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To the Editor:

We describe a boy without genital ambiguities, with mild dysmorphic features and
developmental delay, carrying a Y-negative de novo 46,XX,t (11;22)(q23;q11.2) karyotype.
Three prior cases with XX-male sex reversal with involvement of chromosome 22 and total
absence of SRY have been reported. The first patient was a true hermaphrodite with a
duplication of 22q13.1-qtel and a deletion of 22p13-ptel originating from a pericentric
inversion in the mother [Aleck et al., 1999]. The second patient had a deletion 22q11.2 with
clear symptoms of Velocardiofacial/Shprintzen (VCFS) syndrome [Phelan et al., 2003].
Extensive molecular analysis of this case did not reveal additional cytogenetic aberrations
beside the deletion of the VCFS region [Erickson et al., 2003]. The third patient carried a
duplication of SOX10, an SRY-homologue located at 22q13.1, but appeared to be an isolated
case among other cases of XX-males [Seeherunvong et al., 2004]. This is the fourth case
involving chromosome 22, the second involving 22q11.2, but the first to occur with a balanced
translocation. Although it was concluded in the three former cases that the chromosome 22q
aberration was not the cause of the XX-male sex reversal, but rather a chance coincidence, it
is conceivable that an undefined gene involved in sexual differentiation may reside in the
22q11.2–q13.1 region.

The propositus’ female karyotype was initially determined in amnion cells at 16 weeks of
gestation. Subsequent chromosome analysis of the parents showed a normal karyotype
implying that the fetus carried a de novo t(11;22)(q23;q11.2). Based on data from the literature,
a risk of 1–5% for a congenital abnormality in the child was estimated. The parents decided to
continue the pregnancy. At week 20, an ultrasound examination unexpectedly showed male
sex organs with no signs of congenital adrenal hyperplasia (CAH) or other congenital
malformations observed. Re-evaluation of the fetal karyotype, patient records and laboratory
data files did not indicate irregularities. A possible sample processing error was excluded by
confirming parent-child kinship. Using five forensic short tandem repeat loci with known allele
frequency distribution in the Dutch population (VWA, D18S51, THO1, D3S1358, and
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D16S539), a combined match probability of <10−6 was calculated after haplotype analysis. To
further exclude a sample processing error, a second amniocentesis was performed at 22 weeks
of gestation that confirmed the 46,XX,t(11;22)(q23; q11.2) karyotype. The first and second
amniotic fluid samples contained respectively 1.2 and 0.9 nmol/L testosterone and 0.89 and
0.31 mU/L follicle-stimulating hormone (FSH) levels consistent with male sex (testosterone
>0.35 nmol/L, FSH level <3.0 mU/L). Presence of Y-chromosomal material was excluded after
the negative test results of multiplex PCR with SRY and DAZ polymorphic markers and FISH
with Y-whole chromosome painting probe (WCP-Y; Vysis, Downers Grove, IL) and SRY-
specific probe pDP1335 (generously provided by David Page, Whitehead Institute, Cambridge,
MA). Analysis of the PCR products was performed on an ABI Prism 3100 Genetic Analyzer
(Applied Biosystems, Forest City, CA) and fragment size analysis was done with GeneScan
v3.7.1. All FISH experiments were essentially performed according to standard procedures
[Wiegant and Dauwerse, 1995]. Adrenogenital syndrome was excluded by mutation analysis
of CYP11B1 that encodes 11-beta-hydroxylase, an important enzyme in the sex-steroid
synthesis pathway. Based on the results of all prenatal tests (Table I), the parents decided to
continue the pregnancy.

The male baby was delivered at full-term gestation without complications. His Apgar score
was 9 and 10 after, respectively, 1 and 5 minutes. He weighed 3,200 g, his testicles were
descended, and there were no signs of external or internal female sex organs by ultrasound
examination. Umbilical cord blood and fibroblasts were collected for postnatal cytogenetic
testing. The 46,XX,t(11;22)(q23;q11.2) karyo-type was confirmed by GTG-banding and FISH
analysis (Fig. 1) using whole chromosome painting probes WCP-11 and WCP-22 (Vysis).
Multiplex-FISH experiments using a 24-color probe kit (24XCyte; MetaSystems, Altlussheim,
Germany) and dedicated digital imaging (Cytovision v3.1.1; Applied Imaging, Newcastle upon
Tyne, UK) excluded the presence of additional chromosome translocations (data not shown).
At clinical follow-up after 6 months, the propositus had a normal male phenotype. After 16
months, however, delays in mental and physical development were observed. At 2 years of
age, he showed the psychomotor development of a 1-year-old, and had mild dysmorphic facial
features including epicanthic folds, low nasal bridge, and thin upper lip.

