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47,XXY is the most common (approximately 80%) 
karyotype of Klinefelter’s syndrome, which is considered 
as the most frequent genetic reason for male infertility 
[Lanfranco et al., 2004]. Almost all individuals with 
47,XXY karyotypes have male phenotypes because of the 
Y chromosome, whereas those presenting female pheno-
types with this condition are extremely rare. To date, only 
thirteen 47,XXY cases with female phenotypes have been 
recorded in the PubMed database [Khandelwal et al., 
2010; Frühmesser and Kotzot, 2011]. Among these cases, 
8 patients were diagnosed with complete androgen insen-
sitivity syndrome [German and Vesell, 1966; Bartsch-
Sandhoff et al., 1976; Gerli et al., 1979; Müller et al., 1990; 
Uehara et al., 1999; Saavedra-Castillo et al., 2005; Girar-
din et al., 2009; Frühmesser and Kotzot, 2011]; 2 cases 
were characterized with complete normal female internal 
and external genitalia [Thangaraj et al., 1998; Khandel-
wal et al., 2010]; and only 1 case was reported to be fertile 
and had 1 son and 2 daughters [Röttger et al., 2000]. Sex-
determining region Y (SRY) is a key transcription factor 
that induces male sex determination [Kashimada and 
Koopman, 2010]. In the 5 cases in which the  SRY  gene had 
been tested, it seemed to be normal, with the exception of 
a mother and daughter pair, whose  SRY  genes were dis-
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 Abstract 

 We report on a patient with a 47,XXY karyotype who pres-
ents a normal female phenotype, which is an extremely rare 
observation worldwide. The patient is infertile. Type B ultra-
sound scans and other tests suggested that her ovaries had 
completely failed. Microsatellite DNA marker analysis re-
vealed that the 2 X chromosomes were derived from her 
mother and that this abnormality was caused by non-dis-
junction of the maternal X chromosomes during meiosis II. 
Copy number variation analysis identified 2 large de novo 
deletions in her Y chromosome. Remarkably, one of the de-
leted regions includes the  SRY  gene locus, which might ex-
plain her female phenotype. However, the genetic mecha-
nism of her ovarian failure remains unclear. This paper is the 
first report of a 47,XXY female with ovarian failure. 
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rupted by an aberrant X-Y interchange [Röttger et al., 
2000].

  The reports mentioned above only focused on the 
structure of the Y chromosome observed by cytogenetic 
methods or on the presence of the  SRY  gene; deletions or 
duplications of the genome were difficult to detect due to 
the limitations of the applied technology. Here, we pres-
ent a whole-genome copy number variation (CNV) anal-
ysis of a 47,XXY female patient with ovarian failure, re-
vealing several de novo structure variations in the Y chro-
mosome of the patient, including 2 deletions that also 
contain the locus of the  SRY  gene.

  Clinical Report 

 A 26-year-old female patient was referred to the hospital in 2006 
because of infertility. The intelligence level and the height (163 cm) 
of the patient were normal, and she had a normal female phenotype, 
including well-developed breasts, a normal vagina and vulva. The 
patient went through menarche at the age of 14. However, accord-
ing to the patient’s recall, the timing of her menstrual cycle started 
to delay from September 2004, and before she came to the hospital 
in May 2006, she had not menstruated for 5 months. A series of type 
B ultrasound scans of the abdomen from 2005 to 2008 revealed that 
her uterus had a normal shape and size, but her ovaries were pro-
gressively shrinking until they could not be detected by ultrasound 
in 2006 (online suppl. table  1; for all online suppl. material, see 
www.karger.com/doi/10.1159/000366170). The values of her sexu-
al hormones measured at that time are shown in online supplemen-
tary table 2. These observations suggested that ovarian failure start-
ed at the beginning of 2006, and 5 months later, her ovaries had 
completely failed. Although the patient denied a family history of 
ovarian failure, the karyotypes of her family members were ana-
lyzed using G-banding. Intriguingly, chromosome analysis re-
vealed a 47,XXY karyotype only in the patient ( fig. 1 a), whereas the 
karyotypes of her parents and younger brother were normal. The 
possibility of mosaicism was ruled out. Furthermore, her younger 
brother is fertile and his daughter’s phenotype is normal ( fig. 1 b).

