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Abstract Current guidelines recommend that testing for Y

chromosome material should be performed only in patients with

Turner syndrome harboring a marker chromosome and

exhibiting virilization in order to detect individuals who are at

high risk of gonadoblastoma. However, cryptic Y chromosome

material is suggested to be a risk factor for gonadoblastoma in

patients with Turner syndrome. Here, we aimed to estimate the

frequency of cryptic Y chromosome material in patients with

Turner syndrome and determine whether Y chromosome mate-

rial increased the risk for development of gonadoblastoma. A

total of 124 patients who were diagnosed with Turner syndrome

by conventional cytogenetic techniques underwent additional

molecular analysis to detect cryptic Y chromosome material. In

addition, patients with Turner syndrome harboring Y chromo-

some cell lines had their ovaries removed prophylactically.

Finally, we assessed the occurrence of gonadoblastoma in pa-

tients with Turner syndrome. Molecular analysis demonstrated

that 10 patients had Y chromosomematerial among 118 patients

without overt Y chromosome (8.5%). Six patients with overt Y

chromosome and four patients with cryptic Y chromosome ma-

terial underwent oophorectomy. Histopathological analysis re-

vealed that the occurrence of gonadoblastoma in the total group

was 2.4%, and gonadoblastoma occurred in one of six patients

with an overt Y chromosome (16.7%) and 2 of 10 patients with

cryptic Y chromosomematerial (20.0%). The risk of developing

gonadoblastoma in patients with cryptic Y chromosomematerial

was similar to that in patients with overt Y chromosome.

Therefore, molecular screening for Y chromosome material

should be recommended for all patients with Turner syndrome

to detect individuals at a high risk of gonadoblastoma and to

facilitate proper management of the disease.

Abbreviations

TS Turner syndrome

FISH fluorescence in situ hybridization

Introduction

Turner syndrome (TS) is a chromosomal disorder character-

ized by short stature, ovarian failure, and endocrine or con-

genital anomalies [1]. The incidence of TS is approximately

one in 1500–2500 female births [2]. About half of all patients

with TS have a 45,X karyotype, and the other half have a

partial X chromosome or mosaicism [3, 4]. In general, the Y

chromosome has been confirmed by cytogenetic analysis in

approximately 6–9% of patients with TS [5]. Many studies,

however, have reported that 4–38% of patients with TS bear

incompletely derived Y chromosome material, as determined

by molecular analyses or fluorescence in situ hybridization

(FISH) [6–10].

Detection of cryptic Y chromosome material is essential

because the risk of developing gonadoblastoma or other germ

cell tumors is increased in Y chromosome-positive patients.

The risk of gonadoblastoma development in Y chromosome-

positive patients, as confirmed by cytogenetic studies, is ap-

proximately 22–43% [11, 12]. Therefore, prophylactic oopho-

rectomy has conventionally been recommended for Y

chromosome-bearing patients with TS [13]. However, the

clinical significance of cryptic Y chromosome material in
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patients with TS, detectable only by DNA analysis or FISH, is

unclear and is still under investigation. A meta-analysis of 11

studies analyzing the association between Y chromosomema-

terial and gonadoblastoma reported five cases of

gonadoblastoma in 43 patients with TS bearing Y chromo-

some cell lines (11.6%; in the analyzed patients with TS; the

Y chromosome was detected by cytogenetic analysis in 16

individuals and by molecular analysis in 27 individuals) and

a low prevalence of gonadoblastoma (0.9%) in the entire pa-

tient group (five gonadoblastoma cases of 557 patients with

TS) [13]. Based on these data, routine polymerase chain reac-

tion (PCR) examination in patients with TS to detect individ-

uals at high risk of gonadoblastoma is not clinically warranted

at present. The Turner Syndrome Consensus Study Group

recommended that testing for Y chromosome material should

only be performed in patients with TS harboring a marker

chromosome or exhibiting virilization [3].

The present study was performed to assess the occurrence of

gonadoblastoma in patients with TS and to investigate the fre-

quency of cryptic Y chromosome material in these patients,

allowing us to compare the risk of gonadoblastoma development

in patients with TS with overt Y chromosome and patients with

TS harboring PCR-verified cryptic Y chromosome material.

