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Abstract

It is well established that testicular differentiation of the hu-
man embryonic gonad depends on the action of the Y-chro-
mosomal gene SRY. However, exceptional cases such as
SRY-negative cases of 46,XX testicular disorder of sexual
development (DSD), and of 46,XX ovotesticular DSD docu-
ment that testicular tissue can develop in the absence of the
SRY gene. These SRY-negative XX sex reversal cases are very
rare and usually sporadic, but a few familial cases have been
reported. We present a large, consanguineous family with
nine affected individuals with phenotypes ranging from
46,XX testicular DSD to 46,XX ovotesticular DSD, with pre-
dominance of male characteristics. Absence of SRY in periph-
eral blood was documented by fluorescence in situ hybrid-
ization (FISH) and PCR analysis in all nine affected individu-
als, and by FISH analysis on gonadal sections with testicular
tissue in four affected individuals. By quantitative PCR, a du-
plication of the SOX9 gene was excluded. In addition, as link-

age analysis showed that the nine affected members of the
family do not share a common SOX9 haplotype, any muta-
tion at the SOX9 locus could be ruled out. Together, these
findings implicate a mutation at a sex-determining locus
other than SRY and SOX9 as the cause for the XX sex reversal

trait in this family. Copyright © 2007 S. Karger AG, Basel

The process of sex determination in humans, and in
mammals in general, has not yet been completely eluci-
dated (Brennan and Capel, 2004; Wilhelm et al., 2006).
However, it is clear that this process involves a gene regu-
latory network in which a Y chromosome-linked master
gene, named SRY (sex determining region of the Y), plays
a crucial role (Sinclair et al., 1990). SRY induces the undif-
ferentiated embryonic gonad to develop as a testis (Koop-
man etal., 1991). Although its specific function and down-
stream molecular targets remain largely unknown, it has
been demonstrated in mice that Sry promotes the migra-
tion of mesonephric cells to the gonadal rudiment (Capel
et al., 1999) and increases the rate of proliferation of coe-
lomic epithelial cells that give rise to Sertoli cell precursors
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(Schmahl et al., 2000). These cellular processes finally
lead to testis cord formation and to increased gonadal size,
the first morphological signs of testicular organogenesis.
Hormone production by the embryonic testis is essential
for male sexual differentiation: the anti-Miillerian hor-
mone (AMH) induces regression of the Miillerian ducts,
and androgens cause development of the Wolffian ducts
into epididymis, vas deferens and seminal vesicle, and tes-
ticular descent. If the gonads develop as ovaries, the Wolff-
ian ducts regress and the Miillerian ducts become the Fal-
lopian tubes, uterus, and upper part of the vagina.

Two classes of sex reversal syndromes are known in
humans that seem to be at odds with the testis-determin-
ing function of SRY. One is 46,XY complete gonadal dys-
genesis (Swyer syndrome), where testis development fails
despite the presence of a Y chromosome and, mostly, of
an intact SRY gene. The other is XX sex reversal, where
testicular tissue develops in the apparent absence of SRY.
However, in the majority of these latter cases, the female-
to-male sex reversal phenotype can be traced back to the
presence of SRY, either due to low level XX/XXY mosa-
icism, or as a result of an aberrant X-Y interchange with
transfer of SRY to one X chromosome (de la Chapelle et
al., 1990; Ferguson-Smith et al., 1990). But testicular tis-
sue can also develop in subjects entirely lacking a Y chro-
mosome and SRY. Generally, 46,XX sex reversed patients
can be classified into two distinct groups. The first group
includes individuals with 46,XX ovotesticular disorder of
sexual development (DSD) (Hughes et al., 2006) (previ-
ously known as 46,XX true hermaphrodites), defined by
the presence of both testicular and ovarian tissue in the
gonads of the same individual, either separately or, more
commonly, together as an ovotestis. Individuals with
46,XX ovotesticular DSD usually have ambiguous exter-
nal and internal genitalia, depending on the amount of
functional testicular tissue present within the gonad. The
second group comprises individuals with 46,XX testicu-
lar DSD (Hughes etal.,2006) (previously known as 46, XX
males), who are characterized by a full development of
both gonads as testes without any evidence of ovarian tis-
sue. The phenotype of these individuals varies from a ful-
ly normal male to a less complete male phenotype with
various degrees of genital ambiguities such as micropenis
or hypospadias (Abbas et al., 1990; de la Chapelle et al.,
1990; Ferguson-Smith et al., 1990). SRY-negative cases
constitute about 90% of 46,XX ovotesticular DSD cases
and also of 46,XX testicular DSD cases with ambiguities
of the external or internal genitalia, and about 10% of
46,XX testicular DSD cases without genital ambiguities
(McElreavey et al., 1993).

