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Abstract

Although monosomy X is the most common karyotype in patients with Turner Syndrome,
presence of Y chromosome material has been observed in about 10% of patients. Y chromosome
material in patients with Turner syndrome poses an increased risk of gonadoblastoma and
malignant transformation. We report a woman with a diagnosis of Turner syndrome at 12yo,
without signs of virilization, and karyotype reported as 46,X,del(X)(g13). At 26yo, cytogenetic
studies indicated the patient to be mosaic for monosomy X and a cell line that contained a
duplicated Yq chromosome. Bilateral gonadectomy was performed and revealed streak gonads,
without evidence of gonadoblastoma. Histological analysis showed ovarian stromal cells with few
primordial tubal structures. FISH performed on streak gonadal tissue showed a heterogeneous
distribution of SRY, with exclusive localization to the primordial tubal structures. DNA extraction
from the gonadal tissue showed a 6.5% prevalence of SRY by microarray analysis, contrasting the
86% prevalence in the peripheral blood sample. This indicates that the overall gonadal sex appears
to be determined by the majority gonosome complement in gonadal tissue in cases of sex
chromosome mosaicism. This case also raises questions regarding malignancy risk associated with
Y prevalence and tubal structures in gonadal tissue.
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Background

Turner syndrome is a common chromosome abnormality occurring in approximately 1:2000
live female births [1]. The clinical features are highly variable and can be confirmed by
chromosome analysis, which usually demonstrates complete or mosaic monosomy of the X
chromosome. Although haploinsufficiency due to monosomy X is the most common
karyotype found in Turner syndrome (50-60%), other structural abnormalities in the X
chromosome, such as ring chromosomes, isochromosomes of the long arm, and deletion of
the short arm have been reported [2] [3]. Additionally, there have been reports of a Y cell
line in about 10% of patients [4], as well as complex karyotypes with derivative X
chromosome material [2].

The presence of a Y chromosome material in patients with Turner Syndrome is of integral
importance as it increases the risk of developing a gonadoblastoma, with an estimated risk of
7-10% [5]. However, Y chromosome material is not always evident by standard karyotype
analysis, and may require further study using the newer cytogenomic techniques such as
FISH and chromosomal microarray. Testing for Y chromosome material is suggested for
patients who have signs of virilization, or if a marker chromosome is found on karyotype
[6]. Here we report a case of a young woman with Turner Syndrome. Detailed genetic
analysis demonstrated mosaicism with the majority of cells showing a duplicated Yq
chromosome and the minority of cells showing monosomy X. Y chromosome material was
also found in the gonads, exclusively localized to primitive tubal cells, although there were
no signs of phenotypic virilization.

Case Presentation

The patient is a 26 year old woman of Ashkenazi descent diagnosed clinically with Turner
syndrome at age 12. She was born full term with no complications to a G1P0 mother. She
had never been hospitalized and had no medical issues at time of presentation.

Karyotype analysis was performed at age 12 by a commercial laboratory and was reported as
46,X,del(X)(g13). A pelvic ultrasound was performed showing small ovaries and a uterus.
She was also found to have aortic insufficiency and a bicuspid valve. She received treatment
with growth hormone starting at age 12 until age 16, and underwent induction of puberty
with oral estrogen supplementation at age 18.

At age 26, physical exam showed height of 155.4cm, weight 120kg. She had normal chest
shape, with Tanner V breasts and pubic hair. No evidence of clitoral enlargement or
posterior labial adhesions were noted. Vaginal mucosa was estrogenized. Extremities were
notable for scooped nails, short broad thumb, and short 4™ and 5t toes. She was referred to
a reproductive endocrinology program for fertility workup and hormone replacement
therapy. At that time, cytogenetic testing was repeated and included karyotype and FISH
analysis. Cytogenetic analysis revealed an abnormal mosaic karyotype with approximately
12% of cells showing Monosomy X (45,X) and the majority of cells (88%) showing a male
genetic constitution with the Y chromosome containing a duplication of the entire
euchromatic region of the long arm (46,X,dup(Y)(q.11.21911.23) (Figure 1). The level of

Horm Res Paediatr. Author manuscript; available in PMC 2018 June 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Baer et al.

