
In addition to SRY and other gonosomal genes
such as DAX1 in Xp21, several autosomal regions
also influence the complex process of male sex
differentiation as revealed mainly through imbal-
ances for certain chromosomal segments. Thus,
deletions of distal 9p have been associated with
male-to-female sex reversal in at least 24 individu-
als with an intact Yp or SRY locus and who often
exhibited dysmorphism and/or mental retardation
(de Ravel et al. 2004; Óunap et al. 2004); yet, there
is seemingly no correlation between the size
of the 9p deletion and the extent of sex reversal
that may include true hermaphroditism (Calvari
et al. 2000; Shan et al. 2000; Óunap et al. 2004).

Such an imbalance has resulted from simple
deletions, reciprocal translocations or, in a unique
patient, from a Y;9 dicentric derivative of a com-
plex rearrangement also involving a 9p21-p22 du-
plication (de Ravel et al. 2004). The critical region
has been narrowed down to band 9p24.3 which in-
cludes the candidate gene DMRT1 (doublesex

and mab-3 related transcription factor 1) involved
in gonadal development and two additional family
members, DMRT2-3 (Muroya et al. 2000;
Ottolenghi et al. 2000; Shan et al. 2000).
The DMRT1 gene represents an ancient and highly
conserved component of vertebrate and inverte-
brate sexual determination and is expressed in
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Abstract. We describe here a 3-month-old male infant with brachy-plagyocephaly, short neck, widely spaced
nipples, mild hypertonia, and ambiguous external genitalia but with both testes in the scrotum and no Müllerian
derivates. His karyotype was 45,X,der(Y;9)(q12;p24).ish der(Y;9)(DYZ3+,SRY+,9ptel–) de novo. This pa-
tient’s impaired sex differentiation is consistent with gonadal dysgenesis and compares with the male-to-female
sex reversal secondary to a partial 9p deletion in spite of an intact Yp or SRY locus documented in 24 patients in-
cluding a sex-reversed girl with a (Y;9) dicentric derivative. As for the cytogenetic findings, this case represents
the second instance of a de novo pseudodicentric (Y;9) chromosome with loss of both distal 9p and Yq12 regions,
apparent intactness of SRY, and consistent or preferential inactivation of the Y centromere. In addition, the possi-
ble 9p23p-p22 duplication observed in this case evokes the concomitant 9p22-p21 duplication documented in
the previous girl with a (Y;9) derivative. Hence, these striking similarities point to a nonrandom Y;9 rearrange-
ment in patients with either sex reversal or gonadal dysgenesis. Even if the present pseudodicentric derivative had
inactivated the Y centromere, the existence of some variant cells points to functional dicentricity as it has been
documented in other Y;autosome dicentric derivatives.
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the fetal and adult mammalian testis (Ottolenghi
et al. 2000; Vialard et al. 2002). Furthermore, sub-
microscopic deletions encompassing at least
~700 kb of the same genomic region also cause of
sex reversal in otherwise healthy 46,XY females
(Calvari et al. 2000). We describe here the second
male patient with impaired sex differentiation
and a Y;9 dicentric that exhibited an inactive
Y-centromere.

The patient was the first child born
to a 20-year-old mother and an unrelated
18-year-old father. Pregnancy was complicated
by threatened abortion in the fourth month
and pre-eclampsia in the third trimester that led to
fetal distress and caesarean section at the 36th
week. At birth, his weight was 3,170 g and he was
phenotypically sexed as a male infant. Since birth,
he has suffered tonic-clonic seizures and is cur-
rently under medical treatment. At 3 months of age,
he was still unable to control his head and exhibited
ambiguous genitalia with a phallus of 1 cm, second
degree hypospadias, and penoscrotal transposition;
yet, both gonads were palpable in the scrotum.
He also had brachy-plagyocephaly, frontal he-
mangioma, short neck, widely spaced nipples,
hyperconvexed nails, and mild hypertonia. Both
a head CT scan and an pelvic echosonogram did
not disclose anatomical anomalies; specifically,
both testes had normal structure and size and no
Müllerian derivates were observed.

Cytogenetic analyses in both the patient and his
father were carried out on preparations from pe-
ripheral blood cultures. Some slides were stained
for G and C bands whereas others were subjected
to fluorescence in situ hybridization (FISH) with
the probes DYZ3 (Oncor), SRY (Vysis), and 9p
subtelomeric (Vysis).

The analysis of G-banded metaphases at a reso-
lution of 550 bands revealed that the patient had
a 45,X-chromosome complement including a 9p+
which was interpreted as a pseudodicentric result-
ing from a t(Y;9)(q12;p24) coupled with a possi-
ble intrachromosomal duplication of or around
9p22-p23 (Figure 1A). Indeed, C-banding revealed
the lack of Yq12 heterochromatin as well as two re-
gions of pericentromeric heterochromatin in the 9p+:
one at the primary constriction of chromosome 9
and another rather faint at the Y-centromere that
consistently lacked the functional constriction
and was therefore regarded as inactivated
(Figure 1A). In a further sample of 147 G-banded
metaphases, there were 7 cells with a variant
karyotype: 4 cells with two seemingly normal 9’s
but no Y-chromosome, 2 cells with two Y;9

dicentric chromosomes and without a normal 9,
and 1 cell with 46 chromosomes including two
Y;9 dicentrics and one normal 9. Remarkably, all
dicentric chromosomes had a single primary con-
striction located always at the chromosome
9 centromere. The father had a 46,XY karyotype
with the Y chromosome exhibiting a small but dis-
tinct block of q12 heterochromatin.