XX Sex Reversal in the Absence of SRY
and of a Mutation at the SOX9 Locus

The occurrence of SRY-negative cases with 46,XX tes-
ticular or ovotesticular DSD, along with the existence of
cases with 46,XY complete gonadal dysgenesis with an
intact, non-mutated SRY gene, suggests the involvement
of X-linked and of autosomal genes in the male, and fe-
male, sex determination and differentiation pathway.
Over the last 15 years a number of such genes have been
identified through positional cloning studies in humans
with sex reversal syndromes and in mouse and goat mu-
tants (Brennan and Capel, 2004; Fleming and Vilain,
2004). One of these genes is SOX9, which was originally
identified in individuals with the skeletal malformation
syndrome campomelic dysplasia which is associated with
XY sex reversal (Foster et al., 1994; Wagner et al., 1994).
Heterozygous de novo SOX9 mutations identified in these
individuals, causing loss of DNA binding or of the trans-
activation function of this transcription factor, or entire
deletion of one copy of SOX9 (Olney et al., 1999; Pop et
al., 2004), imply haploinsufficiency as the cause for both
the skeletal phenotype and male-to-female sex reversal.
Conversely, a duplication of the chromosomal region
17923 — q24 containing SOX9 has been implicated as the
cause for female-to-male sex reversal in a case with 46,XX
testicular DSD (Huang et al., 1999). The essential role of
SOX9 in mammalian testis development was demon-
strated in mice that ectopically express Sox9 in the female
gonad, either due to insertion of a transgene promoter
1 Mb upstream of the Sox9locus (Bishop et al., 2000; Qin
etal., 2004), or from a transgene where expression of Sox9
was driven by the WtI regulatory region (Vidal et al,,
2001). In both cases, XX embryos showed complete fe-
male-to-male sex reversal, demonstrating that Sox9 is
sufficient to trigger testis differentiation in the absence
of Sry.

SRY-negative XX sex reversal cases are generally spo-
radic. A few pedigrees of familial 46,XX testicular DSD
or 46,XX ovotesticular DSD, sometimes co-existing in
the same pedigree, have been described (reviewed in
Sarafoglou and Ostrer, 2000), and absence of SRY has
been documented for some of these pedigrees (Kuhnle et
al., 1993; Ramos et al., 1996; Slaney et al., 1998; Jarrah et
al., 2000; Radi et al., 2005). Here, we present clinical, his-
tological, conventional cytogenetic, molecular cytoge-
netic and molecular data of nine affected individuals
from an extended pedigree who present with a clinical
spectrum ranging from 46,XX testicular DSD to 46,XX
ovotesticular DSD, with predominance of the male phe-
notype.
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Fig. 1. Pedigree of the family. Filled symbols indicate 46,XX testicular DSD (V-7, V-16, V-18, V-19, VI-5, VI-7)
and 46,XX ovotesticular DSD cases (V-21, VI-6, VI-8). The propositus is indicated by an arrow. Numbers below
the symbols denote ages. Individuals analyzed by karyotype and SRY analyses are marked by asterisks.

Case Reports

All nine affected individuals of Turkish origin described be-
low are from the same pedigree (fig. 1) and share an SRY-negative
46,XX karyotype.

Case 1 (VI-7)

This patient is currently 15 years old and is the one who
brought the family to our attention. Two years ago he contacted
his doctor for a left undescended gonad and underwent left or-
chiopexy. He was subsequently sent to our university hospital for
detailed analysis. Physical examination revealed a phallus 4-5 cm
in length, penoscrotal hypospadias, severe penile chordee
(fig. 2A), female distribution of the pubic hair, and gonads that are
bilaterally in the scrotum. Pelvic ultrasound did not detect any
Miillerian duct derivatives. Genitoscopy revealed a vaginal orifice
3 cm proximal to the urogenital sinus. He has a blind-ending
vagina. Laparoscopic examination revealed no obvious uterine
structure but bilateral ductus deferentes in the inguinal canal. He
underwent scrotal exploration and a two-stage hypospadias re-
pair. Gonadal biopsies from both sides showed testicular tissue
without any spermatogenic activity (figs. 3A, 4A). Socially, he car-
ries a male name and was brought up as a male. He was given the
diagnosis of 46,XX testicular DSD.
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Case 2 (VI-8)

