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ABSTRACT

Background/Aim: Turner syndrome (TS) is a genetic failure that influence
phenotypic girls who have full or incomplete monosomy of X chromosome with
a variety of clinical signs. The purpose of this study was to estimate TS cases
based on their cytogenetic findings and clinical implications.

Material and methods:Thirty-nine cases diagnosed with TS were retrospectively
analyzed between November 2006 and December 2019. These patients were
identified among 505 people who had their karyotypes analyzed for different
reasons, including primary amenorrhea (PA), premature ovarian insufficiency
(POI), TS phenotype, and uterine agenesis (UA). Karyotype analysis was carried
out using Giemsa staining in accordance with the standard method on peripheral
blood and fluorescence in situ hybridization (FISH) was used when necessary.
Results: The median age of TS cases were 15 years (ranging from 4 to 32). The
distribution of reasons for admission was as follows: 61.5% TS phenotype, 25.6%
PA, 10.3% POIl, and 2.6% UA with horseshoe kidney. The frequency of
cytogenetic finding was 38.5% pure monosomy X and 61.5 % mosaic [30.7%
monosomy X with structural rearrangements, 18% with X chromosomal
structural abnormalities, 7.7% with X aneuploidy and 5.1% with Y chromosomal
structural abnormalities]. The most accepted reason for both pure and mosaic
TS group was TS phenotype.

Conclusion: TS develops when one sex chromosome is wholly or incompletely
removed as well as structurally altered. Phenotype, fertility, and life quality may
differ according to the variability of cytogenetic findings. Comprehensive
cytogenetic analysis is required for the patients for medical follow-up and
genetic counselling.
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OZET

Amag: Turner sendromu (TS), X kromozomunun tam veya kismi monozomisi
sonucu olusan, gesitli klinik belirtilerle seyreden, fenotipik olarak kizlari etkileyen
genetik bir hastalikdir. Bu galismanin amaci, TS vakalarini sitogenetik bulgular ve
klinik sonuglariyla birlikte degerlendirmektir.

Yontem: Kasim 2006 ile Aralik 2019 arasinda TS tanisi alan 39 vaka retrospektif
olarak incelendi. Bu hastalar, primer amenore (PA), prematiire over yetmezligi
(POI), TS fenotipi ve uterus agenezisi (UA) dahil olmak tizere farkli nedenlerle
karyotipleri analiz edilen 505 kisi arasindan belirlendi. Karyotip analizi, periferik
kan Uzerinde standart yonteme uygun olarak Giemsa boyamasi kullanilarak
yapildi ve gerektiginde floresans in situ hibridizasyon (FISH) yontemi ile inceleme
yapild.

Bulgular: TS vakalarinin median yasi 15'tir (4 ile 32 arasinda degismektedir).
Basvuru nedenlerinin dagilimi %61,5 TS fenotip, %25,6 PA, %10,3 POI ve %2,6 at
nali bobrekli UA idi. Sitogenetik bulgu sikhgi %38.5 saf monozomi X ve %61.5
mozaik [yapisal yeniden dizenlemelerle birlikte monozomi X %30.7, X
kromozomal yapisal anormallikler ile %18, X andploidisi ile %7.7 ve Y kromozomal
yapisal anormallikler ile %5.1] idi. Hem saf hem de mozaik TS grubu icin en ¢ok
basvuru nedeni TS fenotipiydi.

Sonug: TS, bir cinsiyet kromozomunun tamamen veya kismi olarak eksilmesinin
yani sira yapisal olarak degistiriimesiyle de gelisir. Fenotipik bulgular, fertilite
durumu ve yasam kalitesi, sitogenetik bulgulara gore farklilik gosterebilir. Tibbi
takip ve genetik danmismanlik igin hastalarda kapsamli sitogenetik analiz
gereklidir.

