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Abstract. Turner syndrome (TS) is a phenotypic heterogeneous
genetic disorder caused by the loss of an X-chromosome or
X-structural abnormalities in the X-chromosome, and affects
approximately 1 in every 2,500 females. The affected indi-
viduals may develop diverse clinical features, including short
stature, ovarian dysgenesis, skeletal dysplasia, facial abnor-
malities and other disorders. A constitutional karyotype of 45,
X accounts for nearly 50% of TS patients, while X-mosaicism
and other X-chromosomal structural abnormalities, including
deletions, duplications, ring, isodicentric chromosomes, inver-
sions and translocations, have been reported in other cases.
The present study reports the results of chromosome micro-
array analysis (CMA) in two Chinese female TS patients with
idiosyncratic karyotypes. The first patient had a karyotype
of 46, X, der(X), and the CMA results demonstrated that the
derivative chromosome was an abnormal X-chromosome that
consisted of three deletions (Xp21.3-p11.23, Xpl1.1-q13.1 and
Xq21.31-g28), as well as three duplications (Xp22.33-p21.3,
Xpl11.23-p11.1 and Xql3.1-q21.31). The karyotype of the
second patient was 46, X, der(X) t(X;?)(q 22.1;?),inv(11)
(q13.5921), while CMA revealed an Xq21.2-q27.1 duplication
and an Xq27.2-q28 deletion. In conclusion, the current study
performed genotype-phenotype correlation analysis in two
patients and provided novel insight of the genotype of TS.
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Introduction

Turner syndrome (TS) is one of the most common chromo-
somal disorders. It is mainly caused by the partial or complete
loss of chromosome X and affects approximately 1 in every
2,500 females (1). Short stature and ovarian insufficiency are
typical features that occur in >90% of TS cases. Other features,
including skeletal dysplasia (such as cubitus valgus and short-
ened fourth or fifth metacarpal), heart defects, characteristic
facial abnormalities (including low hairline and low-set ears),
wide-spaced nipples, nail abnormalities, renal structural
anomalies and hearing impairment, have also been reported
in TS patients, whereas mental retardation rarely occurs (1-3).

In a previous study in the year of 2004, approximately 1/3
of patients with TS were diagnosed when they were newborns
due to puffy hands and feet or redundant nuchal skin, 1/3 of
patients received the diagnosis in mid-childhood because of
investigation of short stature and the remaining patients were
diagnosed with TS in adolescence for they fail to enter puberty
or in adulthood resulting from recurrent pregnancy loss (2).
The most important treatment strategy for affected girls is to
apply recombinant human growth hormone therapy to improve
height and estrogen replacement therapy to improve ovarian
function (2,4). Previously results have indicated that, although
estrogen treatment may significantly improve nonverbal
processing speed, motor performance and verbal and nonverbal
memory in patients with TS, the clinical practice is often
postponed to puberty, predominantly because estrogen may
reduce adult height by accelerating epiphyseal fusion (5,6). A
randomized, double-blind, placebo-controlled study suggested
that the combination of ultra-low-dose estrogen replacement
and growth hormone in childhood not only ameliorated adult
height, but also improved the neurocognitive and behavioral
function (7).

The clinical features of TS largely depend on the involved
regions of the X-chromosome and/or the specific tissues. The
most frequent constitutional karyotype of TS patients is 45,
X, which accounts for nearly 50% of the cases and usually
manifests as the full TS phenotype. Certain patients with
TS are mosaic karyotypes of 45, X or present with both a
normal X-chromosome and a structurally complex rearranged
X-chromosome. X-structural abnormalities include deletions,
duplications, isochromosomes of the long arm, isodicentric
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chromosomes, complex abnormalities with combined deletions
and duplications, inversions, rings and translocations. These
patients may present certain of the characteristic clinical signs
of TS (8.9).

In the present study, the results of cytogenetic analysis
and chromosome microarray analysis (CMA) in two girls
who presented different features of TS involving two
distinct complex X chromosomal structural rearrangement
are reported. Additionally, genotype-phenotype correlation
analysis from two patients was performed to provide novel
insights into TS.