Case 2 is currently 13 years old and was evaluated two years
ago around the same time as case 1. He originally contacted his
doctor for the complaint of urination from the penile root. Phys-
ical examination revealed a mature phallus 4 to 5 cm in length,
labiascrotal fusion, scrotal hypospadias, and a hypoplastic scro-
tum with nonpalpable gonads. By scrotal ultrasound no testicles
were detected. Genitoscopy revealed a vaginal orifice close to the
urogenital sinus. Laparoscopic examination revealed a uterus,
tuba uteri and bilateral gonads that appeared as normal ovaries
located in normal pelvic position. He underwent hysterovagina-
salpingogonadectomy and a two-stage repair of hypospadias. Go-
nadal histology showed that the left gonad was an immature ova-
ry (fig. 3C) and the right gonad an ovotestis. Socially, he carries a
male name and was brought up as a male. He was given the diag-
nosis of 46,XX ovotesticular DSD.

Case 3 (VI-6)

This patient is currently 5 years old. He was evaluated one and
a halfyears ago because his cousins, cases 1 and 2, had been diag-
nosed as 46,XX testicular and 46,XX ovotesticular DSD cases,
respectively. Physical examination revealed a mature phallus 3 to
4 cm in length with severe chordee, penoscrotal transposition,
bifid scrotum with nonpalpable right gonad and palpable left go-
nad, and penoscrotal hypospadias (fig. 2B, C). Genitoscopy re-
vealed a vaginal orifice 3 cm proximal to the urogenital sinus.
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Fig. 2. Appearance of the external and internal genitalia. A Appearance of the external genitalia of the propos-
itus, case 1, showing severe penile chordee. B, C Appearance of the external genitalia of case 3, showing severe
chordee, penoscrotal transposition, bifid scrotum with nonpalpable right gonad and palpable left gonad, and
penoscrotal hypospadias. D Appearance of the internal genitalia of case 3, showing proximal vagina, uterus,
fallopian tubes, ovotestis (left) and ovary (right).

Fig. 3. Low-resolution gonadal histology. A Right gonad of case 1 at age 13, showing testicular morphology.
B Right gonad of case 4 at age 13, showing testicular structure at lower left and ovarian structure at upper right.
C Left gonad of case 2 at age 11, showing ovarian morphology. Magnification is 4 X for A and B, and 10X for C.
HE staining.

Fig. 4. High-resolution testicular histology. A Seminiferous tubule (dashed outline) from the right testis of case
1, showing Sertoli cell-only phenotype with complete absence of germ cells. B Tubules from the testicular part
of the ovotestis of case 4, showing disorganized structure. Magnification is 100X for Aand 40X for B. HE stain-

ing. Arrows point to peritubular myoid cells.
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Laparoscopy revealed a uterus, tuba uteri and a right gonad that
appeared as a normal ovary located in normal pelvic position. He
underwent hysterosalpingogonadectomy (fig. 2D) and a two-
stage repair of hypospadias. Gonadal biopsies showed that the left
gonad was an ovotestis and the right gonad an ovary. Socially, he
carries a male name and was brought up as a boy. He was given
the diagnosis of 46,XX ovotesticular DSD.

Case 4 (V-21)

Case 4 is currently 15 years old and was evaluated two years
ago around the same time as cases 1 and 2. As patient 2, he origi-
nally went to the doctor for the complaint of urination from the
penile root. Physical examination revealed an immature phallus
3-4 cm in length, severe chordee, labioscrotal fusion, perineal
hypospadias and a hypoplastic scrotum with nonpalpable gonads.
By pelvic ultrasound two ovaries with follicles in the ovarian cor-
tex and a hypoplastic uterus were detected. Genitoscopy revealed
a vaginal orifice close to the urogenital sinus. Laparoscopic ex-
amination revealed a uterus, tuba uteri and bilateral gonads that
appeared as normal ovaries located in normal pelvic position. He
underwent hysterosalpingogonadectomy and a two-stage repair
ofhypospadias. Gonadal histology showed that the left gonad was
an ovary and the right gonad an ovotestis (fig. 3B). The testicular
part of the ovotestis consisted of tubules with a disorganized
structure (fig. 4B). Socially, he carries a male name and was
brought up as a male. He was given the diagnosis of 46,XX ovo-
testicular DSD.

