
dados obtidos resultaram na publicagdo do artigo: “Novel mutations affecting SRY DNA-binding
activity: the HMG box N65H associates with 46,XY pure gonadal dysgenesis and the familial non-

HMG box R30I associated with variable phenotypes”, Journal of Molecular Medicine, no prelo.
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SUMMARY

The SRY gene (sex-determining region of the Y chromosome) initiates the process of male sex differentiation in
mammalians. In humans, mutations in the SRY gene have been reported to account for 10 to 15% of the XY sex reversal
cases. We describe here two novel missense mutations in the SRY gene after the screening of 17 patients, including 3
siblings, with 46,XY gonadal dysgenesis and 4 true hermaphrodites. One of the mutations, an A to C transversion within

the HMG box, causes the N65H substitution and it was found in a patient presenting 46,XY pure gonadal dysgenesis. The

YNGSH

E. coli expressed SR protein did not present DNA-binding activity in vitro. The other mutation, a G to T transversion,

causes the R301 substitution. This mutation was found in affected and non-affected members of a family, including the
father, two siblings with partial gonadal dysgenesis, a phenotypic female with pure gonadal dysgenesis and three non-
affected male siblings. The G to T base change was not found in the SRY sequence of 100 normal males screened by ASO-

PCR. The R30I mutation is located upstream to the HMG box, within the ?RRSSS* phosphorylation site. The E. coli

i
YR30

expressed SR protein was poorly phosphorylated and consequently showed reduced DNA-binding capacity in vitro.

Key words: SRY; 46,XY gonadal dysgenesis; 46,XY sex reversal; mutations; sex determination.
INTRODUCTION

The condition named 46,XY gonadal dysgenesis includes a complete (pure) and a partial form. Pure
gonadal dysgenesis in 46,XY individuals is characterized by a female phenotype with full development
of unambiguous female genitalia, normally developed Miillerian structures, and streak gonads. By
contrast, 46, XY partial gonadal dysgenesis is characterized by partial testicular differentiation and
ambiguous genitalia. The gonadal histology frequently consists of hypoplastic testicular tubules
intermixed with areas of ovarian stroma. Internal ducts typically consist of a combination of Wolffian
and Miillerian ducts [1]. According to Berkovitz et al. [1], patients with XY partial gonadal dysgenesis
may present a range in the extent of testicular development characteristics and may have bilateral
dysgenetic testes or a dysgenetic testis and a streak gonad. More recently, other authors referred to the
former condition as partial testicular dysgenesis and to the latter as asymmetric gonadal differentiation
[2]. All patients with 46, XY gonadal dysgenesis have an increased risk of gonadal neoplastic
transformation [3]. In turn, true hermaphrodites are characterized by the presence of both ovarian
tissue with mature graafian follicles and testicular tissue with distinct seminiferous tubules in the same

individual. Ambiguity of external genitalia is a frequent feature, although external genital development
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can range from almost normal female to almost normal male. Miillerian and Wolffian ducts can be

present in different degrees of development [4].

Male to female sex reversal in individuals bearing a 46,XY chromosomal constitution results from
failure of testis development, which may be due to mutations in the SRY gene [5, 6]. The Y-
chromosome-located SRY gene encodes a small testis-specific protein containing a DNA-binding motif
known as the HMG (high mobility group) box, which is found in a number of transcription factors [6].
The SRY protein is assumed to regulate other genes involved in the male determination pathway.
Mutations in SRY have been considered to account for only 10 to15% of the cases of 46,XY gonadal
dysgenesis [7, 8]. The remaining patients may bear mutations in the SRY regulatory elements or in

other genes involved in the sexual differentiation pathway.

To date, 42 different mutations, including point mutations, frameshifts and deletions, have been
identified within the SRY open reading frame (ORF) (table I). Most of them are located within the
HMG box [8], although a few have been reported outside of this domain [9-14, 42]. Mutations in the
SRY almost always result in 46,XY unambiguous females with no testicular differentiation, however
there are reports on true hermaphrodites [15, 24] and patients with partial gonadal dysgenesis [12, 40]

or partial ovarian function [9] with mutant SRY.

Here we describe two novel missense mutations, one was found within the SRY HMG box in a patient
with 46,XY pure gonadal dysgenesis and the other, located outside the HMG box, is familial and is
associated with variable phenotypes. Moreover, we demonstrate that both mutations affect SRY

function in vitro by altering DNA-binding activity.

MATERIALS AND METHODS

Patients

Informed consent was obtained from all patients and control individuals studied. We classified
abnormalities of testicular development according to Berkovitz et al. [1] and Marcantonio ez al. [44].

The sample consisted of twenty-one Brazilian patients, three with pure 46,XY gonadal dysgenesis,
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fourteen with 46, XY partial gonadal dysgenesis, and four true hermaphrodites (three 46, XY and one
46,X,delYq). Three of the patients are siblings, two of each presenting XY partial gonadal dysgenesis
and one presenting XY pure gonadal dysgenesis. Among the 14 patients with partial gonadal
dysgenesis, four developed bilateral dysgenetic testes, six had a streak gonad and a contralateral
dysgenetic testis, one had a dysgenetic testis and a contralateral regression of the testis and the

remaining three had only one of the gonads analyzed (one streak gonad and two dysgenetic testes).

Clinical and hormonal data from patients 2, 3, 4 and 5, who were found to bear SRY mutations, are
described in detail below. Clinical and hormonal data from the true hermaphrodites were described in
Guerra-Jr et al. [4] (their patients 2, 6, 8 and 9) and from the remaining partial gonadal dysgenesis

patients, were reported by Scolfaro e al. [45] (their patients 1 to 11 and 13).

Patient 2, a 25 year-old woman, born to unrelated parents, was referred to us because of primary
amenorrhoea and hypogonadism. She has 5 brothers and 2 sisters, all of them healthy and both girls
experienced spontaneous menses. There was no history of other similarly affected relatives. At the age
of 18, the patient’s menses and secondary sexual characteristics were induced by sex hormone
replacement, which was later on discontinued. On physical examination, her height was 171.8 cm and
weight 72.8 kg. There was no dysmorphic picture, the external genitalia were female, and breast and
pubic hair development were both at Tanner stage 5. Laboratory investigation showed a 46,XY
karyotype and high levels of FSH (67.5 mIU/mL) and LH (43.5 mIU/mL). The diagnosis of 46,XY
pure gonadal dysgenesis led to the surgical removal of the gonads to prevent malignancy. Microscopic

study of both gonads revealed an ovarian-like stroma, absence of germ cells, and hilus cell hyperplasia.

Patients 3, 4 and 5 are siblings. Patient 4 (the proband), a four-year-old boy, was first evaluated when
he was eight days old because of genital ambiguity. He was the tenth child born to healthy unrelated
parents. According to the parents, a paternal aunt exhibited similar condition, but she could not be
examined (for pedigree data see figure 2). On physical examination, there was a 2.5 cm phallus with a
chordee, a penoscrotal urethral meatus and complete fusion of labioscrotal folds; the left gonad was
not palpable and the right gonad was in the inguinal region. Laboratory studies showed a 46,XY
karyotype, high LH (2.5 mIU/mL) and FSH (6.9 mIU/mL) levels; low total (0.45 ng/mL) and free
testosterone (0.86 pg/mL) without increment after 3 days of hCG administration (2000 IU per day);
low oestradiol (6 pg/mL) levels; normal androstenedione (1.76 ng/mL) and 17-OH-progesterone (4.5
ng/mL) levels. Genitography revealed urogenital sinus, uterus and left tube whereas laparoscopy
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showed a left streak gonad with an ovarian-like stroma and the absence of germ cells, unilateral
fallopian tube and hypoplastic uterus; the right gonad was a prepubertal testis. The diagnosis was

46,XY partial gonadal dysgenesis.

His younger brother, patient 5, was referred to us at the age of ten days presenting similar clinical
features. Laboratory investigation showed a 46,XY karyotype; high LH (12.5 mIU/mL) and FSH (28.5
mlIU/mL) levels; low levels of total and free testosterone and oestradiol (20 pg/mL). Pelvic sonography
showed the presence of uterus and vagina. Laparoscopy revealed a left streak gonad with an ovarian-
like stroma and absence of germ cells, unilateral fallopian tube and hypoplastic uterus; the right gonad
was a prepubertal testis. These data were also in accordance with a diagnosis of 46, XY partial gonadal

dysgenesis.

The remaining siblings (five males and five females) were also clinically evaluated and presented no
signs of sexual ambiguity. One of the sisters, an 18-year-old girl (patient 3), presented amenorrhoea
and lack of secondary sexual characteristics. Laboratory studies showed a 46,XY karyotype; high FSH
(117 mIU/mL) and LH (15.3 mIU/mL) levels; low total (<0.2 ng/mlL) and free (<0.6 pg/mL)
testosterone levels, without increment after 3 days of hCG administration. Following gonadectomy, the
microscopic study of both gonads revealed an ovarian-like stroma and absence of germ cells. The

diagnosis was of 46,XY pure gonadal dysgenesis.

Molecular studies

SRY amplification and sequence analysis

Genomic DNA was extracted from peripheral blood using standard techniques [47] and from
dysgenetic gonadal tissue of patient 4 according to Ausubel ef al. [48]. PCR reactions were performed
with 0.5 pg genomic DNA, 10% DMSO, 200 uM each dNTP, 0.5 uM each primer, 1X Taq buffer
solution (Amersham-Pharmacia Biotech, Uppsala, Sweden) and 1.5 units Tag DNA polymerase
(Amersham-Pharmacia Biotech, Uppsala, Sweden). Each PCR contained female and male normal
control DNA. The SRY conserved domain was amplified with primers SRY1 (5°-
cattgtcgacCAGTGTGAAACGGGAGAAAACA-3Y) and SRY4 (5-
cattgtcgacGTACAACCTGTTGTCCAGTTGC-3") generating a 380 bp fragment. After a five minute

initial denaturing step, amplification was performed according to the following steps: 94°C for 45s,
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60°C for 30s, 72°C for 30s (30 cycles). The SRY open reading frame was amplified and sequenced with
primers XES10 and XES11 described by Hawkins er al. [19]. The cycling profile was: 94°C, 1 min;
60°C, 1 min; 72°C, 1 min (30 cycles).

Five uL of SRY amplification product were directly sequenced using the Thermo-sequenase
radiolabeled terminator cycle sequencing kit (Amersham-Pharmacia Biotech, Uppsala, Sweden).
Sequencing was carried out twice with products from different PCR reactions and with both sense and

antisense primers to confirm the results.

Allele-specific oligonucleotides (ASO) were designed to perform an ASO-PCR screening for one of
the mutations. The DNA samples from 100 male blood donors were analyzed by ASO-PCR assay for
the T nucleotide at the position 89. Primers used to amplify the mutant sequence were: XES10 and
SRYT499 (5’-GTGCAAAGGAAGGAAGAGCTTA-3’) under the same conditions as described for
XES10/XES11 reactions. Primers used to confirm the presence of the normal sequence were: XES10
and SRYG499 (5’-GTGCAAAGGAAGGAAGAGCTTC-3"). The amplification mix consisted of 0.5
Hg genomic DNA, 10% DMSO, 200 uM each dNTP, 0.5 uM each primer, 1X Taq buffer solution
(LifeTechnologies, Rockville, MD), 0.5 mM MgCl, and 1.5 units of Tag DNA polymerase
(LifeTechnologies, Rockville, MD). The cycling profile was 94°C for 5 min; 94°C for 1 min, 60°C for
45s, 72°C for 45s (30 cycles); and a final extension step of 72°C for 7 min.

E. coli expression and purification of SRY proteins

DNA encoding the SRY gene was amplified by PCR using 0.5 pg genomic DNA, 5% DMSO, 200 uM
each dNTP, 1X Tagq buffer solution (Amersham-Pharmacia-Biotech, Uppsala, Sweden), 1.5 units of
Platinum Taq DNA polymerase (LifeTechnologies, Rockville, MD), 0.5 uM of forward primer
SRYsNdel (5°- TGCATATGCAATCGTATGCTTC-3’) and reverse primer SRYaBamHI (5'-
GTTACCCGAGGATCCTACAGC-3"). After a five minute denaturing step, amplification was
performed according to the following cycling profile: 94°C for 1 min, 55°C for 1 min, 72°C for 1 min
(30 cycles). A single PCR product was gel purified and cloned into pGEM®-T easy vector (Promega,
Madison, WI). The sequences of cloned wild type, N65H and R30I hSRY mutants were confirmed by
DNA sequencing analysis. Recombinant plasmids were cleaved with Ndel and BamHI and the hSRY
inserts were subcloned into pET 28a bacterial expression vector (Novagen, Madison, WI) to produce

N-terminal His-tagged fusion proteins. Resulting constructs were used to transform BL21 (DE3) E.
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coli cells. Wild-type and mutant SRY proteins were induced with isopropyl-1-thio--D-
galactopyranoside (5 uM) for 3h at 25°C and shaking at 250 rpm. Cells were collected by
centrifugation (5,000 x g, at 4°C), suspended in lysis buffer (300 mM NaCl; 20 mM Tris-HCI, pH 8.0;
20 mM Imidazole; 250 ug/ml lysozyme) and incubated on ice for 20 min. The suspension was
repeatedly sonicated, centrifuged (17,000 x g at 4°C), and the supernatant filtered with a 0.45um
syringe filter. The supernatant was passed through a Ni-NTA agarose column (Qiagen, Valencia, CA)
and the SRY protein was eluted with TS250 buffer (300 mM NaCl; 20 mM Tris-HCI, pH 8.0; 250 mM

Imidazole). Glycerol was added to a final concentration of 5%. Aliquots were stored at -70°C.

In vitro SRY phosphorylation and Western blot

The recombinant full-length hSRY or N65H and R30I mutant proteins (0.5 to 1 p1g) was added to a
PKA reaction containing 20 mM Hepes, pH 7.5; 5 mM MgCl,, 200 uM unlabeled ATP; 5 mM DTT,
75 mM NaCl; 5 uCi [y-**P] ATP and 1.5 units of PKA catalytic subunit (Sigma Chem. Co, St. Louis,
MO) in a final volume of 10 pl. After 30 min incubation at 30°C, reaction was stopped by the addition
of Laemmli sample buffer [49]. Purified proteins from E. coli transformed with non-recombinant
pET28a vector were used as a negative control. Proteins were separated by SDS-PAGE and subjected
to autoradiography. To estimate the amount of recombinant proteins to be used in the phosphorylation
reactions and gel mobility assays, aliquots of proteins were analyzed by Western blot using an anti-His
antibody (Amersham-Pharmacia-Biotech, Uppsala, Sweden). Proteins were electrophoresed on 12%
SDS-PAGE, blotted onto a PVDF membrane (Millipore, Bedford, MA) and incubated with the anti-
His antibody (1:3000) for lh at room temperature. After washings in TBS buffer [47], membranes
were incubated with a secondary antibody (1:3000) for 1h at room temperature, washed in TBS buffer,
followed by the detection using the ECL chemiluminescent system (Amersham-Pharmacia-Biotech,
Uppsala, Sweden). The amount of recombinant protein was estimated by phosphor-imager

quantification.

