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The 45,X/46,XY mosaicism shows a wide spectrum of phenotypes ranging from females with
Turner syndrome, male or female pseudohermaphroditism, to appearently normal male develop-
ment. Chromosome anomalies accompanying Turner syndrome were found in lymphocyte cul-
tures of 236 patients. Chromosomal analysis revealed the karyotype 45,X in 118 (50.0%)
patients. X monosomy mosaics or structural rearrangements of the X chromosome was estab-
lished in 112 (47.5%) patients. The Y chromosome was found in six (2.5%) patients with typical
features of Turner syndrome. In five mosaics 45,X/46,XY the proportion of the XY clone ranged
from 46% to 76%. In one Turner syndrome patient only 47,XYY cells were found (solely blood cul-
ture investigated). In most cases of 45,X/46,XY mosaicism, the cause is considered to be the loss
of the Y chromosome because of nondisjunction after normal disomic fertilisation. Five other pa-
tients with X/XY chromosome mosaicism showed mixed gonadal dysgenesis (two patients), one
male pseudohermafroditism, one male with Pierre Robin syndrome, and one normal male pheno-
type. In two non Turner syndrome patients nondisjunction of the primary clone 46,XY was obvi-
ous and resulted in mosaicism 45,X/46,XY/47,XYY, the one patient contained dicentric Y. The
similarities between X/XY Turner syndrome and other nosological entity of females possessing Y

chromosome — the Swyer syndrome — are discussed.
Key words: Turner syndrome, Y chromosome, chromosome mosaicism.

INTRODUCTION

Genetic sex in humans is determined by the chromosomal
set, which is usually in females 46,XX, and in males
46,XY. This chromosomal pattern leads to a cascade of ge-
netic events, which ends in the development of male (Hiort
and Holterhus, 2000; Kudcinskas and Just, 2005) or female
(Heikkila et al., 2000) gonads and the secondary sexual
characteristics. Our scholastic knowledge about the XX-XY
mechanism of sex inheritance was considerably enlarged by
investigations of XX (female to male) and XY (male to fe-
male) sex-reversal patients. The testis-determining pathway
is much better known than the ovary pathway (Cotinot et
al., 2002). The Swyer syndrome (XY women) is known, in
which typical signs are gonadal dysgenesis (female pheno-
type without extragenital symptomatics), gonadoblastoma
and familial recurrence. In our previous report (Just et al.,
2007) one of three affected XY-sisters was suffering from
gonadoblastoma. The Y chromosome sometimes is found in
patients with Turner syndrome and in intersexual patients as
well. The present investigation embraces the patients in
which chromosome mosaicism 45,X/46,XY is found. The
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aim of the investigation is to discuss the literature and
author’s own findings, which can explain why the presence
of male Y chromosome causes very different phenotypes.

SUBJECTS AND METHODS

During the years 1970-2005, in our laboratory of cytogenet-
ics 1,271 patients with suspected Turner syndrome were in-
vestigated. The patients were referred mainly by gynecolo-
gists (primary or secondary amenorrhoea), endocrinologists
(delayed sexual maturation), pediatricians (short body stat-
ure), and also by other physicians. Three-day lymphocyte
cultures with phytohaemagglutinin-treated capillary or ve-
nous blood after standard colcemide and KCl-hypotonic
procedures were fixed and stained by G and Q bands (Roo-
ney, 2001). In each cell culture at least 100 metaphases
were analysed.

In our previous study (Just et al., 2007) the SRY open read-
ing frame and flanking sequences were PCR-amplified and
sequenced including the functional promoter of SRY (Su
and Lau, 1993; Hossain and Saunders, 2001).



RESULTS

Chromosome anomalies accompanying Turner syndrome
were found in 236 patients (Table 1). Half of them pos-
sessed 45 chromosomes due to the X monosomy in all cells.
The another half contained X monosomy only in part of the
cells (chromosome mosaicism 45,X/46,XX in 27 patients)
or structural rearrangements of X chromosome-ring, iso-
chromosome Xq (frequent) or Xp (rare), deletions of long
or short arm. The structural rearrangements were frequently
combined with cell lines possessing normal karyotype or X
monosomy. We established three different cell lines in some
patients, and in one patient — four cell lines: 45,X/46,X
1(X), 46,X.i(Xq), 47,X,i(Xq),i(Xq), i.e. X monosomy, ring
X chromosome, isochromosome Xq, two isochromosomes
Xg. In two patients, alongside a monosomic cell line, a cell
line with autosomal abberation was found — in one patient
ring chromosome 20, in other — the 13q21q Robertsonian
translocation. In six Turner syndrome patients (2.5%) the Y
chromosome was found (patients Nos.1-6, Table 2). Patient
6 possessed only 47,XYY cells — a unique cytological con-
dition in Turner syndrome. In this patient (like others)
solely blood leucocytes were investigated. At the age of 14
she lacked breasts and also menses (body height 145 cm),
and endocrinologists undoubtedly established the diagnosis
of Turner syndrome.