Male sex determination normally occurs in the presence of the SRY gene located on the Y-
chromosome. Over 90% of male patients with an 46,XX karyotype contain Y-chromosomal
material in their genome, most frequently because of a cryptic X;Y translocation within the
Xp/Yp pseudoautosomal region. The remaining 10% of XX-males lack Y-chromosomal
material. This group can be classified in three distinct phenotypic groups: normal males, males
with genital ambiguity, or true hermaphrodites

To exclude classic 22q11.2 deletion syndrome, locus-specific FISH probes for HIRA (LSI
22q11.2, Vysis) and TBX1 (XX-91C, 1Mb-collection, Sanger Institute, Cambridge, UK) were
used [Chieffo et al., 1997]. Both genes were present on the normal chromosome 22 and der
(22) (Fig. 2A,B). Furthermore, probes RP11-189M8, RP11-566K1, RP11-251M9, and
RP11-401F2 (BACPAC Resources, CHORI, Oakland, CA) were used to exclude a deletion of
the second DiGeorge syndrome (DGS2) locus on 10p14 [Berend et al., 2000]. The DGS2 locus
was present in two copies (Fig. 2C). In an attempt to explain the XX-sex reversal, we
investigated 22q13.1 for a SOX10 duplication using fosmid probes WI2-1157M7,
WI2-1323A3, and WI2-1412L4 (BACPAC Resources). Enhanced FISH signals, indicative for
locus-duplication, were not observed (Fig. 2D).

Balanced translocation t(11;22)(q23;q11.2) is the most common human non-Robertsonian
translocation [Fraccaro et al., 1980; Zackai and Emanuel, 1980]. Carriers are frequently found
in families without phenotypic abnormalities. They are, however, at increased risk for
spontaneous abortions due to chromosomal unbalanced offspring. Unbalanced karyotypes
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originating from 3:1 meiotic segregation lead to individuals carrying a supernumerary der(22)
translocation chromosome and a specific phenotype for partial trisomy 22 [Emanuel Syndrome,
OMIM #609029]. Male patients with Emanuel syndrome may have abnormal sex organs
ranging from undescended testes to cryptorchidism/hypospadias [Schinzel et al., 1981].
Extensive molecular studies of the t(11;22) breakpoint region demonstrate long AT-rich
palindromes residing at 22q11.2 and 11q23 that give rise to frequent non-allelic homologous
recombination and subsequent double strand breaks [Kurahashi and Emanuel, 2001]. The low-
copy repeat (LCR) regions also represent a genomic architecture that confers a high risk for
de novo chromosomal rearrangements such as microdeletions, microduplications, or
translocations involving 22q11.21 breakage [Spiteri et al., 2003].

We hypothesized that the formation of a de novo t(11;22) might have caused a cryptic
duplication or deletion in the breakpoint region that might explain the sex reversal and the
developmental delay. The 11;22 translocation breakpoints were therefore analyzed in detail by
FISH, using twenty-seven neighboring probes spanning a 3.85 Mb interval at 22q11.21–q11.22
(Fig. 3 and see Online Supplement 1 at
http://www.interscience.wiley.com/jpages/1552-4825/suppmat/index.html), and six probes
for band 11q23.3 (Fig. 4 and see Online Supplement 2 at
http://www.interscience.wiley.com/jpages/1552-4825/suppmat/index.html). FISH probes
were obtained from the 1 Mb- and Tile Path-collection (kind gift of Nigel Carter, Sanger
Institute, Cambridge, UK), and the RP-11 library (BACPAC Resources). All chromosome 22-
specific probes gave FISH signals on the normal chromosome 22. Twenty-one chromosome
22-specific probes gave FISH signals on either the der(22) or the der(11), indicating loci out-
side the breakpoint region. Six FISH probes positioned between 18.5 and 20.0 Mb of
chromosome 22 showed a FISH signal on both the der(22) and the der(11), suggestive for
spanning the breakpoint or a possible microduplication. However, five of these FISH probes
(RP11-432P21, cHK89, RP11-585I18, p52f6, and RP11-750K14) contain repetitive portions
of LCR22-B and one (RP11-892O8) shows overlap with LCR22-D (Fig. 3). The presence of
multiple LCRs in the breakpoint region may have caused cross-hybridization of FISH clones
to both sides of the breakpoint. Furthermore, small gaps between neighboring probes were not
interrogated by FISH. Therefore, FISH analysis was not able to precisely localize the
breakpoint on chromosome 22 or to undoubtedly conclude on the presence or absence of a
microduplication or microdeletion.

