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Y chromosome in Turner syndrome and FISH technique 
usefulness in cytogenetic diagnosis
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Abstract

Context. Y chromosome detection in Turner syndrome (TS) has a particular clinical significance be-
cause it involves up to 30% risk for gonadoblastoma development. Using standard cytogenetics techniques, Y  
chromosome is observed in approximately 6% of studied cases. Using FISH techniques (Fluorescent in Situ Hy-
bridization) an additional number of cases initially undetected by conventional cytogenetics with chromosome Y  
has been diagnosed. The management of these situations is prophylactic gonadectomy. Aims. The principal aim 
of the study was Y chromosome detection using FISH technique in patients with TS. Other sex chromosome ab-
normalities were assessed within the same analysis. Material and method. 21 patients with TS were included in  
the study. The patients standard karyotypes were homogeneous monosomy 45,X in 13 cases and mosaicism in 8 
cases, with a second cell line, of which: 2 patients - 46,XX, 2 patients- 46,Xi(Xq), one patient – 46,X,r(X), one pa-
tient – 46,X,del(Xp) and 2 patients – 46,X,+mar. FISH technique was used to analyze sex chromosomes abnor-
malities. Results. FISH technique failed to reveal the Y chromosome in these patients. FISH technique allowed 
the marker chromosomes identification as originating from the X chromosome. Also, in two patients diagnosed  
with homogeneous monosomy 45,X by conventional cytogenetics, the FISH technique pointed out a low-level mo-
saicism. Conclusion. By comparing with literature data, we have highlighted the utility of FISH technique, as a  
sensitive, specific and fast quantitative technique for the detection of Y chromosome, also for chromosome mark-
er identification and low level mosaicism detection involving X chromosome in TS patients.
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Rezumat 

Introducere. DetecŃia cromozomului Y în sindromul Turner (ST) este deosebit de importantă pe plan clinic,  
întrucât implică un risc de până la 30% de dezvoltare a gonadoblastomului. Prin efectuarea cariotipului standard,  
se observă prezenŃa cromozomului Y la aproximativ 6% din paciente. Folosirea tehnicilor FISH (Fluorescent in Situ  
Hybridisation) conduce la evidenŃierea unui număr suplimentar de cazuri care prezintă cromozom Y, nedetectate  
iniŃial prin citogenetica convenŃională. Conduita terapeutică în aceste situaŃii este efectuarea gonadectomiei profi-
lactice. Obiective. Scopul principal al studiului a fost detecŃia cromozomului Y la pacientele cu ST, folosind tehnica  
FISH. Aplicând aceasta tehnică, au fost evaluate şi alte anomalii ale cromozomilor sexuali. Material şi metodă. în  
studiu au fost incluse 21 paciente cu ST. Cariotipurile acestor paciente au fost reprezentate de monosomie omogenă  
45,X în 13 cazuri şi mozaicisme în 8 cazuri, cu o a doua linie celulară, astfel: 2 paciente- 46,XX, 2 paciente– 
46,X,i(Xq), o pacientă -  46,X,r(X), o pacientă - 46,X,del(Xp) şi 2 paciente- 46,X,+mar. Pentru analiza cromozomi-
lor sexuali s-a folosit tehnica FISH. Rezultate. Folosirea tehnicii FISH nu a evidenŃiat cromozomul Y la aceste paci-
ente. Tehnica FISH  a permis determinarea originii cromozomilor marker, ca provenind din cromozomul X. De ase-
menea, la două paciente diagnosticate cu monosomie omogenă 45,X prin citogenetică convenŃională s-a observat,  
în urma aplicării tehnicii FISH, prezenŃa unui mozaicism de nivel scăzut. Concluzii. Comparând cu datele din lite-
ratura de specialitate, am pus în evidenŃă utilitatea tehnicii FISH, ca tehnică cantitativă sensibilă, specifică şi rapi-
dă de evidenŃiere a cromozomului Y şi în plus de determinare a originii cromozomilor marker şi de evidenŃiere a  
mozaicismelor de nivel scăzut implicând cromozomul X în ST.
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Introduction

Turner  syndrome  (TS)  is  defined  as 
complete or  partial  absence of  the second sex 
chromosome,  with  or  without  the  presence of 
cell mosaicism and is seen in one in 2500 female 
newborns (1, 2). Positive diagnosis is established 
by performing standard karyotype, ascertaining 
the presence of the Y chromosome (normal or 
with structural abnormalities) in approximately 
6% of analyzed cases, by using molecular tech-
niques this percentage is higher (3). 

