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Birth of a healthy child fathered by a man with Klinefelter's syndrome
after preimplantation genetic testing

Rodenje zdravog deteta od oca sa Klajnfelterovim sindromom nakon

preimplantacionog testiranja

Aleksandra Trnini¢-Pjevi¢*', Stevan Milatovi¢*, Jelena Havrljenko*,
Ivana Kavecan*, Aleksandar Kopitovi¢*

University of Novi Sad, *Faculty of Medicine, *Faculty of Physical Sciences and
Mathematics, Department of Biology and Ecology, Novi Sad, Serbia; 'Clinical Centre of
Vojvodina, Department of Obstetrics and Gynecology, Centre for Reproductive
Medicine, Novi Sad, Serbia

Abstract

Introduction. Most men with non-mosaic Klinefelter’s
syndrome (KS; 47, XXY) have azoospermia, and were until
recently considered completely infertile. However, it has
been confirmed that some non-mosaic patients had sperma-
tozoa in the ejaculate, although severe oliogasthenoterato-
soospermia was present in all of them. Although a high fer-
tilization rate with an intracytoplasmic sperm injection (IC-
SI) procedure using sperm from a non-mosaic patient and
the cumulative pregnancy rate following iz vitro fertilization
constitute 53%, the incidence of live births after ICSI using
sperm of men with non-mosaic KS is very low: 1 in 8 cases.
Case report. At the Clinical Centre of Vojvodina’s De-
partment of Gynecology and Obstetrics, a successful 7 vitro
fertilization treatment was conducted using the sperm of a
man with KS non-mosaic syndrome. Preimplantation genet-
ic testing was performed for the embryo selection, and an
cuploid embryo was transferred in the subsequent natural
cycle. Delivery of male newborn was spontaneous, vaginal,
with head presentation, after 40 weeks and 3 days. The

Apstrakt

Uvod. Vedina muskaraca sa nemozai¢nim 47, XXY Klajn-
felterovim sindromom (KS) su azoospermic¢ni i donedavno
su smatrani potpuno neplodnima, sa izrazito nepovoljnom
prognozom muskog fertiliteta. Medutim, potvrdeno je da
neki muskarci sa nemozai¢nim KS imaju spermatozoide u
ejakulatu, mada je kod svih prisutan tezak oblik oligoaste-
noteratozoospermije. Uprkos visokoj stopi fertilizacije sa
postupkom intracetoplazmatske injekcije spermatozoida
(ICSI)  korisCenjem  spermatozoida  muskaraca  sa
nemozai¢nim KS, kao kumulativnoj stopi fertilizacije koja
iznosi 53%, ipak incidencija zivorodenja kod njih nakon IC-
SI veoma je niska i iznosi jedan od osam slucajeva. Prikaz

newborn’s Apgar scote was 10/10. His birth weight was
3,950 g, and his length was 55 cm. At 12 months of age, his
psychomotor development was assessed as normal on the
Brunet-Lézine psychomotor development scale. Conclu-
sion. Due to an increased risk of chromosomal abnormali-
ties (abnormalities of sex or autosomal chromosomes) in
embryos from couples with KS males, preimplantation ge-
netic testing is conducted to select a chromosomally normal
embryo. This may help achieve pregnancy sooner, decrease
the chance of multiple pregnancy and its potential complica-
tions, decrease the risk of miscarriage, and reduce the need
for invasive prenatal diagnostic procedures and the risks of
other complications, as well as the risk of late termination of
pregnancy in case of pathological findings of the fetal karyo-
type using conventional diagnostic procedures.