Anahtar Sozciikler: Turner sendromu, sitogenetik bulgular, fenotipik
semptomlar, primer amenore, prematiire over yetmezligi.
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INTRODUCTION

Turner syndrome (TS) is a common sex chromosome abnormality and is
generally produced by a sporadic chromosomal nondisjunction (1). TS consists of
many different phenotypes related to a whole or fractional monosomy of the X
chromosome (1). Approximately 45-50 percent of TS cases have 45,X monosomy
karyotype, and the remainder have multiple chromosomal abnormalities, such
as structural chromosome abnormality or mosaicism (2). TS is observed nearly
one in 2500 live birth females (3). Short stature, swollen hands or feet, nuchal
folds, low hairline, low set ears, small mandible, typical facial appearance, and
webbed neck are all physical phenotypes associated with TS (4 ). Clinicians deal
with growth retardation, endocrine, cardiovascular psychosocial and
reproductive issues in addition to a challenging array of genetic problems in this
disease. The existence of specific visible characteristics in phenotypic females, as
well as the whole or fractional lack of the second sex chromosome, together or
separately cell line mosaicism, are required for the diagnosis of TS (5).

Although cases with mosaic karyotype has usually a mild severity in Turner
syndrome, establishing phenotype—karyotype correlations is difficult. Because of
unknown proportion of chromosomal mosaicism is difficult to assess the relative
contribution of each cell line to each organ system of patients with Turner
syndrome (6). Pregnancies are mostly occur in Turner’s syndrome women with
mosaic karyotype (7). Those are known to be at increased risk of miscarriage, still
birth and having an offspring with congenital malformation or aneuploidy.
Therefore, in all cases genetic counseling and karyotype analysis should be
considered (8).

The goal of this study is to assess the TS cases in terms of cytogenetic,
phenotypical and clinical features and compare the findings to those of other
investigations.

MATERIAL and METHODS

In this retrospective study, the data of thirty-nine TS patients between
November 2006 and December 2019 at the Department of Medical Genetics,
Baskent University School of Medicine were analyzed.

Patients

Thirty-nine TS cytogenetic abnormality cases selected among 505 patients who
applied to our clinic for reasons such as primary amenorrhea (PA), premature
ovarian insufficiency(POI), TS phenotype, uterine agenesis were analyzed in
terms of clinical features and cytogenetic findings. The defect to attain
menarche is known as PA. Primary amenorrhea is determined as the lack of
menstrual bleeding at 15 years age in combination with secondary sexual
characteristics, or at 13 years age in without the existence of secondary sexual
characteristics (9). Premature ovarian insufficiency is characterized by a lack of
menses, a premature decrease in the number of ovarian follicles, or the cessation
of folliculogenesis before the natural menopause, which occurs around the age
of 40. Premature ovarian insufficiency has a high hereditary constituent, with X
chromosomal abnormalities being the most common cause, particularly in cases
of ovarian dysgenesis (9). Short stature, small mandibula, nuchal folds, low hair
line and set ears, nail hypoplasia, high palate, wide thoracic cage are all
phenotypic characteristics of TS (10). Except for the TS phenotype and
reproductive complaints, those who applied for cardiovascular, renal and
skeletal anomalies, etc. reasons were excluded from the study.

Karyotype analysis

Chromosome studies on lymphocyte cultures were carried out in 39 patients.
The karyotype analysis was carried out with respect to the classic procedure on
peripheral blood using Giemsa staining. At least 30 metaphases were counted
for each sample before reporting. The results were presented in accordance with
International System for Human Cytogenetic Nomenclature (11). FISH analysis
was applied at the very least of 200 interphase cells via using LS| SRY/CEPX Probe
Kit (Abbott molecular, IL). FISH analysis was performed on only patients with the
presence of the Y chromosome in karyotype analysis, so this result was
confirmed.

Statistical methods

SPSS software version 22.0 was used for the statistical analysis of the
investigation data. We used descriptive statistics as categorical and continuous
variables. The categorical variables were represented by number and
percentage, and continuous variables were offered as mean + standard deviation
for normal distributed data and median (minimum-maximum value) for non-
normal distributed data.
The confirmation of ethics committee was received by the ethics committee of
Baskent University Faculty of Medicine on Semptember 8,2020. (Project code:
KA20/341).Informed Consent: Written informed consent was obtained from
patients who participated in this study.

