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ESTIMATES OF SPERM SEX CHROMOSOME ANEUPLOIDY RATES BY
FLUORESCENCE /N S/TU HYBRIDIZATION IN LOW LEVEL 47,

XXY MOSAICISM

Meral YIRMIBES KARAOGUZ', Ece KONAC? Ahmet ERDEM?, Mehmet ERDEM?

Klinefelter syndrome was the first human sex chromosomal abnormality
to be reported, and close to 15% are mosaic cases, usually with two cell
lines (47,XXY and 46,XY) and rarely with further cell lines. In this report,
an infertile patient with low level 47,XXY and 46,XY mosaicism (4%
by GTG banding) is presented. This mosaicism was confirmed by fluo-
rescence in situ hybridization in lymphocyte nuclei and in sperm nuclei,
4.2% and 6.9%, respectively. In conclusion, for accurate genetic counse-
ling concerning probands’ fertility and estimated karyotypes of their offs-
pring, fluorescence in situ hybridization is recommended in addition to
conventional techniques in mosaic Klinefelter syndrome patients.
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DUSUK ORANDA 47,XXY MOZAISIZMINDE, FLORESAN /N
SITU HIBRIDIiZASYON TEKNiGi KULLANILARAK SPERM
CINSIYET KROMOZOMU ANOPLOIDi ORANININ TAHMINi

Insanda ilk tanimlanan cinsiyet kromozomu anomalisi olan Klinefelter
sendromunun yaklasik % 15’1 mozaik olgulardir ki bunlar nadiren diger
formlarda olmakla beraber, siklikla 47, XXY ve 46, XY hiicre dizilerine
sahiptir.

Bu ¢aligmada, diisiik oranda 47,XXY/46,XY mozaik (GTG ile %4 oranin-
da) infertil bir olgu sunumu yapilmaktadir. Belirlenen mozaisizm lenfosit
hiicrelerinde (%4.2) ve sperm niikleuslarinda (%6.9) floresan in situ tek-
nigi ile dogrulanmistir. Sonug olarak, mozaik Klinefelter Sendromlu has-
talarda, hastanin ne oranda fertil olabilecegi ve sonraki kusaklarn tahmini
karyotiplerini genetik danismada dogru olarak yorumlayabilmek igin,
konvansiyonel tekniklerin yanisira floresan in situ hibridizasyon teknigi
de 6nerilmektedir.

Anahtar Kelimeler: Anoploidi, Mozaik Klinefelter Sendromu, Sperm
FISH.
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INTRODUCTION

Klinefelter syndrome is a numeric sex chromosome aberration,
occurring 1 in 500 male births. About 15% of patients are mosaic
and mostly present a 47, XXY and 46, XY karyotype (1). In mo-
saic forms, the severity of the syndrome is supposed to increase in
parallel with the proportion of the abnormal cell population (2).
Most individuals with mosaic Klinefelter syndrome are infertile
2.

In this report, we describe a secondary infertile patient with a
low level mosaic Klinefelter syndrome. Besides the use of conven-
tional cytogenetic and fluorescence in situ hybridization (FISH) in
the lymphocytes, mature sperms from a semen sample were exa-
mined by two color FISH.

CASE REPORT

The patient was a 38-year-old married man with a 4-year his-
tory of secondary infertility. His mother was 26 years old and his
father was 45 years old when he was born. A clinical investigation
revealed a normal-sized penis and testes, with normal masculine
pubic and axillary hair, no gynecomastia, average height (178 cm)
and weight (78 kg), and no clinical signs of osteoporosis. His phe-
notypically healthy wife was 30 years old and her first pregnancy
(4 years before) terminated with spontaneous abortion in the 10th
week of gestation. There were no further analyses performed after
the termination of this pregnancy. Her gynecological examination
was normal.

The seminal fluid volume was 3.0 ml with a concentration of
17.0 M/ml. Semen analysis showing < 1x10° sperm/ml with ove-
rall motility of 42% was concordant with oligospermia. Endocrine
studies showed normal free testosterone (17.1 pg/ml, range; 8.69-
54.09 pg/ml), FSH (5.37 mIU/ml, range 1.37-13.58 mIU/ml), LH
(2.57 mIU/ml, range 1.26-10.05 mIU/ml) and PRL (11.7 ng/ml,
range 0.00-18.00 ng/ml).

Cytogenetic Analysis

Cytogenetic studies were performed on peripheral blood cells,
after 72-hour culture with phytohemaglutinin stimulation in the
proband and in his wife. Chromosomal analysis of 75 metaphase
spreads using GTG-banding revealed low level 47,XXY mosai-
cism (representing 3 metaphases or 4% of the total cell population)
in the proband (Fig. 1a, 1b). Seventy-two metaphase spreads reve-
aled a 46,XY karyotype. His wife’s karyotype was normal.

FISH analysis

FISH was performed as an adjunct to conventional cytogene-
tics using the X/Y dual-color probe (Cytocell Product Catelogie
2001-2002) by the slighty modified procedue of verma and Babu
(3). FISH analysis of 542 lymphocytes nuclei revealed that 23
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Fig 1(a): GTG-banded karyotype of the patient, illustrating a 47, XXY
karyotype.

Fig 2: Two-color fluorescence in situ hybridization with X-specific
(green) and Y-specific (red) DNA probes: XXY in one interphase
nucleus and XY in two interphase nuclei.
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Fig 1(b): GTG-banded karyotype of the patient, illustrating a 46, XY
karyotype.

cells (4.2%) were positive for two X chromosome signals and
one Y chromosome signal, whereas 519 cells (95.8%) were
positive for one X signal and one Y signal, consistent with
the findings of the GTG-banding study (Fig. 2). In addition
to FISH in lymphocytes, the FISH study in sperm nuclei de-
monstrated the presence of approximately the same level of
XY disomy, manifested as 35 cells (6.9%; a total of 506 sperm
nuclei were scored) with one X signal and one Y signal (Fig.
3a). XX disomy was not evaluated in this study, as only 2 ma-
ture sperm cells revealed two X signals. Moreover, 252 sperm
nuclei were positive for only one X signal and 219 sperm
nuclei were positive for only one Y signal, 49.8% and 43.3%,
respectively (Fig. 3b).