Case 5 (V-7)

Case 5 is currently 33 years old. He is married and has no chil-
dren. He was originally evaluated one and a half years ago because
of infertility. During his physical examination, hypo- and hyper-
pigmentated areas in his glans penis and proximal glandular hy-
pospadias were noted. He has no penile chordee, a normal penile
size, palpable gonads bilaterally, and no gynecomastia. By pelvic
ultrasound, no ovaries and no Miillerian duct derivatives were
detectable; prostate and seminal vesicle were normal. Scrotal ul-
trasound revealed a right gonad 25x8x 14 mm (1.5 cm?) in size,
and a left gonad 29x8% 16 mm (2.0 cm?) in size. A varicocele in
the left gonad and small cystic focal regions in the right gonad
were noted. Socially, he is functioning as a male. He was given the
diagnosis of 46,XX testicular DSD.

Case 6 (VI-5)

This patient is currently 10 years old. He was examined one
year ago, revealing a penis of normal size with a normal meatus
and gonads that were palpable in the scrotum and of normal size.
He had female distribution of the pubic hair. By pelvic ultrasound
no Miillerian duct derivatives were detected. Laparoscopic exam-
ination also did not reveal any Miillerian structures. Gonadal bi-
opsies showed that both the left and right gonad had immature
testis histology. Socially, he carries a male name and was brought
up as a boy. He was given the diagnosis of 46,XX testicular DSD.

Case 7 (V-16)

This patient is currently 26 years old. He is married but he has
no children. Physical examination, performed one year ago, re-
vealed a normal-sized penis with a megameatus, palpable gonads
bilaterally, and absence of gynecomastia. By recent pelvic ultra-
sound, no ovaries and no Miillerian duct derivatives were detect-
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able; prostate and seminal vesicle were normal. Scrotal ultrasound
revealed a right gonad 13X 19X 28 mm (3.5 cm?) in size, and a left
gonad 13X 17x30 mm (3.5 cm?) in size, and a varicocele in the left
gonad. Socially, he is functioning as a male. He was given the di-
agnosis of 46,XX testicular DSD.

Case 8 (V-18)

This patient is currently 24 years old and unmarried. He was
originally examined one year ago. He had a penis of normal size,
palpable gonads bilaterally, male distribution of the pubic hair,
and absence of gynecomastia. By recent pelvic ultrasound, no
ovaries and no Miillerian duct derivatives were detectable; pros-
tate and seminal vesicle were normal. Scrotal ultrasound revealed
a right gonad 12X 17x25 mm (2.7 cm?) in size, and a left gonad
10X15X27 mm (2.2 cm®) in size. A hypodense region (5X3X
6 mm) in the right gonad might indicate an ovotestis or a neopla-
sia. Socially, he carries a male name and was brought up as a male.
He was given the diagnosis of 46,XX testicular DSD.

Case 9 (V-19)

This patient is currently 19 years old. Physical examination,
performed one year ago, revealed a normal-sized penis, distal
glandular hypospadias, palpable gonads bilaterally, male distri-
bution of the pubic hair, and absence of gynecomastia. By recent
pelvic ultrasound, a small, liquid-filled tubular structure was
seen behind the prostate, which continued with a solid structure
4X1x1 cm in size. The tubular structure could be a utriculus,
the solid structure a rudimentary uterus. No structures resem-
bling ovaries were detectable. Scrotal ultrasound revealed a right
gonad 10X17%22 mm (1.9 cm?) in size, and a left gonad 13X
17X23 mm (2.5 cm?) in size; cystic focal regions were observed
in both gonads. He has a male name and is socially function-
ing as a male. He was given the diagnosis of 46,XX testicular
DSD.

Materials and Methods

Histological Analysis

Formalin-fixed and paraffin-embedded gonad tissues of af-
fected individuals were obtained from The University of Uludag,
Faculty of Medicine, Department of Pathology. Five-micrometer-
thick serial sections were cut from each tissue block and stained
with haematoxylin and eosin.

Cytogenetic Analysis

Briefly, peripheral blood lymphocytes were cultivated in
RPMI-1640, supplemented with 2% glutamine, 10% fetal calf se-
rum, and 2% PHA-M for 72 h at 37°C. Metaphase chromosomes
were GTG-banded using standard procedures. Karyotypes were
evaluated by two different observers.