RESULTS

In our clinic, karyotype analysis was performed on 505 patients who were

admitted with reproductive complaints and TS phenotype. TS karyotypes were
detected in 39 cases out of these 505 patients. The distribution of the karyotype
analysis results of these 505 female patients according to the application
indications was as follows: 91% normal karyotype, 5.5% pure TS, 2.1% mosaic TS,
and 1.4% 46,XY.
The median age of TS cases was 15 years (range 4 to 32). The frequency of
cytogenetic finding was as 38.5% monosomy X, 30.7% monosomy X with
structural abnormalities, 18% mosaic TS with X chromosomal structural
abnormalities, 7.7% mosaic TS with aneuploidy, and 5.1% mosaic TS with Y
chromosome. The cytogenetic analysis results of cases with Turner Syndrome is
demonstrated in Table 1.

The distribution of reasons for admission is 61.5% TS phenotype, 25.6% PA,
10.3% POI, and 2.6% UA with horseshoe kidney. The distribution of patients'
indications among TS karyotypes is demonstrated in Figurel. The median age at
diagnosis was similar in both pure and mosaic TS groups (respectively 14.50 years
and 15 years) (Mann-Whitney U test; p=0.975). However, considering the
application complaints of TS patients, it was observed that the age at diagnosis
was significantly older for reproductive problems than the TS phenotypes (Mann-
Whitney U test, p<0.00). The distribution of the ages of the patients according to
cytogenetic results are shown in Figure 2. When the symptoms at presentation,
such as reproductive complaints and turner phenotype, were examined, the
results of karyotype analysis were similar in pure and mosaic groups (Fisher’s
Exact test; p=0.718). When the distribution of cytogenetic findings among the
patients diagnosed with reproductive indications was analyzed, it was observed
that structural anomalies such as deletion, duplication, derivation, and
isochromosome were more than pure and mosaic TS karyotype, respectively
(73.7%, 26,7).

In our series, mosaic TS with Y chromosome was observed only in two cases
(5.2%) and this result was confirmed by FISH analysis. Karyotype analysis was
performed for one of them due to the Turner phenotype and the other for POI.
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Table 1: The cytogenetic analysis of patients with Turner Syndrome

Cytogenetic abnormality Karyotype N (%)
Monosomy X 45X 15(38.5)
Structural abnormalities
Deletion 46,X,del(X)(p11.4) 6(15.4)
46,Xdel(X)(p11.2p22.3)
46,X,del(X)(q13)
46,X,del(X)(g21)
46,X,del(X)(q22)
46,X,del(X)(q21q24)
46,X,del(X)(q13)
Isochromosome 46,X,i(X)(q10) 2(5.1)
Duplication 46,X,dup(X)(p11.3p21) 2(5.1)
46,X,dup(X)(q22.2926)
Reciprocal translocation 46,X,t(X;8)(q25;p23) 2(5.1)
46,X,t(X;19)(g22;p13)
Pure TS (total) 27(69.2)
Mosaic TS with aneuploidy 45,X/46,XX 1(2.6)
45,X/47 XXX /46,XX 2(5.1)
Mosaic TS with X chr. structural abnormality
Isochromosome 45,X/46,X,i(X)(q10) 3(7.7)
Ring chromosome 45,X/46,X,r(X) 2(5.1)
Derivated chromosome 45,X/46,der(X)t(X;X)(g23;921.1) 1(2.6)
Deletion 45,X/46,X,del(X)(p11) 1(2.6)
Mosaic TS with Y chromosome
47,XYY. ish(Y)(SRYx1),(Y)(SRYx1)/ 1(2.6)
45,X. ish(X)(DXZ1x1,SRYx0)/
46,XY. ish(Y)(SRYx1)
45,X/46,XY.ish(Y)(SRYx1) 1(2.6)
Mosaic TS (total) 12(30,8)
Total 39(100)
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Figurel: The distribution of patients' indications among TS karyotype cases
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Figure2: Distribution of the ages of the patients according to cytogenetic results.
DISCUSSION

Turner syndrome is a chromosomal failure that is seen in phenotypic females
who have a single X chromosome and a whole or incomplete lack of the second
sex chromosome with many different clinical signs (12). In this study, the
cytogenetic and clinical features of 39 patients diagnosed among 550 patients
admitted with the suspicion of Turner Syndrome were evaluated by
retrospective analysis.