DISCUSSION

In low level 47,XXY mosaicism, it is recommended in the
first step to analyze at least 50 cells by G- or R-banding to
avoid false positive results due to the missing of chromosomes
at the time of spreading and false negative results due to a
very low level mosaicism (4). Second, two-color or three-co-
lor FISH analysis of different materials of the proband should
be applied to evaluate the correct level of mosaicism as an

Fig 3(a): Two-color fluorescence in situ hybridization with X-speci-
fic (green) and Y-specific (red) DNA probes on mature sperm of the
patient: XY disomic sperm (one green signal, one red signal).

Fig 3(b): Two-color fluorescence in situ hybridization with X-speci-
fic (green) and Y-specific (red) DNA probes on mature sperm of the
patient: one normal X-bearing sperm cell and one normal Y-bearing
sperm cell.
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adjunct to conventional cytogenetic analysis (2, 5, 6). In our
case, 75 metaphase spreads by GTG-banding were analyzed
and X/Y dual FISH was performed on lymphocyte and sperm
nuclei. In most previous studies, FISH is considered a speci-
fic and sensitive technique to confirm aneuploidies (mosaic or
not) (2, 4-6).

At the cytogenetic level, patients with mosaic Klinefelter’s
syndrome seem to have less features and may be fertile as the
presence of spermatogenesis is related to the normal 46,XY
germ cells and Sertoli cells proceeding through meiosis rather
than 47,XXY cells (7, 8). The screening of ejaculated sperma-
tozoa usually yields aneuploidy rates of 0.1%-1.0% in normal
fertile men, with the frequency of sperm aneuploidy in the
mosaic ones varying from 1.5% to 7%, which was somewhat
concordant with ours (6.9%) (2, 3, 9, 10). In our case, the low
level of aneuploidy in GTG and FISH in lymphocyte nuclei
could be accompanying similar ratios of sperm nuclei, 4%,
4.2% and 6.9%, respectively.

In conclusion, performing different techniques on different
tissues is important in every mosaic Klinefelter case (even in
low or high level mosaic ones) in order to accurately estimate
the frequency of abnormal cells and for accurate risk estima-
tion and genetic counseling of the probands and their offs-

pring.

Correspondence Address

Meral Yirmibes Karaoguz, M.D, Ph.D
Department of Medical Genetics

Gazi University Faculty of Medicine
Begevler, 06500, Ankara, TURKEY
Phone: 312 202 46 44

Fax: 312202 46 35

E-mail: meral25@yahoo.com
karaoguz(@gazi.edu.tr

54  Karaoguz ve Arkadaslar:

REFERENCES

1.

Nussbaum RL, Mclnnes RR, Willard HF (eds): Thompson &
Thompson Genetics in Medicine, 6th edn. Philadelphia: W. B. Saun-
ders Company, 2001;157-179.

Kruse R, Guttenbach M, Schartmann B, Schubert R, van der Ven H,
Schmid M, Propping P. Genetic counseling in a patient with XXY/
XXXY/XY mosaic Klinefelter’s syndrome: estimate of sex chromo-
some aberrations in sperm before intracytoplasmic sperm injection.
Fertil Steril 1998; 69: 482-485.

Martin R, Ko E. Fluorescence in situ hybridization in human sperm.
In: Verma RS, Babu A (eds): Human chromosomes: principles and
techniques, 2" edn. New York: McGraw-Hill, Inc., 1995; 223-231.

Abdelmoula NB, Amouri A, Portnoi MF, Saad A, Boudawara T,
Mhiri MN, Bahloul A, Rebai T. Cytogenetics and fluorescence in
situ hybridization assessment of sex-chromosome mosaicism in
Klinefelter’s syndrome. Ann Genet 2004; 47: 163-175.

Lim AS, Fong Y, Yu SL. Estimates of sperm sex chromosome di-
somy and diploidy rates in a 47,XXY and 46,XY mosaic Klinefelter
patient. Hum Genet 1999; 104: 405-409.

Mark HFL, Bai H, Sotomayor E, Mark S, Zolnierz K, Airall E, Sig-
man M. A variant Klinefelter syndrome patient with an XXY/XX/
XY karyotype studied by GTG-banding and fluorescence in situ hyb-
ridization. Exp Mol Pathology 1999; 67: 50-56.

Bergere M, Wainer R, Nataf'V, Bailly M, Gombault M, Ville Y, Selva
J. Biopsied testis cells of four 47, XXY patients: fluorescence in situ
hybridization and ICSI results. Hum Reprod 2002; 17: 32-37.

Lue Y, Rao PN, Sinha Hikim AP, Im M, Salameh WA, Yen PH, Wang
C, Swerdloff RS. XXY mice: an experimental model for Klinefelter
syndrome. Endocrinology 2001; 142: 1461-1470.

Martin RH, Lin CC, Balkan W, Burns K. Direct chromosomal analy-
sis of human spermatozoa: preliminary results from 18 normal men.
Am J Hum Genet 1982; 34: 459-468.

. Nagvenkar P, Zaveri K, Hinduja I.. Comparison of the sperm aneup-

loidy rate in severe oligozoospermic and oligozoospermic men and
its relation to intracytoplasmic sperm injection outcome. Fertil Steril
2005; 84: 925-931.