Fluorescence in situ Hybridization (FISH) Analysis

FISH was performed on metaphase spreads and interphase
nuclei using peripheral leukocytes fixed on slides. To identify
possible gonadal mosaicism, FISH was also performed on paraf-
fin sections of the gonads of four affected individuals. Deparaf-
finized sections and fixed cells on slides were treated with 0.2 N
HCI for 20 min at room temperature, with 8% sodium thiosul-
phate at 80°C for 30 min, and with 0.5% pepsin in 0.01 N HCl at
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3°C for 20 min, and fixed in 10% formalin. Probes specific for
the X centromere (labeled green) and for SRY (labeled orange)
(Vysis, Downers Grove, IL, USA) were used essentially according
to the manufacturer’s protocol. System filters showed orange sig-
nals as red color. The post-hybridization wash was performed
twice in 50% formamide at 47°C for 3 min and then twice in
2% SSC at room temperature for 3 min. After DAPI counter-
staining, metaphase and interphase nuclei showing FISH signals
were evaluated and analyzed on a Quips Imaging System (Ap-
plied, UK) equipped with a Nikon E 600 (Japan) standard con-
ventional epifluorescence microscope and with a filter set (triple
color, DAPI/red/green; dual color, red/green; single red; single
green; Vysis, USA).

For SOX9, FISH analysis was performed as described (Boroz-
din et al., 2004), using cosmid ICRFc105-G1128 (cosG1128) from
the SOX9 region as probe (Wirth et al., 1996).

PCR Analysis

PCR for SRY was performed using primers AP-1 and AP-2 as
described (Jager et al., 1990). Quantitative PCR analysis to mea-
sure gene dosage was performed using an ABI 7900HT Fast Real-
Time PCR system with SYBR green detection as previously de-
scribed (Borozdin et al., 2004). As reference amplicons, a 186-bp
fragment from 3p26.3 was amplified with primers F (5’-GCT-
GCTGTCGTCCCTGGGAACGACC-3') and R (5-GTGCCAG-
CCCCACTGCCAGGAACAA-3"), and a 185-bp fragment from
3p26.2 with primers F (5'-AAGATGGGGATGCAGGGTGGGG-
AGA-3') and R (5-GGCAAGGACATCGGCTTAGGTGGCA-
3'). Standard curves were generated with serially diluted DNA
from a normal female individual. DNA from a 46,XY CD patient
with one deleted SOX9 allele (Pop et al., 2004) and from an SRY-
positive 47, XXX testicular DSD case (Scherer et al., 1989, case 2)
were used as control. The testamplicons from exon 2 (432 bp) and
exon 3 (468 bp) of SOX9 were amplified with primers E2-F2 +
E2-R4 and E3-F2 (Wagner et al.,, 1994) + E3-R5 (5"-TTGGTCC-
TCTCTTTCTTCGGTTATTT-3"), respectively. Test amplicons
from DCX were amplified with primers Ex4-F 5'-CGCCCACTG-
TAGCTTCTACCGAACC-3" and Ex4-R 5'-ACCAACGGCCAC-
CACCCACTATTTA-3' for exon 4 (300 bp), and Ex8-F 5'-GG-
AACCTCCAGCAGCCAGCTCTCTA-3" and Ex8/2-R 5'-CAC-
CAAGCCATTCAGGAAACTGAGTGC-3’ for exon 8 (151 bp).
Cycling conditions were 50°C for 2 min, 95°C for 15 min, and
40 cyclesat 94°C (15s), 58°C (15 s), and 72°C (1 min). For all am-
plicons, the same conditions were applied. All measurements
were done in duplicate and repeated three times. Calculation of
the ratios of the test amplicon values relative to the average of
the two reference amplicon values was performed as described
(Borozdin et al., 2004).

Microsatellite Marker Analysis

Microsatellite markers DI175§949, D17581350, D178970 and
D1781862 were amplified according to the information provided
by the Genome Database (http://www.gdb.org), using fluores-
cently labeled forward primers and an annealing temperature of
55°C. PCR products were analyzed on an ABI Prism 310 auto-
mated DNA sequencer using Genotyper software version 3.7
(both Applied Biosystems). The largest allele of each marker ob-
served in the pedigree was designated 1.

XX Sex Reversal in the Absence of SRY
and of a Mutation at the SOX9 Locus

Results

The family with nine XX sex-reversed individuals is of
Turkish origin, from a rural area in the Mus province in
Eastern Anatolia (fig. 1). Originally, only cases 1 to 5 were
studied because they presented with ambiguous genita-
lia, including hypospadias, or with infertility (case re-
ports, table 1, fig. 2). Unexpectedly, cases 6-9 came to
attention when blood samples were collected for linkage
analysis, and discordance between gender and sex chro-
mosome status was detected. Genital ambiguities were
absent or of milder form in these cases (case reports, ta-
ble 1). Standard karyotype analysis on peripheral blood
showed a 46,XX constitution for all nine patients, and
analysis of 20 metaphases by two different observers gave
no evidence of mosaicism and of structural or numerical
chromosome abnormalities. Gonadal histology (table 1,
tigs. 3 and 4) allowed us to classify cases 1 and 6 as 46,XX
testicular DSD and cases 2 to 4 as 46,XX ovotesticular
DSD. As gonadal tissue has been unavailable so far, the
remaining four cases have been classified as 46,XX tes-
ticular DSD. Because the phenotype of all nine individu-
als is predominantly male, they have all been raised as
males.