In the patient, FISH revealed Y-specific alpha
satellite DNA at the inactive centromere (Fig-
ure 1B) and a normally located and seemingly in-
tact SRY locus (Figure 1C). In contrast, the 9p
subtelomeric probe gave no signal at the Y;9 junc-
tion (Figure 1D) thus confirming the distal dele-
tion of 9p24. Altogether, the cytogenetic findings
led us to consider that the proband had
a nonmosaic 45,X,der(Y;9) (Ypter�Yq12::
9p24�9p22::9p23�9qter).ish der(Y;9)(DYZ3+,
SRY+,9ptel–) karyotype with the few variant cells
being accounted for an assumed functional
dicentricity. The paternal metaphases, hybridized
only with the 9p subtelomeric probe, exhibited the
corresponding signal in each chromosome 9.

Otherwise, six STRs (DYS446, DYS19,
DYS391, DYS390, DYS447, DYS392) distrib-
uted along the Y-euchromatin (Rangel-Villalobos
et al. 2001; Redd et al. 2002) were found to be
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Figure 1. (A) Partial G- (upper row) and C-banded (lower row)
karyotypes showing the normal chromosome 9 on the left
and the derivative 9 on the right. Note the apparent
intrachromosomal 9p duplication as well as the absence of Yq12.
(B-D) FISH results with probes for Y-centromere (B), SRY locus
(C) and subtelomere of 9p (D). The rearranged dicentric
chromosome (arrows) had an inactive Y-centromere
and a seemingly intact SRY gene but lacked the 9p subtelomere

region which is present in the normal 9 (arrowhead).



present both in the patient and his father. This fact
further supports the lack of any Y-euchromatin de-
letion. Furthermore, there was a total concordance
between the haplotypes of both the patient and his
father.

The patient’s impaired male differentiation
along with the apparent lack of Müllerian deriva-
tives is consistent with the diagnosis of gonadal
dysgenesis. Although both testes were in the scro-
tum and looked normal in the echosonogram, they
may indeed be dysgenetic and undergo a neoplasic
transformation as it can be predicted by the role of
both TSPY and GBY genes in tumour origin or pro-
gression (Quintana-Murci et al. 2001) and was al-
ready documented in the sex-reversed girl with
a nonmosaic 45,X,dic(Y;9) karyotype (de Ravel
et al. 2004). So, a close vigilance is recommended
in these patients. The fact that only about 15% of
XY females are accounted for mutations
in the SRY gene indicates the relevance of other
genomic regions; indeed, the lack of SRY mutation
in sex-reversed patients with 9p deletion (Flejter
et al. 1998; de Ravel et al. 2004; Óunap et al. 2004)
supports the causal role of haploinsufficiency for
DMRT1 and/or DMRT2-3 mapped at 9p24.3.

Otherwise, the patient’s phenotype is rather un-
specific and clearly does not conform to the 9p
monosomy syndrome, a fact consistent with
the cytogenetic diagnosis of a small 9p24 deletion
far apart from the critical region at 9p22-p23
(Christ el al. 1999). Rather, the clinical stigmata
evoke an incomplete 9p trisomy syndrome
and therefore can be related to the presumptive 9p
duplication (Littooij et al. 2002; de Ravel et al.
2004).

In spite of the discrepancy regarding
the phenotypical sex between the infant here de-
scribed and the girl reported by de Ravel et al.
(2004), the cytogenetic findings in both patients
are similar. Specifically, both patients had a de
novo pseudodicentric (9;Y) chromosome with
loss of the 9p subtelomeric and Yq12 regions, ap-
parent intactness of SRY, and inactivation of the Y
centromere. In addition, the possible 9p23p-p22
duplication observed in this case compares with
the concomitant 9p22-p21 duplication docu-
mented by de Ravel et al. (2004) allowing for
the fact that the involved segment and underlying
breakpoints may actually be different even though
remain to be properly assessed in the present in-
fant. Hence, these striking similarities point
to a nonrandom Y;9 rearrangement in patients
with either sex reversal or gonadal dysgenesis.

That the present derivative was indeed
a pseudodicentric was inferred from the consistent
absence of the hallmark of centromeric activity,
namely a primary constriction, at the inactive
Y-centromere. Yet, the existence of some cells
with the dicentric occurring twice or without
it points to a functional dicentricity impairing mi-
totic segregation or leading to dicentric’s dissocia-
tion with loss of the Y component; even
the finding of 2 cells with two Y;9 dicentric chro-
mosomes but without a normal 9 may be related
to such a phenomenon unless one invokes a fortu-
itous event. Actually, alternate centromere inacti-
vation has been documented in other Y;autosome
dicentric derivatives (Siffroi et al. 2001).
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