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Abstract
Aim: The main cause of Klinefelter’s syndrome (KS) has been believed to be XY sperm. 
Accordingly, in the intracytoplasmic sperm injection treatment of patients with KS, 
hereditary KS has been a concern. Therefore, this study attempted to estimate the risk 
before and after the assisted reproductive technology.
Methods: First, in order to validate the safety of the gametes of the patients with KS, 
a fluorescent in situ hybridization (FISH) analysis, following an original cell identifica‐
tion method using 1052 testicular gametes of 30 patients, was conducted. Second, in 
the resultant 45 babies, cytogenetic and physical–cognitive screening data were ana‐
lyzed. In addition, a first attempt was conducted to investigate the origin of the extra 
X chromosome in 11 patients with KS by using 12 X- chromosome short tandem re‐
peat (STR) analysis in order to estimate the paternal contribution to KS.
Results: No sex chromosomally abnormal gamete was found in the FISH analysis and 
the babies were normal genetically, physically, and cognitively. In the STR, it was con‐
firmed that most (7/11) of the patients with KS resulted from the fertilization of the 
XX oocytes, suggesting that a baby with KS that had been reported previously might 
not have resulted from XY sperm.
Conclusion: These results indicate that the risk of assisted reproductive technology 
for patients with KS is not as high as previously expected.
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1  | INTRODUCTION

Klinefelter’s syndrome (KS) is one of the most common chromo‐
somal abnormalities that are found in newborns. Its incidence is ~1 
in 500- 1000 live births in men.1 Almost all the patients with KS have 
a non- mosaic 47 XXY karyotype,2 originally described as a syndrome 
with increased- exertion follicle- stimulating hormone (FSH), gyne‐
comastia, azoospermia,3,4 and a slightly low IQ. Once considered to 
be permanently infertile, these individuals can now reproduce using 

intracytoplasmic sperm injection (ICSI) of spermatozoa that are ex‐
tracted from their testicles.5 To date, the birth of >200 babies has been 
reported around the world6–23 and 45 of those babies were born at 
the Saint Mother Obstetrics and Gynecology Clinic and Institute for 
ART, Kitakyushu, Japan, following ICSI with the gametes of patients 
with KS. Among those cases, the authors know only of one case of a 
fetus in a triplet pregnancy that was diagnosed with KS with amnio‐
centesis; that case was later reduced to a healthy twin pregnancy.10 In 
contrast, there have been reports warning that the sex chromosome 

www.wileyonlinelibrary.com/journal/rmb
http://creativecommons.org/licenses/by/4.0/
mailto:incho@stmother.com


     |  189MIKI et al.

abnormality incidence increases in children who are born as a result of 
ICSI from patients with KS who produce sperm with XY disomy.24–29 
However, other reports12 showed that only normal sperm with haploid 
X or Y were found in the testis of patients with KS. Accordingly, it is 
important to collect more precise data in order to determine the risk 
level of assisted reproductive technology (ART) by using the gamete 
of a patient with KS and in order to decide on how to deal with the 
clinical treatment of patients with KS.

Recently, the authors established criteria to distinguish testicular 
somatic and meiotic cells without fixation and any staining,30 and ac‐
cordingly, the precise cytogenetic analysis of these cells became pos‐
sible. In this study, the criteria for a cytogenetic analysis (chromosome 
assay and fluorescent in situ hybridization [FISH]) were used so that 
the sperm and meiotic cells of patients with KS would be selectively 
isolated, instead of the previous method with a spermatogenic cell 
mixture. Furthermore, a follow- up review of a comparably large num‐
ber (n=45) of newborn babies that were born from the ART treatment 
of patients with KS at the institute from 2000 to 2013 was performed 
in order to confirm that XY sperm were not selected for the ART treat‐
ment. Namely, the risk of hereditary KS was examined before and after 
the ART treatment. In addition, a first attempt of X- chromosome short 
tandem repeat (STR) analysis was conducted among patients and their 
parents in order to estimate XY sperm and XX oocyte contribution to 
the birth of patients with KS, as there is a possibility that KS resulting 
from XX oocyte fertilization might be more frequent.

2  | MATERIALS AND METHODS

2.1. | Patients

This study dealt with 280 men who had been diagnosed previously 
as having non- mosaic KS and had consented to receive microsurgi‐
cal testicular sperm extraction (micro- TESE) treatment at the institute 
from 2000 to 2013.

2.2 | Biopsy of the testis tissues

Several different sites of each testis were biopsied under an opera‐
tion microscope (micro- TESE). The biopsied testicular tissues were 
prepared in Dulbecco’s phosphate- buffered saline (DPBS) containing 
0.125% collagenase and 0.01% DNase in order to free the spermato‐
genic cells from the seminiferous tubules, as previously described.30 
The cells were used for cytogenetic analysis or clinical treatments 
(ICSI or round spermatid injection [ROSI]) after cryopreservation.

