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Abstract: Turner syndrome is a chromosomal abnormality. The majority of patients show monosomy of chromo-
some X (45, X), while a small number of patients present (45, X/47, XXX) karyotype. The present paper reported an
extremely rare case of Turner syndrome with a special karyotype of 46, X, rea (X) (qter->q22.3::p11.23-->qter). The
female patients had some typical characteristics of Turner syndrome, including short stature, cubitus valgus, left toe
brachydactylia, underdeveloped breasts and so on. The ultrasound examination showed a small-sized uterus and bi-
lateral ovaries in patients. Oral glucose tolerance test (OGTT) presented impaired glucose tolerance. Growth hormone
stimulation assay revealed growth hormone deficiency. G-banding chromosome analysis indicated normal 46, XX.
And FISH with locus specific probed for sex chromosome further confirmed 100% XX. Unexpectedly, high-throughput
sequencing indicated an abnormal female karyotype. There were a 45.04 Mb deletion in Xp22.33p11.23, a 47.16
Mb repeated fragment in Xq22.3928, and a 0.68 Mb repeated fragment in 3p12.3. Then, the comparative genomic

hybridization assay was performed and it further confirmed the abnormal molecular karyotype.
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Introduction

Turner syndrome (TS) is one of the most com-
mon sex chromosome disorders, affecting one
in 2,000 to 5,000 female live-births [1, 2].
Patients with Turner syndrome have some
symptoms such as short stature, gonadal fail-
ure, broad chest, low hair-line, low-set ears, a
webbed neck, and failure or delay in developing
secondary sexual characteristics [3]. The
degree which patients are affected is deter-
mined by the specific chromosomal abnormali-
ty: they may have only a few features associat-
ed with the syndrome, but short stature and
infertility always exist [4]. Female patients not
receiving treatment showed approximately
18-20 cm shorter than that of general popula-
tion [5-8]. Medical problems related with Turner
syndrome include congenital heart disease,
hypothyroidism, diabetes, vision and hearing
problems, cognitive deficits and autoimmune
diseases.

It was reported that TS was caused by numeric
or structural abnormalities of the X chromo-
some, including monosomy of the X-chromo-

some or other X-chromosome abnormalities
such as rings, deletions, isochromosomes and
mosaicisms [9]. The karyotypes are nonmosaic
or mosaic, including 45, X, 46, X, del (Xp), 46, X,
i(Xq), 45, X/46, XX, 45, X/46, XrX, 45, X/46, XY,
45, X/47, XXX. Among them, 45, X karyotypes is
a classical type in the majority of patients. In
the present report, we reported a rare case of
Turner syndrome with a special karyotype (46,
X, rea (X) (qter-->q22.3::p11.23-->qter)).

Case report

The patient is a 13-year-old girl who has been
referred to our unit for evaluation of short stat-
ure in August 2010. During physical examina-
tion, it was observed that she had a short stat-
ure (136.8 cm, >-3SD), multiple facial moles,
cubitus valgus, left toe brachydactylia, broad
chest and underdeveloped breasts. Besides,
she had no webbing on the neck, poorly devel-
oped secondary sexual characters and weighed
45 kg (BMI 24.0 kg/m?) (Figure 1). She was
introverted with a poor academic performance.
Under laboratory examination, the bone aged
12 years old. Ultrasonography analysis revealed
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Figure 1. Special characteristics of the patient on physical examination. (A)
left toe brachydactylia (B) cubitus valgus (C) multiple facial moles.