Gel Retardation Assay

Oligonucleotides As (5’-CCGGGTTAACAGAACAATGGGTCTGGT-37) [29] and Aa (5-
ACCAGACCCATTGTTCTGTTAACCCGG-3’) were synthesized and subsequently annealed to
generate a double-stranded probe (oligo A). The ds-oligonucleotide was labeled with [y->*P] ATP

(Amersham-Pharmacia-Biotech, Buckinghamshire, UK) using T4 Polynucleotide Kinase. Gel mobility
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assays were carried out using 3 ug of non-phosphorylated and unlabeled-ATP PKA phosphorylated
proteins. SRY proteins were added to the binding buffer containing 10 mM Tris-HCI; pH 7.5, 100 mM
NaCl; 1 mM EDTA; 1 mM DTT and 5% glycerol; 5 mM MgCl, and 0.05 unit Poly (dI-dC) were also
added to the reaction. Final NaCl concentration was 150 mM for non-phosphorylated proteins and 100
mM for phosphorylated proteins. After 15 min of incubation at 4°C, 20 fmol of labeled double-
stranded probe (10,000 to 20,000 cpm) were added to the reaction and the final mixture was incubated
for additional 15 min at 4°C. The samples were electrophoresed on a non-denaturing 6%
polyacrilamide gel using 0.25X TBE buffer. Electrophoresis, as well as a pre-run, were performed at

10V/cm at 4°C.

RESULTS

Sequence analysis of SRY conserved domain included in the 380 bp amplified fragment from patient 2
revealed a point mutation resulting in an A to C transversion at nucleotide position 193 (sequence
numbering according to Behlke et al. [43]). This mutation causes an asparagine to histidine
substitution (N65H) within the HMG box of the SRY gene (Fig. 1). The sequencing of the whole SRY

coding region did not show any other nucleotide variation.

GATC

Figure 1: PCR direct sequencing analysis of the SRY gene showing the region bearing the N65H
mutation: left - a normal male control; right - patient 2. The arrow indicates an A to C
transversion at nucleotide position 193 causing the change of an asparagine to a histidine at

codon 65.
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SRY sequence analysis of peripheral leukocytes DNA from patients 3, 4 and 5 and of streak gonadal
DNA from patient 3 showed a G to T transversion at nucleotide position 89 (Fig. 2). This mutation
changes an arginine to an isoleucine at codon 30 (R30I), which is located outside the HMG domain.
DNA sequencing analysis of the father and three of the five normal brothers showed the same mutated

SRY gene sequence. The molecular study of two normal brothers could not be performed.
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Figure 2: R30I mutational analysis. (A) Pedigree of family of patients 3, 4 and 5 constructed according
to Bennet ef al. [46]. The arrow indicates the proband. (B) PCR-direct sequencing analysis of
the SRY gene. Part of SRY sequence is shown: left - a normal male control; right - father (I-6),
patient 3 (II-2), patient 4 (II-10), patient 5 (II-12). The arrow indicates a G to T transversion at

nucleotide position 89 causing the change of an Arginine to an Isoleucine at codon 30.
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ASO-PCR with specific oligonucleotides for the normal G and mutant T sequences was designed to
investigate the possibility of the mutation R30I being a polymorphism. The analysis of 100 non-

affected males showed the absence of the T variant sequence in the population (Fig. 3).

mwl 2 3 45 46 7T 8 910 1112

263 bp

263 bp

Figure 3: ASO-PCR analysis for the R30I mutation. Lanes: (1) father; (2,3,4) normal brothers; (5)
patient 3; (6) patient 4; (7) patient 5; (8-10) normal male controls; (11) normal female control;
(12) DNA free sample. The upper gel shows the amplification of the G allele at nucleotide
position 89. The lower gel shows the amplification of the T allele at nucleotide position 89.

Molecular weigh markers are 1kb ladder plus.
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The R30I mutation lies in a SRY phosphorylation site that was shown to positively regulate DNA
binding [50]. To evaluate the influence of the mutations on the SRY phosphorylation, full-length
bacterial-expressed wild-type and mutant SRY proteins were tested by an in vitro kinase assay with the

A proteins are substrates for PKA

PKA catalytic subunit. As shown in figure 4A, wild-type and SR
(lanes 1 and 3), however the SRY®** protein is poorly phosphorylated (lane 2). The amount of protein

used in each reaction was estimated by Western blot (Fig. 4B).
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Figure 4: (A) Phosphorylation by PKA of wild-type and mutant recombinant SRY proteins in vitro and
(B) Western blot showing relative amounts of proteins used in the phosphorylation reaction.
Lanes: (1) SRy protein; (2) SRyRa protein; (3) hSRY wild protein; (4) negative control:
E. coli proteins purified from cells transformed with non-recombinant pET28a; (5) negative

control: hSRY wild protein in the absence of PKA enzyme.
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To investigate the effect of the SRY mutations on DNA binding, SRY proteins were tested for their
ability to interact with target DNA. Electrophoretic mobility shift assays with purified wild-type and
mutant proteins were performed after binding to labeled ds-oligonucleotide A containing the sequence
AACAATG, which is known to be a target for the mouse and human SRY proteins [51, 52]. The
assays were performed using physiological concentration of NaCl, which has been shown to enhance
the specificity of the SRY-DNA complex [40]. Figure 5 shows that no protein-DNA complex is
formed with either phosphorylated or non-phosphorylated SRY"*". In contrast, DNA biding activity

®01 and wild-type proteins were similar (Fig. 5A). However, when

of non-phosphorylated SRY
phosphorylated proteins were used, it was verified that the SRY"""" exhibited reduced DNA-biding

activity, as compared to the wild-type protein (Fig. 5B).

non-phosphoryl ated phosphorylated
SRY SRY

1 2 3 4 1234

Figure 5: Gel mobility shift assays using (A) non-phosphorylated and (B) phosphorylated proteins.
Lanes: (1) SRy ot protein; (2) SRYSU protein; (3) hSRY wild protein; (4) negative control:

E. coli proteins purified from cells transformed with non-recombinant pET28a.
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DISCUSSION

The occurrence of two novel SRY missense mutations in Brazilian patients with either pure or partial
46,XY gonadal dysgenesis is reported in this paper. Mutations were not found in any true
hermaphrodite patient included in this study. The N65H mutation was found in a patient with XY pure
gonadal dysgenesis and the R30I was present in three siblings, one with XY pure gonadal dysgenesis

and two with partial gonadal dysgenesis, as well as in non-affected XY relatives.

The great majority of SRY mutations described so far have arisen from de novo mutational events,
nonetheless some cases of familial inheritance have been reported (table I). The possibility that N65H
is a familial mutation could not be ruled out since DNA samples from male relatives of patient 2 were
not available. Nevertheless, mobility shift assays revealed that the change of an asparagine to a
histidine at codon 65 (N65H) drastically affects SRY DNA-binding activity even after positive protein
phosphorylation. As DNA binding is essential for the function of the SRY protein, the N65H mutation
would not be compatible with the development of a normal male phenotype, unless it was present
together with the wild SRY gene in a mosaic manner. Some de novo mutations in SRY HMG box have

been demonstrated to redice or abolish the SRY DNA-binding activity [53, 54].

The functional importance of the asparagine at codon 65 is further supported by other studies. This
amino acid residue is conserved among SRY proteins of different mammalian species [55]. Moreover,
Werner et al. [56] investigating the three-dimensional solution structure of the hSRY-DNA complex
showed that asparagine 65 is one of the seven residues that contact the target DNA bases. In addition,
N65 is located between the two motifs of a bipartite nuclear localization signal which are separated by
residues 63 to 75 [57, 58). Therefore, the aminoacid substitution at position 65 might as well interfere

with the nuclear localization of the SRY protein.

The change of a guanine to a thymine at nucleotide position 89 in seven members of the same family
constitutes a very unusual case. This familial mutation located outside the HMG box (R30I) is reported

in a large pedigree with different forms of XY gonadal dysgenesis.

A mosaicism within the father’s gonads could explain the co-existence of affected and non-affected
XY individuals in the same family. However, since all the three analyzed non-affected male siblings
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bear the same mutation, the occurrence of mosaicism in the father’'s sperm cells is very unlikely.
Twelve SRY variants out of the 44 described so far (table I) have been found segregating in families

and only four of these mutations are present in mosaic fathers [17, 29, 33].

Several hypotheses have been considered to explain the R30I variant. Firstly, the variant could be a
SRY polymorphism fortuitously found in a family segregating for an autosomal or X-linked sex-
reversing gene, as argued by Berta et al. [5] and Vilain ef al. [59]. As sequences outside the region
encoding the DNA-binding HMG box seem to evolve rapidly [53], the polymorphism hypothesis could
not be promptly discarded. However, our experimental data did not support this hypothesis since
allele-specific PCR assays for the T variant nucleotide failed to detect this base change in 100 male
controls. In addition, aminoacid polymorphisms within the SRY open reading frame have never been
described among human populations. There is only a C — T nucleotide polymorphism altering the
codon 155 in the SRY gene, reported in Japanese and Korean populations, which does not cause
aminoacid change and is not associated with sex reversal [60]. Moreover, in two familial cases where
fathers did not present Y mosaicism, sequence changes were also not found in the SRY gene of normal

male controls [12, 38].

A second hypothesis to explain the R30I variant is that this mutation could cause conditional sex
reversal. Jager et al. [36] and Pontiggia et al. [54] studied the binding behavior of SRY mutants and
demonstrated that in three familial cases these proteins exhibited normal or close to normal binding
affinities. It seems that, in contrast to the effect of de novo mutations, inherited variants produce
proteins that slightly differ from the wild type. Their failure to function in some cases, but not all, must
depend on the environment or on the genetic background. A mutation with variable penetrance could
generate different phenotypes if it affects the SRY interaction with a target sequence of a gene

downstream in the sex-determination pathway, or with a SRY cofactor [36].

The SRY protein is phosphorylated in vitro as well as in vivo on serine residues (?RRSSS>?) located at
the N-terminal and this phosphorylation event was shown to enhance SRY DNA binding [50]. By site
directed mutagenesis of the three serine residues to alanine, Desclozeaux et al. [50] verified that the
triple mutated protein was not a substrate for PKA reaction. Moreover, in vivo transfection assays with

the mutant SRY-Ala revealed that, although it still binds DNA in vitro, its in vivo activity is rather low
[50].
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In the present report, we demonstrated that the phosphorylation of the SRY™"" protein in vitro is
negligible. We also showed that the non-phosphorylated SRY® protein is able to bind the target
DNA as effectively as the wild-type SRY; however, when using phosphorylated proteins in gel
mobility shift assays, the SRY®*"! protein exhibited reduced DNA-binding activity in comparison to

R3O i1 vivo could be close to a

the phosphorylated wild-type protein. Therefore, the activity of the SRY
threshold level in which its ability to induce testicular development would depend on the physiological
conditions or interactions with other genetic factors. This could explain the three phenotypes (normal
male, partial gonadal dysgenesis and pure gonadal dysgenesis) observed in the individuals carrying the

R30I substitution.

In our previous report [21], a patient with pure gonadal dysgenesis bearing the W70X nonsense
mutation in the SRY gene has been described. Considering all the XY gonadal dysgenesis cases we
studied, SRY coding region mutations have been identified in three out of four (75%) patients with
pure gonadal dysgenesis. These findings suggest that the frequency of SRY muiations in XY pure
gonadal dysgenesis is high, as pointed out by Hawkins er al. [27]. In contrast, SRY mutations in
patients with XY partial gonadal dysgenesis seem less frequent. Accordingly, there are only three SRY
mutations correlated to this phenotype: the SI8N [12] and the R30I, both being missense mutations
lying outside the HMG box, and the Y129N [40] located at the 3’ end of the HMG box.

In conclusion, our results suggest that both SRY mutations described here could interfere with protein
DNA binding in vivo. The HMG box N65H mutation, associated with 46,XY pure gonadal dysgenesis,
abolishes DNA binding in vitro probably due to the change of an amino acid residue that is essential
for protein-DNA contact. The non-HMG box R30I mutation, associated with variable phenotypes,
affects mainly SRY PKA phosphorylation, therefore reducing DNA-binding activity. The results imply
that the R30I mutation is very unlikely to be a rare neutral sequence variant and it probably generates a

SRY protein with slightly altered activity, which could lead to a variety of phenotypes.
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Table I - Mutations on the SRY gene Open Reading Frame (modified and updated from Cameron and Sinclair [8]).

Codon Nucleotide® Base change Amino acid change Phenotype Familial Reference

2° 4 C>T Gln->Stop POF (9]

4 12 T>A Tyr—Stop PureGD* [10]

4 12 T deletion Tyr—Stop UTs® (11}

18° 53 G=>A Ser>Asn PartialGD*/UTS Yes [12, 139
30° 89 G-T Arg—lle Pure/Partial GD Yes  This study
43P 127 T insertion Lys—>Stop PureGD [14]

60 178 G-=>C Val2>Leu PureGD Yes [5]

60 179 T>C Val>Ala TH [15]

62 184 C->G Arg—>Gly PureGD [16]

64 192 G2>A Met>1le PureGD [5]

64 191 T->G Met->Arg PureGD {14]

65 193 A>C Asn—>His PureGD This study
67 199 T>G Phe->Valf PureGD Yes®  [17, 14]
68 203 T->C lle=>Thr PureGD [18}

70 209 G2>A Trp->Stop PureGD [19,20,21,]
74 220 C->T Glu—>Stop PureGD Yes [16]

75 224-225 GG>AT Arg->Asn PureGD [22]

76 226 C>A Arg > Ser PureGD Yes [23]

78 233 T=>C Met->Thr PureGD [16]

79 237 T->C Ala=>Ala TH (241"

86 256 C>T Arg->Stop PureGD [25]

87 259 A>T Asn>Tyr PureGD [26]
90 270 C>G Ile>Met PureGD Yes [27, 281
91 271 A>G Ser>Gly PureGD Yest [29]

92 274 A>T Lys—>Stop PureGD [30]

93 277 C->T GIn->Stop PureGD [31]

95 283 G>C Gly->Arg PureGD [19]

95 284 G2>A Gly=>Glu PureGD [32]

97 289 C>T Gin->Stop PureGD Yes? [33]

101 302 T>A Leu—->His TH (241"
106 317 A>T Lys—>1le PureGD [271

107 320 G2>A Trp—>Stop PureGD [34]

108 324 A deletion Frameshift PureGD (271

108 323 C-oG Pro—Arg PureGD [35}

109 326 T->C Phe—> Ser PureGD Yes [36]

113 337 G2>A Ala=>Thr PureGD [37]

121-22 363-66 AGAG deletion Frameshift PureGD [38]

125 374 C>T Pro=>Leu PureGD Yes? [29]

127 380 A>G Tyr>Cys PureGD [39]

127 381 T2>A Tyr->Stop PureGD [18]

129 385 T2A Tyr->Asn Partial GD [40]

131 392 C->G Pro—>Arg PureGD 41

133 397 C>T Arg>Trp PureGD [16, 10]
163° 488 T>A Leu->Stop PureGD Yes  [42]

* Nucleotide position according to Behlke et al. [43]

® Mutations located outside the SRY HMG box

¢ POF = partial ovarian function; PureGD = pure gonadal dysgenesis; Partial GD = partial gonadal dysgenesis; TH = true
hermaphroditism.