Patients and Methods

Study Population

Patients who were diagnosed with TS using conventional

cytogenetic techniques were recruited through the pediatric

endocrine outpatient clinic at Severance Children’s Hospital

in Seoul, South Korea between 2011 and 2014. Phenotypic

female patients with TS were included in this study.

Exclusion criteria included any other genetic abnormalities,

any other disorders of sexual development, and any malig-

nancies other than gonadoblastoma. This study was ap-

proved by the Severance Institutional Review Board (regis-

ter no. 4-2011-0517), and a total of 124 patients and their

parents or legal guardians provided written informed consent

after receiving oral and written information concerning the

study (Fig. 1). Patient age ranged from 4 to 36 years. The

karyotype distribution in the study population is presented in

Table 1. Medical records of clinical characteristics, including

dysmorphic features, short stature, delayed puberty,

osteopenia, and other abnormalities, as well as karyotyping

results were reviewed. Dysmorphic features were defined as

frequent external characteristics, including short webbed

neck, low hairline, low-set ears, broad chest, multiple

pigmented nevi, cubitus valgus, swollen or puffy hands or

feet, and knuckle knuckle sign. Short stature was defined as

a height below 2 standard deviations compared with individ-

uals of the same sex and age in the normal Korean popula-

tion. Delayed puberty was defined as cases with no breast

development by chronologic age 13. Even though breast

development was normal, cases with no spontaneous men-

struation for 5 or more years after the first appearance of

breast tissue were also defined as delayed puberty. For pa-

tients under 18 years, osteopenia was defined as z-score

under −1.0 relative to the same age and sex in bone mineral

density. For patients 19 years or older, osteopenia was de-

fined as a T-score lower than −1.0 in bone mineral density.

Fig. 1 Flow diagram depicting

the frequency of cryptic Y

chromosome material and the

occurrence of gonadoblastoma in

patients with TS
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Cytogenetic Analysis

Karyotypes were determined on metaphase chromosome

preparations obtained from peripheral blood lymphocytes

using standard procedures. Cytogenetic analysis was per-

formed using the GTG-banding technique. At least 30 meta-

phase cells were analyzed for each patient.

Molecular Genetic Analysis

Genomic DNAwas extracted from whole blood samples ob-

tained from 124 patients using a QIAamp DNA Blood Midi

Kit (Qiagen, CA, USA) according to the manufacturer’s

instructions. Fourteen Y chromosome-specific sequences lo-

cated in both arms of the Y chromosome were used to detect

cryptic Y chromosome material by PCR analysis. Primer se-

quences were designed as described previously with minor

modifications [14] (Table 2). PCR was performed with

20 μL of PCR amplification reaction mixture containing

10× Ex Taq DNA polymerase buffer with 2.5 mM of each

dNTP, 0.5 mM of each primer, 500 ng DNA, and 2.5 U Taq

DNA polymerase (Takara Bio, Otsu, Japan). Amplification

was performed in duplicate with a PTC-200 thermocycler

(MJ Research) using the following profile: 94 °C for 5 min;

35 cycles of 95 °C for 30 s, 50 °C for 30 s, and 72 °C for 30 s;

and final extension at 72 °C for 10 min. PCR products were

separated by 1% agarose gel electrophoresis. All DNA extrac-

tions and PCRwere performed by a female researcher to avoid

the risk of male DNA contamination. For the five patients

tentatively diagnosed as Y chromosome-positive by PCRwith

only one or two primer pairs, the presence of Y chromosome

material was further verified and confirmed by direct sequenc-

ing after eluting the band on agarose gels to exclude false-

positive reactions. Subsequently, PCR products were purified

for sequencing analysis using a gel elution kit (Qiagen, CA,

USA) with reference to the respective size. DNA sequencing

reactions were carried out using the same primer pairs. The

purified PCR products were sequenced using an ABI 3700

Table 1 Distribution of karyotypes in 124 patients with TS recruited

for this study

Karyotype n (%)

45,X; 45,X,inv.(9); 45, X,9p+ 41 (33.1)

45,X/46,XX; 45,X/47,XXX; 45,X/46,XX/47,XXX 17 (13.7)

45,X/46,X,i(Xq);46,X,i(Xq);

45,X/46,XX/46,X,i(Xq); 45,X/46,X,idic(Xq)

34 (27.4)

