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ABSTRACT

Cytogenetic analysis may be unable to identify the marker chromosome of the mos

45,X/46,X,+mar karyotype in a Turner’'s syndrome (TS) patient.

It is reported that

approximately half of the unidentifiable markers occurring in TS are Y derivatives. This is a risk
factor of developing gonadoblastoma. Thus, it is crucial to know whether a patient has
Y- specific sequences. A rapid multiplex PCR-based method to detect X and Y-specific
sequences (X-alphoid and SRY sequences) in the same PCR reaction was developed. SRY
gene was detected in peripheral blood DNA of a TS patient and confirmed by Fluorescence In
Situ Hybridization (FISH). The patient underwent prophylactic laparoscopic gonadectomy.
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The chromosome aberrations associated with
40-50% of all Turner syndrome (TS) cases are
monosomy X (45,X). Some of the patients have a
variety of anomalies of the X chromosome including
mosaicism," which is the presence of at least two
karyotypically distinct cell types arising from one
zygote. The prognosis of a TS patient varies
depending on the type of karyotype. The most
important considerations are high risk of developing
gonadoblastoma or other gonadal tumors, and

VOL. 12, NO. 2, JUNE 2000

Turner’s syndrome, Molecular analysis, Marker chromosome, SRY gene,

virilization at puberty if Y or a portion of Y chromosome
is present.® Individuals at risk for gonadoblastoma are
usually advised to undergo prophylactic gonadectomy;,
or at least gonadal examination via laparoscopy.® The
percentage of mosaicism with cell line containing a
noimal or abnormal Y chromosome in TS has been
estimated to be 5.5% using cytogenetic analysis which
may miss to detect Y-derived marker chromosome.®
Interestingly, approximately half of the unidentifiable
marker chromosomes that occur in TS patients are Y
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derivatives.®® Recently, molecular biological studies
have contributed to elucidating the unidentifiable
marker chromosome by cytogenetic analysis.” More
sensitive multiplex polymerase chain reaction (PCR)
based method to detect Y-specific sequences, SRY
gene, have been developed for TS patients.(®9
Moreover, the combined application of cytogenetic,
molecular cytogenetic, Fluorescent In Situ Hybridiza-
tion (FISH) and PCR technique significantly improved
the precision of marker chromosome identification in
patients with TS.(9 In this case report we identify the
marker chromosome in 45,X/46,X,+mar mosaic patient
using PCR of SRY gene and confirm the result using
FISH.

Case report

The patient was an 18 year old phenotypically
female. She first visited the Gynecologic Endocrino-
logy Clinic at Siriraj Hospital, Mahidol University in early
1999 due to primary amenorrhea and underdeveloped
breasts. She frequently had headache and had no
sexual activity. Physical examination revealed a good
general condition, with the height of 140.5 cm, span of
144 cm, and weight of 38 kg. Gynecologic examina-
tion showed Tanner stage I-1l of breasts without pubic
and axillary hair. Normal clitoris, hymen, vagina with a
small size of cervix and unpalpable uterus were
identified. Hormonal tests showed a very high serum
level of FSH (112.15 mIU/ml) with a slightly elevated
serum level of LH (10.82 miIU/ml).

Cytogenetic examination

Karyotype analysis of peripheral blood was
performed by standard cytogenetic techniques.
Metaphase chromosomes preparing from PHA
stimulated peripheral blood lymphocytes were subse-
quently examined by G-, Q- and C- banding techniques,
respectively. At least 50 metaphase cells were
examined for each banding technique.