¢ UTS = Ullrich-Turner syndrome. Karyotype in this case was 45,X/47,XYY.

¢ Canto er al. [13] described this mutation in two patients with UTS phenotype (karyotypes 46,X,+mar (Yg-) and
45,X/46,XY).

f The mutation was described by Hines et al. [17] in two sisters and by Scherer et al. [14] as a de novo mutation.

£ Mutations inherited from mosaic fathers.

"Both mutations were found in a patient with gonadal mosaicism. Sequence obtained from peripheral blood DNA was
shown to be normal.

"Dork et al. [28] described the same mutation in a PureGD patient whose male relatives were not available for testing.
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VIL. ESTUDO DA REGIAO PROMOTORA DO GENE SRY

Os pacientes que ndo apresentaram mutacdes na fase de leitura aberta do SRY podem
apresentar o fenétipo observado devido mutagdes nas seqiiéncias que regulam a expressio
desse gene ou mutagcdes em outros genes envolvidos na determinagdo e diferenciacdo
sexuais. Para investigar a possibilidade de uma alteragdo na regido promotora do SRY
optamos pelo seqlienciamento direto de 360 pb que antecedem o sitio de inicio da traducéo.
Em um caso de DG pura XY (paciente 1) foi encontrada uma dele¢do de trés pares de
bases. Essa delecdo remove parte de um suposto elemento regulatério do gene SRY, o sitio

de ligacdo ao fator de transcrigdo ubiquo Spl.

Foi estudado o DNA do pai da paciente e verificou-se que esse também apresenta a
mutacdo. Apds avaliacdo médica, observou-se que o pai apresentava uma hipospadia grave
que foi corrigida cirurgicamente. Constatou-se, também, que outros membros da familia
apresentavam genitdlia ambigiia. Estes dados indicam que se trata de uma mutagdo familial

associada a diferentes fenétipos.

Para verificar se essa mutacdo poderia ser um polimorfismo, foram desenhados “primers”
para uma PCR alelo-especifica. O experimento de ASO-PCR mostrou auséncia da delecio

nos cinqiienta controles masculinos testados.

E possivel que a delegdo encontrada no sitio de ligacdo a Spl resulte numa expressio
deficiente do gene SRY. Os fenétipos diferenciais observados podem estar relacionados
com a quantidade de produto formada no momento da determinacio sexual e também com

outros genes que interagem com o SRY.

Os dados obtidos nesta etapa do trabalho foram utilizados na elaboragdo do artigo: “An
Inherited deletion in a Spl binding site in the 5’ non-coding region of SRY gene is
associated with sex reversal’. Este manuscrito serd enviado para publicacdo, na forma de

“Comments”, para o “Journal of Clinical Endocrinology and Metabolism”.
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INTRODUCTION

Mutations in the SRY gene (sex determining region on the Y chromosome) have been
reported to account for 10 to 15% of XY gonadal dysgenesis cases (Pivnick et al., 1992;
Cameron and Sinclair, 1997). Most SRY mutations described so far were found within its

open reading frame, mainly in the conserved domain (HMG box).

Male to female sex reversal in individuals with normal SRY coding sequence may occur
because of mutations in the SRY regulatory elements or in other genes involved in the male
differentiation pathway. Although nucleotide changes in the 5’ flanking sequence of the
SRY gene seem not to be a major cause of sex reversal (Shimitt-Ney, 1995; Kwok er al.,
1996; Veitia et al., 1997), a few mutations that might affect its expression have been
reported in XY females. McElreavey et al. (1992) described a deletion of 33-60 kb of
DNA beginning no more than 1.8 kb upstream from the first ATG of SRY open reading
frame. Kwok ez al. (1996) found a polymorphism at —1533 and another variant, which was
also present in the patient’s father, at —2027. Poulat ez al. (1998) found a G to A transition
75 base pairs 5’ to the SRY start codon.

The SRY gene contains a small GC-rich region at its 5° flanking sequence, which lacks
TATA and CCAAT boxes (Su and Lau, 1993). The putative SRY promoter has been
mapped to a 310 bp DNA segment upstream from the first ATG since this sequence is
capable of supporting CAT reporter gene expression in heterologous cell lines (Su and Lau,
1993). Moreover the presence of an Alu element 5’ to the SRY gene in old world monkeys
suggested that the core promoter is indeed located within the 500 pb sequence immediately

upstream to the gene (Veitia et al., 1997).

In this study, we investigated a 360 pb sequence, encompassing the SRY putative core
promoter, in seventeen patients with varying degrees of 46,XY sex reversal. All of them
were previously shown not to bear mutations in the SRY open reading frame (Assumpg¢ao et
al., “in press”). Sequencing analysis revealed a three base pair deletion within a Spl

binding site in the XY pure gonadal dysgenesis patient. Upon familial investigation the
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father was found to bear the same deletion and several relatives were reported to have
sexual ambiguity. This is the first report of a mutation in this SRY putative regulatory

element associated with sex reversal.
PATIENTS

Informed consent was obtained from all patients and control individuals studied. We
classified abnormalities of testicular development according to Berkovitz et al. (1991) and
Marcantonio et al. (1994). The sample consisted of seventeen Brazilian patients, one
presenting 46,XY pure gonadal dysgenesis, twelve presenting 46,XY partial gonadal
dysgenesis, and four true hermaphrodites [three 46,XY and one 46,X.del(Y)(q11.2)]. The
XY pure gonadal dysgenesis patient (case 1) was found to have relatives with sexual
ambiguity. For the remaining cases, familial investigation did not indicate any relatives
with similar conditions. Clinical and hormonal data from case 1 are described in detail
below. Data from the partial gonadal dysgenesis individuals were described in Scolfaro et
al. (2001) (patients 1 to 11 and 13) and data from the true hermaphrodites were described in
Guerra-Jr et al. (1998) (patients 2, 6, 8 and 9).

Patient 1, a 25-year-old woman, was referred to us at the age of 16 years due to primary
amenorrhea. At 16 years old her height was 159.5 cm (50™ centile for girls) and weight was
424 Kg (<3>rd centile). There were no dysmorphic features, and she exhibited normal
female external genitalia without pubertal signs (Tanner stages B1P1). Ultrasound
examination revealed uterus hypoplasia and the gonads could not be detected. There were
elevated levels of gonadotropins (FSH and LH), and her karyotype was 46,XY. She was
then diagnosed as presenting 46,XY pure gonadal dysgenesis (Swyer syndrome), and
bilateral gonadectomy was performed. Histology analysis revealed bilateral streak gonads.

Since then, she has been subject to estrogen replacement therapy.
The patient had an older sister with normal menses, and an older brother who died in an

accident. As a child, her father was submitted to 18 genital surgeries due to severe

hypospadias and penoscrotal fusion without cryptorchidism. He had a paternal half-brother
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and a paternal first cousin (born to a paternal uncle) with genital ambiguity. Another
paternal first cousin (born to the same paternal uncle) had four children: two girls with
normal pubertal development and two boys with ambiguous genitalia. Unfortunately these

affected relatives could not be examined.

MATERIALS AND METHODS

Genomic DNA was extracted from peripheral blood using standard techniques (Sambrook
et al., 1989). For the amplification of the SRY 5’ 360 pb flanking sequence we used primers
and PCR conditions described by Schimitt-Ney et al. (1995). Five puL of amplification
product were directly sequenced using the Thermo-sequenase radiolabeled terminator cycle

sequencing kit (Amersham-Pharmacia Biotech, Uppsala, Sweden).

The DNA samples from 50 male controls were analyzed by ASO-PCR assay using allele-
specific oligonucleotides designed to detect the 3 pb deletion found in the one of our
patients. To amplify the mutant sequence we used forward primer SRYsDelM (5°-
TTGAGGGGGTGTTGGCGG - 3’) and reverse primer XES11 described by Hawkins et al.
(1992). Primers used to confirm the presence of the normal sequence were: SRYsDelN (5°-
GGGTTGAGGGGGTGTTGAGG - 3’) and XES11. PCR reactions were performed with
0.5 ug genomic DNA, 10% DMSO, 200 uM each dNTP, 20 pmoles of each primer, 1X
Taq buffer solution (Amersham-Pharmacia Biotech) and 1.5 units Tag DNA polymerase
(Amersham-Pharmacia Biotech). The cycling profile was 94°C for 5 min; 94°C for 1 min,

63°C for 1 min, 72°C for 1 min (30 cycles); and a final extension step of 72°C for 5 min.

RESULTS

Sequence analysis of the SRY 5’ 360 bp flanking sequence revealed a 3 bp deletion in a
46, XY pure gonadal dysgenesis patient (figure 1). The deletion could have removed
nucleotides -132 to -134 (GAG) or nucleotides -131 to -133 (GGA) (sequence numbering
according to Behlke er al., 1993), as both deletions give the same sequence reading. These

nucleotides are part of an Spl binding site that is located in the SRY putative promoter
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region. The same mutation was found in the father of this patient. The remaining patients

had no nucleotide alterations within this segment.

Control Patient 1 Father

AoQHHEOAQQQ0

QaQaraH=SoHQ0000
CaoQrOHSaHa0000

Fig. 1: Sequencing analysis of the three base pair deletions found in patient 1 and her

father. Nucleotides deleted are highlightened in bold.

ASO-PCR with specific oligonucleotides for the normal and mutant sequences was
performed to investigate if the deletion is a polymorphism. The screening of 50 non-

affected males through ASO showed the absence of this variant in the control population.

DISCUSSION

The deletion we report here is unique case since it is a familial mutation located in the SRY
promoter region. The proband is a 46,XY gonadal dysgenesis patient; her father is a fertile
man who was born with severe hypospadias and penoscrotal fusion. Although their
relatives could not be tested, it is possible that this mutation is also associated with the sex

ambiguity presented by other members of this family.
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Some hypotheses are considered to explain the presence of the 3 pb deleted variant in a XY
female and a fertile male. Firstly, the variant could be a SRY polymorphism fortuitously
found in a family segregating for an autosomal or X-linked sex-reversing gene, as argued in
a paper by Berta et al. (1990) and Vilain ez al. (1992a). However, our experimental data did
not support this hypothesis since allele-specific PCR assays for the deleted variant failed to

detect this base change in 50 male controls.

A second hypothesis is that the mutation could cause conditional sex reversal. As argued by
Kwok et al. (1996), if the SRY protein level has to exceed a threshold to induce testis
differentiation, regulatory mutations could be associated either with a normal male or with
a sex-reversed female phenotype, depending on whether the protein’s level surpassed the
threshold or not. Alternatively, reduced levels of normal SRY protein might permit some
degree of testicular development, resulting in patients with variable degrees of virilization.
In the latter case the extent of virilization would depend on the level of SRY protein

produced.

Several highly conserved sequences that may have a function in the control of SRY
expression have been found in its 5’ flanking region (Su and Lau, 1993; Veitia et al., 1997,
Margarit et al., 1998;). However, the mechanisms by which the SRY gene is activated and
regulated remain unclear. Generally, in TATA-less promoters, where TFIID binding
sequences are not conserved, transcription may depend on initiator sequences (Inr’s), Sp-1
binding sites, or interaction among binding sites within the proximal promoter (reviewed by
Crawford et al., 1999). The identification of non-coding mutations in the SRY gene could

help to identify the regulatory elements in the promoter region.

Two putative binding sites for the ubiquitous transcription factor Sp1 have been identified
within the SRY core promoter (Vilain et al., 1992b; Su and Lau, 1993; Veitia et al., 1997).
These Spl recognition sequences have been described immediately upstream to a
transcription initiation site (Vilain et al., 1992b; Su and Lau, 1993). To characterize the

potential Spl binding sites, named SplA and Sp1B, Desclozeaux et al. (1998) performed
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transfection experiments and showed that Spl protein is able to transactivate the SRY

promoter, mainly through the Sp1B site.

The three base pair deletion we describe in this paper removes part of the SplA binding
site. Although the SplA site seems not to be crucial for Spl dependent activation of the
SRY gene, its cooperation with the SplB site in this activation has not been excluded
(Desclozeaux et al., 1998). The SplA site is conserved in sequence and approximate
position with respect to the first ATG in all species analyzed by Veitia et al. (1997). This
observation is consistent with a possible function of this domain in the regulation of SRY

expression.

De Santa Barbara et al. (2001) have demonstrated that the steroidogenic factor 1 (SF-1) and
Spl proteins interact in the NT2/D1 cell line and these two proteins cooperate to
transactivate SRY. However, full expression of SRY may require other factors. One of these
factors may be the Wilm’s tumor suppressor gene (WT1). The WT1 protein has been
shown to up-regulate the SRY gene through the proximal EGR-1-like DNA-binding

sequence located between the two Sp1 binding sites (Hossain and Saunders, 2001).

Taken together, the available data suggest that SRY expression depends on the coordenate
activity of various transcription regulators recognizing specific sites within the proximal
SRY promoter, including the Spl, SF-1 and WT1 proteins. Therefore, mutations in one of

these binding sites might diminish SRY expression without abolishing it.

Mutations in SRY promoter region are rare and polymorphisms within the 360 pb segment
upstream to the first ATG have never been reported in this gene. Moreover, the 3 bp
deletion was not found in the male controls studied and it is located in a Spl binding
domain. Therefore, we suggest that this mutation is involved in the generation of the
different phenotypes observed. This hypothesis may only be confirmed by the analysis of a

promoter-reporter system transfected in cultured cells.