Materials and methods

Case 1. The first case reported in the present study involved
a 10-year-old girl who was the first child of non-consan-
guineous healthy parents. The height measurements of
both her parents was 170 cm. The patient was born at term
via normal delivery, with a normal birth weight of 3,500 g
(reference range: 2,700-3,600 g) and normal length of
51.0 cm (reference range: 47.7-52.0 cm). She was referred
to the Shanghai Children's Medical Center (Shanghai,
China) for the chief complaint of short stature. Examination
indicated an abnormal height of 130.0 cm (reference range:
131.5-145.1 cm), normal weight of 30.0 kg (reference range:
27.2-479 kg) and blood pressure of 100/70 mmHg. X-ray
results suggested that the bone age of her phalanges was
equivalent to that of a 7-year-old child. The patient's height had
increased by 12.6 cm in the past 2.5 years and by only 2.2 cm
within 6 months before admission. The patient presented
undeveloped bilateral breasts, cubitus valgus, shortened fifth
metacarpals, widely-spaced nipples, hypoplastic nails and
low hairline. Laboratory examination generated the following
results: Follicle-stimulating hormone (FSH), 62.10 mIU/ml
(reference range: 0.65-11.43 mIU/ml); luteinizing hormone
(LH), 8.73 mIU/ml (reference range: 0.24-5.66 mIU/ml);
estradiol, 26.0 pg/ml (reference range: 20.0-129.3 pg/ml);
thyrotropin receptor antibody, 50.0 IU/ml (reference range,
<34.0 IU/ml); thyroglobulin antibody, 35.6 IU/ml (reference
range, <115.0 TU/ml); insulin-like growth factor-1 (IGF-1),
151.0 ng/ml (reference range: 100.0-691.2 ng/ml); and
IGF-binding protein 3 (IGF-BP3), 4.29 ng/ml (reference range:
4.33-12.25 ng/ml). Magnetic resonance imaging (MRI) and
ultrasonography demonstrated an unsatisfactory visualization
of bilateral ovaries (streak ovary), while the liver and kidneys
were normal. In addition, the MRI examination revealed a
small hydrops in the hip joint. Echocardiography and psycho-
logical tests revealed no evident abnormalities in the heart and
mental development, respectively. The metabolic workup of
the patient, including liver transaminases tests, alkaline phos-
phatase, glucose level, lactate, electrolytes and urinalysis were
all normal.

Case 2. The second case investigated in the current study
involved a 9-year-old girl who was presented at the Department
of Medical Genetics for growth retardation. Her parents were
physically healthy and non-consanguineous. No clear signs of
mental retardation were detected. The patient was normally
delivered at full-term, with a normal birth weight of 3,550 g
and a normal length of 48 cm. The patient was the second
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childbirth from the second pregnancy, and her older brother did
not present any evident abnormalities. Physical examination
demonstrated a weight of 21.1 kg (reference range: 24.1-35.3 kg)
and a height of 121.5 cm (reference range: 125.7-138.7 cm),
with a height increase of only 2.0 cm reported in the past four
months. The patient's heart rhythm was apparently normal, the
heart rate was 64 bpm and blood pressure was 84/50 mmHg.
No bilateral breast development was observed, and the bone
age of her phalanges was determined to be equivalent to that of
a 7-year-old child. In addition, the patient had thick eyebrows,
a low hairline and female-appearing genitalia with a normal
urethral opening.

Subsequently, the patient underwent a series of additional
examinations. The growth hormone-releasing hormone, IGF-1
(195.0 ng/ml, reference range: 83.6-495.3 ng/ml) and IGF-BP3
(5.38 ng/ml, reference range: 3.39-11.83 ng/ml) levels were
in the normal range. FSH (69.51 mIU/ml, reference range:
0.80-8.41 mIU/ml) and LH (9.15 mIU/ml, reference range:
0.05-1.44 mIU/ml) levels were markedly higher than the
normal range, whereas estradiol level was low (2.0 pg/ml,
reference range: 20.0-74.5 pg/ml). Laboratory examination
detected no abnormalities in a routine blood and urine tests,
electrolyte, insulin and glucose levels, as well as liver, renal
and thyroid functions. Ultrasonography indicated streak bilat-
eral ovaries and separated right renal pelvis, and a small uterus
with the size of 16x13x9 mm.

Diagnosis and ethical statement. Based on the presented
clinical features and laboratory findings, the two subjects were
diagnosed with TS according to a guideline from the National
Institute of Child Health and Human Development (10). Thus,
subsequent cytogenetic analysis and CMA were conducted.
The study protocol was approved by the Ethics Committee of
the Shanghai Children's Medical Center, and informed consent
was obtained from each patient's family.