Table 1
KARYOTYPE IN 236 TURNER SYNDROME PATIENTS
Chromosome constitution Patients
n ‘ %
1. 45X 118 50.0
2. 45,X/46,XX mosaics or /and
structural X-rearrangements 112 47.5
3. 45X/46,XY 6 2.5
Total 236 100.0
Table 2

KARYOTYPE AND CLINICAL FEATURES IN 11 PATIENTS WITH
X/XY CHROMOSOME MOSAICISM

Patient| Age Karyotype Ratio of Clinical diagnosis
No. | (years) cell lines
(in %)

1 23 45,X/46,XY 30/70 Turner syndrome

2 23 45.X/46,XY 54/46 Turner syndrome

3 15 45,X/46,XY 24/76 Turner syndrome

4 16 45.X/46,XY 50/50 Turner syndrome

5 50 45,X/46,XY 42/58 Turner syndrome

6 14 47 XYY 100 Turner syndrome

7 19 45,X/46,XY 40/60 Male
pseudohermaphroditism

8 2 45,X/46,X,idic(Y) ~ 52/48 Mixed gonadal
dysgenesis

9 0 45X/46,XY/47,XYY 43/47/10 Mixed gonadal
dysgenesis

10 14 45X/46,XY/47,XYY 8/69/23 Normal male

11 0 45,X/46,XY 49/51 Male with Pierre Robin
syndrome

Another five patients (Table 2, Nos. 7-11), possessed both
X monosomy and Y chromosome cell lines showing other
clinical features. These patients were investigated kary-
ologically because of gonadal (non-Turner syndrome) pa-
thology in infants or their karyotype anomalies were acci-
dental diagnostic findings. Patient 7 suffered from male
pseudohermaphroditism. Patients 8 and 9 suffered from
mixed gonadal dysgenesis. Two of these patients possessed
a cell line with double doses of chromosome Y. Patient 10
with three cell clones 45,X/46,XY/47,XYY was examined
at the age of 12 years because he was the offspring of a car-
rier of balanced Robertsonian translocation (Idzeliené et al.,
2005). His physical, mental and sexual development was
corresponding to his age, and he made good progress in the
general education school. At the age of 30, he had already
been married and had two healthy babies. Patient 11 was
suffering from Pierre Robin syndrome combined with a
X/XY karyotype. His body resembled a frog-like posture,
the tonus of muscles was low, reflexes were sluggish and
there was a tremour of legs and especially of arms. The
tongue was large, and because of glossoptosis apnoea oc-
curred several times per day. This symptom was the main
feature in diagnosing the Pierre Robin syndrome. He
choked, did not swallow, and so he had been fed with a
probe and parenterally. At two weeks of age he weighed
2600 g, and at two months — 2900 g.

DISCUSSION

Turner syndrome is one of the most common chromosomal
abnormalities in humans. It is present in 1 : 2,000 live-borns
with female phenotype. These patients show an extremely
variable phenotype but the most common clinical manifes-
tations are short body stature and gonadal dysgenesis. Using
cytogenetic techniques, the syndrome was characterised as
an X chromosome monosomy (45,X) in phenotypically fe-
male patients. This karyotype is responsible for 50% to 60%
of Turner syndrome cases. Another part of karyotypes is
represented by X monosomy combined with cell lines hav-
ing a normal female karyotype 46,XX, the so-called chro-
mosome mosaics 45,X/46,XX. Variety of structural X chro-
mosome aberrations are known, which cause not total but
partial X monosomy — ring chromosome, isochromosome
of one arm, also frequently accompanied by chromosome
mosaicism, when other cell line is monosomic or eusomic.
The remaining 4-6% of karyotypes in Turner syndrome pa-
tients contains Y, the male sex chromosome. These patients
usually are mosaics 45,X/46,XY. The primary cell line in
the zygote of such individuals must be normal male 46,XY.
The origin of the monosomic cell line is the loss of Y chro-
mosome following mitotic nondisjunction after normal di-
somic fertilisation. There is ongoing discussion on the role
of the magnitude of the Y-cell line in mosaics on the level
of virilisation. The findings suggest that the proportion of
cell lines in different tissues may determine their normal or
abnormal development. It has been proposed that the 45,X
cell line possesses a more apparent influence upon the phe-
notype than does the Y chromosome (Hsu, 1994). But the
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discrepancies in individual cell lines between the lympho-
cytes and other tissues do exist. Our patient 6 in this report
shows a karyotype 47,XYY in all cells. But solely leuco-
cytes from him (as also by other patients) were investigated.
She must possess solely the 45,X cells hidden in other tis-
sues. We suppose that the presence of geographical mosai-
cism (when monosomic cell line 45,X is not found in blood
cells) does exist in other tissues. Usually no correlation be-
tween the proportion of the 45,X/46,XY cell lines in the
blood or the fibroblasts was found. Differences of individ-
ual cells were shown between the lymphocytes and the go-
nads (Hsieh et al., 2002) Also, mosaic clones in the differ-
ent gonadal cell types have been examined (Reddy and
Sulcova, 1998). Phenotype of patients with mosaicism was
associated with the individual proportions of gonadal cell
lines. Unfortunatelly, the gonad karyotype was not yet per-
formed routinely.

