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Purpose: To search for X or Y chromosome mosaicism in 45,X individuals using fluorescent in situ hybridization

(FISH). Methods: From our series of 53 Ullrich-Turner syndrome patients, we used interphase FISH to evaluate the

19 who had an apparently nonmosaic 45,X karyotype with G-banding. Results: Of those 19 patients, mosaicism

was detected in seven (37%), five patients had an XX line, one had a monocentric isochromosome X, and one had

a dicentric isochromosome X. No Y chromosome mosaic was identified. Conclusion: FISH analysis is a sensitive

and cost-effective adjunct to karyotype analysis to identify sex chromosome mosaicism in UTS. Genet Med 2004:

6(3):132–135.
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The incidence of Ullrich-Turner syndrome (UTS) is ap-
proximately one in 3000 newborn girls and is associated with
an apparently nonmosaic 45,X karyotype in many of these pa-
tients.1 Fewer than 15% of UTS patients appear to have mosa-
icism with a 46,XY cell population or a Y chromosome rear-
rangement, and 30–50% are mosaic with a second X or a
structurally abnormal X. Up to 18% of patients have a small
marker chromosome in some cells, the origin of which can be
identified by FISH or other methods.2 Themosaic status of the
remaining UTS patients remains uncertain but of clinical in-
terest because if they do have cells with a Y chromosome, they
may have an increased risk of gonadoblastoma. The American
College of Medical Genetics recommends cytogenetic analysis
of 30 metaphase cells in cases studied to rule out sex chromo-
some mosaicism.3 This analysis can identify 10% mosaicism
with a confidence level of 95%, but a more sensitive level of
detection would require costly analysis of many more meta-
phase cells. PCR-based assays can be used to identify low-level
mosaicism but has limitations4–7 including a high rate of false-
positive results with nested PCR.8,9 In this study, we report the
results of karyotype and FISH analysis in 53 patients with
monosomy X or monosomy X mosaicism.

MATERIALS AND METHODS

Between January 1997 and August 2003, we studied 53 sam-
ples submitted for karyotype analysis based on phenotypic fea-
tures suggestive ofUTS inwhich the karyotype results included
a 45,X cell line. We excluded females suspected of having UTS
who had a nonmosaic 46,XX karyotype. Several blood samples

were sent to confirm a prenatal diagnosis of UTS were
included.
G-banded metaphase analysis from PHA-stimulated lym-

phocyte cultures was performed. Aminimum of 30metaphase
cells was analyzed in cases with a nonmosaic 45,X karyotype, or
a minimum of 20 metaphase cells when mosaicism was iden-
tified by the 20th cell.
FISH testing was performed on all 19 cases with an appar-

ently nonmosaic 45,X karyotype. Using centromere probes for
the X (DXZ1) and Y chromosomes (DYZ3) (Vysis, Inc.,
Downer’s Grove, IL), a minimum of 200 interphase cells were
scored. A male control was hybridized concurrently with each
sample and the intensity of the Y signal was used to discrimi-
nate between a true “Y” signal and an artifact signal. If the
initial analysis was equivocal (one cell with both X and Y sig-
nals), an additional 300 cells were analyzed. Cases demonstrat-
ing oneXX signal (of 200 cells) or oneXY signal (of� 500 cells)
were considered nonmosaic, whereas thosewith� 1%XXcells
were identified as true mosaics. If mosaicism was identified by
FISH in � 5% of cells, additional metaphase cells were ana-
lyzed to determine if the second X signal represented a struc-
turally normal X chromosome.

RESULTS

We reviewed our cytogenetic findings on 53 females with a
45,X karyotype as the sole abnormality or as part of a more
complex karyotype (Table 1). Nineteen patients (36%) re-
vealed a 45,X karyotype, 16 (36%) exhibited numerical mosa-
icism involving the X chromosome, four (7%) patients had an
isochromosomeX, two (4%) had a deletion of the short arm of
the X chromosome, and five (9%) had a ring X chromosome.
Mosaicismwith a structurally normal Y chromosomewas seen
in three (5%) cases, two (4%) patients had a dicentric Y, and
one (2%) case had mosaicism with a small marker chromo-
some that was determined by FISH analysis to be derived from
the Y chromosome. One (2%) patient showedmosaicism for a
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marker chromosome that was derived from neither the X nor Y
chromosomes.