45,X/46,X,del(X); 46,X,del(X) 6 (4.8)

+ Ring or marker 20 (16.1)

45,X/46,XY 6 (4.8)

Total 124 (100)

Table 2 Primers used in this

study Primer Sequence Annealing

temperature (°C)

Product size (bp)

PABY 5′-GCGCCTATAGTGCCAGCTAC-3′

5′-TGAGGGTCAGGCTGCTATTT-3′

62 368

SRY 5′-TACAGGCCATGCACAGAGAG-3′

5′-TCTTGAGTGTGTGGCTTTCG-3′

55 179

DYZ1 5′-CCGTTCACATCAATTCCTTG-3′

5′-TGAAATGGAATCGAACCACA-3′

56 368

DYS231 5′-GGGATTGCAGAGAGCAAAAG-3′

5′-GCCGTGTGCTGGAGACTAAT-3′

55 159

DYS209 5′-TTGGTTCCATGCTCCATACA-3′

5′-CTCCGAATGTTGCTCCAAAT-3′

60 180

YRRM 5′-GAGGGCCTCGGATGTCTTAT-3′

5′-TACCACATGCTTCACGAGGA-3′

55 198

DYS224 5′-GTCTGCCTCACCATAAAACG-3′

5′-ACCACTGCCAAAACTTTCAA-3′

55 301

AMGY 5′-GGGCCCAGGACTCTATTTTC-3′

5′-GCAGTGAGCTGAGATTGTGC-3′

62 212

DYS273 5′-CTCTACCTCCTTCCCCCAGT-3′

5′-GGAGGCTTCATCAGCAAGAC-3′

55 191

DYS280 5′-CCCCATAATGACATCAGCCTA-3′

5′-GTTGAGCCGGTCAAGAAAAA-3′

55 235

DYS1 5′-CACTGCCCTAATCCTAGCACA-3′

5′-TGGTCATGACAAAAGACGAA-3′

55 127

DYS218 5′-GGCTCACAAACGAAAAGAAA-3′

5′-CTGCAGGCAGTAATAAGGGA-3′

60 274

DYS14 5′-GGCTTCTCATTCCACTCCAA-3′

5′-CCTCTTCAGGTGGCTTCATC-3′

46 312

DYZ3 5′-TGTGGTATGTGCATTCATCTCA-3′

5′-GAATGCGCACAACAAAAAGA-3′

62 188
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automated fluorescent sequencer (Applied Biosystems, Foster

City, CA, USA) in accordance with the manufacturer’s proto-

cols. The sequence data were analyzed using CHROMAS

software (Version 1.62; Technelysium, Queensland,

Australia), and the sequencing results were compared with

human reference sequences from GenBank.

Histochemical Staining

All patients verified as Y chromosome-positive either by cy-

togenetic analysis or PCR analysis were offered oophorecto-

my. Obtained tissues were fixed in formalin buffer, processed

in paraffin blocks, and stained with hematoxylin and eosin by

the same pathologist. The pathologist examined the tissues to

evaluate the presence of gonadoblastoma.

Statistical Analysis

All statistical calculations were performed with SAS version

9.2 (SAS Institute Inc., Cary, NC, USA). Two-sample

Student’s t tests were used to compare clinical characteristics

between patients with and without Y chromosome material.

Fisher’s exact tests were used to evaluate differences between

the occurrence of gonadoblastoma in patients with overt Y

chromosome and patients with cryptic Y chromosome mate-

rial. Two-sample z tests were used to evaluate differences

between the occurrence rate of gonadoblastoma in the present

study and in other studies. Results with two-tailed P values of

less than 0.05 were considered statistically significant.

Results

Frequency of Cryptic Y ChromosomeMaterial in Patients

with TS

PCR analysis with 14 primer pairs targeting Y chromosome-

specific sequences identified 16 patients with Y chromosome

material. In six of these patients, the presence of the Y chro-

mosome was confirmed by karyotyping, whereas in the re-

maining 10 patients, Y chromosome material was only detect-

ed by PCR (Table 3). Cryptic Y chromosome material was

found in 8.5% (10 out of 118) of patients whose karyotype did

not suggest the presence of the Y chromosome (Fig. 1).

