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Summary. A total of 30 cases of 46,XX true hermaphro- 
ditism was analysed for Y-DNA sequences including the 
recently cloned gene for male testis-determination SRY. 
In 3 cases, a portion of the Y chromosome including SRY 
was present and, in 2 cases, was localised, to Xp22 by 
in situ hybridisation. Since previous studies have shown 
that the majority of XX males are generated by an X-Y 
chromosomal interchange, the Xp22 position of the Yp 
material suggests that certain cases of hermaphroditism 
can arise by the same meiotic event. The phenotype in 
the 3 SRY-positive cases may be caused by X-inactiva- 
tion resulting in somatic mosaicism of testis-determining 
factor expression giving rise to both testicular and ova- 
rian tissues. Autosomal or X-linked mutation(s) else- 
where in the sex-determining pathway may explain the 
phenotype observed in the remaining 27 SRY-negative 
cases. 

Introduction 

In mammals, male sex determination depends on the 
presence of the Y chromosome. However, certain rare 
individuals with a 46,XX karyotype develop testes. The 
majority, known as XX males (de la Chapelle 1987; Ab- 
base t  al. 1990), have normal male internal and external 
genitalia. Other XX males have genital ambiguities with 
incomplete masculinisation of external genitalia and per- 
sistence of Mtillerian structures, a uterus and Fallopian 
tubes (Abbas et al. 1990). Moreover, 46,XX true her- 
maphrodites are clinically distinct from 46,XX males by 
having specific gonadal abnormalities together with both 
testicular and ovarian tissue in the same individual (Van 
Niekerk 1981; Ramsay et al. 1988). 
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XX males without ambiguous genitalia have limited 
portions of the Yp chromosome on one X chromosome, 
generated by accidental X-Y terminal interchange dur- 
ing paternal meiosis (Petit et al. 1987; Bishop et al. 1983; 
Seboun et al. 1986). In contrast, most XX males with 
genital ambiguities and, apart from 4 exceptions, all XX 
true hermaphrodites have been described as Y-negative 
using available Yp probes (de la Chapelle 1987; Abbas 
et al. 1990; Waibel et al. 1987), including a previous can- 
didate male testis-determining gene ZFY (zinc finger on 
the Y; Page et al. 1987). 

The 4 exceptions are a ZFY-negative individual found 
positive for the pseudoautosomal region of the Y chro- 
mosome (PABY) region (J~iger et al. 1990), an individual 
found to be positive for the male testis-determining gene 
(SRY; Sinclair et al. 1990), an SRY- and ZFY-positive 
case (Berkovitz et al. 1992) and a 46,XX true hermaph- 
rodite positive for the PABY and SRY regions (Naka- 
gome et al. 1991). Here, we analysed 30 cases of 46,XX 
true hermaphroditism for the presence of Yp material. 
This included the 46,XX true hermaphrodite previously 
described by Sinclair et al. (1990). Three 46,XX true 
hermaphrodites were found to be positive for Yp se- 
quences including SRY and the pseudoautosomal bound- 
ary. 

Materials and methods 

Patients 

Thirty patients, aged between 1 month and 24 years were studied. 
They originated from Algeria, Brasil, Egypt, India and France and 
were referred to genetic, surgical and/or endocrinology clinics as 
part of a collaborative study. All presented with ambiguous exter- 
nal genitalia classified according to Prader (1954) as types III or IV. 

Twenty three cases were sporadic. Three families presented 
with 2 affected siblings in each family. One additional, previously 
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reported family included two siblings (Sinclair et al. 1990; Palmer 
et al. 1989); one presented as a 46,XX true hermaphrodite (case 1 
of the present study), the other as a 46,XX phenotypic male (not 
included in the present study). In all cases, the diagnosis was based 
on gonad histology. 

