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ABSTRACT
Aim: The Wilms’ Tumour gene is thought to have tumour suppressor activity and to

play an important role in nephrogenesis, genitourinary development, haematopoiesis and

sex determination. WT1 mutations will impair gonadal and urinary tract development and

have been demonstrated to cause syndromes of WAGR, Denys–Drash and Fraiser.
Methods: To elucidate the role of constitutional mutations of WT1, in the expression

of the different clinical feature, we describe a 14-year-9-month nonmosaic XY sex-reversed

woman with pure gonadal dysgenesis (46, XY karyotype, completely female external

genitalia, normal Mullerian ducts, absence of Wolffian ducts, streak gonads) who had right

kidney removed at 7 months of age because of Wilms’ tumour and was diagnosed as

secondary thrombocytopenia (Plt 60–80 · 109 ⁄ L) since she was 4 years old. We

sequenced the genomic DNA of all the 10 exons of the WT1 in which mutations may occur

in proposita.
Results: A new de novo insertion mutation in the first exon was found. A

‘GCCGCCTCACTCC’ is inserted between codon 138 and 139, resulting in the creation of a

stop codon and a truncated protein.
Conclusion: The present data provide further evidence to support the role of WT1 in

diverse cellular functions.

The Wilms’ tumour gene, WT1, located on 11p13, encodes
a zinc finger transcription factor involved in kidney and
gonadal development. It is widely expressed in the condens-
ing mesenchyme, the renal vesicle and developing podo-
cytes of foetal kidney as well as in the genital ridge, foetal
gonads and the mesothelium. Knockout of this gene in

mouse resulted in the absence of renal and gonadal devel-
opment (1). The gene has 10 exons, of which exons 1–6
encode a proline ⁄ glutamine-rich transcriptional regulation
region and exons 7–10 encode the four zinc fingers of the
DNA-binding domain. Defects in the WT gene account for
only a minority (10–15%) of Wilms’ tumour cases, but have
been demonstrated to cause WAGR syndromes (OMIM
194072), Denys–Drash syndromes (DDS, OMIM 194080)
and Fraiser syndromes (FS, OMIM 136680). The WAGR
syndrome, which includes Wilms’ tumour, aniridia, genito-
urinary abnormalities and mental retardation, is caused by

Abbreviations

DSD, disorder of sexual development; WT1, Wilms’ tumour;
AMH, anti-Mullerian hormone.
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constitutional deletion of one copy of the WT1 gene (2).
DDS, which consists of variable degrees of genital dysgene-
sis, early-onset renal failure because of diffuse mesangial
sclerosis and high risk of Wilms’ tumour, is caused by het-
erozygous missense mutations in the zinc finger encoding
exons (DNA-binding domain) of WT1 (3). FS, which is
characterized by a female or ambiguous external genitalia
phenotype in 46, XY patients, late-onset renal failure
because of nonspecific focal and segmental glomerular scle-
rosis and high risk of gonadoblastoma development, is
caused by heterozygous mutation occurring at an alterna-
tive splice site in intron nine between the region encoding
the third and fourth zinc finger motifs (4). Mutations have
also been described in male patients with cryptorchidism
and ⁄ or hypospadias and WT or in patients presenting with
WT only, either unilaterally or bilaterally (5,6). The reasons
for heterogeneity of the clinical features of patients with
WT1 mutations are still poorly understood. One way to elu-
cidate the role of constitutional mutations, in the expression
of the different clinical features, is to analyse WT1 in
patients presenting with different combinations of these
symptoms. Here, we report a case with a new de novo inser-
tion mutation in the first exon of WT1 as a cause of 46, XY
disorder of sexual development and Wilms’ tumour.

CASE REPORT
A 14-year-9-month-old girl admitted to our clinic because
of ‘no breast development, no menarche and no other signs
of puberty’ in September 2009. She was the first girl of unre-
lated healthy parents, with normal history of birth and feed.
When she was 7 months old, the right kidney was removed
because of Wilms’ tumour. And she was diagnosed with sec-
ondary thrombocytopenia (Plt 60–80 · 109 ⁄ L) since she
was 4 years old after about 80% of the people in the same
village had got this diagnosis because of lead poisoning.
Bone marrow aspiration was performed when she was
4 years old and was normal. There were no other congenital
abnormalities and no family history of developmental

abnormalities or renal problems. The parents’ pubertal
development was normal.