Table 1. LHRH stimulation test

Oh 0.5h 1h 1.5h
FSH (mIU/ml) 60.60 104.53 96.81 102.45
LH (mIU/ml) 15.93 81.34 63.22 4713

Table 2. Growth hormone stimulation test

Growth hormone (ug/L)

Stimulator
Oh 0.5h 1h 1.5h 2h

Arginine 0.05 158 258 3.27 3.20
Levodopa 0.04 125 184 178 1.02

Table 3. LHRH stimulation test

Oh 0.5h 1h 1.5h
FSH (mlU/ml) 4754 4851 6759 62.72
LH (mIU/ml) 10.35 29.44 3554 30.93

a small-sized uterus (18*11*7 mm?3) and bilat-
eral ovaries (the left: 13*11 mm?, the right:
14*8 mm?). The biochemical analysis for glu-
tamic-pyruvic transaminase (GPT) (119.5 U/L),
glutamic-oxaloacetic transaminase (GOT) (68.1
U/L) and uric acid (UA) (399.1 umol/L) were
performed. Moreover, 2 h glucose tolerance
test revealed that the levels of blood glucose
(9.40 mmol/L), insulin (127.81 mU/L) and
serum C-peptide (6.74 ng/mL) were high.
During hormone examination, there was high
level of TSH (5.74 Ulu/ml), while the levels of
FT3 (3.52 pg/ml) and FT4 (1.22 ng/dl) were
normal. In addition, the levels of Estradiol (E2)
(48.57 pg/mL), Testosterone (T) (29.95 ng/dL)
and PRL (13.12 ng/mL) were high, and the level
of IGF-1 (250 ng/ml) was low. LHRH stimulation
testing showed abnormal gonadotropic hor-
mones, the levels of follicle-stimulating hor-
mone level (FSH) and uteinizing hormone level
(LH) were high at different time points of base-
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line (0.5 h, 1 h,and 1.5 h post-
stimulation) (Table 1). Additi-
onally, the levels of growth
hormone were low at baseline,
0.5h,1h,1.5h,and 2 h by
stimulation with either argi-
nine or levodopa (Table 2).
The patient was given a diag-
nosis of growth hormone defi-
ciency, gonadal dysgenesis,
and impaired glucose toler-
ance. The cytogenetics with
G-banding chromosome anal-
ysis of peripheral blood lym-
phocytes (PBL) was conducted and indicated a
normal 46 XX.

The second patient at the age of 17 has been
admitted to our department in August 2014.
She was 144 cm (>-3SD) and 62 kg (BMI 24.9
kg/m?2). The patient hadn’'t experienced men-
arche throughout her life. The evaluation of
bone age revealed a basic healing of epiphysis.
Ultrasound examinations showed the uterus
and the two ovaries were small size (uterus:
20*15*5 mm?3, the left ovary: 18*11 mm?, the
right ovary: 15*10 mm?). Under biochemical
examination, abnormal liver function, the ser-
um level of GOT, total cholesterol, Triglyceride,
UA, and IGF-1 were performed. Oral glucose tol-
erance test (OGTT), and increased 2 h post-
prandial blood glucose was conducted. The
high levels of FSH and LH at different time
points after stimulation were observed at the
second LHRH stimulation testing (Table 3). The
patient was diagnosed with Turner syndrome,
metabolic syndrome, and type 2 diabetes.

The molecular cytogenetics with fluorescence
in situ hybridization (FISH) analysis of sex chro-
mosome showed 100% XX (Figure 2). The high
throughput sequencing (HTS) was carried out
for molecular karyotyping. An abnormal female
karyotype with duplication and deletion in the
X-chromosome was found (Figure 3). Detailed
analysis indicated there was a 45.04 Mb dele-
tion in Xp22.33-p11.23 (2700001-47740000),
a 47.16 Mb repeated fragment in Xq22.3928
(107780001-154940000)*3, and a 0.68 Mb
repeated fragment in 3p12.3 (75280001-
75960000)*3. A repetitive G-banding chromo-
some analysis showed 46 XX. The array com-
parative genomic hybridization (aCGH) revealed
an abnormal female patient (Figure 4). There
was a 47.74 Mb deletion in Xp22.33p11.23
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A

Figure 2. Conventional and molecular cytogenetics. (A) G-banding chromosome analysis, red arrow indicates the
X-chromosome, (B) FISH analysis of sex chromosome, bright green indicates the centromere of the X-chromosome.