The mitotic nondisjunction is obvious when alongside with
the normal male cell line 46,XY also exist both aneuploid
cell lines (like in patients 9 and 10, where all three cell
clones — monosomic, eusomic and trisomic — were found
in leucocytes). The primary chromosome constitution for
those patients was undoubtedly 46,XY (normal male karyo-
type), and after mitotic nondisjunction of Y chromosome
the monosomic clone without chromosome Y and the tri-
somic clone with double Y appeared. The X monosomic
cell line in patient 10 was found only in 8% of blood cells
and possibly therefore the normal male phenotype was not
influenced. It is most probable that the Pierre Robin syn-
drome combination with X monosomy in patient 11 is acci-
dental. Pierre Robin syndrome — characterised by microg-
nathia, cleft palate, glossoptosis — occurs both isolated or
jointly with other syndromes or inborn malformations. Iso-
lated cases always are sporadic, whereas inheritance of
combined cases most often is autosomal recessive, although
undoubtedly a multifactorial component is also present.

The clinical features in X-monosomic Turner syndrome pa-
tients must be determined by the losing of genes, localised
in the pseudoautosomic region of both sex chromosomes —
either X or Y. When the normal male sex chromosomes XY
are present in part of the cells, the virilisation must be
caused; when the patients with XY chromosome complex
show the female or intermediate phenotype, their Y chro-
mosome or consequent targeting chromosomes must be
damaged. The complicated mechanisms concerning the role
of Y chromosome in gonadal differentiation and sex deter-
mination are best studied in XY sex reversal females.
Male-to-female sex reversal giving rise to XY females with
ambiguous genitalia, hypoplastic ovaries, or complete gona-
dal dysgenesis is the result of failure in testis determination
or differentiation due to mutations or dosage alterations of
genes from the testis determination pathway. Affected sub-
jects with normal Miillerian structures and female genitalia
and pure gonadal dysgenesis are subsumed under Swyer
syndrome (McKusick, 1998). They are not diagnosed before
puberty. In puberty, girls with pure gonadal dysgenesis nei-
ther develop secondary sexual characteristic nor do they
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menstruate. Patients with pure XY gonadal dysgenesis lack
testicular development, are of normal stature (in contrast to
Turner syndrome patients), and they do not show any addi-
tional extragenital symptoms. For male-to-female sex rever-
sal with gonadal dysgenesis about fifteen candidate genes
have been reported. Their temporal and spatial expression
pattern and their mutual interaction have led to an arrange-
ment of some of them in a hypothetical pathway of sex de-
termination and differentiation (Veitia et al., 2001). The
best known of these genes is the SRY gene (sex-determina-
tion region on the Y chromosome), the key determinant for
testis formation from the undifferentiated bipotent gonad
(Sinclair et al., 1990; Parker et al., 1999). More than 30 mu-
tations have been described in SRY gene that triggers the
testis-determining cascade. Mutations in SRY are detected
in 15 to 20% of 46,XY females with complete or partial
gonadal dysgenesis (McElreavey, 1996). Many publications
report affected relatives, most of them being two sisters.
Sex-reversal mutation analysis in a unique family with three
affected sisters was recently reported by us (Just et al.,
2007). We excluded mutation in SRY and flanking se-
quences, also in seven other candidate genes. Since the
pedigree suggests an X-chromosomal mode of inheritance,
we assume that there is either another yet unknown gene in
common for all three sisters within the interval on Xp that
may cause Swyer syndrome or, more likely, that a gene in
this interval is aberrantly regulated during gonad differen-
tiation. Our data do not formally exclude another autosomal
gene.