Y chromosome detection in TS is particu-
larly important from a clinical point of view, as it 
involves up to a 30% risk of gonadoblastoma de-
velopment (4, 5). Gonadoblastoma is an  in situ 
cancer of the germs cells and has the potential to 
progress to invasive cancers, often dysgerminoma 
and less frequently other  tumours such as em-
bryonic carcinoma, teratoma, yolk sac tumor and 
choriocarcinoma (6). 60% of cases with gonado-
blastoma progress to dysgerminoma development 
(7). The critical region for gonadoblastoma is pre-
sumed to be located in a pericentromeric small re-

gion on the Y chromosome short  arm (GBY - 
gonadoblastoma  locus  on  Y)  (8).  Management 
when Y chromosome sequences are found in TS 
is prophylactic gonadectomy. 

FISH  (fluorescent  in  situ hybridization) 
and PCR (polymerase chain reaction) techniques al-
low the detection of Y chromosome in previously 
undiagnosed cases by conventional cytogenetics (9, 
10). Y chromosome is recommended to be searched 
by molecular techniques in TS in any patient show-
ing virilizing signs  or  a  marker  chromosome in 
standard karyotype (1). It is not known if a patient 
without marker chromosome or virilization should 
be investigated for Y chromosome and therefore ad-
ditional studies are required in this respect.  

FISH technique is  usually  recommen-
ded in the detection of the Y chromosome, as 
PCR methods are sometimes associated with an 
increased rate of false positive results (1, 11).

The aim of this study was to investigate 
the presence of the Y chromosome using FISH 
in patients with TS who did not present Y chro-
mosome  when investigated  with  conventional 
cytogenetics.
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Material and method

Twenty-one patients diagnosed with TS by 
karyotyping were included in the study . Thirteen 
patients had homogeneous monosomy, 45,X and 8 
had a second line cell, of which: 2 - 45,X/46,XX, 2 - 
45,X/46,X,i(Xq),  1  -  45,X/46,X,del(Xp),  1  - 
45,X/46,X,r(X) and 2 - 45,X/46,X,+mar. The num-
ber of metaphases analyzed with standard cytogen-
etics varied between 4 and 121 (Table 1). 

Y chromosome material  was investig-
ated using FISH. Other sex chromosome abnor-
malities  were  also  assessed  within  the  same 
analysis. Each case was evaluated by analyzing 
200 interphase and 50 metaphase cells,  using 
centromeric probes for X and Y chromosomes 

(Vysis®, Abbott). Analyzed cells were peripher-
al  blood lymphocytes. Biologically significant 
mosaicism cut-off was 2%.

FISH  analysis  consisted  in  technical 
steps to obtain metaphase cells and FISH tech-
nique specific stages. 

Chromosomes were prepared according 
to standard techniques for treating lymphocytes 
from peripheral blood (cell culture using a com-
plete culture medium with PHA, blocking cells 
in metaphase using colchicine, hypotonic shock 
using KCl, fixation with acetic acid:methanol in 
a proportion of 1/3 and spreading on a slide). 

Specific stages of FISH technique con-
sisted in: slide pre-treatment (suspension of the 
slide obtained in successive baths of 1X PBS 
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Table 1. Patients karyotype studied with standard cytogenetics and FISH

Patient

Standard cytogenetics FISH

Karyotype Mosaicism level 
(2nd line)

Number of ana-
lyzed metaphases Karyotype Mosaicism level 

(2nd, 3rd line)
Number of 

analyzed cells

1 45,X/46,X,i(Xq) 25% 16 45,X/46,XX 12% 250

2 45,X/46,X,+mar Missing data 48 45,X/46,XX 11% 250
3 45,X 0% Missing data 45,X 0% 250
4 45,X/46,X,+mar 6% 49 45,X/46,XX 2% 250
5 45,X 0% Missing data 45,X 0% 250
6 45,X/46,XX 20% 24 45,X/46,XX 23% 250

