Tohoku J. Exp. Med., 2018, 245, 187-191

Newly Identified t(2;17)(p15;q924.2) Chromosomal Translocation
Is Associated with Dysgenetic Gonads and Multiple Somatic
Anomalies
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Campomelic dysplasia (CD) is a skeletal dysplasia characterized by shortened and bowed long bones,
airway instability, the potential for disorders of sexual differentiation (DSD), and Pierre Robin Sequence
(PRS) with cleft palate, midface hypoplasia and laryngotrachemomalacia. CD is caused by alterations in
the Sex-determining region of the Y chromosome (SRY)-related-box 9 (SOX9), which has important roles in
tissue and sexual differentiation. The SOX9 gene and the enhancer regions of SOX9 are located at
chromosome 17q24.3. We report a 6-year-old phenotypically female referred to our department because
of precocious puberty. The patient was born with Tetralogy of Fallot (TOF) and PRS. Skeletal X-ray
examination showed only 11 pairs of ribs and bilateral bowed radiuses. Endocrine evaluations showed that
increased levels of serum testosterone, and chromosomal analysis revealed a 46, XY, t(2;17)(p15;924.2)
karyotype. The patient was diagnosed with peripheral precocious puberty caused by over-secretion of
testosterone by gonadoblastoma originating from dysgenetic gonads with Y-chromosome-related DSD.
Multiple somatic abnormalities and DSD indicated that the patient might have CD. Laparoscopy revealed
bilateral dysgenetic gonads, and these were removed in the successive operation to prevent malignant
transformation and virilization, caused by dysgenetic gonads with Y chromosomal materials. It is highly
suggestive that the chromosomal translocation of 17q 24.2 may cause DSD and multiple somatic
abnormalities, including CD, although the identified 17q breakpoint was located outside of known SOX9
enhancer regions. Thus, a hitherto unknown enhancer may be present at 17q24.2. This is the first

reported case of CD with a translocation breakpoint at 17q24.2.
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Introduction

Sex-determining region of the Y chromosome (SRY)-
related-box 9 (SOX9) plays a pivotal role in sexual differ-
entiation (Walters-Sen et al. 2014). The SOX9 gene and the
enhancer regions of SOX9 are located at chromosome
17q24.3 (Walters-Sen et al. 2014). Lack of SOX9 or its
missense mutation often results in disorders of sex develop-
ment (DSD) associated with dysgenetic gonads. Abdominal
dysgenetic gonads with Y chromosomal materials can lead
to a higher occurrence of gonadoblastoma and malignant
tumors (Tam et al. 2016). Moreover, excessive sex-hor-
mone production by gonadoblastoma may also result in
peripheral precocity. Therefore, dysgenetic gonads with Y
chromosomal materials must be removed as soon as possi-
ble after diagnosis (Tam et al. 2016).

SOX9 has two important roles in tissue differentiation.
Firstly, it works as an important downstream effector for the
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SRY gene in sexual differentiation. Secondly, it promotes
differentiation of chondrocyte and is associated with devel-
opment of several organs. This is why SOX9 alteration can
lead to multiple malformations including DSD (Walters-Sen
et al. 2014).

Campomelic dysplasia (CD) is a rare genetic disorder
characterized by bowing of the long bones and many other
skeletal and extraskeletal features. An atypical form of the
disease with absence of bowed limbs is called acampomelic
CD (ACD) and is found in about 10% of patients (Walters-
Sen et al. 2014).

Here we report a rare case of 6-year-old phenotypi-
cally female with CD, tetralogy of Fallot (TOF), skeletal
anomalies and Pierre Robin Sequence (PRS) characterized
by cleft palate, midface hypoplasia and laryngotracheoma-
lacia. A chromosomal analysis revealed a 46, XY genotype,
as well as a chromosome breakpoint at chromosome
17q24.2 in which the enhancer of SOX9 has never been
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reported to be present. Presumably, translocation of chro-
mosome 17q 24.2 may be responsible for DSD, PRS, TOF,
and CD. In this sense, this is the first report of such a case
in the world.

Case Report

A 6-year-and-10-month-old phenotypically normal
female was referred to the pediatric endocrinology depart-
ment complaining of premature thelarche and precocious
pubarche that had been observed for the past 9 months. She
was born with a palatal cleft due to PRS, and TOF. She had
undergone palatoplasty and cardiac surgery in the past.