She was physically strong with height 166 cm and weight
47 kg. There was no webbed neck, no cubitus valgus, no
pigmented naevus, no axillary hair, no pubic hair, no shield-
like chest, no precordial bulge and no skin pigmentation.
The posterior hairline was normal. Breasts were completely
undeveloped. Heart and lung auscultation was normal. On
examination of external genitalia, the appearance was
female, genital naive, PH2, no clitoris hypertrophy. Spine
and extremities were normal.

The laboratory results showed high basal serum gonado-
trophin levels (LH 16.1 mIU ⁄ mL, FSH 87.9 mIU ⁄ mL) and
low testosterone levels (T < 20 ng ⁄ dL). Estradiol (E2) was
20.3 pg ⁄ mL, prolactin (PRL) was 31.2 ng ⁄ mL, and human
chorionic gonadotropin (HCG) was <1 mIU ⁄ mL, which
was compatible with phenotypic woman with no signs of
virilization. And the serum parameters of adrenal axis, liver
function, kidney function (serum creatinine and BUN) and
thyroid function were normal. The urinalysis was also nor-
mal (no proteinuria).

Ultrasonography revealed that there were prepubertal
uterus (2.5 · 1.4 · 0.8 cm) and ovary-like materials (L
2.55 · 1.2 · 0.9 cm, R 2.3 · 1.1 · 0.9 cm) on which small
follicles could be seen in pelvis. Bone age was 12 years old
at the chronological age of 14 years and 9 months. MRI
images of hypothalamus, pituitary, left kidney and adrenal
glands were normal. Chromosome analysis from peripheral
lymphocytes revealed that the karyotype was 46XY and the
SRY gene was positive.

On suspicion of the existence of testis, laparoscopy was
performed; however, no testicular-like tissue or ovotestis
was found. There was only ovarian-like tissue and small
uterus. Histopathologic study showed oviductal-like tissue
of the left gonad and vascular and fibrous tissues of the right
gonad (Fig. 1).

The association of male to female sex reversal with
Wilms’ tumour prompted us to perform a molecular analy-
sis of the WT1. We sequenced the genomic DNA of all the

A B

Figure 1 Histopathologic study showed oviductal-like tissue of the left gonad (A) and vascular and fibrous tissues of the right gonad (B) (HE ·100).
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10 exons of the WT1 gene, in which mutations may occur.
The protocol was approved by the Medical Ethics Commit-
tee of The Children’s Hospital of Zhejiang University
School of Medicine. Written informed consent from par-
ents and the child was obtained. Genomic DNA was
extracted from peripheral blood leucocytes using standard
techniques. The PCR amplification of the 10 exons of the
WT1 gene and purification of the amplified fragments were
performed as previously described. Primers (Table 1) were
designed using Primer 3 software (http://frodo.wi.mit.edu/
cgi-bin/primer3/primer3_www.cgi). Sequencing reactions
were performed on amplification products using the Big-
Dye3.1 kit (Applied Biosystems, Foster city, CA, USA) and
examined on ABI3130XL DNA sequencer (Applied Bio-
systems) using sequencing analysis software (Applied Bio-
systems).

The sequence analysis showed an insertion mutation in
the exon 1. A novel ‘GCCGCCTCACTCC’ sequence was

inserted between codon 138 and 139, resulting in the
replacement of the phenylalanine by the serine and creation
of a stop codon after 64 new amino acids, and thus to the
production of a truncated protein(shown in Fig. 2).

After the mutation being detected, sequence analysis was
taken by her parents, younger brother and other 25 unre-
lated normal controls, but no WT1 mutation was detected,
indicating that it occurred de novo.

The patient did well in the post-operative period. She was
put on estradiol replacement and is now doing well. (Fol-
low-up of renal function was also performed and showed
no abnormality).

DISCUSSION
Although the WT1 gene was identified over a decade ago,
many aspects of its function and roles in development and
tumourigenesis remain obscure. One reason for this is that
the WT1 gene encodes numerous protein isoforms that are
closely related in terms of structure and function (7). Muta-
tions in exon 8 or exon 9, encoding zinc finger 2 or zinc fin-
ger 3, were mostly found in patients with DDS, and
mutations in intron 9 in FS patients (8–10). There was very
limited previous literature about mutations in exon 1 that
encodes a transcriptional regulation region. A deletion
mutation in exon 1 was reported by Suzanne Little in a
patient with DDS, and a point mutation in exon 1 by verti-
cal transmission by Regev in a patient with genitourinary
anomalies, gonadal dysgenesis and intra-abdominal Mulle-
rian derivatives (11,12). The major finding of this study
is that a new de novo insertion in the exon 1. A
‘GCCGCCTCACTCC’ is inserted between codon 138 and
139, resulting in the replacement of the phenylalanine by
the serine and creation of a stop codon after 64 new amino
acids and a truncated protein. As the insertion mutation has
not been described before and was not detected in the
patient’s parents and male siblings and other 25 normal
controls, the mutations in the WT1 gene seem to occur
almost de novo and lead to 46,XY unambiguous women.
This mutation leads to a 46,XY unambiguous female