Page 3

mosaicism was estimated from both G-banded and FISH studies which included a total of
250 cells analyzed.

Chromosomal SNP microarray analysis was also performed with 2,696,550 probe targets
and revealed arr[7] (X)x1,Yp11.31p11.2(2,650,141-10,073,965)x1[8],Yq11.21g11.23
(13,800,734-28,799,937)x2[9] (Figure 2a). This was interpreted together with the karyotype
results as an estimated 14% mosaic loss of the Y chromosome, with Y chromosomal
material present in 86% of the cells, with a duplication of the entire long arm euchromatic
region from positions 13,800,734-28,799,937.This genetic constitution is equivalent to the
45,X/46,X,dup(Y)(g11.21911.23) karyotype reported by standard G-band analysis.

Pelvic MRI showed a small uterus, and the ovaries could not be definitively identified.

Due to the risk for gonadoblastoma, the patient underwent bilateral gonadectomy. Gross
pathology showed right and left fallopian tubes with streak gonads. Dissection revealed
ovarian stromal cells with conspicuous nuclei and scanty cytoplasm with few primordial
tubal structures and calcification (Figure 3). No evidence of gonadoblastoma was seen.

FISH using probes specific for the centromere of the X chromosome and the SRY region of
the Y chromosome was performed on streak gonads and showed a heterogeneous
distribution of SRY, localized exclusively to the areas with tubular remnants. SRY was
absent in all ovarian stromal cells which showed the presence of only one X chromosome
(Figure 4). Chromosomal microarray analysis performed on DNA extracted from gonadal
tissue paraffin sections showed approximately 6.5% prevalence of the Y material (Figure
2b). The 46,X,dup(Y)(q11.21q11.23) cells thus appeared to be contained exclusively within
the tubular tissue while the 45,X cells were isolated to the stromal tissue.

Discussion

Multiple studies have shown the presence of previously undetected Y chromosome material
in patients with Turner syndromes [4] [10] [11] [12]. One study in Denmark found that 14 of
114 women, mean age 27 +/- 13, with Turner syndrome confirmed by karyotype were found
to have Y chromosomal material on repeat genetic testing with PCR, 7 of whom did not
have the Y material identified on original karyotyping [5]. Similar findings have been shown
in Korean [13], Brazilian[10] and Hungarian [14] populations. Some studies have proposed
that all patients with Turner syndrome and 45,X karyotypes carry a second chromosomal
cell line, difficult to detect with standard testing [15]. In some cases, due to a low percentage
of mosaicism, this may be due to an insufficient number of cells having been tested, or an
insufficient number of tissues having been sampled. In our patient, despite the high
percentage of Y chromosome material found in the peripheral sample (86%), the duplicated
Y cell line was mistakenly identified as a deleted X chromosome on the initial karyotype
analysis, and reported as 46,X,del(X)q13. Standard karyotyping is not always the best way
to identify cryptic Y chromosome material, and observation of any structural aberration of
the sex chromosomes should therefore be followed with molecular cytogenetic investigation
such as FISH and/or an array based diagnostic. Although microarray is not the gold standard
under current clinical practice guidelines, given the discrepancy of the original karyotype in
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this case, microarray was performed to delineate the breakpoints, and rule out any cryptic
complexity.

