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 ABSTRACT

 Turner syndrome is characterized by short stat-
ure, gonadal dysgenesis and a variety of somatic fea-
tures and major organ malformations. About 50% of 
the patients have a 45,X karyotype, while the remain-
der have structurally abnormal sex chromosomes or 
mosaicism including mos 45,X/46XY. Those with Y 
chromosomal material are at increased risk for de-
veloping gonadoblastoma or dys germinoma later in 
life. The SRY gene on Yp has a major role in sexual 
differentiation, being the primary testicular determi-
nant. Detection of the SRY gene in Turner syndrome 
patients has important clinical and therapeutic impli-
cations.
 We performed a genetic study of 40 Turner syn-
drome patients for cytogenetics (G banding) and 
polymerase chain reaction (PCR) for the SRY gene 
using XES7/XES2 and SRY 1F/SRY 2R primer sets. 
Cytogenetics identified a 45,X karyotype in 50%, 
isochromosomes in 25%, proximal long or short arm 
deletions and markers in 7.5% and mos 45,X/46XY 
in 5% of the patients. The SRY gene was detected 
in blood leucocytes of only two of the patients with 
the mos 45,X/46XY karyotype. Our low incidence 
of SRY-gene positive results in Turner syndrome 
patients contrasts with reported studies using more 
sensitive techniques that have detected a higher per-

centage. The increased risk of gonadoblastoma and 
the necessity of timely referral for gonadectomy re-
quire that analysis of the SRY gene should be of-
fered to all Turner syndrome patients.
 Key words: Karyotype, SRY gene, Turner syn-
drome

 INTRODUCTION

 Turner syndrome is one of the most common 
chromosomal abnormality syndromes [1], affecting 
1 in 2,500 live born females. It is characterized by 
short stature, gonadal dysgenesis, a variety of so-
matic features (neck webbing, cubitus valgus, high 
arched palate, short neck and widely spaced nipples) 
and major organ malformations (e.g., congenital 
heart disease, structural renal abnormalities) [2,3]. 
Nearly half of the patients have a classical 45,X 
karyotype, while the remainder have structurally ab-
normal sex chromosomes or are mosaics with cell 
lines including mos 45,X/46XY [4-6]. The percent-
age of mosaicism with a cell line that contains a nor-
mal or abnormal Y chromosome is about 5.5% using 
cytogenetic analysis [6]. Approximately half of the 
unidentifiable marker chromosomes that have an es-
timated frequency of 3% are Y-derived [6,7]. It has 
been speculated that most Turner syndrome patients 
with putative non mosaic 45,X karyotype have an 
undetected mosaicism, based on an analysis which 
revealed that less than 1% of 45,X conceptions sur-
vive pregnancy [8]. Several investigators have pos-
tulated that in 45,X patients, fetal survival needs 
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mosaicism in at least some organ or tissue [8,9]. 
Patients with the SRY gene require special attention 
since the presence of a Y chromosome correlates 
with a 10-20% risk of developing gonadoblastoma 
or dys germinoma later in life [10,11]. Gonadoblas-
toma is an in situ malignancy of the dysgenetic go-
nad with variable age of appearance and consider-
able malignancy potential, and dysgerminomas and 
other malignant germ cell tumors can arise within 
the gonadoblastoma [10,11]. The critical region for 
development of gonadoblastoma has been tentative-
ly localized to a 1-2 Mb region near the centromere 
of the Y chromosome [12].
 Sex determination and differentiation are se-
quential processes regulated by an unknown number 
of gene loci located on sex and autosomal chromo-
somes that occur in the testis-determining pathway. 
The SRY gene on Yp, a single exon gene that codes 
for a protein of the HMG-box-domain family of 
DNA-binding proteins has been shown to play a ma-
jor role in sexual differentiation, being the primary 
testicular determinant [13-20].
 Kocova et al. [21], reported that the SRY gene is 
present in about 33.3% of Turner syndrome patients, 
using the Southern blot technique after polymerase 
chain reaction (PCR). Others have shown a variable 
percentage of SRY gene-positive Turner syndrome 
patients [5,7]. Detection of this gene in patients with 
or without cytologically-detected sex-chromosome 
mosaicism has important clinical and therapeutic 
implications [21,22]. Using a combination of con-
ventional cytogenetic methods and molecular DNA 
analysis for the SRY gene, we have studied 40 Turn-
er syndrome patients from the Republic of Macedo-

nia to estimate the frequency of Y mosaicism and 
compare our results with those in the literature.