The interphase FISH analysis identified chromosomal mo-
saicism in 7 of the 19 patients (37%) with an apparently non-
mosaic 45,X karyotype, using centromere probes for the X and
Y chromosomes (Table 2). None of the FISH studies revealed
the presence of a Y-derived chromosome. Cases no. 4, 6, 14, 17,
and 18 demonstrated a second cell line with two X chromo-
some signals. In the course of the interphase analysis of case no.
8, we identified metaphase cells with a normal X chromosome
and a monocentric isochromosome Xq (Fig. 1a). Case no. 7
showed a mixture of interphase cells with one and three X
chromosome signals, with two of the three X signals in close
proximity, suggesting the presence of a dicentric X chromo-
some (Fig. 1b). The abnormal chromosome was identified in 2
of 55 additional G-banded metaphase cells, and confirmed to
be a idic(X)(q22) (Fig. 1c). The FISH results for 12 of the 19
cases were uniformly monosomy X.

DISCUSSION

Because the phenotypic expression and clinical manage-
ment of patients with UTS is dependent upon the karyotype
result, identification of sex chromosome mosaicism plays a key
role in prognosis and treatment. Patients with a Y or Y-derived
chromosome identified by routine G-banding analysis have a
15–25% increased risk of developing gonadoblastoma. There-

fore, identification of low-level Y chromosome mosaicism is
potentially also clinically important.

A 45,X karyotype has been identified in roughly 50% of
UTS patients, with 15% showing mosaicism for a structur-
ally normal XX cell line, 20% with an isochromosome Xq,
10% with X/XY mosaicism, and the remainder with X or Y
rearrangements.1

FISH testing has been used as an adjunct to karyotype anal-
ysis in prenatal and postnatal analysis of samples with a 45,X
karyotype. In a study of 53 women, by Hanson et al.,10 FISH
identified a Y-derived chromosome in eight cases as compared
to six by cytogenetics, and X-chromosome mosaicism by FISH
in 37 cases versus 24 by karyotype analysis.

Using FISH analysis, Abulhasan et al.,11 confirmed karyo-
type results in 8 of 22 (36%) cases, identified a third cell line in
14 (64%) cases, determined the origin of five (23%) marker
chromosome as X-derived, and clarified a del(Y) in two (9%)
cases with a 45,X/46,XY karyotype. The identification of a non-
mosaic 45,X result in a prenatal sample requires clinical corre-
lation. In two cases, a 45,X karyotype result was reported and
ultrasound examination identified male genitalia. Reevaluation of

Table 1
Cytogenetic analysis data of 53 female patients with UTS and an abnormal

karyotype

Karyotype result No. patients % of patients % of 45,X cellsa

45,Xa 19 36

45,X/46,XX 10 18 6–60

45,X/46,XX/47,XXX 3 6 5–78

45,X/47,XXX 3 6 13–98

45,X/46,X,del(X)(p11.2) 1 2 3

45,X/46,X,del(X)(q21.1) 1 2 74

45,X/46,X,idict(X)(q25) 1 2 90

45,X/46,X,i(X)(q10) 3 5 20–60

45,X/46,X,r(X)(p22.3q23) 1 2 50

45,X/46,X,r(X)(p22.3q24) 1 2 60

45,X/46,X,r(X)(p11q11) 3 5 50–97

45,X/46,XY 2 4 10–80

45,X/46,XY/47,XYY 1 2 20

45,X/46,idic(Y)(q11.2) 2 4 10–63

45,X/46,X,r(Y) 1 2 98

45,X/46,X,�marb 1 2 96

aBased on a minimum of 30 metaphase cells.
bMarker was not X- or Y-derived based on FISH analysis.

Table 2
Interphase FISH analysis results for 19 patients with a 45,X G-banded

karyotypea

Case no.