The phenotypes of the three Y-DNA-positive 46,XX true her- 
maphrodites were similar to the phenotype of the 27 cases of Y- 
DNA-negative true hermaphrodites in relation to the degree of ex- 
ternal genital masculinisation, persistence of Miillerian structures 
and gonadal differentiation. Case 1 from France was the third child 
of a sibship of 4 (Sinclair et al. 1990). He had a type III Prader gen- 
ital ambiguity with 2 ovotestes and a uterus with two Fallopian 
tubes; case 2 from Algeria had the same presentation as case 1 ex- 
cept for an ovary (left) associated with a non-ectopic ovotestis 
(right); case 3 from France was more masculinised, with a type IV 
Prader genital ambiguity, 2 non-ectopic ovotestes composed of 
90% testis and 10% ovarian tissue, a left hemiuterus and Fallopian 
tube, and a right vas deferens. No testes were observed in cases 1. 
2or3.  

Cytogenetics 

Chromosome analysis was performed on peripheral blood lympho- 
cytes using Q- and R-banding. Karyotypes were performed on 40- 
50 metaphases from each patient. Chimerism and mosaicism were 
not detected in any of the cases. 

Histology 

Gonadal biopsies were fixed in 10% formalin overnight. After de- 
hydration in a graduated series of alcohol and toluene solutions, 
each specimen was embedded in paraffin. Tissue sections (5 lam 
thick) were cut on a microtome (geitz). They were stained with 
haematoxylin and eosin, dehydrated and mounted in Entellan 
(Merck: rapid mounting medium containing xylene and allycry- 
late). True hermaphroditism was diagnosed when testicular tissue 
containing tubules and Sertoli cells, and ovarian tissue containing 
primary follicules were found in the same patient. 

D N A  analysis 

DNA was prepared from peripheral blood lymphocytes of the pa- 
tients, and Southern blotting was performed as described previ- 
ously (Southern 1975). 

Polymerase chain reaction analysis 

The polymerase chain reaction (PCR) was performed with a 30- 
mer-oligonucleotide derived from pseudoautosomal sequences 
(Oligo C) in conjunction with either Y-specific (Oligo A) or X-spe- 
cific (Oligo B) 30-mer-oligonucleotides (Ellis et al. 1990). Further 
details are described elsewhere (Ellis et al. 1990). Oligonucleotide 
sequences were: A, GTACTACCTTTAGAAAACTAGTATTTT- 
CCC: B, CTGCAGAAACAAGCTCATCAGCGTGACTAT; C, 
GAATTCTTAACAGGACCCATTTAGGATTAA. 

PABY - SRY - P0.9 - DYS104 - DYS13 - ZFY centromere 
(Sinclair et al. 1990). 

In situ hybridisation on metaphase chromosomes 

Chromosome preparations were obtained from phytohaemaggluti- 
nin-stimulated blood cultures of a normal male and from cases 1 
and 3 of 46,XX true hermaphroditism. Slides were stored at room 
temperature at least one week before use. 

The HindlII insert of plasmid pY53.3 was used for in situ hyb- 
ridisation essentially as described by Harper and Saunders (1981) 
with slight modifications (Caubet et al. 1985). The slides were ex- 
posed for 1 and 2 weeks to Kodak NTB2 emulsion. G-bands were 
obtained with Wright's stain. 

Results 

Molecular analysis 

The presence of X and Y boundary  sequences was assayed 
using P CR  amplif icat ion with ol igonucleot ides  A,  B and 
C for each pat ient .  With D N A  prepared  from all cases of 
46,XX true hermaphrodi t i sm,  a f ragment  of 0.77 kb was 
amplif ied when using ol igonucleot ides  B and C: this cor- 
responds  to the X pseudoau tosomal  boundary .  A 0.95- 
kb f ragment ,  which is characteristic of P A B Y ,  was am- 
plified in D N A  prepara t ions  from 3 pat ients  (cases 1, 2 
and 3; Fig. 1). The P A B Y  bounda ry  was also detected 
using Southern  hybr idisa t ion blots with the HF0.2  probe  
(Ellis et al. 1989) only in these 3 individuals  (data not  
shown). The 3 patients harboured  both the X and Y pseu- 
doau tosomal  boundar ies .  