7 45,X 0% 18 45,X/46,XX/47,XXX 14% 250

8 45,X/46,XX 20% 41 45,X/46,XX 18% 250
9 45X/46X,i(Xq) Missing data Missing data 45,X/46,XX 85% 250
10 45,X 0% 100 45,X 0% 250
11 45,X 0% 25 45,X/47,XXX 6.00% 250
12 45,X 0% 9 45,X 0% 250
13 45,X 0% 121 45,X 0% 250
14 45,X 0% 5 45,X 0% 250
15 45,X 0% 7 45,X 0% 250
16 45,X 0% 4 45,X 0% 250
17 45,X/46,X,r(X) Missing data Missing data 45,X/46,XX 10% 250
18 45,X/46,X,del(Xp) Missing data 4 45,X/46,XX 14% 250
19 45,X 0% 84 45,X 0% 250
20 45,X 0% 27 45,X 0% 250
21 45,X 0% 10 45,X 0% 250
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(5') - PFA (10') – 1 X PBS (5'), suspension in 
HCl 0.01 N + pepsin at 37° C (8') , suspension 
in successive bath of 1 X PBS (2') - PFA (10') – 
1 X PBS (2'), dehydration in ethyl alcohol 70% 
(2'), 85% (2'), 100% (2'), successively), hybrid-
ization (applying centromeric X, Y probes  at 
37° C, then at 75° C (5'), placing the slide in a 
hybridization  chamber  at  37°  C  during  the 
night), slide lavage (in a solution of 0,4 X SSC 
(0.3 M sodium citrate, 3 M NaCl), deposition of 
the slide on the hybridizer at 70° C (2'), slide 
suspension in a 2 X SSC solution), DAPI ap-
plication  and  examination  with  a  fluorescent 
microscope. Each patient from the study signed 
an informed consent.

Results

In  this  study,  FISH did  not  reveal  the 
presence of  the Y chromosome.  A centromeric 
probe for chromosome X confirmed that 17 pa-
tients had the same karyotype as in conventional 
cytogenetics. The two chromosome markers ob-
served in standard cytogenetics were identified by 
FISH as having the origin in the X chromosome. 
In  patient  11,  diagnosed with  homogeneous  X 
monosomy by conventional  cytogenetics,  FISH 

revealed a second cell  line 47,XXX, as a low-
level mosaicism (6%) (Table 1). Also, in patient 7, 
a first diagnosis of homogeneous X monosomy 
became  45,X/46,XX/47,XXX  with  FISH,  the 
level of mosaicism for the second and third line 
being of 14% (Table 1). In cases with mosaicism 
identified in standard cytogenetics, the mosaicism 
level observed by FISH was similar.

Discussion

Using FISH, this study did not  reveal 
the presence of  the Y chromosome, but  high-
lighted the importance of this technique in addi-
tion to classic cytogenetics to better character-
ize the karyotype by identifying the origin of 
the chromosome markers, and also by detecting 
low level mosaicism involving X chromosome. 

Turner syndrome is characterized by a 
great  phenotypic  variability  and  positive  dia-
gnosis is yielded by standard cytogenetic exam-
ination. This analysis identifies the presence of 
the Y chromosome in 0-11% of patients with ST, 
but if only a small proportion of cells contain a Y 
chromosome, it will not be revealed by this tech-
nique anymore (Table 2) (12-24). The variation 
in  the proportion of  the cases diagnosed with 
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Table 2. Literature data regarding the presence of the Y chromosome in TS in conventional cytogenetics

Reference Number of patients Analysed metaphases Patients with Y chromosome (%)

Gravholt et al (12) 114 Not mentioned 6.1
Palmer et al (13) 110 32 5.5
Hanson et al (14) 53 39 11
Vlasak et al (15) 198 Not mentioned 3.5

Mazzanti et al (16) 592 Not mentioned 0
Pelz et al (17) 101 Not mentioned 0
Hall et al (18) 129 Not mentioned 3.9

Ranke et al (19) 150 Not mentioned 0
Jacobs et al (20) 211 100 6.2

Gotzsche et al (21) 179 Not mentioned 2.2
Flynn et al (22) 43 35 2.3
Held et al (23) 87 64 2.3
Park et al (24) 116 Not mentioned 2.6
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classic cytogenetics may be attributable to the 
methodology used, especially to the number of 
cells  that  have  been  assessed.  Hook’s  tables 
show that an analysis of 30 metaphases in stand-
ard cytogenetics can detect a mosaicism level su-
perior to 10% with 95% confidence. In order to 
detect a less than 10% mosaicism it is necessary 
to analyze a much higher number of cells, which 
is costly and time consuming.