The patient was presented as a phenotypically normal
female. Physical examination showed that she had Tanner
grade 3 pubic hair, breast development and female external
genitalia with a mild clitoral hypertrophy (Fig. 1). Skeletal
X-ray examination showed only 11 pairs of ribs and bilat-
eral bowed radiuses. Any abnormal findings including
brain tumor were not observed on cranial magnetic reso-
nance imaging (MRI). An abdominal MRI confirmed a
normally developed uterus and vagina; however, the gonads
were not identified. Endocrine evaluations showed elevated
serum testosterone, while luteinizing hormone (LH), follicle
stimulating hormone (FSH), aldosterone, and cortisol levels
were within normal ranges (Table 1). The LH-releasing
hormone (LH-RH) test showed LH and FSH levels were
within reference value. The human chorionic gonadotropin
(hCG) test showed further increases of testosterone, and
human menopausal gonadotropin (hMG) test showed no

Fig. 1. Findings of external genitalia at 6-year-and-10-month-
old patient.
Physical findings showed pubarche and external genitalia
were female type with slight clitoral hypertrophy.

effect on estradiol (E2) levels. There was a slight elevation
of E2 levels, which was thought to be caused by conversion
from excessive testosterone by aromatase. A chromosomal
analysis revealed a 46, XY, t(2;17)(p15;q24.2) karyotype
(Fig. 2). Based on these results, the patient was diagnosed
with peripheral precocity caused by the elevation of testos-
terone originating from some kind of endocrine disorder.
Moreover, her skeletal abnormalities and DSD indicated
that she might have CD.

There had been some serious difficulties to make an
accurate diagnosis in the endocrine department. Nine
months had passed from the first visit to our institution,
when she was referred to our department to evaluate her
gonads and internal genital organs by laparoscopy. The
patient had grown 8.1 cm in height during the 9 months.
The voice had become deeper, and the patient had facial
and underarm hair. These findings were compatible with
virilism, which indicated an excessive production of testos-
terone. Vaginoscopy showed a matured vagina and internal
ostium of the uterus. Laparoscopy also showed a normal
uterus, but an oviduct-like structure and abnormally mas-
sive white gonads were found on both sides (Fig. 3).
Laparoscopic removal of bilateral gonads was performed,
as they were diagnoses as dysgenetic gonads. A pathologi-
cal examination showed that the gonads were testes and
most parts had transformed into gonadoblastoma.

After the surgery, testosterone levels were decreased to
5.3 ng/dl, and the symptoms of precocious puberty
improved dramatically. The patient’s parents had a strong
wish to raise her as a girl.

Discussion

A translocation at chromosome 17g24.2 in the present
patient with DSD has never been reported in the literature
(Walters-Sen et al. 2014). As SOXO is the important down-
stream effector for the SRY gene in sexual differentiation,
alteration of SOX9 results in DSD with dysgenetic gonads,
which leads to the development of gonadoblastoma or
malignant tumor. Gonadoblastoma is a type of hamartoma
generated from dysgenetic gonads with Y-chromosome-
related DSDs (Kearsey and Hutson 2017). In addition,
gonadoblastoma sometimes secretes sex hormones and
causes several clinical manifestations such as precocious
puberty (Iliev et al. 2002). Hence, to prevent malignant
transformation and virilization, dysgenetic gonads with Y
chromosomal materials should be removed as soon as pos-
sible after the diagnosis is confirmed (Tam et al. 2016).

SOX9 also plays a role in differentiation of cartilage

Table 1. Results of endocrine evaluation tests.

Endocrine evaluation test

Endocrine hormone

Nadir value Peak value

LH-RH test (mlU/ml)

hCG test (ng/dl)
hMG test (pg/ml)

LH (reference value)

FSH (reference value)
Testosterone (reference value)
Estradiol (reference value)

0.1(0.025-0.15) 3.5 (1.70-3.77)

0.2 (0.38-1.11)  3.1(1.38-9.18)
123.3 (< 20) 185.5
17.4 (< 10) 18.9
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Fig. 2. Translocation between chromosome 2 and 17.

Chromosomal analysis shows a 46, XY, t(2;17)(p15;q24.2) karyotype. Representative normal and derived chromo-
somes 2 and 17, after CTG-banding are shown. Moreover, idiograms depicted translocation breakpoints.
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Fig. 3. Findings of internal genitalia by endoscopic exploration.