Clinical Characteristics of Patients with TS with or

without Y Chromosome Material

All patients who had Y chromosome material, whether overt

Y chromosome or cryptic Y chromosome material, showed

normal female external genitalia and had female internal gen-

ital organs. Table 4 shows the clinical characteristics of pa-

tients with TS with or without Y chromosome material. There

were no significant differences between the two groups.

Table 3 PCR data for 16 patients with Y chromosome material

Patient Karyotype Age (year) 1a 2 3 4 5 6 7 8 9 10 11 12 13 14 Oophorectomy Gonadoblastoma

No. 2 46,X,del(x)(q11) 14 +b + + + + + + + + + + + + + + +

No. 19 45,X/46,XY[57%] 12 + + − + + + + + + + + + + + + −

No. 31 45,X/46,XY[83%] 9 + + − + − + − + + + − + + + + −

No. 43 45,X/46,X,+mar 19 + + − + + + + + + + − + + + + −

No. 57 45,X 13 − − + − − − − − − − − + − − − −

No. 68 45,X/46,XY[91%] 20 + + + + + + + + + + + + + + + −

No. 77 45,X 13 + + − + − + − + + + − − + + + +

No. 82 45,X/46,XY[75%] 31 + + + + + + − + + + + + + + + −

No. 90 46,XX/46,X,i(Xq) 31 − − + − − − − − − − − − − − − −

No. 91 46,X,i(X)(q10) 31 − − + − − − − − − − − − − − − −

No. 97 45,X/46,X,i(Xq) 30 − − + − − − − − − − − − − − + −

No. 106 45,X/46,X,r(X) 5 − − − − − − − − + − − − − − − −

No. 108 45,X/46,X,+mar 27 + + + + + + + + + + + + + + − −

No. 113 45,X/46,XY[33%] 24 + + + + + + + + + + + + + + + −

No. 123 46, X,i(Xq) 18 + − + + + + − − − − + + − − − −

No. 124 45,X/46,XY[82%] 31 + + + + + + + + + + + + + + + +

aY chromosome-specific sequences are numbered as follows: 1, PABY; 2, SRY; 3, DYZ1; 4, DYS231; 5, DYS209; 6, YRRM; 7, DYS224; 8, AMGY; 9,

DYS273; 10, DYS280; 11, DYS1; 12, DYS218; 13, DYS14; 14, DYZ3
b (+) indicates amplification, surgical procedure, or neoplasm, as appropriate. (−) indicates no amplification, no surgical procedure, or no neoplasm, as

appropriate
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Occurrence of Gonadoblastoma in Patients with TS

All six patients with Y chromosome material verified by

karyotyping underwent oophorectomy before joining this study,

whereas 4 of 10 patients with Y chromosome material verified

only by molecular methods underwent oophorectomy after the

analysis. The remaining six patients with Y chromosome mate-

rial verified by PCR analysis chose not to have oophorectomy

because of personal preference or prepubertal age. All gonadal

tissues obtained from these 10 patients consisted of ovarian tis-

sues, not testicular tissues. Pelvic ultrasound sonography per-

formed before oophorectomy did not suggest gonadoblastoma

in these patients. Gonadoblastomawas diagnosed on the basis of

light microscopic pathological evaluation of the ovaries. Of the

10 patients with oophorectomy, three patients were diagnosed

with gonadoblastoma. Thus, the overall occurrence of

gonadoblastoma in patients with TS was 2.4% (3 out of 124

patients). One case of gonadoblastoma was confirmed among

patients with Y chromosome verified by karyotyping (one in six

patients with overt Y chromosome, 16.6%; Fig. 1). This patient

was diagnosedwith TS at 10 years of age, and her karyotypewas

45,X/46,XY[82%]. She did not exhibit spontaneous puberty and

was treated with oral estradiol. She underwent oophorectomy at

31 years of age. She had not undergone any imaging analyses

before oophorectomy and underwent oophorectomy only be-

cause of the presence of overt Y chromosome material. The

ovaries measured 2.0 × 1.5 × 0.7 cm on the left and

3.2 × 0.6 × 0.2 cm on the right. Gonadoblastomawith multifocal

calcified substances and dense fibrosis without any viable tumor

cells were observed in the left ovary.