In classic familial t(11;22), the breakpoint in chromosome 22 is located in LCR22-B, which
also contains a gap in the genome sequence assembly available at the time of manuscript
preparation (NCBI genome build 35, May 2004 freeze). To delineate the translocation
breakpoint in chromosome 22, FISH analysis was performed with cosmid probes c68a1 and
c87f9 specific for, respectively, N41 and ZNF74 and known to hybridize to unique breakpoint-
flanking sequences in classic t(11;22) patients [Shaikh et al., 1999]. Cosmid c68a1 exclusively
hybridized to der(22) and c87f9 to der(11) (Fig. 5A). Probes RP11-87O6 and RP11-442E11
were used for the detection of the typical familial t(11;22) breakpoint in chromosome 11
[Shaikh et al., 1999; Tapia-Páez et al., 2000] and were indeed found to span the breakpoint in
chromosome band 11q23.3 (Fig. 5B). These results strongly suggest the presence of the classic
11;22 translocation, which is frequently found in healthy individuals.

With conventional FISH methods, we were not able to detect any concurrent chromosomal
aberration beside the classic 11;22 translocation that might explain the sex reversal or
developmental delay. Alternatively, high-resolution genome-wide interrogation by tiling-path
array-CGH was performed to possibly reveal copy number changes in parts of the genome
other than the 11;22 breakpoint region that may underlie the phenotype. Array-CGH was
performed using 32,448 BAC clones [Krzywinski et al., 2004] on a single micro-array slide
with an average genomic tiling-resolution of 100 bp on a custom-designed analysis platform
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essentially described elsewhere [De Vries et al., 2005]. Using differentially labeled DNA from
the propositus and a female normal reference pool in a duplicate dye-swap experiment, no
genomic gains or losses were observed throughout chromosomes 1–22, X and Y (see Online
Supplement 3 at http://www.interscience.wiley.com/jpages/1552-4825/suppmat/index.html).

Consistent with earlier reports on XX sex reversal and chromosome 22 aberrations, we were
unable to determine a possible underlying genetic cause. More research is mandatory at the
molecular level to identify unknown factors in the sex determination pathway downstream of
SRY, which may also influence facial morphology and psychomotor development.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Analysis of the t(11;22) breakpoint by GTG-banding and FISH with whole chromosome
painting probes WCP-11 (green) and WCP-22 (red). Normal and translocation chromosomes
der(11) and der(22) were part of a metaphase cell derived from the propositus. [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Fig. 2.
FISH analysis of (A–C) DiGeorge/Velocardiofacial (DG/VCF) Syndrome and (D) SOX10
duplication. Metaphase chromosomes derived from the balanced t(11;22) carrier patient
hybridized to different fluorescently labeled probes. A: LSI 22q11.2-deletion probe (red)
specific for HIRA is present on the normal 22 and der(22), while the control probe specific for
ARSA (green) localizes to 22q13.3 on the normal 22 and der(11). B: BAC XX-91C (green)
specific for the DG/VCF-associated gene TBX1 is present on the normal 22 and der(22) and
not on the normal 11 or der(11) (red). C: BAC RP11-251M9 (green) specific for the DG/VCF-
II region is present in 10p14 of both chromosome 10 (red) homologues. The results of A–C
indicate that none of the common DG/VCF regions were deleted in the propositus. D: Single
copy signals of fosmid probe WI2-1412L4 (green) are on the normal 22 and the der(11) as
indicated by centromere 11-specific probe (red). Similar results were obtained with fosmids
WI2-1157M7 and WI2-1323A3. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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Fig. 3.
Graphic overview of the positions of the chromosome 22-specific FISH probes with respect
to low-copy repeats (LCR) B to E. Clones hybridizing to both the der(11) and the der(22) are
depicted as speckled bars.
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Fig. 4.
Graphic overview of the positions of the chromosome 11-specific FISH probes. Clones
hybridizing to both the der(11) and the der(22) are depicted as speckled bars.
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Fig. 5.
FISH analysis indicating that the propositus carries the classic t(11;22) breakpoint. A, B:
Metaphase chromosomes derived from the propositus hybridized to different fluorescently
labeled probes. A: Cosmids c68a1 (green) and c87f9 (red) flanking the common t(11;22)
breakpoint LCR-22B on 22q11.21 are both on the normal 22 showing as yellow signals. Signals
for c68a1 are on the der(22) and signals for c87f9 are on the der(11). B: BAC RP11-442E11
bridging the common t(11;22) breakpoint on chromosome 11 shows signals (red) on the normal
chromosome 11, der(11) and der(22). [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com.]
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