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Abstract 
Background: Detecting hidden Y mosaicism in patients with Turner syndrome is 
a primary goal of molecular testing because it significantly increases the risk of 
gonadoblastoma. Studies have shown in monosomy 45, X patients diagnosed 
through standard karyotyping were revealed to have hidden Y material by 
multiplex PCR. TSPY (Testis Specific Protein Y-linked) is located in the proximal 
region of the short arm of the chromosome Y, an oncogenic region. Normally, it 
functions in male germ cell proliferation, but behaves as a proto-oncogene when 
ectopically expressed in dysgenetic gonads. 
Objective: To detect hidden Y chromosome sequences using the TSPY gene in 
patients with Turner syndrome. 
Methods: PCR Amplification of TSPY gene was conducted using a forward primer 
of 5’-CATCCAGAGCGTCCCTGGCTT-3’ and a reverse primer of 5’-
CCCCACACACATGCACTTACC-3.’ The PCR thermal cycle followed initial 
denaturation at 950C for 5 min, 35 cycles of denaturation at 940C for 1 min, 
annealing at 550C for 45 s, extension at 720C for 1 min, and final extension at 720C 
for 5 min. Gel electrophoresis was performed in 1% agarose gel and interpreted 
under computerized illumination with UV light. 
Results: There were 22 Turner syndrome patients diagnosed clinically and 
confirmed using conventional karyotyping. PCR analysis did not detect the hidden 
Y chromosome of the TSPY gene in 13 (59%) patients with 45 X and mosaic X 
karyotypes. Meanwhile, the TSPY gene was amplified in nine (41%) patients with 
mosaic 46,XY. 
Conclusion: Molecular detection of hidden Y chromosomes in patients with TS is 
significant in facilitating diagnosis and management, especially in laboratories that 
lack cytogenetic capabilities. Identification of the TSPY gene is crucial, as it plays 
an important role in predisposing host cells to tumorigenesis and the development 
of gonadoblastoma. Counselling and deliberative decision-making are fundamental 
to analyzing laboratory findings, clinical features, and patient quality of life. 
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INTRODUCTION 
Turner syndrome (TS) is a chromosomal 

abnormality present in 1:2000 live-born females.1 The 
phenotype is variable, including short stature, gonadal 
dysgenesis, typical appearance, low posterior hairline, 
and lymphedema. In 50-60% of cases, the karyotype 
reveals a monosomy of  X chromosome (45,X), while 

the other exhibit structural abnormalities of other form 
as deletion, isochromosome X, ring chromosome and 
mosaicism variants 45,X/46XX, 45,X/46XY, or 
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45,X/47XX, meanwhile between 6% to 11% of patients 
possess Y chromosome material.2–4 Of the patients who 
appeared to have a "pure" 45,X karyotype through 
standard karyotyping were revealed to have hidden Y 
material by the multiplex Polymerase Chain Reaction 
(PCR).5,6  

Standard karyotyping may fail to identify low-
frequency cell lines, especially those involving the Y 
chromosome.7,8 Molecular analysis has become an 
essential method for assessing Y chromosome 
fragments.9,10 PCR can identify 30.9% (17 of 55) of 
patients carrying Y chromosome sequences. Ten of 
these patients had been classified as Y-negative by 
classic karyotyping but were found to be Y-positive 
through molecular testing.11 Bianco et al. utilized PCR 
to screen for hidden Y chromosome material and were 
able to detect Y-chromosome sequences in 16.3% (17 
out of 104) of the TS patients. The SRY (Sex-
determining Region Y) gene was detected in all 17 of 
these patients, while the TSPY (Testis-Specific Protein 
Y-linked) gene was found in 4 of them (3.8%).12 
Molecular studies to search for specific sequences such 
as SRY and TSPY genes is needed because it is more 
sensitive for detecting cryptic mosaicism.10,13  

Detecting hidden Y mosaicism is a primary 
goal of molecular testing in TS because the presence of 
Y material significantly increases the risk of gonadal 
tumors, namely gonadoblastoma, with an estimated 
incidence of 11% to 20%.13 Gonadoblastoma is a 
benign tumor with a high potential for malignancy. In 
approximately 60% of cases, it can differentiate into 
invasive dysgerminoma.14,15  

TSPY is considered a critical marker because 
it is the primary candidate for the Gonadoblastoma on 
the Y (GBY) locus, which is the only known oncogenic 
region on the human Y chromosome. TSPY is located 
in the proximal region of the short arm of the Y 
chromosome (Yp11.1), which has been identified as the 
susceptibility region for gonadoblastoma.14 While 
TSPY normally functions in male germ cell 
proliferation, it behaves as a proto-oncogene when 
ectopically expressed in dysgenetic gonads. Because 
the presence of the entire Y chromosome is the main 
risk factor, an early prophylactic gonadectomy is often 
recommended to avoid these malignancies.14,16 

Despite the clinical importance of detecting 
Y-chromosome material in Turner syndrome, data from 
Indonesian patients remain limited. Therefore, this 
study aimed to detect the TSPY gene using PCR and 
evaluate its usefulness as a molecular marker. 