2.3 | Freezing and thawing of the sperm or spermatid

For the cryopreservation of the sperm, the testis tissue suspension 
was centrifuged and the pellets were transferred into a droplet of 
human tubal fluid (HTF) on a Petri dish with a glass pipette under a 
diverted microscope. Then, the cell suspension was mixed with a very 
small amount of a freezing medium (~2 μL of HTF with 10% serum 
protein substitute [SPS; Origio, Malov, Denmark] and 100 mmol/L 

sucrose) and placed on the tip of Cryotop (Kitazato Corp., Fuji, Japan) 
under an inverted microscope. The Cryotop was exposed to liquid 
nitrogen vapor for 2 minutes and stored in liquid nitrogen. For the 
thawing of the frozen cells, after maintaining the Cryotop in air for 
5 seconds, it was dipped into a droplet that was covered with warm 
mineral oil (37°C) to suspend the cells.31 The motile sperm were se‐
lected and used for ICSI.

For ROSI, the spermatids were selected from the testicular cell sus‐
pension under an inverted microscope and suspended in 0.15 mL of 
freezing medium (DPBS with 0.6 mol/L ethylene glycol, 0.125 mol/L 
sucrose, and antibiotics). The suspension was drawn in a 0.25 mL 
Cassou straw and cooled on ice (4°C). After the straw was maintained 
at −7°C in a cooling chamber of a programmable alcohol bath freezer 
for 20 minutes, it was cooled to −30°C at the rate of −0.3°C/min 
 before being plunged into liquid nitrogen. Thawing was carried out by 
maintaining the straw in air for 5 seconds. The cell suspension then 
was diluted with HTF containing 10% SPS in a test tube to remove the 
cryoprotectant.30

2.4 | Cytological identification of the testicular cells

The authors already have established the criteria for identifying biop‐
sied spermatogenic cells morphologically. The characteristics of the 
testicular cells were examined in detail under a differential interfer‐
ence microscope (10×40) and then their chromosomal constitution 
was determined by cytogenetic analysis to confirm whether the char‐
acteristics used and the meiotic phases correlated with each other.30

2.5 | Fluorescent in situ hybridization procedure

Spermatogonia (SG), primary spermatocytes (Pr- Scs), round sperma‐
tids (STs), and elongating or mature sperm that had been selected 
from enzymatically treated biopsied tissues with a micromanipulator 
were put into a droplet of HTF with SPS and then placed in a drop‐
let of 10 μL of PBS (C2+-  and Mg2+- free) on Poly- L- Lysine (Sigma- 
Aldrich, St Louis, MO, USA)- coated slides with a square mark on 
the back slide. Soon after the PBS was placed, the surrounding cells 
were completely dried off and covered with a small amount of the 
fixative of Carnoy’s solution (methanol: acetic acid=3:1). The fixa‐
tive evaporated gradually and the cells became transparent. When 
the fixative completely disappeared, the cell membrane burst and 
the nuclei were attached to the glass slide. In order to wash away 
the phosphate crystals that were derived from the PBS (–), the cells 
were covered with the fixative several times and dried in air. For the 
fixed cells, triple- target FISH was performed by using fluorescence- 
labeled DNA probes that were specific for chromosomes X and Y and 
chromosome 7 (CEP DNA probe; Vysis, Downers Grove, IL, USA). 
The mixture of the probes was applied to the slide under a cover 
slip and the nuclear and probe DNA were denatured simultaneously 
for 5 minutes at 75°C. The slide then was incubated in a chamber 
(Hybrite; Vysis) at 42°C for 120 minutes in order to allow hybridiza‐
tion, followed by counterstaining with 4,6- diamidino- 2- pheniylindole 
(Vector Laboratories, Inc., Burlingame, CA, USA).32
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2.6 | Chromosome assay of the spermatogenic cells

For the chromosome analysis of the spermatogenic cells that were 
identified with the authors’ morphological criteria, a chromosome 
assay with interspecific injection into mouse MII oocytes was used.33 
The meiotic cells were injected into the mouse oocytes 10 min after 
electrical stimulation (8 V/cm AC, 1000 KHz for 8 seconds, and 
1200V/cm DC for 99 μseconds). Sperm or elongating sperm were in‐
jected without electric stimulation. After overnight incubation in the 
HTF containing 50 ng/mL vinblastine, the nucleus of the meiotic cells 
or injected sperm was allowed to form chromosomes in the mouse 
oocytes. Chromosome slides of the oocytes were prepared by the 
gradual fixation- air drying method.34

2.7 | Microinjection of the testicular 
sperm or spermatid

Intracytoplasmic sperm injection was conducted with motile and mor‐
phologically normal sperm. Oocyte penetration by the spermatid was 
conducted with a comparably larger injection pipette than that used 
for conventional ICSI. In the cases of the STs and STs with a small 
flagellum, oocyte activation with electrical stimulation was required 
before injection,30 but no oocyte activation was required for the elon‐
gating–elongated spermatids. After 5 days of incubation, the blasto‐
cysts were transferred into the uterus.