Key words:

klinefelter syndrome; reproductive techniques,
assisted; fertility; sperm injections, intracytoplasmatic;
azoospermia, non-obstructive; preimplantation
diagnosis.

bolesnika. Na Klinici za ginekologiju i akuserstvo Klin-
ickog centra Vojvodine u Novom Sadu uspesno je
sproveden postupak vantelesne oplodnje spermom
muskarca sa nemozai¢nim KS, uz odabir embriona preim-
plantacionim genetskim testiranjem. Euploidni embrion
prenesen je u matericu majke u njenom narednom,
pritodnom ciklusu. Porodaj je bio spontani, vaginalni,
prezentacija potiljacna, u 40 + 3 gestacijskoj nedelji.
Roden je zdrav decak, telesne mase (TM) 3 950 g i telesne
duzine (TD) 55 cm. Njegov Apgar skor (AS) iznosio je
10/10. U uzrastu od 12 meseci, na Brune-Lezin-ovoj skali
psihomotornog razvoja decak je pokazao uredan
psihomotorni razvoj. Zaklju€ak. Zbog povisenog rizika
od nastanka hromozomskih aberacija kod embriona (ab
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normalnosti na polnim ili autosomalnim hormozomima)
kod parova gde muskarac ima Klajnefelterov sindrom,
primenom preimplantacionog genetskog testiranja bira se
jedan euploidan embrion, ¢ime se skracuje vreme do ost-
varivanja trudnode, smanjuje se verovatnoca spontanog
pobacaja, verovatnoca viseplodne trudnoce i njenih even-
tualnih komplikacija, ¢ime se smanjuje potreba za invazi-
vnim prenatalnim dijagnostickim procedurama i rizici
eventualnih, njima izazvanih komplikacija, kao i rizici

zavrsetka trudnoce u kasnijoj gestaciji u slucaju patoloskog
nalaza kariotipa ploda klasi¢nim dijagnostickim proce-
durama.

Kljucne reci:

klajnfelterov sindrom; reprodukcija, asistirana, tehnike;
plodnost; injekcije sperme, intracitoplazmati¢ne;
azoospermija, neopstruktivna; dijagnoza,
preimplantacijska.

Introduction

Klinefelter’s syndrome (KS) is one of the most com-
mon chromosomal aberrations of human sex chromosomes,
often resulting in hypogonadism and male infertility — azoo-
spermia or severe oligospermia. Accordingly, KS is one the
most common genetic causes of male infertility, found in ap-
proximately 10% of all men who suffer from azoospermia.
Epidemiological data show that KS has an estimated preva-
lence of between 1:400 and 1:1000 male births. The preva-
lence of KS was reported to be 0.1 to 0.2% in the general
population and 0.15 to 0.17% in prenatally detected cases 2.

Since KS may have variable phenotypic features, a
large number of males remain undiagnosed until they are
well into adulthood and have fertility problems. Nowadays,
besides prenatal invasive procedures (chorionic villi sam-
pling, amnio/cordocentesis), prenatal noninvasive testing is
also available for detecting cell-free DNA in maternal blood
in order to establish diagnosis of fetal chromosomal disor-
ders in early pregnancy. In the Autonomous Province of
Vojvodina, a high percentage of pregnant women (over 90%)
and their partners choose the option of pregnancy termina-
tion when they receive prenatal diagnosis of KS and become
familiar with its clinical presentation.

Azoospermia is diagnosed when no spermatozoa are de-
tected upon microscopic evaluation (the absence of sperma-
tozoa) in more than 90% of cases, although there is also a
possibility of the emergence of oligospermia (low sperm
count and motility), which provides a reasonable probability
of parenthood by in vitro fertilization (IVF) 2.

At present, data in the literature show that spermatozoa
can be found by a testicular sperm extraction technique
(TESE) in about 40-50% of males with KS, with the inci-
dence of pregnancy and live births in approximately 50% of
cases ®.

Progress in the field of assisted reproduction techniques
and the advent of intracytoplasmic sperm injection (ICSI)
procedure improves the chances of normal fertilization and
embryo development even in cases of oligozoospermia and
azoospermia. In spite of the pathological karyotype (47,
XXY), the retrieved spermatozoa can be used for the ICSI
procedure in males with KS, enabling genetic fatherhood.