 
MATERIALS AND METHODS  

This was a cross–sectional descriptive study 
with a purposive sampling method. This study was 
conducted at the Center for Biomedical Research 
(CEBIOR), Faculty of Medicine, Diponegoro 
University, Semarang, and the KK Women and 
Children Hospital Laboratory, Singapore. The 
inclusion criteria were patients diagnosed with TS 
clinically and confirmed using conventional 
karyotyping. Patients who agreed to participate were 
asked to fill out Informed Consent.  

Amplification of the TSPY gene by PCR was 
performed using the forward primer 5’-

CATCCAGAGCGTCCCTGGCTT-3’ and reverse 
primer 5’-CCCCACACACATGCACTTACC-3.’ PCR 
reaction flow in a total volume of 50 µl, including 
extracted DNA, 20pmol of each forward and reverse 
primer, and 25 µl of Master Mix (containing 2.5 units 
of Taq DNA polymerase, 1x PCR buffer with 1.5 mM 
MgCl2, and 200 µM each dNTP (Qiagen, Hilden, 
Germany). The PCR thermal cycle was as follows 
initial denaturation at 950C for 5 min, 35 cycles of 
denaturation at 940C for 1-minute, annealing at 550C 
for 45 s, extension at 720C for 1 min, and final extension 
at 720C for 5 min. Gel electrophoresis was performed 
in a 1% agarose gel running at 120V for 30 min, in the 
PCR machine AB Biosystem, Verriti 96 well, and 
interpreted under computerized illumination UV light. 

To increase the specificity and sensitivity of 
the PCR reaction, an internal control using the FGFR2 
gene was added. Since this gene is in the autosomal 
genome on chromosome 10, amplification of both 
TSPY and FGFR2 genes enhances the positive finding 
of PCR. Normal male and female DNA samples were 
used as positive and negative controls, respectively. 
Data collection was performed by examining the 
presence of the TSPY gene, which was demonstrated 
through gel electrophoresis with a PCR product size of 
780 bp. Ethical clearance was granted by the Health 
Research Ethics Committee of Diponegoro University 
and Dr. Kariadi Central General Hospital Semarang 
prior to the implementation of the research. (Reference 
number: 149/EC/FK/RSDK/2011). 

 
 

RESULTS  
Between 2004 and 2011, 22 patients with TS 

were treated at the Center for Biomedical Research 
(CEBIOR), Semarang.  Eight (61.54%) patients 
revealed 45, X monosomy karyotype. Five samples 
showed 45,X/46, XX in 15.38% of the samples and 45, 
X/46, X,i(X)(q10) in 23.08% of the samples. The 
remaining nine samples showed Y chromosome 
material in their genomes. The karyotype results are 
presented in Table 1.   

The TSPY gene was tested in control 
samples, which consisted of two normal females and 
two normal males. (see Figure 1).  

Figure 2 shows that PCR of the TSPY gene 
was performed in all samples of TS. In non-Y 
chromosome, there was no amplification of the TSPY 
gene. All samples containing Y chromosome material 
were positive for TSPY. The TSPY gene was amplified 

Table 1. Karyotype result 
No. Karyotype N (%) 

1.  45,X 8 (36.0%) 
2.  45,X[12]/46,XX[13] 2 (9.0%) 
3.  45,X/46,X,i(X)(q10) 3 (14%) 
4.  46,X,r(Y)/45,X 1(5%) 

5.  mos 
45,X[13]/46,XY[17] 7 (32%) 

6.  45,X/46,XX/46,XY 1 (5%) 
Total 22 (100%) 
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in the normal male control. The internal control, 
FGFR2, was amplified in all samples except the blank. 

In sample of patients with TS who had a Y 
chromosome in their genome, the TSPY gene was 
amplified using PCR. The FGFR2 gene was also 
successfully amplified, indicating that the PCR 
specificity was maintained (Figure 3). 

The summary results of the PCR 
amplification for the TSPY gene in TS patients are 
listed in Table 2. Thirteen (59%) patients showed no 
amplification of the TSPY gene, and the remaining nine 
(41%) showed TSPY gene amplification. This result is 
in accordance with their karyotype features, which 

contain or do not contain Y chromosome material in 
their genome. 