 MATERIALS AND METHODS

 Patients. Of the 40 Turner syndrome patients we 
studied, 36 were hospitalized or out patients of the De-
partment for Endocrinology and Genetics at the Uni-
versity Pediatric Clinic in Skopje, Republic of Mace-
donia, and four were out-patients of the University 
Clinic for Adult Endocrinology in Skopje. Inclusion 
criteria were a typical phenotype of Turner syndrome 
and the result of cytogenetic analysis. The mean age 
was 16 years.
 Cytogenetic Analyses. Peripheral blood lympho-
cytes were examined by G banding (banding resolu-
tion of 400 bands, average number of observed meta-
phase preparations, 50).
 DNA Extraction. Genomic DNA was extracted 
from 2-6 mL ethylenediamine tetraacetate-containing 
blood using a standard phenol-chloroform procedure 
from peripheral blood leucocytes [23,24] and from 
one formalin- treated and paraphine-embedded ovar-
ian sample [25] extirpated due to endometrial malig-
nancy.
 Polymerase Chain Reaction Amplification. 
Two sets of oligonucleotide primers were used: XES7/
XES2 and SRY 1F/SRY 2R. XES7 5’-GAC AAT 
GCA ATC ATA TGC TTC TGC-3’/XES2 5’-CTG 
TAG CGG TCC CGT TGCT GCG GTG-3’ amplify 
a 609 bp fragment that spans almost the entire open 
reading frame (ORF) of the SRY gene [4,5,26,27] 
(Figure 1). SRY 1F 5’-CAG TGT GAA ACG GGA 
GAA AAC AGT-3’/SRY 2R 5’-CTT CCG ACG AGG 

Figure 1. The structure of the SRY gene, showing in the middle third (582-821 bp), the HMG-box domain that codes 
for a highly conserved protein with DNA-binding characteristics and a putative role in transcriptional regulation. The 
SRY 1F/SRY 2R primer pair amplifies a 270 bp fragment of DNA that extends between 518 and 788 bp. The open 
reading frame extends from 354 to 1022 bp. The XES7/XES2 primer pair amplifies a 609 bp fragment of this frame.
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TCG ATA CTT ATA-3’ amplify a 270 bp fragment 
(518-788 bp) that mainly encompasses the HMG-box 
domain, an evolutionary highly conserved motif that 
codes for a protein with DNA-binding characteristics 
[27] (Figure 1). The primers were synthesized in Sig-
ma Genosys (Sigma-Aldrich Corporation, St. Louis, 
MO, USA). Amplification of a 165 bp fragment of 
the angio tensinogen gene or a 458 bp fragment of the 
CFTR gene were used as controls. The sequences of 
the primer pairs used to amplify the internal controls 
were: F 5’-CAG GGT GCT GTC CAC ACT GGA 
CCC C-3’/R 5’-CCG TTT GTG CAG GGC CTG 
GCT CTC T-3’ for the first fragment, and F 5’-TCA 
CAT ATG GTA TGA CCC TC-3’/R 5’-TTG TAC 
CAG CTC ACT ACC TA-3’ for the second fragment.
 The PCR amplification was performed in a final 
volume of 50 µL, the reaction mixture consisting of 
300-500 ng genomic DNA, 50 pmol of each specific 
primer and 30 pmol of the control primers, 1.5 U Am-
pliTaq Gold polymerase (Applied BioSystems, Foster 
City, CA, USA), 2 mM MgCl2, 200 µM 4 × dNTP, 
commercial PCR buffer. The amplification was car-
ried out with a DNA thermal cycler (Perkin Elmer 
480 version 2; Perkin Elmer Corporation, Waltham, 
MA, USA); 33 cycles with different programs for 
each primer set (XES7/XES2: 94°C, 10 min., 94°C, 
45 seconds, 60°C, 1 min., 72°C, 2 min.; SRY 1F/ SRY  