Both normal fertilization of the ovum and normal de-
velopment of the embryo, with subsequent pregnancy and
childbirth, were achieved involving both mosaic and non-
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mosaic KS patients, after successful sperm retrieval using the
TESE procedure .

According to the data published in the 1990s, the use of
the fluorescent in situ hybridization technique (FISH), 2.09—
2.7% hyperdiploid sperm was found in males with mosaic
and non-mosaic KS * 5, There is little chance of passing extra
chromosomes on to their offspring. Accordingly, healthy
children were born after the TESE procedure with ICSI in
cases of patients with non-mosaic KS * 5. Moreover, cases of
embryos derived from KS patients who have a non-mosaic
47, XXY karyotype were published in that period.

Before accessing the procedure itself, it is necessary
for the couples to be able to obtain all the necessary infor-
mation, as well as to be explained that sperm retrieval is
necessary, and subsequently proceed to IVF. Since there is
a likelihood of the occurrence of a pathological fetal karyo-
type, with the possibility of other chromosomal abnormali-
ties 25 couples are given the option of choosing pre-
implantation genetic testing or other prenatal procedures
for the diagnosis of chromosomal aberrations if conception
occurs.

Preimplantation genetic testing (PGT) and pre-
implantation genetic diagnosis (PGD) were initially used
for early biopsy and analysis of normal, unaffected embry-
0s prior to their implantation into the mother's womb, with
the aim of achieving a higher rate of successful implanta-
tions and live births of healthy children. Initially, the
PGT/PGD method involved the use of FISH technique on
polar bodies, in which biopsied blastomeres
or trophectoderm cells were seeded on the cell culture
plate. New methods have been developed, such as array
comparative genome hybridization (aCGH), which is cur-
rently applied at the Clinical Centre of Vojvodina’s De-
partment of Gynecology and Obstetrics, and at the Centre
for Medical Genetics at the Child and Youth Health Care
Institute of Vojvodina, Novi Sad, in addition to the next
generation sequencing (NGS). Clinical application of
aCGH technique detects whether there are quantitative dif-
ferences in the number of copies of a DNA sequence in a
DNA sample of the analyzed embryo, as well as the likeli-
hood of detecting aneuploidy and unbalanced rearrange-
ments of chromosomes 8 2 13, Balanced chromosomal re-
arrangements (balanced translocations or inversions, etc.),
in which the amount of genetic material does not change,
may not be detectable by CGH.
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Case report

A couple (a 23-year-old woman and a 33-year-old man)
was presented at the Centre for Reproductive Medicine at the
Clinical Centre of VVojvodina for IVF on an outpatient basis.
The man was diagnosed with non-mosaic KS (47, XXY)
through the G-banding technique.

Examination findings revealed azoospermia, an in-
creased follicle-stimulating hormone (FSH) level of 18.1,
and the testosterone level of 5.0 pg/mL.

In vitro fertilization was performed at the Department
of Gynecology and Obstetrics. The analysis of the man’s
ejaculated spermatozoa revealed non-progressive, low sperm
count, poor motility, and morphological irregularities (cryp-
tozoospermia). Simultaneously, the woman underwent ovari-
an stimulation consistent with the antagonist protocol, using
200 IU rFSH (Puregon, MSD). Consequently, 9 oocytes
were retrieved, from which 7 reached metaphase 11 (MI1) sta-
tus. Following the ICSI procedure, 4 blastocyst stage embry-
os were retrieved by trophotoctoderm biopsy for PGT.

PGT showed the presence of one euploid blastocyst,
which was subsequently transferred to the woman's uterus
during a natural cycle.

Pregnancy was confirmed by the amount of B-human
chronic gonodatropin (B-hCG) serum in the blood. During
pregnancy, the patient refused any further prenatal testing,
although advised. The course of pregnancy was uneventful.

Delivery was spontaneous, vaginal, with head presenta-
tion, after 40 weeks and 3 days. A healthy boy was born. His
Apgar score was 10/10, birth weight was 3,950 g and his
length was 55 cm. At 12 months of age, his psychomotor
development was assessed as normal on the Brunet-Lézine
psychomotor development scale.