The  three D N A  samples from PABY-pos i t ive  indi- 
viduals were hybridised with pY53.3,  which recognises 
the SRY open  reading frame (Fig. 2A) .  The size and sig- 
nal intensi ty  of the bands  were the same as in a normal  
male control .  The posi t ion of the X/Y exchange was 
mapped  using the Y - D N A  probes P0.9, DYS104, DYS 13 
and ZFY.  Hybr id i sa t ion  was observed using only the 
probe  P0.9 (Fig. 2B).  Hybr id isa t ion  was not  observed 
using any of the three other  probes  (data not  shown).  
Consequen t ly ,  the break points  of the t ranslocat ions  

Human D N A  probes: Southern blot analysis 

Several human Y-derived sequences were used to analyse the 
DNA of the XX males. Probes HFO.2, P0.9, DYS104, DYSI3 
and ZFY have been described previously (Page et al. 1987: Palmer 
et al. 1989; Ellis et al. 1989: Affara et al. 1986; Weissenbach et al. 
1989). The SRY probe (pY53.3) recognizing the testis-determining 
factor (TDF) gene of the human Y chromosome was kindly given 
by Dr. P. Goodfellow (Sinclair et al. 1990). The genetic organisa- 
tion of the short arm of the Y chromosome containing the sex-de- 
termining region corresponds to the following map: telomere - 

Fig. 1. PCR analysis of X- and Y-specific boundaries. Specific oligo- 
nucleotides for the X and the Y boundaries were used together 
with an oligonucleotide from the common pseudoautosomal re- 
gion of the X and Y chromosomes. Specific amplification of the Y 
chromosome (noted Y; 0.95kb) and X chromosome (noted X: 
0.77 kb), were observed in 46,XX true hermaphrodite cases 1, 2 
and 3 (lanes 1, 2 and 3, respectively). Lanes 4 and 5 are male and 
female controls, respectively. Lane 6 is a control with no DNA 
added; lane M is a molecular weight marker (PhiX 174 HaeIIl frag- 
ments: 1353, 1078, 872, 603, 310, 271, 281, 234, 194, 118 and 72 
bp) 



were all localised between the Y-DNA sequences defined 
by P0.9 and DYS104. In all three 46,XX true hermaph- 
rodites, the translocated region contains at least 30kb, 
but no more than 60 kb of Y-DNA sequences extending 
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from the pseudoautosomal boundary towards the cen- 
tromere. 

In situ hybrid&ation 

In situ hybridisation was performed on lymphocyte meta- 
phasic chromosomes using pY53.3. In patient 1, a total 
of 155 mitoses was examined: of 325 silver grains, 50 
(15.4%) were localised on the X chromosome and 13 
(4% of the total and 26% of the grains on the X chromo- 
some) lay on band Xp22 (Fig. 3). Similar results were 
found for patient 3 (data not shown). Lymphocytes from 
patient 2 could not be analysed. In a normal male con- 
trol, 55 mitoses were examined: of 147 silver grains, 20 
(13.7%) were on the Y chromosome, and 15 (10.2% of 
the total and 75% of the grains on the Y) lay on band 
Yp l l .  The distribution of grains on the other chromo- 
somes including the X chromosome did not show any 
secondary peak. 

Fig.2. Southern blot analysis of the 3 cases of 46,XX true her- 
maphroditism. DNA (15 pg) was digested by StuI, and probed with 
the following Y-specific sequences: pY53.3 in A and P0.9 in B. 
Lanes 1, 2 and 3 are 46,XX true hermaphrodite cases 1, 2 and 3, 
respeeitvely. Lanes 4 and 5 are female and male controls, respec- 
tively 

Discussion 

The present study demonstrates that 46,XX true her- 
maphroditism is a genetically heterogeneous condition. 
A limited portion of the Y chromosome, including the 
pseudoautosomal boundary and the male testis-deter- 
mining gene SRY, was found in 3 individuals out of a 
total of 30 cases of 46,XX true hermaphroditism. SRY 
was mapped in 2 of these individuals by in situ hybridisa- 
tion to the terminal region of Xp, which suggests an 
aberrant X/Y terminal meiotic exchange has occurred as 
previously described in 46,XX males (Petit et al. 1987). 
Some 30-60 kb of Y-specific sequences proximal to the 
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Fig. 3. Diagram of the grain distribution 
following in situ hybridisation of probe 
pY53.3 to SRY in 155 metaphases of case 1 
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pseudoau tosomal  boundary  were present  in each of  the 
3 individuals. SRY is probably  complete  since 14kb of  
the equivalent  mouse  Y ch romosome  f ragment  contain- 
ing Sry was capable of determining testis formation when 
introduced as a transgene into XX mouse embryos (Koop- 
man et al. 1991). 