In  our  study,  patients  7  and  11  have 
been  previously  diagnosed  with  homogeneous 
monosomy, 45,X, but using FISH technique they 
showed  a  second  and  a  third  cell  line 
(45,X/46,XX/47,XXX), respectively a second line 
(45,X/47,XXX). These mosaicisms are unlikely to 
be detected in standard cytogenetics because 18 
metaphases counted in patient 7 or 25 metaphases 
in patient 11, could not identify a mosaicism level 
of 14%, respectively 6% (according with Hook’s 
tables) (25). Thus, an advantage of FISH compared 
to conventional cytogenetic analysis is that it al-
lows the examination of a much larger number of 
cells (minimum 100) in a short time, allowing the 
detection of the cryptic mosaicism. Our results are 
concordant with some studies, which suggest that 
cryptic mosaicism involving the X chromosome 
among TS patients may be present in about 10% of 
patients, while cryptic mosaicism involving the Y 
chromosome is observed less frequently (3, 9, 26). 

Y chromosome detection is often per-
formed by using centromeric probes, but these 
probes are not useful for the diagnosis of struc-
tural  abnormalities  of  the  Y  chromosome;  in 
these cases complementary probes to sequences 
located on the entire length of the Y chromo-
some are recommended.

In  literature,  in  patients  with  TS  in 
whom the Y chromosome was not detected by 
conventional cytogenetics, FISH allowed the Y 
chromosome to be observed in 0 to 26% of pa-
tients (Table 3) (8,14,27-32). These studies were 
generally conducted on a small  number of pa-
tients,  and  some of  them utilized  probes  that 
have mapped also on other regions on Y, includ-
ing SRY, improving in some studies Y chromo-
some detection (13, 14, 28-30, 32). Studies that 
used  PCR-based  techniques  have  identified  a 
slightly higher percentage of patients who have 
the Y chromosome, some authors identifying se-
quences of this chromosome in up to 60% of TS 
patients; the higher rate of false positives using 
this technique has to be also taken into consider-
ation (12, 33-36). Although PCR is a sensitive 
method, it is difficult to quantify the number of 
cells containing the Y chromosome.

Y chromosome material in patients with 
TS is often present as small chromosome markers, 
difficult  to be identified with classic techniques 
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Table 3. Literature data concerning Y chromosome frequency using FISH in TS patients without evidence 
of this chromosome in standard cytogenetics   

Reference Number of patients
Patients with Y 

chromosome (%)

Number of  metaphases 
analyzed by conventional 

cytogenetics

Number of cells 
analyzed by FISH

Wiktor et al (8) 46 0 ≥30 500
Nazmy et al (27) 27 26 Not mentioned Not mentioned

Guimaraes et al (28) 21 9,5 Not mentioned Not mentioned
Fernandez et al (29) 40 2,5 30 2546-1326
Abulhasan et al (30) 20 0 30-50 120-150

Hanson et al (14) 47 4 10-68 161-313
Van Dyke et al (31) 44 0 ≥30 500

Reena et al (32) 8 25 Not mentioned Not mentioned
Present study 21 0 4-121 250
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and sometimes unnoticed, especially when con-
sidering a small number of metaphases (37). FISH 
analysis is indicated if a chromosome marker is 
observed, in order to determine its origin. In our 
study, in the two patients with chromosome mark-
ers, FISH analysis has identified their origin as the 
X chromosome. These data are concordant with a 
review of the literature regarding the chromosome 
markers identified with FISH, wherein it was re-
vealed that from 50 markers observed in patients 
with TS, 43 were derived from the X, and 7 from 
the Y chromosome (37).

Early detection of  Y-derived material  in 
patients with TS is important because of the risk of 
developing gonadal tumors; these tumors can be 
bilateral and can occur from the first decade of life. 
In this case prophylactic gonadectomy is recom-
mended. Even if  the Y chromosome is not  en-
countered in peripheral blood, we cannot rule out 
the presence of cell lines that contain this chromo-
some in the gonads; a clinical suspicion in this case 
could be the virilization (33, 38). Virilization in a 
patient with TS is considered to have as leading 
cause the presence of the Y chromosome, therefore 
virilization is a clue to perform more extensive 
studies in order to detect this chromosome (1, 38).

It is not known if a routine research of the 
Y chromosome must be performed in every TS pa-
tient in order to prevent gonadoblastoma, but current 
recommendations are to search for this chromosome 
only in situations that suggest its presence, such as 
virilization or chromosome marker visualization. 

Conclusion

FISH is useful in TS as an additional 
technique to standard cytogenetics, as it is sens-
itive,  specific  and rapid for  mosaicism detec-
tion, the identification of chromosome marker 
origin and Y chromosome evaluation. A precise 
cytogenetic  diagnosis  is  useful  in  the clinical 
management of these patients.
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