Methods

The blastocyst biopsy involves opening the zona pellu-
cida on the fifth cultivation day at the opposite side of the in-
ner cell mass (ICM). After several hours of cultivation,
trophectoderm cells begin to hatch out of the zona pellucida
through the hole, and they can be used for analysis.

First, the biopsied cells of the embryo were rinsed with
the washing medium (manufactured by Origio), and placed
into the phosphate-buffered saline (PBS + PBP) solution.
Then they were placed into special sterile 0.2 mL micro-
reaction PCR tubes. Sterilization was accomplished through
exposure to UV light. Samples were placed into microtubes
which had been previously filled with 200 pL PBS + PVP
solution, with one sample put in each tube. In addition to the
microtubes containing the samples, a control microtube was
prepared, containing only the aforementioned solution. All
microtubes were labelled, including the control microtube.
The samples thus prepared were transferred to the Molecular
Genetics Laboratory at the Children and Youth Health Care
Institute of Vojvodina, Novi Sad. The transfer was per-
formed under stringently controlled conditions.

Array comparative genomic hybridization testing was
performed in the reference genetics laboratory. Each DNA

sample was placed on a genomic chip-slide and immobilized
(Mumina assay). Each slide consisted of large-insert ge-
nomic clones covering all autosomes and sex chromosomes
at the range of approximately 100-200 kb, providing a de-
tailed chromosomal analysis. The analysis was carried out
using laser scanning software that displayed the results in the
form of an algorithm. The whole procedure of the microova-
ry-based aCGH analysis, from biopsy to outcome assess-
ment, was completed within 16 hours. Thus, if blastocyst bi-
opsy is performed (after five days of cultivation), it is neces-
sary to perform embryo cryopreservation during the aCGH
analysis, until euploid blastocyst stage embryo transfer can
take place.

Discussion

First pregnancy outcomes after PGD were reported in
1990. They were performed with the aim of preventing
transmission of X-linked diseases °. Since then, PGD has
been implemented in couples with both structural and numer-
ical aberrations or gene disorders, to avoid transmission of
genetic disease to their offspring. PGD involves the biopsy
of embryos, nowadays typically performed on trophectoder-
mal cells biopsied from blastocysts, with removal of 8-10
blastomers at the blastocyst stage. The European Society of
Human Reproduction and Embryology (PGD consortium)
was established to monitor extra-uterine pregnancy outcomes
by recording the number of babies born as a result of IVF
with PGD, in addition to collecting data from centres
throughout the world °. The follow-up of the children born
after PGD or PGT has confirmed that their growth and de-
velopment up to 2 years of age is similar to the children
whose conception was natural. 1.

In general, in mosaic and non-mosaic KS patients, the
possibility of sperm retrieval is about 30-50%, although pre-
dictive value for sperm retrieval is higher in mosaic KS *2,

A majority of men with non-mosaic KS (47, XXY)
have azoospermia, and until recently they were considered
completely infertile. However, it has been confirmed that
some non-mosaic KS patients have spermatozoa in the ejacu-
late, although severe oligoasthenoteratozoospermia is present
in all of them. A high fertilization rate with the ICSI proce-
dure in mosaic KS was reported in 1995 %,

The cumulative pregnancy rate following IVF consti-
tutes 53% 4. However, the incidence of live births after ICSI
where fathers had non-mosaic KS is very low, and clinical
pregnancy rates were recorded in 7 out of 10 cases Y. It
has been described earlier that only normal 46, XY cells can
complete the meiotic process, and therefore every spermato-
zoid produced by a KS patient * has a high probability of
having an abnormal karyotype. Unequal number of X chro-
mosomes can lead to cell death *°. Literature suggests, how-
ever, that meiotic progression and sperm production are pos-
sible in men with non-mosaic KS.