X signals Y signals

1 2 3 1 2 3

1 200

2 200

3 200

4 200 10

5 600 1

6 200 2

7 200 19

8b 500 19 1

9 500

10 300 1

11 200

12 200

13 200

14 200 4

15 500

16 500 1

17 200 6

18 200 2

19 200 1

aCases with one cell having an XY signal (of 500–1000 cells) or one XX signal
(of 200 cells) were regarded as nonmosaic cases.
bFISH analysis revealed several metaphase cells with one normal X and one
isochromosome X.
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all available metaphases in both cases identified marker chromo-
somes that FISH analysis determined to be Y-derived.12

Two studies compared methods to identify sex chromosome
mosaicism in UTS patients but neither demonstrated that PCR
analysis identified XY mosaicism that would not have been
detected using karyotype and FISH analysis. Alvarez-Nava et
al.13 identified 4/52 patients with Y-chromosome material.
Two patients had a 45,X/46,XY karyotype, and one had a Y-
derived marker chromosome identified by FISH. Peripheral
blood analysis on the fourth patient identified a 45,X[50]
karyotype, but Y-sequences were evident by DNA analysis;
FISH analysis of gonadal tissue identified a Y-derived marker
chromosome that was confirmed by PCR testing. It is possible
that had FISH analysis been performed on the blood sample,
X/XY mosaicism could have been identified. In a study of 41
patients with Turner syndrome, FISH identified an XX cell
population in 4/16 patients who were initially identified as
having a nonmosaic 45,X karyotype.4 Two patients were found
to have Y chromosomal material by FISH and PCR studies; one
had a 45,X/46,XY karyotype and the other had a dic(Yp) that
was initially described as a der(X).

In a study comparing only cytogenetic analysis and PCR
studies, DYZ3 DNA sequences were apparent after the first
round of PCR in 4/122 patients,8 all four carried a marker
chromosome whose origin, in all likelihood, could have been
identified by FISH analysis. Analysis using nested PCR testing
identified Y-sequences in 25% of these patients and in 14/100
(14%) of the normal female controls. Although highly sensitive
in its approach, nested PCR is not a reliable method for analysis
in UTS patients. This high rate of false-positive detection could

lead to unnecessary surgery for some patients. In addition,
DNA testing requires another patient specimen once a karyo-
type result has been obtained. If a more thorough analysis is
required to exclude mosaicism, analysis of a second tissue type
using cytogenetics or FISH analysis may prove more
informative.

All of the PCR studies described included the use of the SRY
gene as one of the Y-markers, and although it is associated with
male gonadal dysfunction, the gene responsible for gonado-
blastoma has not yet been isolated. There is an increased risk of
gonadoblastoma only if pericentromeric fragments or the en-
tire Y chromosome are present, both of which can be identified
using a Y-centromere FISH probe.

We now use FISH analysis as an adjunct to cytogenetic anal-
ysis in cases where a 45,X karyotype is identified. Analysis using
X and Y centromere probes provides a sensitive, specific, rapid,
and informative means of identifying low level X and Y mosa-
icism in UTS patients. Analysis can be performed using the
same preparations used for cytogenetic analysis and most cy-
togenetics laboratories are equipped to perform FISH testing.
Although interphase analysis of 200 cells provides a confidence
level of 95% at detecting a cell line occurring at 2%, additional
cells may be scored if the results are equivocal.14 Analysis of 500
cells would theoretically identify 1% mosaicism with 0.99
confidence.

FISH analysis has allowed us to identify seven patients with
a sex chromosome mosaicism among 19 cases (37%) where
cytogenetics analysis yielded only a single 45,X cell line. We
regard the identification of a cell population with a second X
chromosome as sufficient to exclude, with a high degree of

Fig. 1. a, FISH using an X centromere probe (DXZ1). Arrows indicate normal X homolog and i(X)(q10). b, FISH using an X centromere probe (DXZ1). Arrows indicate two X signals
in close proximity suggestive of a dicentric X chromosome. c, Partial karyotype of normal X and dicentric X chromosomes.
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confidence, the presence of a Y-bearing cell population in that
patient. FISH analysis using X and Y probes can successfully
identify low level sex chromosome mosaicism in many patients
with a 45,X G-banded karyotype and when detected can play a
key role in patient care and management. Because 45,X/46,XX
females have a lower risk of gonadoblastoma and a more moder-
ate expression of Turner syndrome features, finding a second X
cell line aids in patient counseling and management. Of greater
clinical significance is the identification and follow-up when
X/XY mosaicism is confirmed. When used as an adjunct to con-
ventional cytogenetic analysis, FISH analysis using X and Y cen-
tromere probes provides a sensitive, cost-effective, and readily
available technique to identify sex chromosome mosaicism.
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