78



' ACKOWLEDGEMENTS

This work was supported by grants from Fundo de Apoio ao Ensino e a Pesquisa da
Universidade Estadual de Campinas (FAEP-UNICAMP) and from Conselho Nacional de
Pesquisa (CNPq). The authors would like to thank the members of the Cytogenetics
Laboratory of Medical Genetics Department and the Main Clinical Laboratory of the
University Hospital (UNICAMP). We also thank Maria Madalena V. Rosa for technical

assistance and all patients and their relatives for agreeing to participate in this research.
REFERENCES

1. Assumpgdo JG, Benedetti CE, Maciel-Guerra AT, Guerra Jr G, Scolfaro MR, de Mello
M P (2002) Novel mutations affecting SRY DNA-binding activity: the HMG box
N65H associated with 46,XY pure gonadal dysgenesis and the familial non-HMG box
R30I associated with variable phenotypes. J Mol Med — in press.

2. Behlke MA, Bogan JS, Beer-Romero P, Page DC (1993) Evidence that the SRY protein
is encoded by a single exon on the human Y chromosome. Genomics 17:736-739.

3. Berkovitz GD, Fechener MD, Zacur HW, Rock JA, Snyder HM I, Migeon CJ,
Perlman EJ (1991) Clinical and pathologic spectrum of 46,XY gonadal dysgenesis: its
relevance to the understanding of sex differentiation. Medicine 10:375-383.

4. Berta P, Hawkins JR, Sinclair AH, Taylor A, Griffiths BL, Goodfellow PN, Fellous M
(1990). Genetic evidence equating SRY and the testis-determining factor. Nature
348:448-450.

5. Cameron FJ and Sinclair AH (1997) Mutations in SRY and SOX9: testis-determining
genes. Hum Mut 9:388-395.

6. Crawford DL, Segal JA, Barnett JL (1999) Evolutionary analysis of TATA-less
proximal promoter function. Mol Biol Evol 16(2):194-207.

7. de Santa Barbara P, Méjean C, Moniot B, Malcles M-H, Berta P, Boizet-Bonhoure B
(2001). Steroidogenic factor-1 contributes to the cyclic-adenosine monophosphate

down-regulation of human SRY gene expression. Biol Reprod 64:775-783.

79



10.

11.

12.

13.

14.

15.

16.

17.

Desclozeaux M, Poulat F, de Santa-Barbara P, Soullier S, Jay P, Berta P, Boizet-
Bonhoure B (1998) Characterization of two Spl binding sites of the human sex
determining SRY promoter. Biochim Biophys Acta 1397:247-252.

Guerra-Jr G, de Mello MP, Assumpc¢do JG, Morcillo AM, Marini SHVL, Baptista
MTM, Silva RBPE, Marques-de-Faria AP, Maciel-Guerra AT (1998) True
hermaphrodites in the southeastern region of Brazil: a different cytogenetic and gonadal
profile. J Pediat Endocr Metab 11:519-524.

Hawkins JR, Taylor A, Berta P, Levilliers J, Van der Auwera B, Goodfellow PN (1992)
Mutational analysis of SRY: nonsense and missense mutations in XY sex reversal. Hum
Genet 88:471-474.

Hawkins JR, Taylor A, Goodfellow PN, Migeon CJ, Smith D, Berkovitz GD (1992)
Evidence for increased prevalence of SRY mutations in XY females with complete
rather than partial gonadal dysgenesis. Am J Hum Genet 51:979-984.

Hossain A and Saunders GF (2001) The human sex-determining gene SRY is a direct
target of WT1. J Biol Chemist 276(20):16817-16823.

Kwok C, Tyler-Smith C, Mendonca BB, Hughes I, Berkovitz GN, Goodfellow PN,
Hawkins JR (1996) Mutation analysis of the 2 kb 5’ to SRY in XY females and XY
intersex subjects. J Med Genet 33:465-468.

Marcantonio SM, Fechner PY, Migeon CJ, Perlman EJ, Berkovitz GD (1994)
Embryonic testicular regression sequence: a part of the clinical spectrum of 46, XY
gonadal dysgenesis. Am J Med Genet 49:1-5.

Margarit E, Guillén A, Rebordosa C, Vidal-Taboada J, Sdnchez M, Ballesta F, Oliva R
(1998) Identification of conserved potentially regulatory sequences of the SRY gene
from 10 different species of mammals. Biochem Biophys Res Commun 245:370-377.
McElreavey K, Vilain E, Abbas N, Costa JM, Souleyreau N, Kucheria K, Boucekkine
C, Thibaud E, Brauner R, Flamant F, Fellous M (1992) XY sex reversal associated with
a deletion 5’ to the SRY “HMG box” in the testis-determining region. Proc Natl Acad
Sci USA 89:11016-11020.

Pivnick EK, Watchtel S, Woods D, Simpson JL, Bishop CE (1992) Mutations in the
conserved domain of SRY are uncommon in XY gonadal dysgenesis. Hum Genet

90:308-310.

80



18.

19.

20.

21.

22.

23.

24.

25.

Poulat F, Desclozeaux M, Tuffery S, Jay P, Boizet B, Berta P (1998) Mutation in the 5’
noncoding region of the SRY gene in an XY sex-reversed patient. Hum Mut
(supplement) 1:S192-194.

Schimitt-Ney M, Thiele H, Kalwaber P, Bardoni B, Cisternino M, Scherer G (1995)
Two novel SRY missense mutations reducing DNA binding identified in XY females
and their mosaic fathers. Am J Hum Genet 56:862-869.

Sambrook J, Fristsch EF, Maniatis TE (1989) “Molecular cloning: a laboratory
manual.” New York: Cold Spring Harbor.

Scolfaro MR, Cardinalli IA, Stuchi-Perez EG, de-Mello MP, Assumpcdo JG, Baptista
MTM, Silva JMB, Maciel-Guerra AT, Guerra-Jr G (2001) Morphometry and histology
of gonads from 13 children with dysgenetic male pseudohermaphroditism. Arch Pathol
Lab Med 125:652-656.

Su H and Lau Y-F C (1993) Identification of the transcriptional unit, structural
organization, and promoter sequence of the human sex-determining region Y (SRY)
gene, using a reverse genetic approach. Am J Hum Genet 52:24-38.

Veitia RA, Feelous M, McElreavey K (1997) Conservation of Y chromosome-specific
sequences immediately 5’ to the testis determining gene in primates. Gene 199:63-70.
Vilain E, McElreavey K, Jaubert F, Raymond JP, Richaud F, Fellous M (1992) Familial
case with sequence variant in the testis-determining region associated with two sex
phenotypes. Am J Hum Genet 50:1008-1011.

Vilain E, Fellous M, McElreavey, K (1992b) Characterization and sequence of the
5’flanking region of the human testis-determining factor SRY. Method Mol Cell Biol
3:128-134.

81



CAPITULO 4

ANALISE MOLECULAR DA REGIAO CROMOSSOMICA
9p24 E DO GENE DMRT1

82



VIII. ANALISE MOLECULAR DA REGIAO CROMOSSOMICA 9p24 E DO
GENE DMRTI1

A ocorréncia de anomalias genitais foi relatada em 70% dos individuos XY com
monossomia da por¢do distal do brago curto do cromossomo 9 ’(De Grouchy e Turleau,
1982). Além disso, um nimero crescente de casos de disgenesia gonadal XY tem sido

relatado em individuos portadores de delecdo em 9p.

Delecoes em 9p visiveis em nivel citogenético foram associadas a uma sindrome na qual os
pacientes freqiientemente apresentam retardo mental e anomalias craniofaciais, dentre
outras anomalias. Dele¢des submicroscopicas em 9p24.3, contudo, podem causar reversao
sexual e DG pura ou parcial XY sem outros sintomas associados (McDonald et al., 1997;

Veitia et al., 1997¢; Flejter et al., 1998; Veitia et al., 1998; Calvari et al., 2000).

Na maior parte dos casos, estas delecdes submicroscdpicas removem um segmento de DNA
que contém os genes DMRT1 e DMRT2. Virios trabalhos mostraram que o gene DMRT]
pode estar envolvido no desenvolvimento testicular e que a presenca de duas cOpias desse
gene é importante para sua funcdo (Raymond et al., 1999a; Raymond et al., 1999b;
Raymond et al., 2000).

Para investigar a possibilidade de uma dele¢@o em 9p nos pacientes com distirbios de
diferenciacdo gonadal desta amostra, foi escolhida a metodologia descrita a seguir. Em
primeiro lugar, realizou-se um estudo utilizando microssatélites com o intuito de selecionar
pacientes que pudessem apresentar perda de um segmento de DNA no intervalo critico
9p24.3. Caso o estudo de microssatélites sugerisse perda de heterozigose nesta regido
cromossdmica, a monossomia seria confirmada através das técnicas de “Southern-blotting”

e “FISH”.

° De Grouchy e Turleau, 1982 apud Veitia er al., 1998.
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VIIL1. Estudo de perda de heterozigosidade na regido cromossémica 9p24 através de

microssatélites

Para esta anédlise, foram escolhidos os seguintes marcadores polimodrficos situados na
extremidade distal de 9p: D9S143 (Furlong et al., 1992); D9S1779, D9S1858, D9S1813

(http://www.genethon.fr). A posi¢cdo relativa destes microssatélites foi descrita por Calvari

et al. (2000), Guioli ez al. (1998), Veitia et al. (1998) e encontra-se esquematizada na figura
1. Dois deles, D9S1779 e D9S1858, localizam-se na banda 9p24.3 no intervalo critico
associado a reversdo do sexo causada por delecdes em 9p, sendo que D9SI1858 € o

marcador mais proximo aos genes DMRT1 e DMRT?2.

9p24 D9S1779
D9S1858 DMRT1
9p . — DMRT3
DMRT?2
D9S1813
. JJ D9s143
9q

Fig 1. : Mapeamento dos microssatélites estudados na por¢ao terminal do braco curto do

cromossomo 9.
VII.1.1. Amplificacdo dos microssatélites por PCR

Cada microssatélite foi amplificado numa rea¢do de PCR radioativa independente. A reagio
de PCR foi realizada num volume final de 12,5 pul contendo de 50 a 100 ng de DNA
gendmico, 20 pmol de cada “primer”, 200 uM de cada dNTPs (0.2 mM dATP + 0.2 mM
dTTP + 0.2 mM dGTP + 0.1 mM dCTP + 1 uCi [o-**P] dCTP), 0,25 U de Taq DNA
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Polimerase (Gibco-BRL), tampdo de reacdo para a enzima, MgCl,.(1,0 mM a 1,5 mM).
Esta reacdo foi feita de acordo com os seguintes ciclos de temperatura: 94°C por 5 min;
94°C por 30 seg, 57°C por 30 seg, 72°C por 30 seg (25 ciclos); e uma etapa final de 72°C

por 5 min.

Os “primers” utilizados nessa reagdo, bem como informagdes sobre o tamanho do produto

esperado, encontram-se descritos na tabela 1.

Tabela 1: “Primers” utilizados na amplificagdo dos microssatélites localizados em 9p24.

Loco | % H* | Tamanho® | “Primer sense” (5> 3’) | “Primer antisense” (5°> 3’)

D9S1779] 63 124-144 | CCCTGCCAGGTGTGCATCCTG | TCAGGCTCCCTCGTGGCTCT
D9S1858| 58 236-248 | TGCACTGTCCTGCCAAG CCCAGACTCAGATTTCCCA
D9S1813| 83 226-264 | GGGCCTGGCACTTAATAC AATGGCCTAAATAAAACCTGG
D9S143 | 54 111-123 |CCAAAAATGATGACTACATCC | GCAACAACAAAAATGAACACT

* = porcentagem de heterozigotos estimada para esse loco
® = tamanho dos alelos em pares de base

VL 1.2. Separacdo e identificagdo dos produtos de PCR dos microssatélites

O produto radioativo das reagdes de PCR foi misturado a um tampédo de carregamento
contendo 95% de formamida; 0,05% de azul de bromofenol; 20 mM de EDTA, pH 8,0. A
seguir, as amostras foram desnaturadas por 5 minutos a 94°C e aplicadas em gel de
desnaturante de poliacrilamida 6%. A eletroforese foi feita a 1500 V, 50 W, 50 mA, por 2 a
4 horas, conforme o tamanho previsto das seqiiéncias. Os géis foram colocados em secador
de gel por uma hora e posteriormente expostos a filmes de raio-X (Hyperfilm MP -

Amersham-Pharmacia Biotech) a -70°C por 2 a 8 horas.
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VIII.1.3 Resultados e Discussio

Exemplos dos padrdes de amplificacdo obtidos para cada microssatélite encontram-se na

figura 2.

A

1 2 3

> .> , ——
. 1 e

4

1 2 3

o W o -

4

1 2 3

4

Fig. 2: Padrdo de amplificagdo dos microssatélites localizados em 9p24.3. (A) D9S1779;
(B) D9S1858; (C) D9S1813; (D) D9S143. As setas indicam o tamanho relativo dos

alelos. Canaletas 1 a 4: controles masculinos.

Estes padrdes foram analisados para cada paciente; os resultados foram resumidos na tabela

2. A presenca de duas bandas numa determinada canaleta indica que o individuo em

questdo € heterozigoto. A presenca de uma Unica banda pode indicar que o individuo é

homozigoto, tendo herdado alelos de mesmo tamanho de seus pais, ou pode ainda indicar

que o individuo apresenta uma delecdo de um dos alelos do loco estudado.
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De acordo com os dados da tabela 2, sete pacientes tém apenas uma banda para o

microssatélite D9S1779, seis tém apenas uma banda para D9S1858, tr€s apresentam apenas

uma banda para D9S1813 e dez tém apenas uma banda para D9S143.

Tabela 2: Resumo dos resultados da amplifica¢do dos microssatélites localizados em 9p24

Caso D9S1779 D9S1858 D9S1813 D9S143
CHP nt* nt nt nt
1 4 ++ ++ ++
2 ++ ++ ++ ++
3 +° ++ ++ ++
4 + ++ ++ ++
5 + ++ ++ ++
6 + ++ ++ +
7 + ++ ++ +
8 ++ ++ ++ +
9 ++ ++ ++ ++
10 ++ ++ ++ +
11 ++ ++ + +
12 + ++ ++ +
13 ++ + ++ ++
14 ++ ++ ++ ++
15 ++ + ++ ++
16 ++ + ++ +
17 ++ ++ ++ ++
18 + + + +
19 ++ + ++ ++
20 + + + +
21 ++ ++ ++ +

% nt = ndo foi testado
bt = presenca de dois alelos de tamanhos diferentes (heterozigoto)
° + = presenca de apenas um tamanho de alelo (homozigoto ou hemizigoto)

87



Para confirmar a perda de heterozigosidade, deve-se estudar o DNA dos pais dos individuos
que apresentam apenas uma banda em um dos locos situados no intervalo critico em 9p24.
Esta andlise torna-se ainda mais importante nos casos dos pacientes que tém apenas um
tamanho de alelo no microssatélite DS1858, o qual se encontra mais préximo do gene
DMRTI. Contudo, dentre os seis pacientes que aparentemente sdo homozigotos nesse
microssatélite, foi possivel coletar sangue de familiares em apenas trés casos e s6 em um

(paciente 20) o pai e a mae do individuo estavam presentes.