Two cases of gonadoblastoma were confirmed among pa-

tients with Y chromosome material verified by PCR (2 in 10

patients with cryptic Y chromosome material, 20%; Fig. 1). One

case was diagnosed with TS, with the 46,X,del(x)(q11) karyo-

type, at 6 years of age. She enrolled in this study, and cryptic Y

chromosome material was discovered (Table 3). She did not

experience spontaneous puberty and was administered estradiol

replacement therapy at 12 years of age. We recommended oo-

phorectomy; accordingly, she underwent oophorectomy at

14 years of age, even though her pelvic ultrasonography findings

were normal. The right ovary (2.0 × 0.5 × 0.3 cm) showed

normal findings, and the left ovary (2.0 × 1.0 × 0.3 cm) included

a gonadoblastoma measuring 0.4 cm in size. The other case was

diagnosed with TS at 12 years of age, with the pure 45,X kar-

yotype. She enrolled in this study at 13 years of age, and cryptic

Y chromosome material was also discovered (Table 3). At that

time, her Tanner stage was 3 with spontaneous breast develop-

ment 4 years prior, but without menarche. She underwent

Table 4 Clinical characteristics

of patients with TS with or

without Y chromosome material

Y chromosome material

negative group

Y chromosome material

positive group

P value

Patient number 108 (87.1%) 16 (12.9%)

Age at study (years) 17.75 ± 8.93 20.61 ± 9.17 0.240

Height SDS −3.27 ± 1.59 −3.08 ± 1.68 0.666

Weight SDS −0.99 ± 1.01 −0.84 ± 1.11 0.596

BMI (kg/m2) 18.40 ± 3.55 19.30 ± 4.79 0.371

Dysmorphic featuresa 88 (81.5%) 10 (62.5%) 0.132

Short statureb 82 (75.9%) 13 (81.3%) 0.692

Delayed pubertyc 20 (18.5%) 4 (25.0%) 0.727

Osteopeniad 25 (23.1%) 4 (25.0%) 0.854

Cardiac anomalies 10 (9.3%) 1 (6.3%) 0.693

Renal anomalies 10 (9.3%) 2 (12.5%) 0.857

Diabetes mellitus or Impaired

glucose tolerance

2 (1.9%) 1 (6.3%) 0.492

Hypothyroidism 3 (2.8%) 0 (0%) 0.680

Age, height SDS, weight SDS, and BMI are presented as means ± standard deviations. All other items, including

short stature, are presented as the percentage of total patients (%)

SDS standard deviation score, BMI body mass index
aDysmorphic features: short webbed neck, low hairline, low-set ears, broad chest, multiple pigmented nevi,

cubitus valgus, swollen or puffy hands or feet, and knuckle knuckle sign
b Short stature: patient’s height below 2 standard deviations compared with that of individuals of the same sex and

age in the normal Korean population
cDelayed puberty: no breast development by either chronologic age 13 or no menstruation for 5 or more years

after the first appearance of breast tissue
dOsteopenia: z-score under −1.0 relative to those of individuals of the same age and sex in bone mineral density

for patients under 18 years, T-score lower than −1.0 in bone mineral density for patients 19 years or older
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oophorectomy, even though pelvic ultrasonography findings

were normal. Her left ovary measured 0.8 × 0.5 × 0.3 cm and

showed rudimentary ovarian tissue with mature fallopian tubes.

However, several calcified nodules, which were suggested to

represent regressing gonadoblastoma, were observed in the right

rudimentary ovarian tissue (size, 1.5 × 1.0 × 0.5 cm).

The occurrences of gonadoblastoma in patients with overt

Y chromosome (16.6%) and patients with Y chromosome

material verified by PCR (20%) were not significantly differ-

ent (Table 5). This result was similar to that in previous stud-

ies, with the exception of three studies that did not describe the

occurrence of gonadoblastoma in patients with overt Y chro-

mosome; we summarized the results of the other studies in

Table 5. In addition, compared with other studies, the occur-

rence rate of gonadoblastoma in patients with cryptic Y chro-

mosome material was similar, except for two studies that

showed even higher rates than our study (Table 5).

Discussion

We investigated the frequency of cryptic Y chromosome ma-

terial in 118 patients with TS in whom cytogenetic

karyotyping did not reveal overt Y chromosome. We com-

pared gonadoblastoma occurrence in these patients with that

in patients with TS harboring the Y chromosome confirmed

by karyotyping. PCR analysis identified cryptic Y chromo-

somal material in 10 out of 118 patients with TS without overt

Y chromosome on karyotyping (8.5%). This is consistent with

the previously reported range of 3–38% [6–8, 27, 28].