Vaginoscopy showed a matured vagina and internal ostium of the uterus. Laparoscopy also showed a normal uterus, but
an oviduct-like structure and abnormally massive white gonads were found on both sides.
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tissue. Alteration of SOX9 causes not only cartilage disor-
ders such as PRS but also skeletal dysplasia such as CD
(Zody et al. 2006). There is a correlation between the dis-
tance from the chromosome translocation site to the SOX9
locus and the severity of the disease phenotype. ACD is a
mild phenotype of CD and is associated with chromosome
translocation in areas where the enhancer region of SOX9
is present. The enhancer region exists in up to 2.0 Mb
upstream of SOX9, and the chromosome translocation that
results in CD or ACD exists at 50-375 kb, 379-459 kb, 585-
932 kb, and 1.02-1.20 Mb upstream of SOX9. These are all
a part of the locus 17q24.3 (Gordon et al. 2014; Karaer et
al. 2014; Kim et al. 2015; Katoh-Fukui et al. 2015; Castori
et al. 2016). In the present case, a FISH analysis found that
the breakpoint existed at chromosome 17q24.2, which has
never been reported with respect to CD (Fig. 4). This is the
first case report of CD with a chromosome breakpoint at
17q24.2, suggesting a possibility that the enhancer region
may be present in this region upstream from those that have
been described in previous reports. On the other hand, we
supposed that there was no association between the break-
point at 2p15 and CD or DSD in this case. There have been
no reports about CD related with chromosome 2, although
the genes in chromosome 2 related to DSD were reported to
be located at 2q31 (Slavotinek et al. 1999). We could not

perform further molecular analysis to confirm our specula-
tion, since her parents did not want additional examination.
Thus, we cannot exclude the possibility that this patient has
a complex structure rather than a simple translocation.
Further analysis such as array-based comparative genomic
hybridization could provide additional information of this
genomic rearrangement.

The present patient has multiple malformations, such
as PRS and TOF, that could be caused by alteration of
SOX9. However, she had never been diagnosed with CD
or DSD until signs of precocious puberty began to appear.
The presumption is that the decreased expression of SOX9
caused the decreased secretion of Miillerian inhibiting sub-
stance (MIS) and testosterone. MIS generated from sertoli
cells inhibits the formation of uterus and the oviduct, and
testosterone generated from Leydig cells is related to viril-
ization. In this case, the uterus and the oviduct were formed
due to the decreased secretion of MIS, and virilization of
the external genitalia was inhibited by the insufficient secre-
tion of testosterone. Gonadoblastoma might have devel-
oped from the dysgenetic gonads and began to secrete tes-
tosterone when the patient was around 6 years old. This
hypothesis was proved by the fact that the value of testos-
terone was decreased while LH and FSH levels were
increased after gonadal resection (Table 2).
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Fig. 4. Mapping of the chromosome 17q breakpoint.

T Previous reported enhancer region of SOX9
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A

The enhancer region of SOX9 has been reported to exist in up to 2.0 Mb upstream of SOX9 (shown in blue arrow) and
the chromosome translocation that results in CD or ACD exist in up to 1.20 Mb upstream (shown in red arrow). On the
other hand, the breakpoint at 17q24.2 of this case is located far from the enhancer region of SOX9. (shown in black ar-
row).

Table 2. Pre- and postoperative levels of gonadotropins and sex
hormones before and after operation.

Endocrine hormone Before operation  After operation

LH (mlU/ml) <0.1 97.5
FSH (mlU/ml) 0.2 41.4
Testosterone (ng/dl) 185.2 5.3

Estradiol (pg/ml) 20.5 <5.0
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Gender is a fundamental characteristic of a person.
Thus, for patients with DSD, the determination of gender is
very important and should not be delayed. This patient was
raised as a girl despite having a 46, XY genotype, because
she had never been diagnosed with DSD until precocious
puberty began to develop. However, she has several SOX9-
related malformations. DSD is a rare disease and is often
overlooked by clinicians. Therefore, medical staff, includ-
ing urologists, should always keep DSD in mind when
examining a patient with SOX9-related disorders.

This is the first reported case of CD with a transloca-
tion breakpoint at 17q24.2. We have proposed the possibil-
ity that the hitherto unknown enhancer of SOX9 exists at
17q24.2. Further research in this area is strongly recom-
mended.
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