Figure 3. molecular karyotyping with high throughput deep sequencing. Square regions in color indicate alteration
locus, red region indicates deletion in the X-chromosome, green indicates duplication in the X-chromosome.
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(296520-47741780), and a 47.41 Mb repeated
fragment in Xq22.3928 (107815321-15522-
8049)*3, which was nearly in accordance with
the results of high throughput sequencing. The
karyotype was identified as 46, X, rea(X) (qter--
>(022.3::p11.23-->qter).

Discussion

Turner syndrome (TS), also known as primary
gonadal dysgenesis occurs as a result of partial
or complete absence of an X-chromosome.
Patients with Turner syndrome are featured
with short stature and gonadal dysgenesis. The
typical physical manifestations include webbed
neck, swollen hand and foot, cubitus valgus,
short metacarpal and visceral malformations.
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Figure 4. karyogram view of the array compara-
tive genomic hybridization by Genoglyphix v 3.0.
Triangle markers on the right side of the chromo-
somes indicate the alteration locus. Blue indi-
cates deletion, purple indicates duplication, and
grey indicates duplication or deletion excluded
by Genoglyphix v 3.0.

Apart from these, the incidence of metabolic
disturbance in Turner patients was higher than
that of normal children, and the incidence of
type 2 diabetes in Turner patients was 4-fold as
many as that of normal children [10]. In the cur-
rent report, the female patient presented some
typical features of Turner syndrome, including
short statue, bone deformity and gonadal dys-
genesis. The metabolic diseases were also pre-
sented [11-13].

G-banding chromosome analysis is widely used
for karyotyping of Turner syndrome due to the
low cost and high feasibility. However, in this
study, G-banding chromosome analysis failed
to detect any abnormality in the X-chromosome
of female Turner patient. Furthermore, FISH
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assay indicated 100% XX, because G-banding
analysis could not detect the derived chromo-
some. HTS and aCGH analysis indicated the
abnormal molecular karyotype of the X-chromo-
some. HTS revealed there was a 45.04 Mb
deletion in Xp22.33p11.23, a 47.16 Mb repeat-
ed fragment in Xg22.3928, and a 0.68 Mb
repeated fragment in 3p12.3. And aCGH indi-
cated that there was a 47.74 Mb deletion in
Xp22.33p11.23, and a 47.41 Mb repeated
fragment in Xq22.3928. Based on these
results, we speculated that rearrangement
occurred in the two sites of the X-chromosome,
leading to the formation of a derived chromo-
some. And the size of the deleted fragment was
very similar with that of the duplication, which
may cause the detection failure by using
G-banding analysis and FISH. Then, the female
patient was diagnosed with Turner syndrome
with a special karyotype of 46, X, rea(X) (qter--
>022.3:p11.23-->qter). So far, itis firstly report
this special karyotype of Turner syndrome.

Warburton and his colleagues have indicated
that the chromosome rearrangement was
closely related with the large, highly homolo-
gousinvertedrepeats(IRs)inthe X-chromosome
[14]. Of these IRs, ~25% occurred on the
X-chromosome, although it represents only 5%
of the genome [14]. In 2000, Giglio et al report-
ed four cases of Turner syndrome with the rear-
rangement in Xp11.23 breakpoint [15], which
was partially in accordance with the findings in
our report. In Scott’s report, aCGH was per-
formed to investigate the molecular mecha-
nism of idic(X) (p11) formation. The results
showed there existed large IRs composed of
repetitive gene clusters and segmental dupli-
cations on Xpl11.2, indicating the rearrange-
ment on Xpl1.2 led to isodicentric chromo-
some formation [16]. It is recognized that most
of the chromosome rearrangements have a
parental origin, at male meiosis, the X and the
Y chromosomes pair at the Xp-Yp pseudoauto-
somal region but are free for the rest of their
length. It has been demonstrated that this con-
figuration favors refolding of the chromosomes
into themselves, in turn, leading to intra chro-
mosome synapses and recombination between
repeated sequences. In addition, the IRs in the
unpaired flexible region (accounting for most
region of the X-chromosome) allows for the
folding and homologous recombination of chro-
mosomes at male meiosis [15]. Here, we spec-
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ulated that IRs located at the breakpoints may
allow for synapses and recombination between
the short arm and the long arm of the X-chro-
mosome at male meiosis, resulting in refolding
into itself.