Patients had a variety of clinical features, including abnormal growth and body
proportions, gonadal dysgenesis ultimately led sexual infantilism, primary
amenorrhea, premature ovarian insufficiency, infertility, cardiovascular, renal
and skeletal anomalies, and the existence of some disorders, such as Hashimoto
thyroiditis with hypothyroidism, diabetes mellitus type 2, osteoporosis, and
hypertension (5).

The incidence of TS is about 1 in 2500 liveborn females. More than 99% of
pregnancies with 45,X karyotype result in spontan miscarriage before 28 weeks.
It has been estimated that among 45,X peoples who have survived birth, there
is undetected mosaicism for a normal cell line anywhere; however, this has yet
to be verified (13).

Gonadal dysgenesis with streak gonads, short stature, and lymphoedema in
utero and at parturition are the hallmarks of TS patients. Twenty percent of TS
patients were determined at birth due to the detection of characteristic sign or
somatic disorders and two-thirds of them were associated with 45,X monosomy
karyotype (14).

The late-onset signs of TS, such as small stature, pubertas tarda, primary or
secondary amenorrhea, and premature ovarian insufficiency, were detected in
other remaining TS cases throughout adolescence or later (14). According to
Kammoun et al., the presenting complaint was statural retardation or
dysmorphic features in pediatric patients, it was reproductive abnormalities in
adult patients. In their study, the age of the cases differed from two days to 51
years, and most of them were adults (48%) (15). The median age at diagnosis
was 15 years (range 4-35 years) due to late onset symptoms like the others in
our series (16). In our study, we detected no significance in terms of age at
diagnosis between pure or mosaic TS groups. When the patients were analyzed
within subgroups in terms of age during the diagnosis, the median age was 14
among monosomy X karyotype cases, which is similar to the other reports (3).
However, the median age except for the monosomy X group was 16 years old at
diagnosis, and this ratio was higher than the monosomy X group as in the
literature (3,16). It is not surprising that cases with different karyotypes than 45,X
present longer delays as they typically exhibited the fewer stigmata. The clinical
features were observed mildly in the patients with pure and mosaic monosomy
X with structural abnormalities (17). Most of these females have suffered from
primary amenorrhea or very premature ovarian insufficiency, and the delay in
diagnosis was therefore quite striking (18).

In our series, the median age at diagnosis was significantly higher in patients who
were admitted due to reproductive complaints (19 years old) than TS phenotype
(12 years old)( Mann-Whitney U test, p<0.000). The low-level mosaicism in the
45,X may occur due to age-related loss. That is why, the age of the girls should
be considered when analyzing the cells (19).

Elkarhat et al. reported their 21 year experience regarding the cytogenetic
findings of patients with PA and TS phenotype (20). They identified 110 (19.78%)
patients with TS diagnosis of 556 patients with different clinical TS spectrum and
17 (10.56%) TS cases among the patients who were admitted due to 161 PA
cases (20). In our study, the ratio of TS was 7.8%, 6.1%, 8.7%, respectively, among
the PA, POl and TS phenotype patients.

According to ACMG ( American Collage of Medical Genetics) guidelines and
other studies in literature, the kind and frequency rate of chromosome
abnormalities in TS are as follows: 45,X (40-50%), mosaicism (15-25%), pure
mosaicism (7-16%), isochromosome with pure TS or mosaicism TS (15-18%), ring
or marker chromosome with pure TS or mosaicism TS (7-16%), deletion with pure
TS or mosaicism TS (2-5%), mosaicism with triple X(3%), Y chromosome
structural abnormalities with mosaicism TS (6-12%), and others (2-8%) (1,3,20).
In this study, the distribution of karyotype in TS patients is almost similar to the
literature (Tablel) (2,5,17,20).