Previously, 3.1 and 4.8% of patients with TS with a pure

45,X karyotype were found to have Y-specific material by

PCR in Mexican and Brazilian studies, respectively [6, 27].

In a study conducted in the Netherlands, 7.9% of patients with

TS with the 45,X karyotype had a derivative Y chromosome

by FISH analysis [28]. Y-specific material was detected in

16.6% of patients with the 45,X or 45,X/46,XX karyotype in

another study in the USA [7]. A Russian study reported a 38%

detection rate for Y-specific sequences by PCR in patients

without overt Y chromosome [8]. The variability in the report-

ed frequencies of cryptic Y chromosome material may stem

from differences in the molecular methodologies, ethnicity,

tissues tested, Y chromosome-specific primers used, and num-

ber of patients with a mosaic marker chromosome.

The approach of verifying the presence of cryptic Y chro-

mosome material in all patients with TS should be established

only after evaluating the risk of gonadoblastoma development

in patients with TS with overt and cryptic Y chromosome ma-

terial. A previous meta-analysis of 11 studies investigating this

topic revealed gonadoblastoma in 5 of 557 (0.9%) patients with

TS and 5 of 43 (11.6%) patients with TS bearing a Y chromo-

somal cell line (16 patients with overt Y chromosome and 27

patients with cryptic Y chromosome material) [13]. Based on

these findings, the author concluded that routine PCR exami-

nation of all patients with TS was not required to identify indi-

viduals at high risk of gonadoblastoma development. In 2007,

the Turner Syndrome Study Group recommended that testing

for Y chromosome material should be performed in patients

with TS using a marker chromosome, i.e., a sex chromosomal

fragment of unknown origin, and with the presence of

Table 5 Summary of studies on the occurrence of gonadoblastoma in patients with TS with overt Y chromosome and cryptic Y chromosome material

Reference Total patient

nos.

Patients with

overt Y Chr

Patients without

overt Y Chr

Patients with cryptic

Y Chr material (%)

Gonadoblastoma

in patients with

overt Y Chr (%)

Gonadoblastoma in

patients with cryptic

Y Chr material (%)

Present study 124 6 118 10/118 (8.5) 1/6 (16.6) 2/10 (20.0)

Zelaya et al. [15]a 217 20 197 3/197 (1.5) 5/20 (25.0) 1/3 (33.3)

Silveri et al. [16]a,b 84 3 81 3/81 (3.7) 3/3 (100.0) 3/3 (100.0)

Barros et al. [17]a 260 6 254 10/254 (3.9) 0/6 (0) 0/10 (0)

Sallai et al. [18]a 130 3 127 6/127 (4.7) 1/3 (33.3) 0/6 (0)

Bianco et al. [19] 87 0 87 16/87 (18.4) NA 2/16 (12.5)

Mazzanti et al. [20]a 171 10 161 4/161 (2.5) 2/10 (20.0) 2/4 (50.0)

Canto et al. [21] 107 0 107 10/107 (9.3) NA 2/10 (20.0)

Mancilla et al. [22]a 58 2 56 2/56 (3.6) 1/2 (50.0) 1/2 (50.0)

Alvarez-Nava et al. [23]a,b 52 2 50 2/50 (4.0) 0/2 (0) 2/2 (100.0)

Gravholt et al. [24]a 114 7 107 7/107 (6.5) 1/7 (14.3) 0/7 (0)

Mendes et al. [25] 36 0 36 2/36 (5.6) NA 1/2 (50.0)

López et al. [26]a 50 1 49 6/49 (12.2) 0/1 (0) 1/6 (16.7)

Chr chromosome, NA not available
aThe occurrences of gonadoblastoma were not different between patients with overt Y chromosome and patients with cryptic Y chromosome material
bThe occurrence rate of gonadoblastoma in patients with cryptic Y chromosome material was significantly different for the present study (P < 0.001)
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virilization [3]. The guidelines also indicated that there is no

need for routine testing for SRYor the presence of Y chromo-

some material in 45,X individuals without masculinization.