Cytogenetic analysis. G-banding chromosomal analysis was
conducted at the 550-band resolution using peripheral blood
samples and standard cell culture techniques as described
previously (11). A total of 1.0 ml of peripheral venous blood
containing heparin was incubated in a bottle with Roswell Park
Memorial Institute (RPMI) 1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented with
10% (v/v) fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.) and 60 mg/ml phytohemagglutinin (Gibco; Thermo
Fisher Scientific, Inc.) in an atmosphere containing 5% CO,
incubator at 37°C for 72 h and then three drops of colchicine
(Sigma-Aldrich; Merck KGaA; Darmstadt, Germany) was
added for 3 h. Cells were centrifuged at 626 x g/min for 10 min
at room temperature and the supernatant was discarded. After
treatment with 0.075 M KCl for 30 min at 37°C, the cells were
fixed in the 3:1 mixture of acetic acid and methanol three
times and then 3-4 drops were added on a slide. Slides were
placed in an oven for 2 h at 75°C before the cells on the slides
were immersed in a preparation of 0.25% trypsin preparation
(Gibco; Thermo Fisher Scientific,Inc.) for 1 sec at 37°C and then
rinsed in 0.85% NaCl at 37°C for 1 sec. Finally, the slides were
stained for 1 min with Giemsa stain solution (Sigma-Aldrich;
Merck KGaA). A total of 20 cells in mitosis metaphase were
selected for G-banding karyotype analysis using a light
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Table I. Primers for mmplifying exons and the boundary sequences of the short stature homeobox gene.
Exon Forward primer (5'-3") Reverse primer (5'-3") Product size (bp)
1 Non-coding
2 GAGCCCGGAGACCAGTAATT GAGACGGGAGCTGCAAATG 590
3 CAAGAAAACAACGCTCGTGC TCCAAAAGTCCAGGAACCCC 578
4 and 5 AGGTAGTCAGTGATGCAGGG CTAAGGGCCAGCTGAGAAGT 579
6 GAAGGAGGAAAGGCGGGT ACGGGCAGCCTTGGAGAG 668

microscope (magnification, x100) in each patient. The karyo-
type was written according to the International System for
Human Cytogenetic Nomenclature 2013 guidelines (12).

CMA. Genomic DNA was extracted from the peripheral
blood of the two patients using a QIAamp DNA Blood Mini
kit (cat. no. 51106; Qiagen, Hilden, Germany) according to
the manufacturer's protocol. Next, genomic hybridization
was performed with a CytoScan™ HD array (Affymetrix;
Thermo Fisher Scientific, Inc.), following the manufacturer's
instructions. The array was characterized by >2600,000 copy
number variant (CNV) markers, including 750,000 genotype-
able single nucleotide polymorphism probes and >1900,000
non-polymorphic probes. Data were visualized and analyzed
using the Chromosome Analysis Suite software package
version 3.0.0.42 (Affymetrix; Thermo Fisher Scientific,
Inc.), with a minimal cutoff of 20 consecutive markers for
CNYV calling. All reported CNVs were based on the NCBI
Human Genome Build 37 database (hgl9; National Institutes
of Health, Bethesda, MD, USA, https://www.ncbi.nlm.nih
.gov/grc/human).

The online mendelian inheritance in man (OMIM) database.
The OMIM database (www.omim.org/) was initiated in the
early 1960s as a catalog of Mendelian traits and disorders,
which is freely available and updated daily. The full-text,
referenced overviews in OMIM contain information on all
known Mendelian disorders and over 15,000 genes. OMIM
focuses on the relationship between phenotype and genotype.
OMIM not only links to other genetics resources, but also may
be integrated into many databases, such as the UCSC Genome
Browser (http://genome.ucsc.edu/), making it easier for us to
analyze the data. The OMIM database was used to query the
disease-causing gene information, including the location, gene
function, inherited model, phenotype and the process of a
gene to transform into a pathogenic gene. In the present study,
OMIM was use to confirm each gene in the detected CN'Vs
with OMIM.

Sanger sequencing of the (short stature homeobox) SHOX
gene. The primers for amplification of the SHOX gene
(GenBank accession no. NM_000451) were designed using
UCSC ExonPrimer online software (http:/genome.ucsc.
edu/index.html) and synthesized by Map Biotechnology,
Co., Ltd. (Shanghai, China). The primers designed for exon
2 to 6 are listed in Table I. The exons and the exon-intron
boundaries were amplified using polymerase chain reaction
(PCR). The reaction mixture for each amplification contained

1X Premix Taq (Ex Taq Version 2.0; cat. no. RR003; Takara
Biotechnology, Co., Ltd., Dalian, China), 100 ng genomic
DNA, and 1 pmol forward and reverse primer in a final volume
of 25 pl. The reaction was performed with the following PCR
conditions: Initial denaturation at 95°C for 5 min, followed by
19 cycles of 95°C for 30 sec, 65°C for 30 sec, 72°C for 45 sec,
14 cycles of 95°C for 30 sec, 55°C for 30 sec, 72°C for 45 sec
and a final elongation step at 72°C for 5 min using a C1000™
Thermal Cycler PCR instrument (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). The PCR products (5 ul) were
examined on a 1% agarose gel and purified using a QIAquick
Gel Extraction kit (Qiagen GmbH, Hilden, Germany).
The resulting DNA was sequenced using the ABI3730XL
sequencer (Applied Biosystems, Thermo Fisher Scientific,
Inc.) with the forward and reverse primers. The sequence data
were analyzed using Mutation Surveyor® software version
4.0.4 (SoftGenetics, State College, PA, USA).