 
DISCUSSION 

Routine chromosome testing (karyotyping) is 
often insufficient, as it only detects Y chromosome 
material in approximately 6% of patients with TS. 
However, more sensitive molecular techniques like 
Polymerase Chain Reaction (PCR) and Fluorescence In 
Situ Hybridization (FISH) have revealed a much higher 
prevalence, identifying "hidden" Y material in up to 
60% of patients.17  In this study, TSPY gene was not 
detected in 13 patients with monosomy 45, X or mosaic 
X. However, 9 (41%) of the samples were positively 

Table 2. Result of the amplification of TSPY gene in turner syndrome patients 

Karyotyping Amplification of TSPY gene 
Negative Positive 

mos 45, X[13]/46,XY[17]  ü 
mos 45,X[13]/46,XY[17]  ü 

46,X,r(Y)/45,X  ü 
45,X/46,XX ü  

45,X/46,X,i(X)(q10) ü  
mos 45, X[13]/46,XY[17]  ü 
mos 45,X[13]/46,XY[17]  ü 

45,X/46,XX ü  
45,X ü  

45,X/46,XX/46,XY  ü 
45,X/46,X,i(X)(q10) ü  

mos 45, X[13]/46,XY[17]  ü 
mos 45,X[13]/46,XY[17]  ü 

45,X ü  
45,X ü  
45,X ü  
45,X ü  

mos 45,X[13]/46,XY[17]  ü 
45,X/46,X,i(X)(q10) ü  

45,X ü  
45,X ü  
45,X ü  
Total 13 9 
(%) 59% 41% 

  

 
Figure 1. Amplification of TSPY and FGFR2 primers on normal female and male control 
Lane 1.PCR marker 100bp; lanes 2 and 3. Normal female control; lanes 4 and 5. Normal male control; lane 6. 
Blank; lane 7.PCR marker Φx 174. PCR product of TSPY gene as 780bp, while FGFR2 gene as 440bp 
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amplified the TSPY gene in mosaic patients with Y 
chromosome in karyotyping analysis. PCR is the 
preferred technique for the initial tracking of various Y-
chromosome sequences because it is inexpensive, 
sensitive, and rapid. PCR is considered more accurate 
and reliable than traditional karyotyping, as it does not 
require cell culture, is capable of detecting low-level 
mosaicism, has the ability to process multiple samples 
simultaneously, and can be performed using a very 
small amount of material.18 In contrast, FISH is often 
used in association with PCR to confirm the presence 
and location of Y chromosome material. 19 

Molecular studies have increased the 
sensitivity of cryptic Y-chromosome detection by 

amplifying Y-specific sequences. Barbosa et al. 
compared two different types of tissue for DNA 
extraction such as peripheral blood lymphocytes 
(mesoderm origin) and oral mucosal cells (ectoderm 
origin) using multiplex PCR specifically targeted the 
SRY and TSPY gene, is able to identified Y markers in 
12.8% of the patients, many of whom had been 
previously diagnosed with a non-mosaic (45,X) 
karyotype.20 In other study by Soares, et.al found that 
58% (18 out of 31) of the TS participants had 
chromosome mosaicisms. Mosaicisms can be tissue-
specific, meaning they might be present in oral cells 
even if they are not detected in blood lymphocytes. 
Traditional karyotyping may be insufficient, and 

 

 
Figure 2. Amplification of TSPY and FGFR2 primers on Turner patients with no Y chromosome constituents 
Lane 1.PCR marker 100bp; lanes 2 and 3. sample monosomy X; lane 4 sample mosaic X; lane 5. normal male 
control; lane 6. normal female control; lane 7. Blank; lane 8.PCR marker Φx 174. PCR product of TSPY gene 
as 780bp, while FGFR2 gene as 440bp 
 

 
  
Figure 3. Amplification of TSPY and FGFR2 primers on Turner patients with Y chromosome constituents 
Lane 1.PCR marker 100bp; lanes 2 and 3. sample mosaic Y; lane 4. normal male control; lane 5. normal female 
control; lane 6. Blank; lane 7.PCR marker Φx 174. PCR product of TSPY gene as 780bp, while FGFR2 gene as 
440bp  
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additional testing in different tissues is necessary to 
accurately define a patient's chromosomal makeup and 
long-term health risks. 21   

The risk of developing gonadoblastoma is 
nearly identical in both the overt Y-chromosome group 
(Y material easily identified through conventional 
cytogenetics) and the cryptic Y-chromosome group ( 
"hidden" material and can only be detected using more 
sensitive molecular methods like PCR) (in 16.7% vs 
20.0%, respectively).22 Silveri, et.al found out of 84 
patients with TS, six were identified as high-risk based 
on the presence of the TSPY and SRY gene (detected 
via PCR) and evidence of "streak" gonads via 
ultrasonography. Pathological examination revealed 
gonadoblastoma (100%) and dysgerminoma. They 
suggest early prophylactic gonadectomy as the 
treatment of choice when Y-chromosome material is 
present in bilateral streak gonads.23 