  Materials and Methods 

 The written informed consent for the genetic analysis was ob-
tained from the patient and her family members. The research was 
approved by the ethics committee at the Institute of Health Sci-
ences, Shanghai Institutes for Biological Sciences, Chinese Acad-
emy of Sciences. Genomic DNA was extracted from blood samples 
taken from the patient and her family using QIAamp DNA Blood 
Mini Kits (QIAGEN, Cat. No. 51106). CNV analysis was per-
formed using an Affymetrix Genome-Wide Human SNP Array 6.0 
(Affymetrix Inc., Santa Clara, Calif., USA), and the data were ana-
lyzed using Partek software (Partek Inc.) under the HMM algo-
rithm. To filter as many false positive results as possible, we em-
ployed a set of rigorous parameters: the CNVs were called accord-
ing to the presence of different intensity values across at least 10 
consecutive probes, and the cutoff of the p value was 0.99. HotStar-

Taq DNA Polymerase (QIAGEN, Cat. No. 203205) was used for 
the PCR reactions to amplify the exons and boundaries of several 
genes  (BMP15 ,  FIGLA  and  GDF9) . The primers were designed ac-
cording to Parsons et al. [2008]. The PCR products were treated 
with ExoSAP-IT (Affymetrix, Cat. No. 78201) and then were se-
quenced using an ABI 3730 Genetic Analyzer. The primers used to 
amplify segments of several genes on the Y chromosome  (SRY , 
 TGIF2LY ,  AMELY ,  TBL1Y ,  TTTY12 ,  TTTY19 , and  GAPDH)  are 
summarized in online supplementary table  3, and HotStarTaq 
DNA Polymerase was used for the PCR assays. Microsatellite DNA 
marker analysis was performed using a LI-COR 4200 Genetic An-
alyzer with the following markers: DXS9900, DXS6810, DXS7132, 
DXS6789, G10699, D3S2390, and DXS7127.

  Results 

 We initially used microsatellite DNA markers of the X 
chromosome to determine the parental origin of the ab-
normal sex chromosomes. The results ( table 1 ) elucidated 
that both X chromosomes were derived from her mother 
and that the XXY abnormality was caused by non-dis-
junction of the maternal X chromosomes during meiosis 
II. The Affymetrix Genome-Wide Human SNP Array 6.0 
was then used to detect the CNVs in the genome of the 
patient. Two large deletions were identified on the short 
arm of the Y chromosome ( fig. 1 c). Deletion 1 was  ∼ 6 Mb 
in size and spanned Yp11.32 to Yp11.2 (positions from 
the gene chip data: 179,542–6,110,498 bp; hg19) and in-
cluded the genes  ZBED1 ,  SRY ,  ZFY ,  TGIF2LY ,   etc; dele-
tion 2 was  ∼ 2.6 Mb in size (positions from the gene chip 
data: 7,127,039–9,731,764 bp; hg19) and included the 
genes  TTTY12 ,  TTTY19 , etc. To validate this result, we 
selected 4 genes  (SRY ,  TGIF2LY ,  TTTY12 , and  TTTY19)  
from the 2 deletion regions and 2 genes  (AMELY  and 
 TBL1Y)  from outside the deletion region as targets (on-
line suppl. table  3); subsequently, segments of these 6 
genes were amplified from the genomes of the patient and 
her family members using PCR. Consistent with the re-
sult of gene chip analysis, the PCR assays revealed that 
only the PCR products that targeted the genes outside the 
deleted region were amplified from the genome of the pa-
tient, whereas there were no products within the deletion 
regions ( fig. 1 c). The results of the other family members 
were congruent with the expectations.