Results

Karyotyping results. Karyotyping using chromosomes
extracted from peripheral blood is the most commonly
employed chromosomal test method for TS (13); therefore,
this analysis was performed in the present study. For case 1,
G-banding chromosomal analysis revealed a constitutional
karyotype of 46,X,der(X), which indicated that an unknown
chromosomal fragment replaced the second X-chromosome
(Fig. 1A). For case 2, chromosome analysis indicated a
karyotype of 46,X . der(X)t(X;?)(q22.1;?),inv(11)(q13.5q21)
and, with the exception of one normal X-chromosome, the
patient harbored a derivative X-chromosome, which was
formed by the translocation of one X-chromosome and an
unknown chromosome (Fig. 1B). In addition, a paracentric
inversion of chromosome 11 was detected.

CMA results. To ascertain the structure of the marker chro-
mosome, CMA was conducted for the two patients. Three
deletions (Xp21.3-p11.23, 2,0186 kb: 27242392-47428395;
Xpll.1-q13.1, 10,120 kb: 58,527,154-68,647,456; and
Xq21.31-q28, 65,784 kb: 89,449,155-155,233,098), two
duplications resulting in triploids (Xp22.33-p21.3, 27,032
kb: 168,551-27,231,894; and Xpl1.23-pll.1, 10,902 kb:
47,428,411-58,526,888), and one duplication leading to a
complex multiploid thatincluded a partial trisomy and a partial
tetrasomy (Xql3.1-q21.31, 20,761 kb: 68,678,317-89,439,487)
were identified to involve the entire X-chromosome in case
1, as shown in Fig. 2A. The duplicated Xp22.33-p21.3,
Xp11.23-pl11.1 and Xql13.1-q21.31 contained 97, 45 and 70


https://www.spandidos-publications.com/10.3892/etm.2017.4756
https://www.spandidos-publications.com/10.3892/etm.2017.4756

2268 LI et al: RARE CHROMOSOME X STRUCTURAL ABNORMALITIES IN TURNER SYNDROME

B

e dn Hevie K

p
_Hmasares

ARwwREw Mo
8 B8 68 L L TR T | 9 , ;5 “
B 13 14 15 Eh 17 18

88 2% s @8

a"’ . ‘ ! Bs 82 T 7(
19 20
Der

21 22 X ¥

Figure 1. Chromosomal analysis using peripheral blood. (A) Case 1 karyotype was 46,X,der(X). (B) Case 2 karyotype was 46,X,der(X)t(X;?)(q22.1;?),inv(11)
(q13.5q21).
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Figure 2. Chromosome microarray analysis of the X-chromosome. (A) Three duplications and three deletions were identified in case 1. The first two duplica-
tions resulted in triploid X, whereas the last duplication consisted of a partial trisomy and a partial tetrasomy. (B) In case 2, one duplication and one deletion
were detected in the long arm of the X-chromosome.
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genes, respectively, found in the OMIM catalog of human
genes and genetic disorders. The deleted Xp21.3-p11.23,
Xpll.1-q13.1 and Xq21.31-q28 contained a total of 54, 15,
and 293 OMIM genes, respectively.

Unlike case 1,the CM A results of case 2revealed two CN'Vs
only in the long arm of X-chromosome: An Xq21.2-q27.1
duplication (triploid, 55,432 kb: 84,647,455-140,079,698),
as well as an Xq27.2-q28 deletion (heterozygote, 14,586
kb: 140,647,150-155,233,731), as shown in Fig. 2B. The
duplicated Xq21.2-q27.1 consisted of 181 OMIM genes, and
the deleted Xq27.2-q28 region harbored 112 OMIM genes.
No evident clinically significant CN'Vs were detected in the
other chromosomes of the two patients.

Sanger sequencing results. Sanger sequencing was also
performed in order to identify point mutations in the SHOX
gene of the two patients. The SHOX gene is regarded as the
key gene responsible for height increase. However, no muta-
tions were detected in the two TS patients (data not shown).