2R: 94°C, 10 min., 94°C, 45 seconds, 58°C, 1 min., 
72°C, 2 min.) (amplification conditions were based on 
a method previously reported [27] and self- adjusted 
temperatures).
 Analyses of the Polymerase Chain Reaction 
Amplified Products. All PCR products (10 µL) were 
electro phoresed on a 2% agarose gel in 1 × TBE buffer 
stained by ethidium bromide and visualized under UV 
light. Several precautions were taken to avoid false-
positive results [7]. All laboratory procedures were 
performed by a female operator, thus excluding the 
possibility for sample contamination with male cells. 
Pre- and post-PCR work spaces were strictly separat-
ed so that carry-over of amplified DNA sequences to 
new PCR reactions were prevented. Each PCR reac-
tion contained one normal female and one template-
free sample for early detection of contamination. Each 
PCR reaction included one normal male sample as a 
positive control.

 RESULTS

 The cytogenetic analyses revealed a 45,X non 
mosaic karyotype in 50%, isochromosomes in 25%, 
proximal long or short arm deletions in 7.5%, mark-
ers in 7.5%, mos 45,X/ 46XY in 5% and other karyo-
types in 5% of the patients (Table 1). The SRY gene 

Karyotype n Frequency (%) SRY Gene SRY HMG-Domain

45,X 20 50.0 [–] [–]

45,X/45,X+mar 2 5.0 [–] [–]

46,X,i(Xq); 45,X/46,X,i(Xq) 4 10.0 [–] [–]

45,X+r 1 2.5 [–] [–]

47,XXX/45,X 1 2.5 [–] [–]

46,XX,+mar 1 2.5 [–] [–]

46XiX 5 12.5 [–] [–]

46,X,i(Xq)/46,X,del(X)(p?) 1 2.5 [–] [–]

46,X,del(X)(q?) 2 5.0 [–] [–]

46,X,del(X)(p?) 1 2.5 [–] [–]

mos 45,X/46XY 2 5.0 [+] [+]

Table 1. Cytogenetic and molecular findings in the 40 Turner syndrome patients from Macedonia. 
([–] indicates negativity for the SRY gene, [+] indicates positivity for the SRY gene.)
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was detected only in two patients who had the mos 
45,X/46XY karyotype, whereas all other patients were 
SRY negative (Table 1). The presence of an endometri-
al adenocarcinoma in a 21-year-old patient with 45,X 
karyotype and a negative SRY gene in both peripheral 
blood leucocytes and an ovarian sample raised high 
suspicions of unidentified Y chromosome sequences. 
However, a search for three additional loci in the AZF 
region on Yq (AZFb, AZFa and AZFc) was negative, 
thereby excluding the possibility of an unidentified Y 
chromosomal mosaicism (data not shown).
 We found an incidence of SRY-gene-positive re-
sults of 5% in Turner syndrome patients (Table 1). 
Figure 2 shows electrophoresis of PCR amplification 
products of a 270 bp SRY-gene-specific fragment us-
ing primers SRY 1F/SRY 2R. Figure 3 shows elec-
trophoresis of PCR amplification products of a 609 
bp SRY-gene-specific fragment using primers XES7/
XES2.

 DISCUSSION

 Cytogenetic analyses revealed various karyotype 
presentations in our patients. A classical 45,X non 

mosaic karyotype was identified in 50% of the pa-
tients, which corresponds to findings of other authors 
(40-60%) [4-6]. However, the number of tissues and 
cells examined influenced detection of mosaicism. 
For example, when both peripheral lymphocyte and 
fibroblast cultures were evaluated, only 20.7% of 
karyotypes of 87 live born Turner syndrome patients 
were found to be 45,X [8]. We found unidentifiable 
marker chromosomes in 7.5% of the patients, which 
is much higher than previously reported (3%) [5]. 
Our molecular analyses did not identify any of the 
markers as originating from the Y chromosome, 
whereas others have found up to 50% of markers to 
have Y chromosomal origin [7]. The difference of 
Y-chromosome-positive patients in different studies 
is caused by the different sensitivity of the methods 
applied.
 Apparent association has been found between 
Y chromosome material (in sex-reversed females 
caused by deletion/mutation of the SRY gene or in 
Turner syndrome patients with Y chromosomal mo-
saicism) and an increased risk of appearance of go-
nadoblastoma in the dysgenetic gonad [11], which 
led to the hypothesis of a Y chromosomal locus 