The Y chromosome in X/XY chromosome mosaics is fre-
quently damaged, and these aberrations lead to postzygotic
nondisjunction causing chromosome mosaicism. Microdele-
tions of the Y chromosome may be associated with Y chro-
mosome instability leading to formation of ambiguous geni-
talies. When the short arm of Y is deleted, then the SRY
gene is undoubtedly lost (for example, the dicentric Y chro-
mosome is not a rare accident, as found in our patient 8).
Also, microanomalies of Y are found in these patients
(Mancilla et al., 2003; Mazzanti et al., 2005). The fre-
quency of Turner syndrome patients possessing an overt Y
chromosome, as mentioned above, does not exceed a few
per cent. When molecular markers are used for detection of
Y chromosome material inserted into other chromosomes,
the frequency of Y-containing Turner syndrome patients in-
creases to 30 or more per cent (Mendes et al., 1999). Direct
sequencing of the SRY gene shows the absence of muta-
tions in this region and suggests that there are other genes
playing an important role in sex development (Alvarez-
Nava et al., 2003; Canto et al., 2004). The absence of muta-
tions in the SRY gene might sometimes explain why virili-
sation and ambiguous genitalia are met in X/XY mosaics
much more frequent than in Swyer syndrome patients.

The other phenomenon, gonadoblastoma, which is regularly
met in Swyer syndrome females but not in 45,X Turner syn-
drome patients, is usually an accident in 45,X/46,XY mosa-
ics. The presence of Y chromosome material in patients
with Turner syndrome is a risk factor for the development
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of gonadoblastoma — ovarial benign tumour, which has
considerable malignant potential. The tumour risk has been
estimated as more than 30% (Verp and Simpson, 1987), al-
though other studies suggest only 7-10% (Gravholt et al.,
2000). Bilateral gonadectomy remains the procedure of
choice to exclude malignancy with absolute certainty. The
supposed gonadoblastoma gene has been mapped to the
pericentromeric region of the Y chromosome; therefore, its
deletion causing the loss of the SRY gene is likely not as
frequent as in distal parts of chromosome.
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X/XY HROMOSOMU MOZAICISMS: TERNERA SINDROMS UN CITI KLINISKIE STAVOKLI

Hromosomu mozaicisms 45,X/46,XY kliniski izpauZas ar plaSu fenotipa spektru, kas svarstas no sievietes ar Térnera sindromu, viriska vai
sieviSka pseidohermafroditisma lidz normali attistitam virietim. Térnera sindromam raksturigas hromosomu anomalijas tika atrastas 236
pacientu limfocitu kulturas. 118 (50%) pacientiem kariotips bija 45,X. Monosomijas X mozaicisms vai struktliras izmainas X hromosoma
tika konstatetas 112 (47,4%) pacientiem ar Ternera sindromam tipiskam pazimé€m. Piecas 45,X/46,XY mozaikas proporcija XY klonam
vari€ja no 46% lidz 76%. Viena Te€rnera sindroma gadijuma atrada tikai 47,XYY S$tnu liniju (izmekl&jumi veikti tikai asins kultara).
Uzskata, ka vairuma 45,X/46,XY mozaicisma gadijumu célonis varétu bt Y hromosomas zudums neatieSanas dé] péc normalas disomiskas
apaugloSanas. NeatieSanu, iesp&jams, veicina Y hromosomas aberacijas un mikroanomalijas. Pargjiem pieciem pacientiem ar X/XY
hromosomu mozaicismu bija jaukta gonadu disgenéze (2), viri§kais pseidohemafroditisms (1), Pjéra Robina sindroms (1 virietis) un
normals virieSa fenotips (1). Diviem pacientiem, kuriem nebija Térnera sindroma, mozaicisms 45,X/46,XY/47,XYY, iesp€jams, izveidojas
sakara ar Y hromosomas neatieSanu, daloties primarajam klonam 46,XY; vienam pacientam bija dicentriska Y hromosoma. Tiek apskatita
lidziba starp Térnera sindromu ar 45,X/46,XY mozaicismu un Swyer sindromu. SRY géna mutacijas pie Térnera sindroma mozaicisma nav
atrastas, bet ir palielinata saslimstiba ar gonadoblastomu.
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