Hormonal results of the patients are summarized in
table 2. Serum ACTH, cortisol, 17-alpha-hydroxy-pro-
gesterone, dihydro-epiandrosterone and androstenedi-
one levels were normal in all cases, indicating normal ad-
renal steroidogenesis. Serum concentrations of luteiniz-
ing hormone (LH) and follicle-stimulating hormone
(FSH) in case 6, the only prepubertal case measured, were
within the normal range, but they were highly elevated in
the four adult cases 5, 7, 8 and 9, confirming their gonad-
al deficiency. In prepubertal cases, testosterone levels
were within the normal prepubertal range. In postpuber-
tal cases, while free testosterone levels were slightly low,
total testosterone levels were within normal male range,
indicating active testicular steroidogenesis.

To check for the possible presence of SRY, FISH analy-
ses on metaphase and interphase cells from peripheral
blood were performed, using an X centromere probe la-
beled with spectrum green and a locus-specific probe la-
beled with spectrum orange for the SRY gene. Two X
chromosome signals, but no signal for SRY were detected
for all nine affected individuals. The same analyses were
performed on paraffin sections of gonadal testicular tis-
sue from four affected individuals to check for mosa-
icism, but again no SRY signal was detected (not shown).
PCR analyses for SRY performed for all affected as well
as for several unaffected members of the family (marked
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Table 1. Clinical, cytogenetic, and histological data of the affected individuals

Patient Age External genitalia Karyotype Gonadal histology
right left
Case 1 (VI-7) 15  AG: 4-5 cm penis, penoscrotal hypospadias, severe penile chordee,  46,XX (SRY") T T
palpable gonads, female distribution of pubic hair
Case 2 (VI-8) 13 AG: 4-5 cm penis, scrotal hypospadias, hypoplastic scrotum 46,XX (SRY") oT o
Case 3 (VI-6) 5  AG: 3-4 cm penis, penoscrotal hypospadias, palpable left gonad, 46,XX (SRY") ¢ oT
penoscrotal transposition
Case 4 (V-21) 15  AG: 3-4 cm penis, perineal hypospadias, non-palpable gonads, 46,XX (SRY") oT ¢}
female distribution of pubic hair
Case 5 (V-7) 33 AG: Normal penis size, proximal glandular hypospadias, hypo- and ~ 46,XX (SRY") NA NA
hyperpigmentated areas on glans penis, palpable gonads, infertile
Case 6 (VI-5) 10 Normal penis, normal meatus, palpable gonads, female 46,XX (SRY") T T
distribution of pubic hair
Case 7 (V-16) 26  AG: Normal penis size, megameatus, palpable gonads, 46,XX (SRY") NA NA
infertile
Case 8 (V-18) 24  Normal penis, normal meatus, palpable gonads 46,XX (SRY") NA NA
Case 9 (V-19) 19  AG: Normal penis size, distal glandular hypospadias, 46,XX (SRY") NA NA
palpable gonads
AG = Ambiguous genitalia; NA = not analysed; O = ovary; OT = ovotestis; T = testis.
Table 2. Hormonal profiles of the affected individuals
Follicle stimulating Luteinising hormone (IU/l) ~ Total testerone (ng/dl)  Free testosterone
hormone (IU/1) (pg/ml)
Ref.range M F M F M F M F
Tanner 1 0.26-3 1-4.2 0.02-0.3 0.02-0.18 <20-50 <20 0.15-0.6 0.15-0.6
Tanner 2 1.8-3.2 1-10.8 0.2-4.9 0.02-4.7 20-150 7-28 NA
Tanner 3 1.2-5.8 1.5-12.8 0.2-5 0.10-12.0 100-320 15-35 NA
Tanner 4 2.0-9.2 1.5-11.7 0.4-7 0.4-11.7 200-620 13-32 NA
Tanner 5 2.6-11.0 1.0-9.2 0.4-7 0.4-11.7 350-970 20-38 NA
Adult 2.0-9.2 1.5-9 350-1030 10-55 8.8-27  0.06-2.57
Follicular 1.8-11.2 2-9
Mid-cycle 6-35 18-49
Luteal 1.8-11.2 2-11
Case
1 (VI-7) NM NM 34 0.39
2 (VI-8) NM NM <20 0.72
3 (VI-6) NM NM <20 0.28
4(V-21) NM NM 31 1.56
5(V-7) 44.56 21.59 425 8.72
6 (VI-5) 1.14 0.34 23 0.47
7 (V-16) 35.77 13.87 538 7.09
8(V-18) 40.72 22.88 624 7.51
9(V-19) 35.96 19.57 425 5.78