The relationship between the karyotypes and phenotypes in TS is not clear.
The association with karyotypes and phenotypes has been compared in studies
with larger samples, but the results were confusing due to the variation in
patients age, differences in description of the clinical characteristics, and
common confusion about the proportion of mosaicism in several tissues (6,21).
Clinical characteristics are exceptionally changeable; individuals with a 45X
karyotype is disposed to have more clinical hallmarks than those with a mosaic
with together a normal cell line (45,X/46,XX or 45X/ 46,XY) (22,23,24). The
deletion of the long arm of the X (Xqg-) is probably far better related to having a
natural height and with PA and POI (9,25). Kammoun et al. detected that short
stature and primary amenorrhea were associated with the complete deletion of
one chromosome X or instability gene dose because of constructional X
anomalies while infertility, habitual abortions and secondary amenorrhea were
related to mosaic karyotype (15).

The most of genes responsible for the physical characteristic are located on Xp
(Xp11.2-p22) while the genes related to ovarian function are located on Xq
(Xg24) in TS (26,27). X chromosomal deletions of smaller size result in unique
features. Deletion in the X chromosome on the long(q) arm at the 24th locus
(Xg24) causes primary and secondary amenorrhea without a short stature or
other TS hallmarks and women should admit having POI (9,10,28). In our series,
the deletions in the X chromosome both on the short (p) arm at 11 and 22 locus
and on the q at 24, 22, 13 locus were observed in 3 and 4 cases among the all
patients, respectively. The ratio of reproductive disorders such as, PA, POI, UA
was determined higher in pure TS with X structural abnormalities (12 cases, 80%)
than pure TS patients (3 cases, 20%) in this study.

The frequency of mosaicism for a cell line with a normal or defective Y
chromosome ranges from 6% to 11% in patients with TS. If a 30-cell analysis
disclose an evidently non-mosaic 45,X karyotype, more research is needed. FISH
analysis, which uses X and Y probes, can determine low level sex chromosome
mosaicism (29). In our study, this ratio was 5.2%, and in all of them, SRY (male
sex-determining gene) gene was observed, and they were detected by using FISH
or polymerase chain reaction (PCR). The presence of Y chromosome ingredient
among women with TS is significant due to an increased risk of gonadoblastoma
(2). Although gonadoblastoma has a good prognosis, it can transfrom into
dysgerminoma with metastaic potential. It has been suggested that the location
responsible for gonadoblastoma is on the pericentric locus of the Y chromosome.
No relationship between progressing gonadoblastoma and SRY gene is observed
(2). The detection ratio of concealed Y chromosome mosaicism can differ by
using different techniques. Utilizing molecular techniques such as PCR, 5 percent
of patients had Y chromosome mosaicism, whereas the ratio was 0-4% using
interphase fluorescent in situ hybridization (FISH) with a probe for the Y
centromer (30,31).

Ring chromosomes usually consist of the breaking of both terminal parts on
chromosome on either side of centromere, followed by the fusing of the broken
ends. The size of the ring chromosome and the breaking of short and long arms
have a significant impact on the phenotypic. Ring chromosomes are seen in
about 6% of TS patients, particularly in those with mosaicism for the 45, X cell
line, similar to our cases (26,32).
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CONCLUSION

The greatest part of females with TS have a 45,X karyotype; however, several
karyotype variations such as, short or long arm deletion, ring chromosome,
isochromosome, derivations, inversions, and mosaicism are observed. Patients
with TS have different clinical features according to the variability of structure on
karyotype. Reproductive disorders depending on gonadal dsygenesis are a
feature in almost all patients with TS. Multiple organs are affected in TS patients
at all stages of life since it requires a multidisciplinary care strategy. Knowledge
about genetic rearrangements related to phenotype and clinical findings of TS
patients can be elucidated using different cytogenetic and molecular methods.
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