At first, it was believed that the short arm of the
X-chromosome was associated with short stat-
ure, and the long arm of the X-chromosome
was related with ovarian dysgenesis [17].
However, only homeobox gene (Shox) deletion
in the short arm of the X-chromosome was
identified to be associated with the phenotype
of short statue. Shox gene is located in the
pseudoautosomal region 1 (Xp22.3/Yp11.3,
OMIM312865) [18-20]. An accumulating stud-
ies have provided evidence that the function of
Shox gene is dose-dependent, which can lead
to growth impairment and other physical defor-
mity, including cubitus valgus, short metacar-
pal and high-arched palate in Turner patients,
due to the lack of energy during the escape of
the X-chromosome inactivation [20, 21].
Cytogenetic analysis in our study indicated
there was a deletion in Xp22.33p11.23 (a
region covering the location of Shox gene) in
the Turner patient. So the results of our study
was in accordance with previous findings that
the deletion of Shox in Xp was associated with
the phenotypic short statue. Thus far, other
potential genes attributed to the special pheno-
type of short stature are still unknown.

Other studies have proved that the specific
genes on X-chromosome are associated with
ovarian dysgenesis [22], among which, Bmp15
gene (Xpl1l1.22, OMIM300247), Fmrl gene
(Xg27.3 OMIM309550) and Progesterone Re-
ceptor Membrane Component-1 gene (Pgrmcl,
Xg24 OMIM300435) have been well identified.
Our study revealed there was a duplication in
Xq22.3928 (a region covering the location of
Fmrl gene and Pgrmcl gene). So, our study
reconfirmed that the alterations in Fmrl and
Pgrmcl were associated with the ovarian dys-
genesis. It is well defined that the mutation in
Fmrl gene is a risk factor associated with pre-
mature ovarian failure [23], while, thus far, it is
not very clear if the repeats in Fmrl gene are
associated with ovarian dysgenesis. For the
first time, our study indicated that the repeats
in Fmrl gene may be associated with the ovar-
ian dysgenesis. In human ovarian granulosa
cells, a 22-kDa protein (PGRMC1) encoded by
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Pgrmc1 gene intermittently associates and dis-
sociates with the mitotic spindle at mitosis, and
thereby contributes to ovarian follicular growth.
It was expounded that the over-expression of
PGRMC1 could disrupt this dynamic interaction
with the mitotic spindle and thus slow or inhibit
the development of ovarian follicles [24, 25].
Notably, the abnormal phenotypic features
caused by dup (Xq) are gender-dependent,
males with dup (Xq) often have clinical abnor-
mal features due to the existence of single par-
ent diploid. While, females with dup (Xq) may
not present phenotypic abnormalities due to
skewed X-chromosome inactivation. Reportedly,
the dup(Xq)-associated phenotypic abnormali-
ties in females include short stature, develop-
mental delay, facial dysmorphism, gonadal dys-
genesis, etc [26-29]. Among these features,
gonadal dysgenesis is not associated with
skewed X-chromosome inactivation, because
the X-chromosomes can be active in two copies
during early embryo stage and at meiosis [30].

Ogata and Matsuo demonstrated that Turner-
associated ovarian dysgenesis was the result
from pairing failure at meiosis, and the extent
of failure was positively related with the extent
of ovarian dysgenesis [31]. It was speculated
that the size of deletion was associated with
the severity and initiation time of the disease,
although it was not an independent risk factor
[32]. So it is reasonable that Turner patients
with small fragment deletion still have men-
arche period due to the residual ovarian folli-
cles, while may experience a secondary meno-
pause or early menopause. In our report, the
unpaired region covered the most region of the
Xp of the patient, leading to the failure in devel-
oping the secondary sexual characteristics.

To conclude, with the development of HTS and
aCGH technology, and its comprehensive appli-
cation combined with G banding analysis and
FISH, it is promising to conduct a more sophis-
ticated study in derived chromosome, which
will allow for a detailed elucidation on the asso-
ciation between the genotype and phenotype.
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