NM = Not measured; NA = not available.
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by asterisks in fig. 1) were in full agreement with the
karyotype analyses. These results rule out a cytogeneti-
cally undetectable translocation of the SRY gene as the
cause for the XX sex reversal in the pedigree. Thus, the
nine affected individuals are all SRY-negative XX sex re-
versal cases.

As duplication of a segment of 17q including the SOX9
locus has been invoked as the cause for XX sex reversal
in an isolated case (Huang et al., 1999), we hybridized a
fluorescently labeled cosmid probe, cosG1128, located
about 100 kb 5’ to SOX9 (Wirth etal., 1996), to metaphase
spreads from cases 1 and 5. Only single hybridization sig-
nals were seen on both chromosomes 17 (not shown). Be-
cause duplications below 2 Mb can not be resolved by
FISH, we performed quantitative PCR for cases 1, 2 and
4 using amplicons from exon 2 and 3 of SOX9. As con-
trols, DNA from a 46,XY SOX9 deletion case and an SRY-
positive 47, XXX testicular DSD case were used, as well as
amplicons from the X-chromosomal double cortex (DCX)
gene. As shown in table 3, the normalized ratios for both
SOX9 amplicons are very close to 0.50 for the SOX9 dele-
tion case with one dose of SOX9, reach values of 0.95 and

Table 3. Results of quantitative PCR measurements for SOX9
and DCX. The normalized ratios (test amplicon values/average
of both reference amplicon values) shown are averages of three
measurements, each done in duplicate.

Patient SOX9 DCX

exon 2 exon 3 exon4 exon 8
46,XY; SOX9 Del*  0.51 0.49 0.48 0.43
47 XXXb 0.95 0.84 1.43 1.43
Case 1 0.97 1.08 1.05 0.98
Case 2 1.04 1.11 1.00 1.00
Case 4 0.92 0.96 0.89 0.91

28S0X9 deletion case, patient 1 from Pop et al. (2004).
b47 XXX testicular DSD, case 2 from Scherer et al. (1989).

0.84 for the 47, XXX testicular DSD control sample with
two doses of SOX9, and show values around 1.00 for all
three XX sex reversal cases. As regards both DCX control
amplicons, the presence of one, two or three X chromo-
somes is readily reflected in the normalized ratios. Taken

Dihydroepiandrosterone 17-alpha-hydroxy- Androstenedione (ng/dl) ACTH Cortisol
sulphate (g/dl) progesterone (ng/ml) (pg/ml) (pg/dl)
M I8 M F M F M, F M, F
13-83 19-114 0.03-0.9 0.03-0.82 8-50 8-50 0-100 5-23
42-109 34-129 0.05-1.15 0.11-0.98 31-65 42-100
48-200 32-326 0.10-1.38 0.11-1.55 50-100 80-190
102-385 58-260 0.29-1.8 0.18-2.3 48-140 77-225
120-370 44-248 0.24-1.75 0.20-2.65 65-210 80-240
180-450 60-255 0.27-1.99 75-205
0.15-0.7 85-275
NA NA
0.35-2.9 85-275
63.30 0.49 2 18.00 15.30
74.30 1.28 12.4 18.00 11.90
<15.00 0.30 12 16.10 8.50
64.90 1.28 51 10.00 4.50
185.30 2.26 107 10.40 9.31
71.41 0.15 14.9 19.40 6.46
252.70 1.56 171 17.50 11.20
322.00 0.20 197 27.10 12.70
347.60 1.80 100 20.30 19.20
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together, the quantitative PCR data do not support the
hypothesis that a SOX9 duplication, neither on one nor
on both chromosomes 17, is causing the XX sex reversal
in the family.