Detecting "cryptic" Y-material in patients with 
Turner syndrome is not just about identifying the 
karyotype but also understanding the DNA damage 
mechanism and the patient's long-term prognosis. 
Analyzing the expression of associated genes (OCT4, 
SRY, and TSPY) is crucial because it can reveal 
modifications in the gonadal microenvironment that 
predispose patients to cancer before a tumor actually 
forms. 12 In the study by Cardano, if cells contain Y-
material, such as the SRY gene, it could block the 
tumor-suppressive function of the X-linked gene 
TSPYL2 (TSPX), which provides a protective 
mechanism to stop the growth of damaged cells.24  
TSPX (TSPY homologue on X-chromosome) normally 
acts as a tumor suppressor by retarding the cell cycle. 
When TSPY is present in a female environment, it 
counteracts the inhibitory functions of TSPX, 
disrupting normal cell cycle checkpoints and leading to 
genomic instability.15,22,25 

The TSPY  gene family is clinically 
significant because of its role in male fertility and its 
potential as an oncogene. It plays a vital role in the 
proliferation and differentiation of male stem germ 
cells (spermatogonia and gonocytes). Furthermore, 
TSPY expression is dosage-dependent, meaning the 
amount of protein produced is directly related to the 
number of gene copies present, thus deletions or 
structural rearrangements are linked to clinical 
phenotypes like infertility and azoospermia.26 Ectopic 
expression of TSPY led to a significant increase (30–
45%) in cell proliferation and if expressed in the 
dysgenetic gonads of phenotypic females or 
dysfunctional testes, it acts as an oncogene.27  

The presence of TSPY in the dysgenetic 
gonads of individuals with Turner syndrome 
predisposes host cells to tumorigenesis and the 
development of gonadoblastoma. TSPY interacts with 
type B cyclins and enhances CDK1 kinase activity, 
accelerating the transition from the G2 to the M phase 
of the cell cycle, leading to rapid cell division. 
Overexpressing TSPY leads to the up-regulation of 
various progrowth genes and oncogenes, including 
those on chromosome 12p that are frequently amplified 
in testicular germ cell tumors.15,27 The complete 
sequence provide more accurately measure TSPY 
dosage to study its correlation with fertility and cancer, 

differentiate between intact protein-coding genes and 
pseudogenes, provide more precise genetic counselling 
for individuals with Y-chromosome variations.26 

Updated guidelines suggest a more 
individualized approach that respects patient 
autonomy, weighing the risk of malignancy against the 
potential benefits of maintained gonadal function, such 
as spontaneous puberty or rare spontaneous 
pregnancies.16 Current clinical practice guidelines also 
recommend prophylactic gonadectomy at the time of 
diagnosis in Turner Syndrome who possess Y-
chromosome material. However, malignant 
transformation typically does not occur until the second 
decade of life. The study suggests individualized 
decision-making rather than an immediate surgical 
mandate at diagnosis. This approach allows for the 
possibility of spontaneous puberty (occurring in 42% of 
the study participants) and provides time for patients 
and families to weigh the benefits of endogenous 
hormone production and future fertility potential 
against the risk of malignancy. 13,28 

This study demonstrated the significant use of 
PCR to identify and confirm the existence of Y 
chromosome segments in patients with TS. However, 
only one gene was analyzed in a limited number of 
patients. Further studies with additional variants and 
Y–specific sequences are needed to gain a more 
extensive understanding of the presence of the hidden 
Y chromosome and its clinical role mechanism. In 
addition, the clinical features of patients should be 
monitored for the development of virilization, which 
must be considered in the management of patients with 
dysgenetic gonads. 
 
CONCLUSION  

 Molecular detection of hidden Y 
chromosomes in patients with Turner Syndrome is 
significant in facilitating diagnosis and management, 
especially in laboratories that lack cytogenetic 
capabilities. PCR offers a sensitive and specific 
approach that is rapid and able to analyze multiple 
samples simultaneously. Identification of TSPY gene is 
crucial as it plays an important role in predisposes the 
host cells to tumorigenesis and the development of 
gonadoblastoma. Further studies with multiple 
markers, different tissue samples, and clinical cohort 
follow-up are needed to gain comprehensive 
management. Although positive detection requires a 
gonadectomy, counselling and deliberative decision-
making are fundamental to analyze laboratory findings, 
clinical features, and patient quality of life 
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