Discussion

The present study investigated the genetic variation and
clinical features of two female patients with TS. An unclear
structural chromosome was identified in the two cases by
cytogenetic analysis, followed by CMA. Case 1 presented
complex structural abnormalities involving the entire single
X-chromosome (deletions in Xp21.3-p11.23, Xpll.1-q13.1
and Xq21.31-q28; and duplications in Xp22.33-p21.3,
Xpl1.23-p11.1 and Xql3.1-q21.31). In addition, case 1
manifested nearly all phenotypes of TS, including short
stature, ovarian insufficiency, smaller uterus, delay in breast
development, cubitus valgus, shortened fifth metacarpal,
widely-spaced nipples, hypoplastic nails, thyroid disorder
and low hairline. Compared with case 1, the affected region
of the X-chromosome in case 2 was limited to the long arm
(deletion in Xq27.2-q28 and duplication in Xq21.2-q27.1),
and the patient presented with slightly fewer phenotypes,
including short stature, ovarian insufficiency, smaller uterus,
breast development delay, separated right renal pelvis, thick
eyebrows and low hairline.

Deletions of Xp or Xq usually result in TS. Xp dele-
tions are considered to be linked with TS since several
genes located on the short arm can escape X-chromosome
inactivation, whereas patients with duplications of Xp or Xq
often present a normal phenotype (8,14). However, compared
with case 2, the phenotypic diversity of case 1 did not fully
reflect its complex genotype (particularly involving the
short arm), which suggests that TS is highly heterogeneous.
Furthermore, the duplications and deletions always appeared
in the form of a cross in the two patients, indicating that the
duplications compensated for the loss of genetic material that
was involved in deletions. To the best of our knowledge, the
genotype of case 1 has not previously been reported in the
literature, whereas case 2 is partly similar to a previously
reported case that presented a karyotype of 46,X,der(X)
t(X;11)(q27.2;q24.3)dup(X)(q27.1g22.3) (15). Array compara-
tive genomic hybridization revealed an Xq27.2-q28 deletion,
an 11q24.3-q25 duplication and an inverted duplication of
Xq22.3-g27.1 in this previous patient, who presented with
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primary amenorrhea and mental retardation. Coincidentally,
the involved autosome in case 2 of the present study was
chromosome 11, where a paracentric inversion was revealed
by cytogenetic analysis. No dose modifications of genes on
chromosome 11 were observed; however, the effect of this
particular inversion requires further investigation.

The SHOX gene, also known as the pseudoautosomal
homeobox-containing osteogenic gene, is located at Xp22.33
and Ypl1.3, and is involved in skeletal growth and develop-
ment (16). Mutations or haploinsufficiency of SHOX gene
are responsible for approximately two-thirds of the height
deficits and skeletal anomalies in TS patients (17,18). In
the two cases examined of the current study that presented
with short stature, case 1 showed a triploid of the SHOX
gene, whereas case 2 harbored the normal number of two
alleles. Furthermore, direct sequencing revealed that the
two patients did not harbor pathogenic sequence variants in
the SHOX gene. Although no direct evidence demonstrated
haploinsufficiency of the SHOX gene in the two patients,
the role of regulatory regions of SHOX gene require further
investigation, where they may be affected by the chromo-
some abnormalities and lead to gene expression alteration.
Additionally, previous studies have suggested a possible role
of other regions or genes involved in the control of the stature,
such as the Xpl11.2-p22.1 region and ITM2A gene (19,20).

Several TS patients with tall stature during puberty have
been reported to have resulted from an overdosage of the
SHOX gene (21-23). Therefore, follow-up study on whether
case 1 undergoes a period of rapid growth during puberty
resulting in tall stature would be helpful in clarifying the find-
ings of the present study. Growth hormone (GH) treatment
has been demonstrated to be an effective and safe strategy
to improve growth in TS patients. Patients treated with GH
were ~5.0 cm taller as compared with those who received
placebo injections, and a greater effect was achieved when
combined with estrogen (7). In the present study, the two
subjects were offered GH treatment; however, case 1 refused
the treatment, whereas case 2 showed a 1.0-cm increase in
height after 1 month of treatment.

The thyroid, kidney, hearing and heart of the two cases
were also evaluated in the current study. Case 1 harbored
an immune dysfunction that involved the thyroid, whereas
case 2 had a separated right renal pelvis. No cardiac defects
and hearing impairment were observed in the two cases. It is
imperative that the patients undergo clinical follow-up and
regular examination.

In conclusion, the cases of two TS patients with unusual
genotypes were reported in the present study. Furthermore,
genotype-phenotype correlation analysis of two patients was
performed, providing novel insight regarding the genotype
of TS.
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