It is important to accurately identify the precise Turner karyotype as it correlates with the
severity of the Turner phenotype and specific sequelae [2]. For example, haploinsufficiency
of genes on the long arm of the X chromosome is associated with gonadal dysgenesis, while
patients with a deletion of the short arm usually have normal ovarian function [16].
Similarly, identifying a Y-chromosome line in a patient with Turner syndrome is important
due to the risk of gonadoblastoma, estimated to be about 7-10% [5]. Gonadoblastoma is an
in situ germ cell neoplasm, associated with an increased risk of developing invasive
malignant germ cell tumors. These tumors are found in more than 30% of patients with XY
gonadal dysgenesis and in 15-20% of those with mixed X/XY gonadal dysgenesis [11] [17].
Conventional karyotype analysis may not reveal such findings, putting the patient at risk for
malignant transformation if missed. PCR and FISH analysis may reveal information that is
not discernable by conventional karyotyping, and as suggested by newer studies, should be
used for enhanced screening of patients with Turner syndrome, particularly in those with
marker chromosomes and even in those without signs of virilization [18] [11] [10] [4].

FISH for SRY alone however is not always adequate, and an array based diagnostic should
strongly be considered. Although SRY is important for other aspects of sexual
differentiation, the SRY region of the Y chromosome has been found lacking in many
patients with gonadoblastoma [19]. More recent literature suggests that FISH studies on
patients with Turner syndrome should include probes that specifically target the SRY, TSPY,
and DYZ3 gene regions to more adequately assess for the presence of cryptic Y
chromosome material [7] [8] [9] [20]. In the present case, since the microarray analysis
revealed that all regions of the Y chromosome were present in the dup(Y)(q11.21q11.23)
cell line, the SRY probe was used as a marker for the presence of the aberrant Y
chromosome.

Mizuno and colleagues [21] reported a case of mixed gonadal dysgenesis (45,X/46,XY) in a
phenotypic male whose right sided streak gonad was negative for SRY despite SRY presence
in the peripheral sample. Conversely, Bisat and colleagues [22] reported a case in which Y
chromosome material was discovered in the gonad but was absent in the peripheral sample
of a girl with Turner syndrome and virilization. Identifying Y chromosome material in the
peripheral blood therefore does not necessarily predict its presence in gonadal tissue [23],
and cannot be used as a proxy for gonadal prevalence. Our phenotypically female subject
had an 86% prevalence of Y chromosome material in the peripheral blood and only a 6.5%
prevalence in the gonadal tissue, verifying that mosaic distribution differs between tissues.
Guedes [23] reported a similar case of a woman with 45,X/46,X,idic(Yp) mosaicism who
had a 97% Y chromosome prevalence in her peripheral lymphocytes, but only a 40%
prevalence in the streak gonads.

Alvarez-Nava and colleagues [24] reported 3 subjects with the same karyotype, 45,X/46,X,
+mar (Y) but 3 distinct phenotypic presentations. It was the gonosomal karyotype found in
the majority of cells in the gonadal tissue that was correlated with the patients’ phenotypic
characteristics. Mazzanti and colleagues [11] reported 5 cases of gonadectomized Turner
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patients in which Y chromosome prevalence was lower in the gonadal tissue than in the
blood. Identifying the prevalent gonosome karyotype is important, considering that it
appears to influence phenotypic presentation [23] [25] [26], and also likely impacts the risk
of malignancy [27] [17]. However, until the gonadal prevalence of Y chromosome material
can be directly correlated with risk of malignancy, current management of such cases with
prophylactic gonadectomy is most prudent.