DNA analysis of SRY gene by PCR
Genomic DNA was isolated from 5 ml peripheral
blood sample in EDTA including normal male and
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female controls using standard technique.™ The
concentration of DNA was measured using a
spectrophotometer. The SRY gene and centromeric
alphoid repeat fragment of X chromosome were
amplified using multiplex PCR. The primers used for
the detection of SRY gene were the same as the ones
described by Berta et al.?; Xes7: 5CCC GAA TTC
GAC AAT GCAATC ATATGC TTC TGC3' and Xes2:
5CTG TAG CGG TCC CGT TGC TGC GGT G3'. The
PCR product of 609 base pairs was expected from
this pair of primer. The primers for X-centromeric
alphoid repeat sequences were; X1: 5’AAT CAT CAA
ATG GAG ATT TG3 and X2: 5GTT CAG CTC TGT
GAG TGA AA3’ which were described by Witt et al.(*¥
The PCR product of 130 base pairs was expected from
this pair of primer.  Multiplex PCR amplification was
performed with 50-100 ng of genomic DNA, 200 mM of
each dNTP, 10 pmol of each primer (X1, X2, Xes2 and
Xes7), 1.5 mM MgCl,, 10 mM Tris (pH 8.3), 50 mM
KCI, 1.25 u of Tag DNA polymerase in a total volume of
25 ul. The mixture was heated to 94°C for 5 min then
the reaction was cycled for 20 sec at 94°C, 10 sec at
55°C and 50 sec at 72°C for 35 cycles. The extension
step after the last cycle was at 72°C for 7 min.
Amplification products were electrophoresed in 2%
agarose gel with high molecular weight marker
(100 bp ladder DNA) and analysed under a UV
transluminator after staining with ethidium bromide.
DNA from a 46,XY normal male and a 46,XX normal
female were used as controls.

Fluorescent In Situ Hybridization (FISH)
FISH was performed on cultured lymphocytes
of this patient to confirm the presence of a Y-bearing
cell line. The CEP X spectrum green probe containing
alpha satellite DNA sequences which is complemen-
tary to the DXZ1 locus at the centromeric region of
chromosome X (Xp11.1-g11.1) was used for the
identification of X chromosome. Whereas CEP Y
spectrum orange probe containing alpha satellite DNA
sequences which is complementary to the DYZ3 locus
at the centromeric region of chromosome Y (Yp11.1-
q11.1) was used to identify Y chromosome. The
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hybridization procedure was performed as described
by TriGen Kit (AneuVysion, Vysis). Hybridization
signals were scored both in metaphase spread and
interphase nuclei (100 cells in total).

Results
Cytogenetic examination

Chromosomal examination of this patient
demonstrated mosaicism of the 45,X/46,X,+mar in
50:50 ratio of 100 metaphase cells from G-banding.
The marker chromosome looked like chromosome #16
or partial X (Fig 1A). For Q- banding technique, the
marker showed a moderately brilliant fluorescent
signal at both terminal portions. The signal of one
terminal is bigger than the other (Fig 1B). C- banding
karyotype also showed the more dense staining at both
terminal regions (data not shown). Structural
anomalies were not observed in the autosomes.
However, the patient’s parent chromosomes were not
available for investigation.

DNA analysis by PCR of SRY gene

This multiplex amplification showed SRY gene
and X-centromeric alphoid repeat sequences in one
PCR tube as two distinct bands (609 and 130 bp) in
normal male DNA. While the amplification of normal
female DNA showed only the 130 bp band. The PCR
products of DNA from this patient showed both bands
of SRY gene (609 bp) and X- centromeric alphoid
repeat sequences (130 bp) (Fig 2). PCR analysis
indicated that the peripheral blood DNA of this patient
has the region encompassing the SRY gene. Several
precautions were taken to avoid false positive results.
A female operator, making sample contamination with
male cell less likely, performed all reactions, including
DNA extraction. Pre- and post- PCR workspaces were
strictly separated so that carrying over of amplified DNA
sequences to new PCR reactions was prevented.

FISH

Fluorescent in situ hybridization was processed
to confirm the presence of Y chromosome material in
the marker chromosome which a routine cytogenetic
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Fig. 1. Pattern of the marker chromosome from PHA
stimulated lymphocyte of the patient. (A), represent
G-banding technique (arrowhead). (B), represent Q-
banding technique (arrowhead).

Fig. 2. Agarose gel electrophoresis of the multiplex
PCR products using SRY and X-alphoid sequence
primers. The 609-bp (arrowhead) and 130 (arrowhead)
indicated the present of SRY and X-alphoid products,
respectively. Lane M = marker DNA 100 bp ladder,
lane 1 = 1st collected patient DNA, lane 2 = 2nd
collected patient DNA, lane 3 = normal male DNA, lane
4 = normal female DNA, lane 5 = negative control.
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method, G- banding technique, had failed to identify
the origin of the marker fragment. A brilliant orange
signal obtained with DYZ3 was located near the center
of the marker chromosome with a brilliant green signal
represented X chromosome was detected in
metaphase cell. The final report of the result was 45,X/
46,XY with the ratio of 56%: 44% (Fig. 3).