Os pacientes 18 e 20, ambos com diagndstico de hermafroditismo verdadeiro, apresentam
apenas uma banda em todos os locos avaliados. O DNA dos pais do paciente 20 foi
estudado e verificou-se que o padrio de segregacdo dos alelos D9S1858 ndo foi
informativo visto que os membros desta familia sdo homozigotos. A amplificagdo do
microssatélite D9S1813 mostrou que os pais sdo heterozigotos, e o paciente 20 pode ser
homozigoto (tendo herdado dois alelos de mesmo tamanho); esse padrdo, contudo, ndo
exclui a possibilidade de que este paciente seja hemizigoto (apresentando apenas um alelo

nesse loco ). A amplificagdo de D9S1813 pode ser observada na figura 3.

Fig. 3: Amplificacdo do microssatélite D9S1813 na familia do paciente 20. Canaletas: (M)
mae; (20) paciente 20; (P) pai. As setas indicam a posigéo dos alelos de diferentes

tamanhos (1,2 e 3).
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No estudo dos microssatélites em 9p a atencdo foi dirigida para os pacientes que
apresentam apenas uma banda nos locos estudados. Um dado interessante, no entanto, diz
respeito ao padrdo de amplificacdo de D9S1858 na familia dos pacientes 3, 4 e 5, que sdo
heterozigotos para esse loco. A distribuicdo de alelos em sua familia mostra que os trés
irmdos afetados t€ém exatamente o mesmo gendtipo. Tal genétipo, contudo, difere daquele

encontrado nos irmdos nao afetados (figura 4).

Fig. 4: Padrdo de amplificacdo do microssatélide D9S1858 na familia dos pacientes 3, 4 e
5. Canaletas: (M) mae; (P3) paciente 3; (P4) paciente 4; (P5) paciente S; (N) irmaos;
(P) pai; (C) controle.

Esta distribuicdo de alelos pode ser casual. Por outro lado, todos os individuos XY desta
familia s3o portadores da mutacdo R30I no gene SRY, mas sO trés deles desenvolveram
anomalias da diferenciacdo gonadal. A variagdo de fendtipos nesta familia pode ter sido
causada por uma alteragdo em algum gene que participa da determinagio testicular e ndo
estd localizado no cromossomo Y. Desta forma, é possivel supor que os individuos afetados
sdo portadores de uma alteragdo em DMRTI (ou em outro gene localizado em 9p24.3 que
seja importante para o desenvolvimento do testiculo), o que justificaria a reversdo sexual
somente nesses casos. Serd necessdria uma caracterizagdo minuciosa dos alelos de DMRTI
encontrados nessa familia, bem como das seqiiéncias proximas a esse gene, para que esta

questdo seja esclarecida.
O estudo de microssatélites tinha como principal objetivo fazer uma selec@o inicial para

detectar os pacientes que pudessem apresentar perda de heterozigosidade no intervalo

critico. Dessa forma, a andlise do DNA dos pais destes pacientes poderia confirmar a
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ocorréncia de delecdes. Tal estudo, contudo, ndo foi terminado devido a dificuldade de
coletar amostras dos familiares. Para tentar detectar perda de heterozigosidade

especificamente no gene DMRT] foi utilizada técnica de “Southern-blotting”.

VIIL.2. Investigacido de delecoes de DMRTI

Para tentar identificar dele¢des em DMRTI foram realizados experimentos de “Southern-
blotting” utilizando uma sonda para o gene DMRT/ e uma sonda para um gene controle. Os
pacientes com DG pura XY ndo foram incluidos nesta andlise. O paciente 6, que apresenta
DG parcial XY, também ndo foi avaliado por ndo haver quantidade de DNA suficiente para

esse experimento.

VIIL.2.1. Transferéncia do DNA para membrana

Para obtencio das membranas, cerca de 10 ug de DNA gendmico dos pacientes e controles
foram digeridos com a enzima de restri¢do HindIll (Gibco-BRL). As amostras de DNA
digerido foram submetidas a eletroforese em gel de agarose 0,8%, coradas com brometo de
etidio e fotografadas sob luz UV. Posteriormente as amostras foram transferidas para

membranas Hybond-N (Pharmacia-Biotech) conforme Sambrook et al. (1989).

VIIIL.2.2. Hibridizagdo

A principio foi feita uma tentativa de hibridizar as membranas utilizando-se produto de
PCR purificado dos microssatélites D9S1779 e D9S1858 como sondas. Tais reagoes, no
entanto, geraram enorme ‘“‘background”. Portanto, decidiu-se utilizar nos experimentos de

“Southern blotting” uma sonda para o gene DMRT]I.

Um produto de 226 pb, foi obtido a partir da amplificagdo por PCR de parte do exon 1 do
gene DMRTI. Para tanto foram utilizados os “primers” DMRTI.1s (5°-
ACTTCTCCTAGGGGCACCAT-3’) e DMRT1.1a (5’-ACTTCTTGCTCCCGGCAC-3).

Um produto de PCR do gene da Conexina 26 (Cx26) foi utilizado como controle visto que
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este é um gene de copia Unica e situa-se em outro cromossomo. Além disso, o produto de
PCR de Cx26 tem um tamanho de 284 pb, préximo ao do produto utilizado para o gene
DMRT1. Para obtengdo do fragmento de Cx26 foram usados os “primers” Cx1F (5’-
TCTTTTCCAGAGCAAACCGC -3’) e CxIR (5’- GACACGAAGATCAGCTGCAG -3’)
descritos por Kelsell et al. (1997).

Os produtos de PCR foram purificados através do kit “Concert Nucleic Acid Purification
System” (Gibco-BRL) e posteriormente clonados em vetor “pGEM-T easy” (Promega),
conforme as especificacdes dos fabricantes. As seqiiéncias foram verificadas por
sequenciamento manual. Posteriormente foram realizadas a extragdo e digestdo do DNA
dos plasmidios, seguidas de purificagdo dos fragmentos de interesse. Aproximadamente 50
ng dos fragmentos purificados foram marcados radioativamente com [o-**P]dCTP
utilizando o kit “RadPrime DNA Labeling System” (Gibco-BRL). Os fragmentos marcados

foram utilizados como sondas na hibridizagdo das membranas.

Incubou-se as membranas por 18 h a 42°C em solucdo de pré-hibridizagdo contendo
formamida deionizada 50%; SSC 5X, Denharts 10X; Tris-HCI 20 mM (pH 7,5); SDS 1%,;
DNA de esperma de salmdo sonicado 200 pg/ml. A hibridiza¢d@o foi realizada por 16h a
42°C na mesma solugdo descrita para a pré-hibridizagdo, adicionada da sonda marcada.
Ap6s a hibridizagdo, as membranas foram lavadas por 15 minutos em uma condigdo de
baixa estringéncia (1X SSC; 0,1% SDS) a temperatura ambiente. A seguir foram lavadas
duas vezes, em condic¢des de alta estringéncia (0,5% SSC; 0,1% SDS), a 65°C, por cerca de
10 minutos cada vez. Apds a lavagem, as membranas foram expostas a filmes de raio-X

(Kodak X-OMAT AR) a -70°C por um periodo adequado.

As imagens obtidas nos filmes autoradiogréficos foram digitalizadas e a intensidade dos
sinais de hibridizacdo de cada amostra foi quantificada utilizando-se o programa “Kodak
Digital Science 1D Image Analysis”, versdo 2.0.1. A intensidade da banda referente ao
gene DMRT]I foi comparada 2 intensidade da banda referente ao gene Cx26. Esperava-se
que no caso de perda de um alelo de DMRTI o valor obtido esta banda correspondesse

aproximadamente & metade do valor obtido para a banda Cx26.
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VIIL.2.3. Resultados e Discussio

As imagens das autoradiografias obtidas encontram-se dispostas na figura 5.

A Ci 20 18 19 B

DMRTI— DMRTI—p

Cx26 —p
Cx26 —p

D23 D24

C
D 85 2 149 LG  CEICE
DMRTI
DMRTI—p Tig ’
Cx26 — Cx26 —p
= —

Fig. 5: Fotos das autoradiografias dos “Southern-blots” hibridizados com as sondas
DMRTI e Cx26. (A) Membrana D23: (C1) controle masculino, '°(20, 18, 19)
pacientes; (B) Membrana D24: (C1) controle masculino, (7, 15, 13, 16, 12, 4)
pacientes; (C) Membrana D26: (C2, C3) controles masculinos, (9, 10, 17) pacientes;
(D) Membrana D27 (C4, Cs, Cé) controles masculinos (8, 21, 14, 11) pacientes.

' himero de referéncia dos pacientes (Casufstica, tabela 1)
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Os valores da intensidade das bandas obtidas a partir das autoradioagrafias estdo resumidos

na tabela 3. A intensidade da banda referente ao gene DMRTI foi comparada a da obtida

para a banda referente ao gene Cx26, tanto nos pacientes como em controles masculinos

normais.

Tabela 3: Intensidade dos sinais obtidos na hibridizagdo das membranas

Membrana Referéncia DMRT1 Cx26 R1/2°
D23 Ci 147.203 158.121 0,93
D23 20 98.968 101.939 0,97
D23 18 48.608 62.873 0,77
D23 19 42.388 75.309 0,56
D24 Ci1 87.038 96.711 0,90
D24 7 32.238 35.535 0,91
D24 15 157.694 154.412 1,02
D24 13 106.899 129.292 0,83
D24 16 98.353 138.158 0,71
D24 12 122.129 129.612 0,94
D24 4 135.658 134.832 0,99
D26 9 231.777 255.992 0,91
D26 10 301.273 391861 0,77
D26 17 246.962 316.226 0,78
D26 C2 348.366 423.446 0,82
D26 C3 361.977 477.543 0,76
D27 8 184.809 250.427 0,74
D27 21 162.452 201.719 0,81
D27 14 232.595 363.697 0,64
D27 11 183.256 251.457 0,73
D27 Cs4 135.326 181.101 0,75
D27 Cs 261.646 335.731 0,78
D27 Ce 189.868 248.706 0,76

2R 1/2 =razdo entre as intensidades 1 (DMRT1) e 2 (Cx26)
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<De acordo com os resultados gerados pela hibridizacdo das membranas, a razdo das
intensidades das bandas DMRT1/Cx26 varia de 0,76 a 0,94 nos controles masculinos
normais, sendo que a média dessa razdo é 0,82. Dessa forma, espera-se que no caso de
perda de um alelo de DMRT] o valor obtido para a razdo DMRT1/Cx26 ficasse em torno da

metade do valor médio.

A razdo mais baixa verificada dentre os individuos que compdem esta amostra é de 0,56
(paciente 19, membrana D23). No entanto, neste caso a andlise foi prejudicada por uma
mancha na membrana que pode ter alterado a intensidade da banda Cx26. O estudo de
microssatélites indicou que este paciente apresenta apenas uma banda no loco D9S1858
(tabela 2). Portanto, serd necessaria nova coleta de sangue deste individuo para confirmar a
suspeita de perda de heterozigosidade por “Southern-blotting” e “FISH”. O teste de FISH
deverd ser realizado também com o DNA do paciente 14 (membrana D27) cuja razio

DMRT1/Cx26 é de 0,64.

Nos demais casos, as razdbes DMRTI1/Cx26 estdo proximas aquelas observadas nos

controles normais, o que sugere que ndo ha perda de heterozigosidade.

Para a realizacdo da técnica de “Southern-blotting” foi necessério utilizar uma quantidade
grande de DNA gendmico (10 pg) de cada individuo na membrana. A escassez de DNA de
alguns pacientes dificultou a repeticdo dos experimentos bem como a padronizacio da
quantidade de DNA colocada em cada membrana. Tais medidas facilitariam a anélise dos

dados obtidos nesta etapa do trabalho.

Apesar das limitacdes técnicas, as andlises dos “Southern-blots” sugerem que a delegdo da
regido cromossdmica que contém o gene DMRT] nao é uma causa freqiiente de reversao

sexual XY.
A revisdo da literatura indica que os resultados obtidos no presente trabalho s&o

semelhantes aqueles obtidos por outros grupos que pesquisam alteragcdes em DMRTI.

Veitia et al. (1998) realizaram uma busca por microdelegdes em Op, utilizando
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microssatélites, em 10 individuos com DG XY pura ou parcial nos quais ndo se havia
encontrado mutagdes no SRY e em DAX-I. Em apenas um caso de DG parcial foi
encontrada uma delecdo em 9p24.3. Utilizando metodologia semelhante, Calvari et al.
(2000) investigaram 30 casos de reversdo sexual XY e encontraram uma delecdo sub-

microscopica em 9p24.3 em duas irméas, uma com DG pura e outra com DG parcial.

A andlise molecular do DNA dos pacientes estudados por Veitia et al. (1998) e Calvari et
al. (2000) confirmou que delegdes em 9p estdo associadas a reversdo sexual XY na
auséncia de outras caracteristicas dismorficas aparentes, mas sugere que este evento nao

seja muito freqiiente visto que de um total de 40 casos encontrou-se alteragdo em 3.

Em contraste, Ferguson-Smith et al. (1998) utilizaram uma sonda de cDNA de 1,5kb do
gene DMRT] em experimentos de FISH. Dentre onze casos de mulheres XY, trés tinham
delecio completa do gene em 100% das células analisadas e dois eram mosaicos,
apresentando dele¢dio em cerca de 50% das células. Esta freqiiéncia € surpreendente e
talvez deva-se, em parte, a diferenca da metodologia utilizada. E provével, por exemplo,
que os experimentos de microssatélites e de “Southern-blotting” ndo sejam capazes de

revelar delecGes nos casos de mosaicismo.

Outro estudo feito através de FISH ndo corrobora uma alta freqiiéncia de delecdes de
DMRTI em individuos com reversio sexual XY (Ottolenghi et al., 2000). Contudo, a sonda
utilizada nesta pesquisa era derivada de um cromossomo artificial e tinha tamanho bem
maior que a utilizada por Ferguson-Smith ez al. (1998); portanto esta sonda pode nao ter

detectado microdelegdes.

O mesmo artefato pode acontecer com as andlises de microssatélites e “Southern-blotting”.
O “Southern-blotting” € eficiente para investigar dele¢des totais de DMRTI. No presente
trabalho, a sonda empregada para investigar perda de heterozigosidade no gene DMRTI
provinha de um fragmento do primeiro exon desse gene. E possivel que delecdes pequenas

que ndo afetem o exon 1 ocorram nesses pacientes mas nio tenham sido detectadas. Da
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mesma forma, a andlise de microssatélites revelaria delecdes que incluissem as seqiiéncias

que flanqueiam o gene e pode nZo revelar altera¢cdes que ndo incluam os locos estudados.