Streak gonads are a type of dysgenetic gonad characterized primarily by ovarian stroma
without sex cord or germ cell elements, though there may also be presence of other cellular
types, such as rete structures [28]. In cases of Turner syndrome where there is evidence of Y
chromosome material, streak gonads may also contain tubular structures indicative of
potential testes [29] in addition to gonadoblastoma nests. Microscopic analysis of the streak
gonads in our subject contained sheets of ovarian stroma along with areas showing tubule
histology. The distribution of SRY in the gonadal sample correlated exclusively with the
areas containing these tubal cells, while the areas with ovarian stroma showed the 45,X
karyotype. A similar distribution was reported by Salas Cortes [30] in patients with 46,XY
pure gonadal dysgenesis. In the streak gonads of these patients, SRY was found in the nuclei
of the rete and tubular cells. It has also been reported that there is a higher prevalence of Y
chromosome material in gonadoblastoma cells as compared with the surrounding non tumor
cells [31], perhaps suggesting an association between Y chromosomal distribution or
concentration and malignancy risk. It is also interesting that in our subject, evidence of tubal
formation was seen in the streak gonad despite only a 6.5% prevalence of Y material. As we
cannot currently use Y prevalence and distribution in the gonad, or the mere presence of
tubal structures, to predict specific risk of developing gonadoblastoma and malignant
transformation, we felt that gonadectomy in this patient was certainly justified, and the most
prudent course of management. Whether this pattern of expression confers risk of
malignancy is unclear and further investigation in this area is warranted.
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Established facts

. Although monosomy X is the most common karyotype in Turner Syndrome,
Y chromosome material has been reported in about 10% of patients.

. The presence of Y chromosome material confers a risk of gonadoblastoma.

. Gonadoblastoma cells contain a high prevalence of Y chromosome material.
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Novel Insights

. FISH and/or microarray based studies should be considered for any patient
with a structurally abnormal X chromosome, despite absence of virilization.

. Y prevalence may differ significantly in peripheral blood and gonadal tissue

. The gonosomal complement that makes up the majority of cells in gonadal
tissue determines sexual phenotypic presentation

. When Y chromosome material is present in the gonadal tissue of a woman
with Turner syndrome, it is likely to localize exclusively in tubal structures in
the gonad and be absent from any ovarian stroma that is present.

. Tubal structures may be present in the gonad despite a relatively low
prevalence of Y chromosome material within the tissue itself.
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Figure 2.

Chromosome microarray analysis results. The region that is duplicated on the long arm of
the Y chromosome is indicated by the blue bar in the ideogram on the left. [A] Chromosome
microarray analysis performed on DNA extracted from peripheral blood showed an 86%
prevalence of Y chromosome material with a duplication of the entire euchromatic region of
the the long arm (blue bar). The duplication is identified by the higher Log2 ratio observed
for probes in the long arm compared to those in the short arm as seen in the Log2 Ratio
panel. [B] Chromosome microarray analysis performed on DNA extracted from gonadal
tissue paraffin sections showed the same duplicated Y chromosome but at a 6.5%
prevalence. The Log? ratios in panel B are distinctly diminished compared to panel A,
indicating a very low presence of Y-chromosomal material. However, the Log?2 ratio in the
long arm remains noticeably increased over the short arm, representing the same structural Y
chromosome as seen in peripheral blood but at a much lower prevalence. The allele
difference panels indicates the genotype for each SNP probe. For normal copy number of 2,
there are only 3 possible SNP combinations, AA, AB and BB which are plotted on the allele
difference graph. When there is a single copy of a region (copy number of 1), the genotype
options are either A or B and thus only two distinct tracks are visible on the allele difference
graph. When the same region is duplicated, as in the long arm of the Y chromosome, there
remains only 2 genotypes but they are represented as AA and BB. The smooth signal copy
number panels indicate the exact copy number of each probe. This panel is helpful in
identifying mosaicism which is evident when the smooth signal for multiple consecutive
probes lies between an integer, e.g. between 1 and 2. The level of mosaicism in peripheral

blood is markedly higher compared to that observed in gonadal tissue.
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Figure 3.
Microscopic dissection of streak gonadal tissue. Tubal structures at top left (red oval) with

wavy ovarian stroma at bottom right (red triangle).
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Figure 4.
FISH using probes for the centromere of the X chromosome (green) and the SRY region on

the short arm of the Y chromosome (red). SRY is present only in the tubal structures (left
panel) while the ovarian stroma contains a single X chromosome with no SRY (right panel).
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