B.

Fig. 3. Sex chromosome identification by using
Fluorescence In Situ Hybridization with centromeric
probes specific for X and Y chromosomes. CEP Y
probe complemented at the centromeric region of Y
chromosome. CEP X probe complemented at the
centromeric region of X chromosome. (A), represent
the signal of CEP Y that indicated on the marker
chromosome and CEP X that indicated on normal X
chromosome in metaphase cell. (B), represent the
signal of CEP Y and CEP X in interphase cell.
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Discussion

A marker chromosome is a structurally
abnormal chromosome which cannot be identified by
conventional cytogenetic analysis, G-banding.
Detection of Y mosaicism in TS is a crucial clinical
importance because the presence of SRY gene or Y
chromosome is a risk factor of developing
gonadoblastoma or other gonadal tumor. The relation-
ship between development of gonadoblastoma,
dysgenetic gonad and the presence of Y chromosome
sequences is well known. (1415

Investigation of Y chromosome sequences
using PCR has been strongly recommended in all TS
patients with evidence of virilization or when a
chromosome marker of undetermined origin is
found.("®™ Rapid further investigation to identify the
marker chromosome in this patient is the important
reason for this multiplex PCR setting. A rapid PCR
method for Y chromosomal DNA detection in blood
sample has been reported.('?

PCR of SRY gene, located on Yp11.23,"® was
used to screen Y derived sequences in TS patient.
From a previuos report, PCR would provide only one
fragment of SRY in a normal control male sample and
provide no fragment in a normal control female
sample.(™® In this study , we had developed a multiplex
PCR reaction for both fragments of SRY gene and
X-chromosome in one PCR reaction using SRY
fragment (609 bp) as a representing part of Yp
chromosome and centromeric region of X-
chromosome fragment (130 bp) as an internal control.
This reaction was proved to work perfectly for control
DNA samples. Thus, this multiplex PCR was applied
to the patient’s peripheral blood DNA and successfully
amplified two positive bands. The result was confirmed
by recalling the patient to collect another blood sample
for repeating the analysis. Subsequent multiplex PCR
amplification again yielded the same results. The
marker chromosome in TS patient with mos 45,X/
46,X,+mar or 46,X,+mar only was previously reported
to be derived from either X or Y chromosome. 629 |n
this case, because PCR of SRY gene was positive,
marker chromosome was subsequently analyzed by
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Q- and C- banding techniques and FISH. Marker chro-
mosome of this patient was an abnormal Y chromo-
some for the following reasons: 1) it contained SRY
gene 2) FISH analysis using CEP Y (Y11.1-q11.1) as a
probe showed a single centromere, 3) Q- and C-
banding techniques showed heterochromatin signals
at both terminals of the marker chromosome. We were
not able to identify the exact breakpoint of the
abnormal Y chromosome in this patient.

Six months later the patient underwent
prophylactic laparoscopic gonadectomy, removal of
streak gonads. Histological study showed a focal area
of seminiferious tubule in the left streak gonad
(22x5x15 mm) but no seminiferious tubule in the right
streak gonad (@2x2x15 mm). No sign of malignancy
was detected in both gonadal tissues.

In summary, a sophisticated molecular genetic
technique, FISH, can eventually disclose the origin of
the marker chromosome in this TS patient. However a
new rapid, save and sensitive multiplex PCR
developed in our laboratory could be utilized for
screening the patients at risk before applying the
more specific but much more expensive technique as
FISH. In fact, PCR is reported to be more sensitive
and it can detect Y-chromosome material in as small
cell number as 1 of 1000 peripheral blood cells.® Thus,
this multiplex PCR amplification of SRY gene and
X-alphoid sequences is useful for detection of the

hidden sequences of Y-chromosome in patients with

normal karyotype. This method can also be applied
for both prenatal and postnatal diagnosis of fetal
sexing.
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