Genetic exclusion of involvement of the SOX9 locus
in the XX sex reversal phenotype seen in the family was
obtained by linkage analysis. Four microsatellite mark-
ers were used, located at chromosome 17 sequence co-
ordinates 65.98 Mb (DI175949), 66.60 Mb (DI17S1350),
66.97 Mb (D175970) and 68.84 Mb (D1751862); SOX9 is
at coordinate 67.63 Mb (UCSC Genome Browser March
2006 Assembly). As the XX sex reversed members of the
pedigree do not share a common haplotype at the SOX9
region (fig. 5), any mutation at the SOX9 locus, be it
duplication or any other type of mutation, can be ex-
cluded.

Discussion

In this study, we report nine cases of SRY-negative in-
dividuals from the same extended family with a pheno-
typic variation from 46,XX testicular DSD to 46,XX ovo-
testicular DSD, who predominantly presented with male
characteristics. To our knowledge, this is the largest num-
ber of XX sex reversed individuals from a single pedigree
reported so far. Due to the lack of gonadal histology, four
of the nine individuals have been classified as cases of
46,XX testicular DSD. The scrotal ultrasound findings of
small cystic focal or of hypodense regions in the gonads
of three of these individuals may indicate that the respec-

32 Sex Dev 2007;1:24-34

tive gonads are ovotestes, but this needs future verifica-
tion by histological examination. The coexistence of
46,XX testicular DSD with 46,XX ovotesticular DSD cas-
es within the same pedigree has been described in other
families (Kasdan et al., 1973; Skordis et al., 1987; Kuhnle
et al., 1993; McElreavey et al., 1993; Ramos et al., 1996;
Slaney et al., 1998; Jarrah et al., 2000) and indicates that
these two phenotypes are alternative manifestations of
the same underlying mutation with marked variation in
penetrance and expressivity. It is notable that the four
postpubertal cases 5, 7, 8 and 9 have not developed gyne-
comastia, a frequent finding in 46,XX testicular and
46,XX ovotesticular DSD (Ferguson-Smith et al., 1990;
Sarafoglou and Ostrer, 2000). This absence of gyneco-
mastia might be attributable to the close-to-normal tes-
tosterone levels in all four individuals.

Cytogenetic and molecular studies of peripheral blood
samples both showed the absence of the Y chromosome
and of SRY in all nine affected individuals. One mecha-
nism proposed to explain the development of testicular
tissue in patients without Y material in peripheral blood
is the presence of cryptic XX/XXY mosaicism in gonadal
tissue. In fact, hidden gonadal mosaicism for the SRY
gene has been shown to be the reason for the development
of testicular tissue and of the male phenotype in isolated
cases with 46,XX testicular DSD (Dardis et al., 1997) or
with 46,XX ovotesticular DSD (Jimenez et al., 2000). Al-
though this possibility seemed unlikely in the present fa-
milial cases, SRY mosaicism in the testicular tissue has
been ruled out in four of the five affected individuals
where gonadal tissue was available.
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XY sex reversal is genetically very heterogeneous.
Apart from mutations in the SRY and the SOX9 gene, mu-
tations at more than ten other loci have been implicated
in its etiology (reviewed in Brennan and Capel, 2004;
Fleming and Vilain, 2004). In contrast, for SRY-negative
XX sex reversal, only three loci have been identified in
mammals so far. One is SOX9, duplication of which in a
human with 46,XX testicular DSD (Huang et al., 1999)
and its ectopic expression in mice (Bishop et al., 2000;
Vidal et al., 2001; Qin et al., 2004) each caused XX sex
reversal. By quantitative PCR and by linkage analysis, du-
plication or any other mutation at the SOX9 locus has
been excluded in the present family. In the goat, the polled
intersex syndrome (PIS) with XX sex reversal is caused
by a small deletion affecting expression of the PISRTI and
FOXL2 genes (Pailhoux et al., 2001). XX mice nullizygous
for Wnt4 show male differentiation of the internal geni-
talia, and the gonad has the appearance of a testis but does
not form testis cords (Vainio et al., 1999). A focused link-
age analysis for the human FOXL2 and WNT4 region will
show whether or not mutation at one of these loci segre-
gates with XX sex reversal in the family.

The mode of inheritance of the XX sex reversal phe-
notype in this family is probably monogenic. In addition,
the structure of the pedigree with several consanguine-
ous marriages, the presence of multiple affected individ-
uals in the same sibships, and the unaffected status of the
respective parents, all point to an autosomal-recessive
mode of inheritance with sex limitation, as homozygous
46,XY individuals will be silent carriers, the mutation be-
ing masked by the presence of SRY. However, one obser-
vation seems to be not easily compatible with the autoso-
mal recessive hypothesis, which predicts that only 25% of
the XX individuals in an affected sibship should be sex
reversed. In fact, of the XX individuals analyzed cytoge-
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