No entanto, para explicar a raridade de mutagdes pontuais em DMRT] nas mulheres XY foi
sugerido que a disgenesia gonadal XY associada a dele¢des em 9p seria causada pela perda
de um segmento de DNA contendo mais de um gene (genes DMRTI e DMRT2) (Raymond
et al., 1999a). Visto que a porcdo terminal do brago curto do cromossomo 9 contém varios
genes com dominios DM, pode-se supor que mais de um gene DMRT estd envolvido na
determinacdo do sexo. De acordo com este modelo, € pouco provivel que microdelegdes
apenas em DMRTI] afetem o desenvolvimento testicular. Para que elas o fizessem,

deveriam estar combinadas com muta¢des em DMRT2.

Contudo, a delecdo detectada por Calvari et al. (2000) em uma mulher XY ndo remove 0s
genes DMRT1 e DMRT?2, apesar de situar-se a 30kb da extremidade 5° de DMRTI. Estes
dados ndo corroboram a hipStese de que a reversdo sexual ocorra devido a
haploinsuficiéncia tanto de DMRTI quanto de DMRT2. E possivel, no entanto, que a

delegdo tenha removido um elemento regulatério importante para a funcdo desses genes.

Outra possibilidade que deve ser considerada é a de que o gene localizado em 9p24.3
responsavel pela reversdo sexual nio tenha ainda sido encontrado. Ottolenghi ez al. (2000)
fizeram uma busca por mutacdes e ndo encontraram qualquer alteracdo em outros genes
situados nesse intervalo. Isso pode indicar que a reversdo sexual XY associada a 9p € uma

sindrome de delec@o ou que o gene envolvido de fato ndo foi identificado.

Para o momento, a busca de novos genes na regido cromossémica 9p24.3 continua. A
elucidacio da base molecular da reversdo sexual causada por re-arranjos no cromossomo 9
provavelmente vai trazer grande avango nesse campo de pesquisa jd que estes alteragOes
podem resultar em disgenesia gonadal na auséncia de outras anomalias. Isso sugere que o
gene (ou genes) responsével estd envolvido na determinagio do testiculo ou na etapa inicial
de sua diferenciacio. Portanto, alteracdes nesse gene vdo afetar o desenvolvimento

testicular de forma muito semelhante aquela causada por mutagdes no SRY.
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IX. CONSIDERA COES FINAIS

No presente trabalho foi estudada inicialmente uma paciente com disgenesia gonadal, cujo
caridtipo foi caracterizado como sendo 46,X,i(Y)(qll). A auséncia do braco curto do
cromossomo Y justifica o fendtipo feminino da paciente, bem com a presenga de

caracteristicas somaticas tipicas da sindrome de Turner.

A seguir, foram estudadas trés pacientes com DG pura XY. Nesses casos, o fenétipo
feminino deve-se, provavelmente, as mutacdes encontradas no gene SRY das trés pacientes:
duas sdo portadoras de mutagGes no quadro de leitura aberta do SRY € uma tem uma
delecdo na regido promotora do gene. Foi demonstrado que as mutagdes N65H e R30I,

localizadas na “ORF”, afetam a capacidade de ligagdo da proteina SRY ao DNA.

Em uma publicago anterior (Assumpgéo et al., 1999), descrevemos uma paciente com DG
pura 46,XY com a mutagdo W70X. Portanto, nos tltimos anos identificamos mutacdes nas
quatro pacientes com DG pura XY que estudamos (100%). Apesar da amostra ser pequena,
esses achados sugerem que a freqiiéncia de mutacdes no SRY em pacientes com tal

diagnéstico seja mais alta do que a que tem sido relatada.

A porcentagem de 10 a 20% de mulheres XY com mutac@o no SRY descrita na literatura
deve-se, provavelmente, a andlise conjunta de individuos com as formas pura e parcial de
DG, visto que mutagBes nos pacientes com a forma parcial sdo muito mais raras. Além
disso, em muitos trabalhos apenas o dominio conservado (“HMG box”) foi estudado e

mutacdes fora desse dominio, ou em elementos regulatérios, podem néo ter sido detectadas.

A presenga de duas mutagdes familiais no gene SRY nesta amostra (R30I e delecdo de 3pb
na regido promotora) ressalta a importincia da avaliagdo dos familiares nos casos de
distirbios da diferenciacdo gonadal. Apesar dos artigos publicados sobre esse assunto
freqiientemente mencionarem que a grande maijoria das mutagdes ocorre de novo, um

quarto das mutac¢®es descritas no SRY até hoje sdo herdadas. Estas familias sao exemplos de
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que uma mesma mutac@o pode estar associada a patologia, mas também pode ocorrer em

individuos masculinos férteis.

A mutagdo R30I foi encontrada em todos os individuos XY de uma mesma familia,
incluindo uma paciente com DG pura e dois com DG parcial. Estes foram os tnicos
individuos com diagnéstico de DG parcial, dentre os quatorze avaliados neste trabalho, que
apresentaram alteracdo no gene SRY. Portanto, apesar de ser um evento raro, mutagoes no
SRY podem estar associadas a forma parcial de DG. Provavelmente, apenas as mutagOes
que nao afetam drasticamente a atividade da proteina sejam condizentes com fen6tipos nos
quais se observa desenvolvimento incompleto do testiculo. Dentre os quatro casos descritos
na literatura de individuos com diagnéstico de DG parcial XY com alteracdo no gene SRY
ou nas seqiiéncias que o flanqueiam, trés s@o alteragdes que ocorreram fora do dominio

conservado do gene.

Os resultados indicam que a grande maioria dos casos de DG parcial XY ndo se deve a
mutacdes no SRY. E possivel que mutacdes em alguns dos genes j4 descritos envolvidos na
determinacdo ou diferencia¢do sexual sejam responséaveis por este fenétipo. Por exemplo,
pode-se cogitar que algum destes pacientes tenha uma alteracdo no gene WI'/ e ainda nao
tenha desenvolvido anomalias renais. No entanto, em um trabalho paralelo, o gene W71 foi
estudado na mesma amostra de pacientes com DG parcial aqui descrita e as tunicas
alteracdes encontradas tratavam-se de polimorfismos (Tagliarini E.B., comunicagdo

pessoal).

Mutagdes no SRY ndo foram encontradas nos quatro pacientes estudados com diagndstico
de hermafroditismo verdadeiro. Existem apenas dois relatos na literatura de hermafroditas
verdadeiros com mutacSes nesse gene. E um dos casos (Braun et al., 1993), a seqiiéncia
obtida a partir do DNA de linfécitos era idéntica & normal, no entanto havia duas mutagoes
na seqiiéncia obtida a partir do DNA extraido da gbnada. Este exemplo mostra que em
algumas situacdes, especialmente nos casos de hermafroditas verdadeiros, é importante

buscar mutacdes no DNA gonadal. A co-existéncia da seqiiéncia selvagem e de uma
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seqliéncia mutada poderia explicar o desenvolvimento de tecido testicular € ovariano em

um mesmo individuo.

A avaliacdo de delecSes no gene DMRTI e em outras seqiiéncias localizadas em 9p24.3,
embora ndo tenha sido concluida, ndo esclareceu a etiologia dos pacientes com DG parcial
ou hermafroditismo verdadeiro que ndo apresentam muta¢des no SRY. O tnico individuo
desta amostra para o qual esta analise sugeriu perda de heterozigosidade tem diagndstico de
hermafroditismo verdadeiro. Conforme ja foi mencionado, essa possibilidade serad

investigada futuramente.

No geral os resultados mostram que delecdes de DMRT! ndo sdo comuns nos casos de DG
e hermafroditismo verdadeiro. Ou ainda, a metodologia empregada néo foi eficiente para
detectar possiveis alteracdes em 9p. Provavelmente, em breve a reversao sexual ligada a
essa regido cromossOmica sera decifrada, tornando possivel a escolha de uma técnica mais
adequada e o esclarecimento de alguns dos casos de DG parcial XY e hermafroditismo

verdadeiro.

Virios outros genes que participam dos processos da formacdo e determinagio da génada e
da diferenciagdo sexual foram identificados recentemente. Com certeza outros ainda estao
por ser descobertos. O estudo das funcdes destes genes, associado a investigacdo molecular
minuciosa dos casos de distiirbios da diferenciac@o gonadal, certamente ird revelar os
fatores que interagem diretamente com o SRY e explicar os casos de determinagdo gonadal

ainda nao resolvidos.

Até o momento, a maioria dos esfor¢os realizados na tentativa de se entender a forma como
os genes interagem aconteceu através de ensaios nos quais testam-se as relagdes entre um
par de fatores: SRY e HAM, SRY e DAX-1, SOX-9 e SF1, SOX-9 e HAM, WI] ¢ DAX-1, ¢
assim por diante. Algumas dessas relagdes provavelmente sdo genuinas. Outras, entretanto,
resultaram em aliancas que provavelmente sdo artefatos. Muitos destes trabalhos geraram
dados contraditérios ou dificeis de se conciliar. Em parte isto se deve ao fato de que estes

ensaios sio realizados in vitro € nem sempre refletem a situagdo in vivo. Outro motivo €
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que ainda faltam pegas essenciais neste quebra-cabeca, sem as quais ainda ndo € possivel
resolvé-lo (Koopman, 2001). Resta a certeza de que os processos de determinagdo e
diferenciacio do sexo sdo bastante complexos e a elucidacdo de todos os genes envolvidos

ainda vai exigir tempo e dedicacdo dos pesquisadores que trabalham nesta 4rea.
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Morphometry and Histology of Gonads From 13
Children With Dysgenetic Male Pseudohermaphroditism

Medrcia Ribeiro Scolfaro, MD; Izilda Aparecida Cardinalli, MD, PhD; Eliana Gabas Stuchi-Perez, MD, MS;
Maricilda Palandi de Mello, BSc, PhD; Juliana de Godoy Assumpgdo, BSc, MS; Maria Tereza Matias Baptista, MD, PhD;
Joaquim Murray Bustorff Silva, MD, PhD; Andréa Trevas Maciel-Guerra, MD, PhD; Gil Guerra Jdnior, MD, PhD

® Background.—Dysgenetic male pseudohermaphroditism
(DMP) is a sexual differentiation disorder characterized by
bilateral dysgenetic testes, persistent miillerian structures,
and cryptorchidism in individuals with a 46,XY karyotype.
However, the histologic criteria for the diagnosis of DMP
are poorly established.

Objective.—To determine gonadal histology in children
with DMP. _

Patients and Methods.—Between 1996 and 1998, 13 pa-
tients with DMP were evaluated on our service. The clin-
ical diagnosis of DMP was based on a 46,XY karyotype, sex
ambiguity, high levels of follicle-stimulating hormone and
low levels of antimiillerian hormone, a decreased testos-
terone response to human chorionic gonadotropin stimu-
lation without accumulation of testosterone precursors,
and the presence of miillerian structures. Molecular se-
quencing the HMGbox region of the SRY gene did not re-
veal any mutations. Biopsies were performed for 22 of 26
gonads (patient age at the time of biopsy, 16 months to 10
years). Conventional microscopy was used to evaluate
mean tubular diameter, tubular fertility index, and number
of Sertoli cells per tubular profile.

Dysgenetic male pseudohermaphroditism (DMP) is a
sexual differentiation disorder diagnosed on the
basis of merphologic features in patients with-evidence
of gonadal dysgenesis. Typically, patients have ambig-
uous genitalia, low testosterone levels, persistence of
miillerian structures, bilateral abnormal testes, and an
increased risk for gonadal neoplastic transformation.’~
Depending on the severity of testicular dysgenesis, the
antimiillerian hormone (AMH) level may be low or un-
detectable in patients with abnormal testicular deter-
mination.>® Typically, the gonadal histology is charac-
terized by poorly developed seminiferous tubules sur-
rounded by wavy ovarian stroma. However, gonadal de-
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Results.—All 26 gonads were located outside of the la-
bioscrotal folds. Their histologic features varied from only
a reduction in tubular size to features of a streak gonad.
Five of the 22 gonads grossly resembled a streak gonad.
The mean tubular diameter was severely reduced (>30%
reduction relative to the normal tubular diameter for the
patient’s age) in 4 gonads, markedly reduced (10%-30%)
in 11 gonads, slightly reduced (<10%) in one gonad, and
normal in one gonad. The tubular fertililty index, expressed
as the percentage of tubular profiles containing germ cells,
was severely reduced (<30% of normal values) in 9 go-
nads, markedly reduced (50%-30%) in 2 gonads, and nor-
mal in 6 gonads. The number of Sertoli cells per tubular
profile was elevated in 16 gonads and normal in one go-
nad. Thin tubules surrounded by fibrous tissue were oc-
casionally observed.

Conclusion.—The histologic findings confirmed the clin-
ical diagnosis of DMP in every patient in the present series.
However, gonadal histology was variable, and careful mor-
phometric evaluation may be necessary to establish the di-
agnosis.

(Arch Pathol Lab Med. 2001;125:652-656)

velopment may range from apparently normal
testicular differentiation to a streak gonad, and the cri-
teria for the histologic diagnosis of DMP are not well
established.

The most frequently observed karyotype in patients
with DMP is 46,XY. However, multiple cell lines, including
a monosomic X cell line, may be detected, and somatic
features of Turner syndrome, such as short stature,
webbed neck, cubitus migus, and renal malformation, may
be present.’

‘In fact, some authors consider DMP a variant of mixed
gonadal dysgenesis,**° which is defined as the coexistence
of a streak gonad and a dysgenetic testis in a patient with
a 45,X/46,XY karyotype.*#1° In order to rule out the pres-
ence of Denys-Drash syndrome, which occurs as a con-
sequence of mutations at the WT1 gene on chromosome
11, patients with DMP must be examined periodically for
the presence of Wilms tumor and nephropathy with pro-
gressive renal failure.!

The objective of this study was to better define the his-
tologic criteria for the diagnosis of DMP by determining
the morphometric and histologic features of the gonads
of 13 children with a strict clinical diagnosis of this en-
tity.