Previous studies have demons t ra ted  that 80% of XX 
males have Y c h r o m o s o m e  material ,  including T D F ,  
whereas in this study only 10% of XX true he rmaphro-  
dites had detectable Y chromosome sequences (de la Cha- 
pelle 1987; Abbas  et al. 1990; Seboun et al. 1986; Ver- 
gnaud et al. 1986; Berkovi tz  et al. 1992). The amoun t  of  
Y material  or its posit ion on the X may influence SRY 
expression, resulting in partial testicular format ion;  
however ,  since the Y material  was demons t ra ted  on an 
X ch romosome  in 2 cases, the pheno type  may be simply 
explained by X-inactivation. Hermaphrod i t i sm may oc- 
cur when SRY expression is suppressed by X-inactiva- 
tion such that a propor t ion  of  the cells in the fetal gonad  
develop along the ovarian pathway.  If  SRY escapes inac- 
tivation, the cells would differentiate as testicular tissue. 
This has been previously demons t ra ted  in murine studies 
of  the heritable sex-reversed condit ion Sxr, which in- 
volves a t ranslocation of Y material including Srv on an 
X chromosome .  XY male mice carrying Sxr give rise to 
50% XX or X O  progeny  as sterile males ra ther  than fe- 
males. When  partnered with an X/autosome translocation 
T16H,  which results in preferential  inactivation of  the 
X sxr ch romosome ,  the progeny are composed  of  sterile 
males, hermaphrodi tes  or fertile females (Cat tanach et 
al. 1982; Eicher  and Washburn  1986). In  man,  loci lo- 
cated at the terminal  Xp22 region normal ly  escape X-in- 
activation; this would at first appear  to weaken  an inacti- 
vat ion hypothesis  (Shapiro 1985). However ,  Mohandas  
et al. (1987) have characterised an abnormal  X chromo-  
some with a distal deletion f rom Xp22.3-Xpter  and an 
Xq26-Xqter  duplication inserted at the Xp22.3 locus. Xq 
genes inserted at the Xp22.3 locus were shown to be in- 
activated, despite their position between activated re- 
gions containing STS and MIC2.  

The remaining SRY-negat ive  cases including 3 famil- 
ial cases may have been the result of mutat ions of X chro- 
mosomal  or  autosomal  loci leading to a 'gain-of-func- 
t ion'  in the male sex-determinat ion pathway,  which by 
itself is insufficient for complete  testicular format ion.  
Au tosomal  mutat ions  involved in sex reversal have pre- 
viously been described in mice (Eicher  and Washburn  
1986) and goats (Hamer ton  et al. 1969; Wolf  1988). It 
cannot  be formally excluded that the pheno type  of  some 
of the remaining 27 SRY-negative cases may be explained 
by hidden X X / X Y  or X X / X X Y  mosaicism limited to the 
gonads.  The f requency and distribution of  Y-chromo-  
some-bear ing cells could influence the fate of  the primi- 
tive genital ridge. This has been most clearly demonstrated 
in murine studies that  show that ovotestes can develop in 
the presence of  2 0 % - 2 5 %  XY cells (McLaren  1991). 

The data presented in this study and elsewhere brings 
to 6 the number  of  repor ted  cases of  46, XX true her- 
maphrodi t i sm that have Y ch romosome  material.  In all 
cases, with one exception (Berkovitz  et al. 1992), the 
former  candidate  for T D F ,  viz. ZFY,  was not  detected.  

Similarly, XX males without  ambiguities and having Y 
ch romosome  sequences have been described as ZFY-  
positive. This again raises the possibility that a Y locus, 
in addit ion to SRY,  may be necessary to confer  a fully 
masculinised pheno type  (Burgoyne  1989; J~iger et al. 
1990). 
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