Table 1 Primers of the PCR

WT1 P1F GGAGTTCAAGGCAGCGCCCACA

WT1 P1R CCGCTATCCTCACGGCCCTTGG

WT1 P4F acttaatttgccaggggttcg

WT1 P4R cctttgcctaatttgctgtgg

WT1 P5F ctgctaggggaatgcaaagtg

WT1 P5R tcagagaccagggagatcagc

WT1 P6F tatccagcctgtgttgccttt

WT1 P6R cacagagagctttgccctttc

WT1 P7F gaggggcttttcactggattc

WT1 P7R ttcccatccaccaaatgctac

WT1 P8F cgcagaaccctgcatctaaag

WT1 P8R agcggttaattcaagcccaat

WT1 P9F tgctcactctccctcaagacc

WT1 P9R ctgctctgcctttctggaaga

WT1 P10F aggcattttgggatctgttca

WT1 P10R tgtcttgggaacaaccattcc

WT1 P11F ggaatggttgttcccaagaca

WT1 P11R tttccaccctccccttcttta

WT1 P12F agaggtgctgctgtttcaagg

WT1 P12R gaccaactcttccaggcacac

G GC C C C G A A A A A A A AG G G TG G GC C
550 560 570 580

C C C C C C C C C CT T T
G C C G C C T C C C C C C CA T T T TA A A A
T T

Figure 2 Sequence analysis of exon 1 of the WT1 gene: a ‘gccgcctcactcc’ inserted between codon 138 and 139, resulting in the replacement of the phenylalanine by the
serine and creation of a stop codon after 64 new amino acid.

ª2011 The Author(s)/Acta Pædiatrica ª2011 Foundation Acta Pædiatrica 2011 100, pp. e39–e42 e41

Dai et al. WT1 mutation as a cause of 46 XY DSD and WT



phenotype and may also explain the Wilms¢ tumour, sug-
gesting that protein structures encoded by exon 1 of the
WT1 gene are important for cellular functions in nephro-
genesis, genitourinary development, haematopoiesis and
sex determination (13).

In addition to its function in early gonad development
and sex determination, a novel function for WT1, namely,
in Mullerian duct regression through activating the anti-
Mullerian hormone receptor gene (Amhr2) has been
reported (14). An important step after mammalian sex
determination is the differentiation of the Mullerian and the
Wolffian ducts. The Mullerian duct serves as the primor-
dium of the oviduct, uterus and upper vagina in women,
whereas in men, the Wolffian duct develops into the epidid-
ymis and vas deferens. Our patient with a 46XY karyotype,
exhibited complete sex reversal of female internal genitalia,
which demonstrated the failure of the Mullerian duct
regression, a process that is essential for normal male devel-
opment to occur. The key factor in the regression of the
Mullerian duct is the anti-Mullerian hormone, which is
secreted by Sertoli cells of the testis (15). In our patient, the
new de novo insertion mutation in exon 1 of WT1 gene may
also lead to the failure of Mullerian duct regression. The
absence of male internal genitalia suggested the failure of
the Wolffian duct development because of the lack of tester-
one secreted from Leydig cells.

In addition to its role in the development of a childhood
kidney malignancy, the WT1 has emerged as an important
factor in normal and malignant haematopoiesis. But there is
no previous literature about WT1 mutation with thrombo-
cytopenia. The patient may be with lead poisoning (the level
of the serum lead was 6.5 ug ⁄ dL) and without renal dys-
function, so it is hard to say that the WT1 mutation is impli-
cated with the thrombocytopenia, a regular follow-up of
renal function and platelet should be taken.

In conclusion, the present data may suggest that the inser-
tion mutation in exon 1 led to the dysfunction of WT1 gene
and resulted in multiple cellular disorders. But how a muta-
tion in exon 1 leads to these dramatic phenotypic anomalies
is still unclear, and further research is needed.
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