Dysgenetic Male Pseudohermaphroditism—Scolfaro et al
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Table 1. Clinical and Hormonal Data of 13 Children With Dysgenetic Male Pseudohermaphroditism*
Position
of the
External Gonads, AMH, T, B-hCG, LH, FSH,
Patient Age, mo Genitaliat R/L pmol/L nmol/L+ 1U/L 1U/LS UL
1 7 3 1 118 1.4 NP 1.0 1.3
2 108 2 A/A 114 0.7 NP 0.9 5.4
3 30 2 N <0.3 319 0.6 1.2
4 0.5 3 n 1.79 NP 0.8 3.9
5 10 2 i 114 <0.3 351 11 1.4
6 92 2 /A 113 1.0 NP 0.8 5.8
7 78 2 /- <0.3 301 1.0 6.3
8 13 2 v 107 <0.3 196 0.5 1.0
9 20 4 /A <0.3 351 1.1 1.5
10 20 2 A/A <0.3 219 1.0 1.4
11 31 3 " <0.3 143 0.1 0.8
12 29 3 A/A 116 31 NP 0.3 0.7
13 44 3 VA <0.3 365 0.9 0.9

* R indicates right; L, left; AMH, antimillerian hormone; T, testosterone; B-hCG, B-human chorionic gonadotropin; LH, luteinizing hormone;
FSH, follicle-stimutating hormone; A, abdomen; 1, inguinal canal; —, not found; and NP, not performed.

t According:to the classification of Quigley et al.’
% Total testosterone level after hCG stimulation test.
§ Normal. values of prepubertal LH: 0.1-1.0 IU/L.

| Normal-values of prepubertal FSH: 0.1-1.4 [U/L.

9 Basal total testosterone level.

SUBJECTS AND METHODS
Subjects

The.series consisted of 13 patients with a clinical diagnosis of
DMP evaluated by the Interdisciplinary Group for the Study of
Sex Determination and Differentiation at the University Hospital
of the UNICAMP (Campinas, Sao Paulo, Brazil), between May,
1996, and May, 1998. The diagnosis of DMP was supported by
the findings of ambiguous genitalia in patients with a 46,XY kar-
yotype and bilateral cryptorchidism, low levels of testosterone
and AMH, and evidence of miillerian duct derivatives. This study
was-approved by the Ethics Committee of the University Hos-

ital; . .

F The patients’ mean age at first consultation was 3 years and 1
monthi(range, 15 days to 9 years), and the initial sex assignment
was tidlerin all-cases. One patient (case 12) had a previous history
of unilateral Wilms tumor and renal failure. No consanguinity
was registered, and there was no family history of sex ambiguity.
All individuals had hypospadias, bilateral cryptorchidism (Table
1), and--evidence of miillerian duct derivatives, which was con-
firmed by laparoscopy.

Routine hormonal determination was performed by radioim-
munoassay and included basal levels of luteinizing hormone
(LH), follicle-stimulating hormone (FSH), androstenedione, and
dehydroepiandrosterone. Total testosterone levels were deter-
mined before and 24 hours after the last of a series of 3 daily
intramuscular injections of 2000 IU of human chorionic gonado-
tropin (hCG) (Profasi hp, Serono Lab, S3o Paulo, Brazil). An in-
crease in testosterone level of more than 4.9 nmol/L (1.4 ng/mL)
was considered normal. When testosterone levels did not in-
crease, determination of serum B-hCG was performed to confirm
that it was really used. Serum AMH levels were measured by an
enzyme-linked immunosorbent assay, using antibodies against
human recombinant AMH,* in the laboratory of the Unité de
Recherches sur 1'Endocrinologie du Développement (INSERM),
Montrouge, France. In one patient (patient 4), who was less than
6 months of age, testosterone levels were assayed only in baseline
blood samples, because, at this age, testosterone values in normal
children are elevated. All patients had low AMH levels as com-
pared with the normal values published by Rey et al® They also
had decreased testosterone levels either at baseline or after hCG
stimulation, with no accumulation of testosterone precursors. All
patients had a predominance of FSH over LH, despite the fact

Arch Pathol Lab Med—Vol 125, May 2001

that only 5 patients (patients 2, 4, 6, 7, and 8) had elevated go-
nadotropin levels (Table 1).

Genomic DNA samples from each patient and normal male
and female controls were previously used as templates to amplify
the HMGbox region of the SRY gene and no mutations were
found after direct sequencing of polymerase chain reaction prod-
ucts.

Methods

The biopsies of gonads were fixed in Bouin solution, dehy-
drated in alcohol, and embedded in paraffin. Serial 4-wm sections
from each part of the gonads were stained with hematoxylin-
eosin and examined under light microscopy. The mean tubular
diameter, tubular fertility index (TFI), and Sertoli cell number per
tubular profile were evaluated in 50 to 100 randomly selected
seminiferous tubules of each section. Our findings were com-
pared with the normal data for age published by Nistal and Pan-
iagua (Figure 1).13

The mean tubular diameter of both the longitudinal and trans-
verse sections was measured using a calibrated vernier ocular
micrometer with a 40X objective, as described by Lennox et al.*
The reduction of diameter was classified according to Nistal and
Paniagua® into 3 degrees of severity: slight (<10% reduction in
relation to the normal diameter for the age), marked (10%~30%
reduction), and severe (>30% reduction) tubular hypoplasia.

Germ cell number was evaluated by determining the TFI,
which is the mean number of germ cells per tubular profile. This
value was calculated by counting the number of germ cells in a
single light microscope field and dividing that number by the
number of tubular profiles in that given field. According to Nistal
and Paniagua,”® 3 levels of severity of germinal hypoplasia can
be recognized: slight (TF1, >50%), marked (TFI, of 50%~30%) and
severe (TFI, <30%).

The number of Sertoli cells per tubular profile was determined.
The Leydig cell number was not evaluated because this number
is low during infancy. Streak gonads were defined as those com-
posed of an ovarian-type stroma with sclerchyaline nodules.

RESULTS

Biopsies were performed for 22 of the 26 gonads. The
patients’ ages at the time of biopsy ranged from 16 months
to 10 years (Table 2). Biopsies were not performed for 4
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Figure 1. Changes in the mean tubular diameter (MTD), tubular fer-

tility index (TFl), and Sertoli cell number (SCN) profiles from birth to
puberty (adapted from Nistal and Paniagua').

gonads: the left gonad of patients 1 and 7, and the right
gonad of patients 2 and 4. The left gonad of patient 7 was
not found, but the ipsilateral absence of miillerian duct
derivatives and the presence of wolffian duct derivatives
suggested a unilateral vanishing testis. In the other 3 pa-
tients, the biopsy of one of the gonads was not suitable
for histologic analysis.

There were 5 streak gonads (the left gonad of patients
2, 6,9, 10, and 13), which were all in an abdominal po-
sition.

Table 2 shows values for the mean tubular diameter,
TFI, and number of Sertoli cells per tubular profile ob-
served in the 17 remaining gonads.

Eleven gonads showed marked tubular hypoplasia, 4
showed severe tubular hypoplasia, and one showed slight
tubular hypoplasia (Figures 2 through 4). The mean tu-
bular diameter was normal in only one gonad (the right
gonad of patient 13).

The TFI was severely reduced in 9 gonads, markedly
reduced in 2 gonads (Figures 2 through 4), and normal in
6 gonads.

The Sertoli cell number per tubular profile was elevated
in 16 of 17 gonads analyzed (Figures 2 through 4). Only
the right gonad of patient 13 showed a normal number of
Sertoli cells.

COMMENT

Ambiguous development of the genital ducts, urogeni-
tal sinus, and external genitalia occurs in patients with
dysgenetic gonads. These patients usually present with
evidence of AMH deficiency as well as androgen deficien-
cy, and therefore have miillerian duct derivatives and am-
biguous external genitalia.® Mutations and deletions in
genes involved in the testes determination and differen-

Arch Pathol Lab Med—Vol 125, May 2001

Figure 2. Tissue from patient 4. An area of left gonad (hematoxylin-
eosin, original magnification X75).

Figure 3. Tissue from patient 12. An area of right gonad showing
marked tubular hypoplasia, severe germinal hypoplasia, and hyperpla-
sia of Sertoli cells (hematoxylin-eosin, original magnification X150).

Figure 4. Tissue from the right gonad of patient 12 (hematoxylin-eo-
sin, original magnification X300).

tiation cascade have been implicated in the etiology of
DMP.15

Our 13 patients presented with some interesting find-
ings: all had a male sex assignment before the first con-
sultation, and there was a delay in the evaluation of the

Dysgenetic Male Pseudohermaphmd:’ﬁsm—-&icoJI']a%set al



Table 2. Morphometric and Histologic Data of 22 Gonads From 13 Children With Dysgenetic Male
Pseudohermaphroditism*
No. Tubular
Age, Profiles MTD,

Patient mot Examined ®wm STH TFL, % SGH SCN HSC

1 11 R, 110 523 Marked 12 Severe 28 +
122 L - - Streak .. Streak . Streak

3 36 R, 69 29.1 Severe 0 Severe 19 +

L, 104 35.8 Severe 15 Severe 22 +

4 16 L, 117 49.6 Marked 10 Severe 29 +

5 16 R, 102 46.8 Marked 78 Normal 23 +

L, 101 49.1 Marked 97 Normal 24 +

6 108 R, 99 59.5 Slight 6 Severe 29 +
L - e Streak - Streak - Streak

7 84 R, 104 394 Severe 111 Normal 21 +

8 19 R, 126 54 Marked 68 Normal . 19 +

L, 116 52.4 Marked 166 Normal 19 +

9 26 R, 42 383 Severe 50 Severe 26 +
, = L Streak ... Streak s Streak
10 27 R, 98 43.9 Marked 0 Severe 18 Normal
L - . Streak o Streak Ca Streak

11 36 R, 104 49.6 Marked 33 Marked 30 +

L, 115 53.1 Marked 45 Marked 33 +

12 37 R, 98 49.2 Marked 0 Severe 37 +

L, 80 43.4 Marked 10 Severe 32 +

13 51 R, 66 64.1 Normal 115 Normal 24 +
L - . Streak Streak Streak

* MTD indicates mean tubular diameter; STH, severity of tubular hypoplasia according to Nistal and Paniagua'®; TFI, tubular fertility index; SGH,

severity of germinal hypoplasia according to Nistal and Paniagua'?; SCN, Sertoli cell number per tubular profile; HSC, hyperplasia of Sertoli cells
according to Nistal and Paniagua'’; R, right gonad; L, left gonad; —, absence of seminiferous tubules; and +, present.

t Age at which gonadal biopsy was performed.

ambiguous genitalia (mean age at the time of evaluation,
3 years and 1 month). Although all patients had a pre-
dominance of FSH over LH, only 5 of them had high FSH
levels for their age. Among these 5 patients, 3 were older
than 6 years, 1 was 15 days old, and 1 was 1 year old,
suggesting that gonadotropins may be useful in the di-
agnosis of DMP at the extremes of prepubertal age. Vari-
able degrees of masculinization of the external genitalia
were noted, and the gonads were located outside of the
labioscrotal folds in all patients. One patient (patient 12)
had features of Denys-Drash syndrome.

The diagnostic confirmation of DMP is based on the
histologic finding of variable degrees of bilateral dysge-
netic testes, which range from an almost “normal” testis
to a testis that grossly resembles a streak gonad. Although
the abnormalities observed in dysgenetic testes are well
defined, pathologists usually have some difficulties estab-
lishing the diagnosis of dysgenetic testes, and the char-
acteristics of dysgenetic gonads are not routinely evaluat-
ed.

Testicular biopsy is essential for the diagnosis in some
patients with ambiguous genitalia, and the evaluation of
biopsies of prepubertal testes should involve assessment
of the mean tubular diameter and the number of germ
cells, Sertoli cells, and Leydig cells (when evaluated) per
tubular profile, per unit area, per unit volume, or per tes-
tis.

Mean tubular diameter is a very good indicator of the
development of the seminiferous epithelium.?® In the pre-
pubertal testis, this diameter depends mainly on the num-
ber of Sertoli cells, and thus indicates whether they are
adequately stimulated by FSH and responsive to this stim-
ulus. Testicular diameter varies throughout childhood; it
is smallest in the fourth year of life, increases slowly until
9 years of age, and increases rapidly thereafter, up to 15
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years of age (Figure 1).* Our patients with DMP showed
a variable mean tubular diameter, from normal to severely
decreased, but with a predominance of marked and severe
tubular hypoplasia (15/17 gonads). Even though there are
technical pitfalls in evaluating the mean tubular diameter,
our data indicate the need for this evaluation in all testic-
ular biopsies when there is clinical suspicion of gonadal
dysgenesis, independent of the gonadal location.

Germ cells may be counted by several methods. The
most common method is calculating the TFI, which re-
flects the percentage of tubular profiles containing germ
cells. In neonates, 68% of tubular profiles contain at least
one germ cell. From birth to 3 years, this value decreases
to 50%, followed by a progressive increase to 100% at pu-
berty (Figure 1).* A more complete determination of germ
cell number can be obtained by calculating the total num-
ber of germ cell per testis, but this approach requires mor-
phometric assessment of the intratubular volume and
careful clinical measurement of the 3 axes of the testis.!6
The TFI was altered in 11 of the 17 testes that we evalu-
ated. Among the 6 patients with dysgenetic testes and nor-
mal TFIs, 5 had a decreased and 1 had a normal mean
tubular diameter. Therefore, our data suggest that mean
tubular diameter is a better indicator of testicular dysgen-
esis than TFL.

Another histologic parameter evaluated was the number
of Sertoli cells per tubular profile, which varies during
childhood as a result of low levels of Sertoli cell prolifet-
ation between the ages of 4 and 12 years.'” Hyperplasia of
Sertoli cells is usually pronounced in patlents with DMP,
and it is a sign of tubular dysgenesis.’® The number of
Sertoli cells was increased in all of the gonads of our pa-
tients with DMP, but in one patient, this increase was not
marked (Figure 1). This finding probably reflects the fact
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that the ideal time for this evaluation is during the first
year of life or at the onset of puberty.

Finally, it is important to emphasize that among the 22
evaluated gonads, only 5 grossly resembled streak gonads.
It is interesting to point out that they were all found on
the left side; among true hermaphrodites, there is also a
predominance of ovaries and ovotestes on the left side.*°

In conclusion, the histologic findings in our patients
with DMP, although highly variable, confirmed the clinical
diagnosis. A careful histologic and morphometric evalu-
ation, particularly the measurement of mean tubular di-

ameter, may help establish and improve the diagnosis of
DMP.