Figure 2. Agarose gel electrophoresis of the SRY gene-PCR products from four Turner syndrome patients ampli-
fied with SRY 1F/SRY 2R primers as described in Materials and Methods. Lane 1: 100 bp DNA ladder 100-2000 bp 
(Amersham Pharmacia Biotech Inc., Piscataway, NJ, USA), lane 2: template-free sample (negative control), lane 3: 
normal male sample (positive control), lane 4: normal female sample, lanes 5-8: patients 1-4 with various karyotype 
presentations (46XiX, 45,X/45,X+frag, 45,X and 46XiXp, respectively).

 270 bp - SRY-gene-specific fragment
 165 bp - control fragment
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(referred to as gonadoblastoma locus on the Y chro-
mosome or GBY) that increases susceptibility to go-
nadoblastoma development [28]. Based on deletion 
mapping in phenotypic females with gonadoblasto-
ma and partial Y chromosome, GBY was localized 
to a region near the centromere on either arm of the 
Y chromosome [28]. Detailed deletion mapping of 
the human Y chromosome in 10 patients with gonad-
oblastoma, six having a rearranged Y chromosome, 
further localized the gonadoblastoma critical region 
to a 1-2 Mb of Yp near the centromere [12].
 Pubertal virilization in some Turner syndrome 
patients represents an alarming sign of an undetect-
ed Y-chromo-some-positive cell line that increases 
the risk for development of gonadoblastoma. This 
raised the question of the diagnostic and therapeutic 
difficulties due to the small number of XY cells [21]. 
In this sense, detection of the SRY gene represents 
a valuable and sensitive method in detection of an 
unrecognized Y-chromosome-positive cell line and 
may alter the therapeutic approach.
 We detected the SRY gene in peripheral blood 
leucocytes of two patients with the mos 45,X/46XY 
karyotype, whereas all other patients were SRY 
negative. This low incidence (5%) of SRY-positive 
results in Turner syndrome patients agrees with the 

results of other studies [29,7,26]. One of these stud-
ies [26], cytogenetically detected two mosaics for 
a Y-chromosome-positive cell line in 41 patients 
examined, who were subsequently verified as SRY-
gene positive (4.87%). More sensitive techniques 
have detected a higher percentage of SRY-gene posi-
tive patients (12 [5], 13.3 [30]). The sensitivity of 
SRY-PCR was increased through Southern blotting 
of the PCR products, a method that can detect one Y-
chromosome bearing cell in 100,000 cells and found 
33.3% of Turner syndrome patients to be SRY-posi-
tive [21].
 Epidemiological studies in Denmark have ques-
tioned the postulated high incidence of gonadoblas-
toma in Turner syndrome patients [31,32]. Neverthe-
less, because of the increased risk of gonadoblasto-
ma in Turner syndrome patients with Y-chromosome 
material [11], the possibility of “low-level hidden” 
mosaicism for a Y-chromosome-positive cell line in 
the gonads, the variable age of expression [10], the 
high malignancy potential of gonado blastoma and 
the necessity of timely referral for gonadec tomy, 
analysis of SRY should be offered to all Turner syn-
drome patients.
 We are aware that increased sensitivity of our 
technique can be obtained by using either a nested 

Figure 3. Agarose gel electrophoresis of the SRY gene-PCR products from four Turner syndrome patients amplified 
with XES7/XES2 primers as described in Materials and Methods. Lane 1: 100 bp DNA ladder 100-2000 bp (Amer-
sham Pharmacia Biotech inc.), lane 2: normal male sample (positive control), lane 3: normal female sample, lanes 
4-7: patients 1-4 with various karyotype presentations (46XiX/46XXp-, mos 45,X/46XY, 45,X and mos 45,X/46XY, 
respectively), lane 8: template-free sample (negative control).

 609 bp – SRY-gene-specific fragment
 485 bp - control fragment
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PCR, by transfer of the PCR products on a nylon 
membrane and hybridization with a labeled probe, or 
by adding additional probes for the Y chromosome. 
However, we aimed to establish a simple, easily re-
producible, cost-effective and yet sufficiently sensi-
tive method for SRY gene detection with a clinical 
applicability.
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