  Discussion 

 XXY is the most common sex chromosome abnormal-
ity among humans, with a prevalence of 2/1000 [Visoot-
sak and Graham, 2006]. Because of the presence of the Y 
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chromosome, the vast majority of XXY phenotypes are 
male. In our case, the patient presents a normal female 
phenotype, but her ovaries had completely failed. To our 
knowledge, this is the first case report of a 47,XXY female 
with ovarian failure. Using a genome-wide human SNP 
array, we detected 2 large deletions on the Y chromosome 
of the patient, including the  SRY  locus. The loss of the 
 SRY  gene can explain why the phenotype of the patient is 
female despite carrying a Y chromosome. In the previ-
ously reported 47,XXY female cases, structure variations 
on the Y chromosome were only detected in a mother and 
her daughter, and this mother had already given birth to 
a normal son and daughter before she was 33 years old 
[Röttger et al., 2000]. However, in our case, the patient 
lost her fertility before she was 26 years old, and the ge-
netic mechanism of the patient’s ovarian failure remains 
unknown. Although the possibility that the genetic mate-
rial from the Y chromosome perturbs the normal func-
tion of the ovaries should not be ruled out, it is necessary 
to explore the potential genetic factors of the patient’s 

ovarian failure.  BMP15 ,  FIGLA  and  GDF9  have been re-
ported as disease-causing genes of ovarian failure [Cara-
batsos et al., 1998; Galloway et al., 2000; Zhao et al., 2008], 
so we sequenced the coding regions of these genes from 
the genome, but no mutations were identified. Interest-

SRY ZFY TGIF2LY

1

1

1

2

2

3

AMELY TBL1Y

TTTY12 TTTY19

Chromosome Y

a b

c

  Fig. 1.  Two large de novo deletions on the 
Y chromosome of a 47,XXY female.  a  G-
banded karyotype of the patient. The 2 X 
chromosomes and the Y chromosome are 
indicated.  b  Pedigree of the family. Only 
the patient is infertile and has chromosom-
al abnormalities.  c  CNV analysis using a 
genome-wide human SNP array detailed 2 
large deletions on the Y chromosome. De-
letion 1 spans Yp11.32 to Yp11.2; deletion 
2 is in Yp11.2. The locations of selected 
genes for validation assays are denoted by 
black lines. Different colors indicate differ-
ent genes. Lower right panel: the PCR assay 
results are consistent with the CNV analy-
sis. In each lane, the electrophoresis bands 
represent the segments of the correspond-
ing gene. 

Table 1.  Analysis of X chromosomal microsatellite DNA markers 
in the family

Microsatellite 
marker

Location on X, 
cMa

Patient Father Mother Brother

DXS9900 4.03 1 1 1/2 1
DXS6810 42.75 2 2 1/2 2
DXS7132 52.50 1 2 1/2 1
DXS6789 62.52 1 2 1/3 1
G10699 77.15 2 1 2 2
D3S2390 87.56 2 1 2 2
DXS7127 295.00 2 1 1/2 2

 a The chromosomal locations of all the markers are from the Marshfield 
Map, with the exception of DXS7127, which is from the Whitehead-RH Map.
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ingly, an  ∼ 1-Mb duplication on 10q11.22 was also identi-
fied using the SNP array (online suppl. table 4). This re-
gion contains the locus of the  GDF10  gene (also known as 
 BMP3B ). It was reported that  Gdf10  was highly expressed 
in a subset of ovary cells in rats [Erickson and Shimasaki, 
2003] and in the uterus of mice [Zhao et al., 1999], which 
suggests its potential role in ovarian development. Nev-
ertheless,  Gdf10  –/–    mice are fertile and fail to show any 
obvious abnormalities in the uterus [Zhao et al., 1999]. It 
is reasonable to speculate that overexpression of  GDF10  
might hamper ovary function in adults, but more evi-
dence is needed to support this hypothesis.

  In conclusion, we report on an extremely rare case of 
a 47,XXY female (the 14th case so far), who presents ovar-

ian failure and carries a Y chromosome with 2 de novo 
deletions. Further studies are required to uncover the eti-
ology of this case.
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