Recently, many studies have reported molecular identification

of Y chromosome material in patients with TS without overt Y

chromosome and in the absence of virilization or a marker

chromosome. This suggested the necessity of cryptic Y chro-

mosome material screening in all patients with TS. Moreover,

some investigators have reported a high prevalence (18–100%)

of gonadoblastoma in patients with cryptic Y chromosome

material and proposed that measures should be taken to evalu-

ate cryptic Y chromosome material in all patients with TS [19,

23]. In the present study, we demonstrated the occurrence of

gonadoblastoma in 3 of 124 (2.4%) patients with TS. One

gonadoblastoma case was identified in six patients with overt

Y chromosome (16.6%) and two gonadoblastoma cases were

found in 10 patients with cryptic Y chromosome material

(20.0%). This finding suggested that patients with TS with

cryptic Y chromosome material are at a similar risk of devel-

oping gonadoblastoma as patients with TS with an overt Y

chromosome. To assess the risk of gonadoblastoma develop-

ment in patients with TS with cryptic Y chromosome material,

we reviewed 12 previous studies investigating this topic

[15–26] and integrated our current study results. None of the

studies observed a difference in the gonadoblastoma rate be-

tween patients with overt versus cryptic Y chromosome mate-

rial, except three studies for which no data on the presence of

overt Y chromosome were available (Table 5). The occurrence

rates of gonadoblastoma in patients with cryptic Y chromo-

somematerial between the present study and other studies were

also similar, except for two studies that showed even higher

occurrence rates of gonadoblastoma (Table 5). Based on these

data, including our results, we concluded that testing for cryptic

Y chromosome material should be recommended for all pa-

tients with TS to detect individuals at high risk of developing

gonadoblastoma.

Even though more genes were examined in the present

study than in other studies, 14 genes derived from the Y chro-

mosome do not represent all of the Y chromosome. In partic-

ular, we did not analyze the testis-specific protein Y-encoded

(TSPY) gene, which has recently been identified as a

gonadoblastoma candidate gene [29, 30]. The TSPY repeat

gene has been reported as a putative gene of the

gonadoblastoma locus on the Y chromosome (GBY locus)

and has been shown to be associated with various forms of

human cancers, including gonadoblastoma, leukemia, lung

cancer, melanoma, and hepatocellular carcinoma [29].

Indeed, high levels of TSPY protein and germ cell tumor

markers have been observed in gonadoblastoma tissue speci-

mens obtained from patients with TS [30–32]. Recently, many

researchers have attempted to identify genes responsible for

gonadoblastoma and have emphasized the necessity for a

more sensitive screening method to determine the risk of

gonadoblastoma in patients with TS. Therefore, further stud-

ies are needed to determine whether detection of the TSPY

gene in the peripheral lymphocytes of patients with TS is

associated with an increased risk of gonadoblastoma.

Although many patients enrolled in this study and the re-

sults were similar to other studies, the present study was car-

ried out at a single center, and the occurrence rate of

gonadoblastoma cannot be regarded as representative of that

in the entire population. Furthermore, in other studies, patients

with TS without overt Y chromosome in blood lymphocytes

were often found to have derivative Y chromosome material

in various other tissues, such as buccal cells and gonadal tissue

[27, 28]. Because the results of the rate of cryptic Y chromo-

some material are inconsistent between blood lymphocytes

and other tissues and the exact mechanism of gonadoblastoma

development remains to be elucidated, the karyotype of ovar-

ian tissue and the presence of cryptic Y chromosome material

in the gonads are important. However, our objective was to

evaluate the association between cryptic Y chromosome ma-

terial detected by PCR in blood samples and gonadoblastoma

in patients with TS; therefore, we did not analyze Y chromo-

some material in other tissues besides the gonads. These are

considered limitations of the present study.

In summary, the present study demonstrated that the fre-

quency of cryptic Y chromosome material in patients with TS

without overt Y chromosome was 8.5%. The overall occur-

rence of gonadoblastoma in this study group was three in 124

(2.4%). The occurrence of gonadoblastoma in patients with

TS with cryptic Y chromosome material was similar to that in

patients with TS with overt Y chromosome (16.6 versus

20.0%). This suggested that screening for cryptic Y chromo-

somematerial should be recommended for all patients with TS

to detect individuals at high risk of gonadoblastoma

development.
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