PGT is now additional practice aiming to help couples
with KS men to achieve pregnancy sooner. According to lit-
erature, 54% of embryos derived from KS patients were
found to be euploid 2°. Detected abnormalities refer to the
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presence of an extra chromosome or the absence of a particu-
lar chromosome, observed in triploid or tetraploid embryos.
The results of PGT show that sex chromosome abnormalities
are present in about 15% of embryos, which is significantly
higher than in healthy general population (only 3%). There-
fore, compared to other embryos, embryos derived from KS
males have a higher proportion of pathological findings.
Namely, a higher proportion of sex chromosome disomy in
patients with KS # was observed. The close proximity of the
21st chromosome to the sex chromosome during chromo-
some segregation, in the process of meiosis, may lead to the
failure in segregation of chromosome 21 if the seminal vesi-
cles are not palpable or they are not prominent — which is the
case with KS 2L, After all, the benefit of PGT in couples with
KS males is debatable: there is no indication that embryos
derived from KS patients show a higher prevalence of sex-
chromosome aneuploidy 2°. Furthermore, results in ICSI cy-
cles comparing non-PGT cycles with PGT cycles did not
show significant differences in implantation, clinical preg-
nancy, and live birth rates per cycle %,

The frequency of chromosomal abnormalities in sper-
matozoa is higher in men with KS, but up to date clarifica-
tion has not been provided as to whether these abnormalities
are the result of constitutional chromosome aberrations or the
consequences of using testicular sperm extraction. Due to the
increased risk of chromosomal abnormalities in embryos
(abnormalities of sex or autosomal chromosomes) from cou-
ples with KS males, the use of PGT involves selecting a
chromosomally normal embryo. This can help achieve preg-
nancy sooner, decrease the chance of multiple pregnancy and
its potential complications, decrease the risk of miscarriage,
reduce the need for invasive prenatal diagnostic procedures
and the risks of other complications, as well as the risk of
late termination of pregnancy in case of pathological findings
concerning the fetal karyotype, using conventional diagnos-
tic procedures. The selection of chromosomally normal em-
bryos, based on preimplantation genetic screening (PGS),
eliminates the chance of transferring embryos carrying
chromosomal aberrations. PGS/ICSI was performed in 26
treatment cycles involving KS patients, which resulted in 8

pregnancies %. Thus, information about the possibility of
achieving pregnancy can be provided to couples with KS
males, in addition to providing them with information about
prenatal diagnosis of KS.

Although PGT is highly accurate, no test is 100% relia-
ble, and this is due to the mosaicism of the embryo biopsied.
Couples need to be counselled about the necessity of per-
forming further non-invasive or invasive testing during preg-
nancy. Both PGT and non-invasive prenatal testing (NIPT)
are associated with false positive and false negative results
due to trophoblast-derived mosaicism. Mosacism is present
when an embryo contains two or more distinct cell lines. The
increased sensitivity of the next-generation sequencing
(NGS) technology can recognize it in preimplantation em-
bryos. Mosaicism is the result of mitotic errors during em-
bryo development. With the next-generation sequencing
(NGS), 10-20% of PGT are mosaic. This can cause a false
positive or false negative PGT result 22725,

The first trimester combined screening test is the gold
standard for calculating the risk for trisomy 21, 13 and 18,
with a detection rate of 95% when nuchal translucency, nasal
bone, ductus venous, and tricuspid valve blood flow are as-
sessed. The management plan for patients undergoing IVF
with PGS should be first trimester screening, followed by
comprehensive counselling and support, and recommenda-
tion of non-invasive prenatal testing or invasive testing, de-
pending on the findings. The role of the IVF specialist is to
recommend the right test for the right patient.

After achieving pregnancy, with or without PGT, it is
always advisable to confirm the results of PGT through other
non-invasive or invasive prenatal tests, with amniocentesis
providing a high diagnostic certainty.

So far there has been no indication that embryo biopsy
causes an increased risk of adverse neonatal outcome *°.

Conclusion

PGT of embryos from couples with KS males is rec-
ommended in order to achieve pregnancy sooner, and en-
hance the chances of success.
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