We wish to express our sincere gratitude to Rodolfo Rey, MD,
PhD, for his expert technical assistance and continuous support.
We also thank the members of the Cytogenetics Laboratory of
Medical Genetics Department and the Main Clinical Laboratory
of the University Hospital (UNICAMP).
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ABSTRACT

Sex ambiguity may be due to several dis-
orders of gonadal differentiation, including true
hermaphroditism (TH), as well as male and
~ female pseudohermaphroditism. Although TH is

a rare cause of intersex in Europe and North
America, in Africa it presents one of the highest
-frequencies. The 46,XX karyotype has been
found in the majority of the reported patients
(70.6%), and aberrations in the sex chromo-
somes have been observed in about 22% of the
cases. The 46, XY karyotype has been described
as less frequent. Herein we describe ten cases of
TH which have been diagnosed over the last 7
years, six lateral TH, two unilateral TH, and two
cases of ovotestes with absent contralateral
gonad. From a total of 18 gonads analyzed, there
were 8 testes, 6 ovaries and 4 ovotestes. Nine
subjects had originally a male sex assignment,
and in three cases this was reverted to female.
Four cases had a 46, XY karyotype. Additional
sex chromosome aberrations had been found in
four different cases [two 46,XX/46,XY, one
45,X/47, XYY, one 46,X,del(Yg)]. A 46,XX kary-
otype was found in only two individuals, and
both were SRY negative. Our preliminary data,
especially on the constitution of chromosomes
and gonads, indicate marked differences from
those in the literature.
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INTRODUCTION

True hermaphroditism (TH) is defined as the
coexistence of ovarian (containing follicles) and
testicular tissues (with distinct seminiferous tub-
ules) in the same patient. It is usually associated
with variable degrees of sexual ambiguity /1/.

Cytogenetic studies performed in these patients
reveal both male and female karyotypes, and both
numerical and structural aberrations of sex chromo-
somes. The 46,XX karyotype has been described as
the most frequent (70.6%), particularly in Africa
(96.9%) and among individuals of black origin
(almost 100%) /2,3/. A small proportion of patients
presenting 46,XX TH has been found to be positive
for Y-DNA sequences including SRY /4-6/. Sex
chromosome aberrations have been observed in
about 22% of the cases. Reported data show the
46,XY karyotype as being less frequent in certain
regions (about 7%, equally distributed among Asia,
Europe and North America) /3/. Nevertheless, in
Japan it represents the commonest karyotype /7/.
The reason for this geographical distribution is
unknown.

Ovotestis has been the gonad most commonly
found in TH, followed by ovary and, less
frequently, testis. TH can be classified as lateral (an
ovary and a testis, 40% of the cases), unilateral (an
ovary or a testis and an ovotestis, 30%) or bilateral
(two ovotestes, 20%) /3,8/,

Testes and ovotestes have been frequently found
on the right side, and ovaries on the left side /3,8/.
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According to Mittwoch /9/, this distribution reflects
normal gonadal development in which testes are
more advanced than ovaries in fetuses of similar
crown-rump length, and right gonads tend to
develop faster than those on the left side.

TH is a rare cause of intersex in Europe and
North America, but in Africa it is one of the most
frequent /2,3/. Only 24 cases of TH in South
America have been reported in the literature during
the last 17 years (1980-1997) /3,10,11/.

. The aim of this paper is to report on the clinical
and laboratory data, as well as the sex of rearing in
nine additional cases of TH from the southeastern
region of Brazil, which were followed from 1990 to
1997. We also include a case reported previously
by our group /11/.

PATIENTS AND METHODS

Over the last 7 years, we have evaluated 163
referred patients with sexual ambiguity (based on
the criteria established by Danish /12/) at the
Intersex Service of the University Hospital of the
State University of Campinas (Brazil). There were
10 cases (6.1%) of TH, all of them with a
histological diagnosis of testicular and ovarian
tissues, seminiferous tubules defining testicular
tissue and ovarian follicles defining ovarian tissue.
From those cases, we retrospectively obtained the
following data:

- age

- initial and final sex assignment

— racial group

— family history of consanguinity and sex
ambiguity

- length of the phallus

- site of the urethral opening

- classification of the external genitalia according

to the criteria originally described by Prader /13/

for cases of congenital adrenal hyperplasia,

using a scale ranging from grades I to V (from
" the more feminized to the more virilized)
— presence of a urogenital sinus, along with any

Miillerian and Wolffian derivatives
— gonadal position, histology and occurrence of

tumors '

—~at the first consultation, basal levels of
luteinizing hormone (LH), follicle-stimulating

hormone (FSH) and free testosterone were
measured by radioimmunoassay. Prepubertal
patients were subjected to a hCG test (2000 units
i.m. given daily for three days, and free testo-
sterone was measured 24 hours after the last
injection). Testosterone increment greater than
1.0 pg/ml was considered normal

~ karyotype (carried out on peripheral blood
lymphocytes using conventional banding tech-
niques)

— molecular studies on Y-specific sequences
(through PCR amplification and Southern blot
for several Yp and Yq-specific loci: SRY, ZFY,
50f2, TSPY, DYZ3, pY6BS65, and 6 STS: 78,
81, 86,151, 117 and 143).

RESULTS

The mean age at diagnosis was 6 years and 6
months (ranging from 2 months to 19 years and 11
months). From a total of ten patients, nine were
white (or at least lacking Negroid features) and only
one was black (#10). Family history of sex
ambiguity was found in two instances: in case 1,
paternal uncle and first cousin, and in case 6, a
maternal first cousin, but unfortunately those were
not available for physical or laboratory examin-
ations. No consanguinity was registered. Male was
the initial sex assignment in nine cases, and in three
of them it was possible to change the sex of rearing
to female. The results of endocrine evaluation are
shown in Table 1. Cytogenetic analysis showed that
four individuals had 46, XY karyotype, two were
chimeras (46,XX/46,XY), one was mosaic (45,X/
47,XYY), two were 46, XX, and one was 46X,
+mar. Both 46,XX patients were SRY negative,
while the 46,X,+mar was SRY positive without
mutations in the conserved HMG-box region
(Table 1). A search for other Y-specific sequences
showed positive amplifications for all STS tested
but one which happens to be the most distal locus
investigated. This result indicated that the marker is
a Y chromosome lacking the distal sequences from
region 6, according to the Vergnaux deletion map,
near to the heterochromatin boundary.

Ambiguous genitalia were the main claim in all
patients who sought medical attention (Prader II to
V). The mean length of the phallus was 3.1 cm
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TABLE 1
Age, sex assignment, hormonal, cytogenetic and molecular findings of ten patients with TH
Case Age Sex LH FSH Free testosterone karyotype
assignment uIU/ml uIU/mi (pg/ml) (SRY study)
initial final basal  after hCG
1* 6y4m M M 1.6 12.0 <0.1 <0.1 46,XY
2 ly7m M F 04 2.8 <0.1 0.3 46,XY
3* 10y8m F F 7.0 16.5 <0.1 <0.1 45 X/47XYY
4 7y9m M M 04 5.6 <0.1 0.3 46, XX (SRY-)
5(11] 12ylm M M 3.7 5.8 0.8 - 46,XX/46,XY
6 lyllm M F 0.5 3.7 <0.1 0.45 46, XY
T# 19y1lm M M 7.0 4.7 6.2 - 46,XX/46, XY
8# 1y9m M M 0.2 1.6 <0.1 0.5 46,X,del(Yq)
o# 3y M F 1.5 2.6 <0.1 04 46, XY
10 2m M M 6.5 48 <0.1 0.5 46, XX (SRY-)

y = years; m=months; M=male; F=female; (-)not performed; *bilateral gonadectomy and #oophorectomy before the first

consultation at our service
Normal values: basal LH: prepubertal: 0.6 - 1.7 and pubertal: 0.8 - 8.7
basal FSH: prepubertal: 0.6 - 3.4 and pubertal: 0.6 - 4.9
basal free testosterone: prepubertal: < 0.1 - 0.7 and adult male: 2.2 - 18.0

TABLE 2
Data on the external and internal genitalia and the Prader grade of ten patient with TH
Case Phallusincm  |Urethral {Urogenital | Prader Uterus Tube Vas
(percentile/age) |opening sinus grade deferens
1 4(<10) PS - v R R L
2 2(<10) PER + 11 NL BL -
3 2(<10) PER + I L L -
4 3(<10) - PER + 1 L L -
5[11] 4(<10) PS - v - - BL
6 3(10) PER + I L L -
7 4(<10) PS - v L L R
8 3(10) PS + v L L -
9 3(<10) PER + oI R R L
10 3(10) PEN - \4 - L BL

PS=peniscrotal; PER=perineal; PEN=penile; L=left; R=right; BL=bilateral; NL=normal
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(range 2-4 cm) and all of them were at or below the
10th percentile for age, according to Schonfeld
/14/. The urethral opening was perineal in five
patients, peniscrotal in four, and penile in one.

A urogenital sinus, confirmed by a retrograde
contrast study, was present in six patients.
Examination of the internal genitalia by laparo-
scopy or laparotomy revealed that most of the
patients had a uterus (8/10), though frequently
unicornate (7/8), and all but one had a tube(s), most
of them unilateral (8/9). A vas deferens was found
in five patients, bilateral in two (Table 2).

Among 20 expected gonads, two were macro-
and microscopically absent. There was a predomin-
ance of testis (8), followed by ovary (6), and ovo-
testis (4). Only one individual presented bilateral
gonadoblastoma which arose from both ovary and
testis. Lateral and unilateral TH was found in six
and two patients, respectively. Patients 4 and 5 both
presented an ovotestis on the left side and an absent
gonad on the right side. All four palpable gonads
inside the labiscrotal folds were testes, and all six
. ovaries were pelvic. Two ovotestes were pelvic,
and two were palpable in the inguinal region. There
were also two pelvic testes, and two were palpable
in the inguinal region. Most testes (6/8) were on the
right side and most ovaries on the left (4/6). All of
the ovotestes were on the left side (Table 3).

DISCUSSION

For all cases of sex ambiguity, the age of the
patient is crucial for the decision concerning sex
assignment and for an adequate work up. Particul-
arly in TH, there is a tendency towards the female
sex of rearing, as the ovarian tissue is more
functional than the testicular tissue, and most
patients have Miillerian derivatives, and surgical
procedures to give the external genitalia a female
appearance are more successful.

Unfortunately, half of our patients were more
than 3 years old at the time of their first visit to the
clinic, and in the majority of cases (9/10) the
patient had a male sex assignment. It was only
possible to change the sex of rearing in five
patients, and three of them were reassigned as
females. The male sex assignment was maintained
in two instances: one due to a medical decision

(#10) and the other following the decision of the
parents (#8). .

Among 283 TH cases described by Krob et al.
in the literature, 91 were blacks or of black mixed
origin, 85 from Africa /3/. As expected for a highly
mixed population, Brazil has a great number of
people of black origin. Despite the high TH
frequency among black people, there was only one
black child with 46,XX TH in our sample.

The external genitalia were clearly ambiguous in
half of the patients, and virilized in the others (four
patients with Prader grade IV and one patient with
grade V). The length of the phallus was > 3 cm in
eight patients. This fact, in addition to the degree of
virilization, accounted for the predominance of
male registrations and also for its maintenance in
patient #10, who had Prader grade V genitalia and a
3 cm phallus. Examination of the internal genitalia
revealed that most patients had a uterus and all but
one had tube(s). Vas deferens was found in five
patients.

In our sample, two of the 20 expected gonads
were macro- or microscopically absent. The ab-
sence of one gonad in these two patients was con-
firmed 3 months after surgical removal of the
ovotestis due to elevation of FSH and total absence
of testosterone production after hCG stimulation.
The absence of Miillerian derivatives on the same
side in both cases, and the presence of vas deferens
in patient 5, can indicate that there was testicular
tissue in these gonads in the early embryonic period
with subsequent regression. Among the other 18
gonads, there was a predominance of testes, follow-
ed by ovaries, and ovotestes. As expected, the
hormonal study of eight patients whose gonads had
not been previously removed revealed that the
testicular tissue did not function normally.

It is difficult to rule out the existence of an
ovotestis when the gonad is accessed by biopsy;
however, this bias is unavoidable since gonadect-
omy is not always necessary, particularly when the
gonads are palpable. The position of the ovotestis
depends on the amount of testicular tissue present:
the more the testicular tissue, the greater the
probability that the gonad will descend to the
labiscrotal folds and the greater the possibility of
misdiagnosis of ovarian tissue /3/.
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TABLE 3
Gonadal position, histology and occurrence of tumors in ten patients with TH
Case Gonadal position Gonadal histology Tumor
Right Left Testis Ovary  Ovotestis Absent

1 P I L R - - +!

2 P P R L - - -

3 P P R - L - -

4 - P - - L R -
5[11] - I - - L R -

6 LS P R L - - -

7 LS P R L - - -

8 LS P R L - - -

9 P LS L R - - -

10 I I R - L - -

P=pelvic; I=inguinal; LS=labiscrotal; L=left; R=right; +' bilateral gonadoblastoma

As expected, most testes were on the right side
and most ovaries on the left. In the sample as a
whole the predominance of the testes was accom-
panied by a reduction in the frequency of ovotestes,
which also tended to be more “feminized” (all on
the left side and none in the labiscrotal fold).

According to Niekerk and Retief /8/ and Krob et
al. /3/, the frequency of gonadal tumors in individ-
uals with TH ranges from 2.6 to 4.6% and there
seems to be no relationship between gonadal tumor
development and the type of gonads or the karyo-
type. In our sample, there was a single case with
bilateral gonadoblastoma which had arisen from
both ovary and testis in a 46,XY boy who was less
than 7 years old.

Eight of our patients had a Y chromosome. The
presence of this chromosome is usually associated
with the occurrence of testes and lateral TH /3,8/.
Indeed, this was the case in our sample. Therefore,
it appears that a 46,XX chromosomal constitution
in TH increases the probability of the occurrence of
both tissues in the same gonad, while a 46,XY
composition tends to prevent such a structural
organization.

VOLUME 11, NO. 4, 1998

It is not yet possible to establish whether this
singular chromosomal constitution in our TH
patients reflects the specific situation in Brazil or in
South America as a whole. We are aware of the
data on 16 TH patients from the University of Sio.
Paulo (Pediatrics Institute); eight of them bad a
46, XX karyotype, and only one had a 46, XY
karyotype /10/. These apparently contrasting results
might be due to a higher incidence of black patients
(9/16) in that sample.

The unexpected cytogenetic and gonadal find-
ings observed in our sample are even more striking
because of the difficulty normally associated with
the diagnosis of 46, XY TH. Palpable gonad(s) in
46, XX subjects with sexual ambiguity indicate TH,
or, in rare instances, 46,XX male, therefore a
histopathological study is mandatory. Those 46,XX
individuals without palpable gonads who do not
have congenital adrenal hyperplasia also require:
more intensive investigation. The gonads of
patients with sex chromosome aberrations are
usually evaluated histologically. However, a 46,XY
TH can be misdiagnosed as a male pseudoherma-
phrodite in bilateral and unilateral (ovotestis +
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testis) forms even nowadays, because there are no
definite clinical, endocrinological or molecular
markers for this disease.

Thus, our data are different from those in the
literature, and further study will be necessary to
confirm them. The etiology of most TH remains a
puzzling matter to all who study anomalies of sex
differentiation.
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