2.8 | X- chromosome short tandem repeat analysis

Using blood or oral mucous samples of 11 patients with KS and one or 
both of their parents with their consent, the origin of the extra X chromo‐
some was determined with X- chromosome haplotype markers (STRs of 
12 loci), according to the method of one particular study.35 With DNA 
extracted from the samples, multiplexed polymerase chain reaction 
(PCR) amplifications of the 12 X- STR loci (linkage group 1: DXS10148, 
DXS10135, DXS8378; linkage group 2: DXA10079, DXS10074, 
DXS7132; linkage group 3: HPRTB, DXS10101, DXS10103; linkage group 
4: DXS10134, DXS10146, DXS10146) and amelogenin were conducted 
by using an Investigator Argus X- 12 QS Kit (Qiagen, Hilden, Germany). 
Electrophoresis was run on an ABI PRISM 3100 Genetic Analyzer 
(Applied Biosystems, Foster City, CA, USA) for the PCR products. The ob‐
tained data were analyzed with GeneMapper ID software (Thermo Fisher 
Scientific Inc., Waltham, MA, USA). All the steps described above were 
entrusted to Tohoku Chemical Company, Ltd., Tohoku, Japan.

2.9 | Screening of babies and children

Out of the 45 babies who were born by ICSI or spermatid injection 
treatment from the patients with KS in the institute, 29 underwent 
chromosomal analysis by using amniocentesis or peripheral blood 
samples before or after birth, respectively, along with the compulsory 
newborn or infant screening for physical and cognitive development 
in Japan. For the rest, only information in the screening was used to 
examine the possibility of KS.

2.10 | Ethical considerations

The clinical application of ROSI and genetic analysis with X- 
chromosome STRs were approved by the Institutional Review Board 
of the Saint Mother Obstetrics and Gynecology Clinic for ART, 
Kitakyushu, Japan. This clinical study also was registered on the 
University Hospital Medical Information Network of Japan (UMIN 
Clinical Trials Registry: UMIN000006117, UMIN000024542), adher‐
ing to the Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly Work in Medical Journals criteria.

3  | RESULTS

3.1. | Morphological characteristics of the 
spermatogenic cells

In Figure 1A, typical images of the spermatogenic cells are shown. The 
elongating and elongated spermatids were easily identified, with devi‐
ated condensed nuclei and short flagella, respectively. It was compa‐
rably difficult to distinguish among the SG, early Pr- Scs, and STs. The 
STs were the smallest spermatogenic cells (6- 8 μm in diameter; slightly 
smaller than erythrocytes). They were much smaller than the Pr- Scs 
(10- 12 μm) and slightly smaller than the SG (8- 10 μm). Two- to- three 
nucleoli were seen within the nuclei of the SG and Pr- Scs, but not in 
the STs. An area of the cytoplasm surrounding the nucleus was nar‐
rower in the STs than in the SG. Protruded active pseudopodia often 
were seen in the SG,36 but not in the STs. Although an acrosomal vesi‐
cle or cap was considered to be strong evidence of the cell being a ST, 
such structures were found in <10% of the presumptive spermatids.

3.2. | Chromosome abnormality in the testicular 
cells of the patients with Klinefelter syndrome

In Figures 1B and C, chromosomal images of normal spermatogenic cells 
that were visualized by chromosomal assay and FISH analysis, respec‐
tively, are shown. When the chromosomes of the spermatogenic cells 
were induced to condense in the mouse oocytes, the SG had 46 of the 
dyad chromosomes, which are seen at the metaphase of somatic cell 
proliferation. The Pr- Scs had 23 of the tetrad chromosomes, in some of 
which the cross- overs were observed (see the arrow in Figure 1B). The 
STs had 23 monad chromosomes. Therefore, the chromosome assay 
showed that the authors’ criteria for spermatogenic cell morphology 
allowed the cells to be identified correctly, and accordingly, the authors 
could apply the cells that were selected with the criteria for a FISH anal‐
ysis of their interphase nuclei. In the SG, two blue spots of chromosome 
18 and a green and orange spot of X and Y were found. In the Pr- Scs, 
each one spot of chromosome 18, X, and Y were visible, three spots in 
total. In the STs, a blue spot of chromosome 18 and either a green (X) or 
orange (Y) spot were visible, a total of two spots (Figure 1C).

The results of the FISH analysis for the SG, Pr- Scs, and STs in five 
men with KS are shown in Table 1. The mean values of the men’s age, 
testicular volume, FSH, luteinizing hormone, and testosterone were: 
33.2 years old, 11.2 mL, 4.08 mIU/mL, 4.32 mIU/mL, and 4.48 ng/mL, 
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respectively. In the SG stage, the average proportion of the 46 XY and 
47 XXY chromosomes was ~73.6% (194/265) and 26.4% (71/265), re‐
spectively. In one case (no. 2), all the SG were of 46 XY chromosomal 
constitution (34/34). Until now, there have been few reports describing 
the high percentage of 46 XY, compared to 47 XXY, chromosomes. This 
result deserves attention. In contrast, in all five men with KS, no sex 
chromosomally aberrant Pr- Sc was found (0/256) and the resultant STs 
(467 cells) also were normal with haploid X or Y in almost equal propor‐
tion (49:51). This result seems to strongly support the probability that 
chromosomally normal sperm and STs are derived from the meiosis of 
chromosomally normal Pr- Scs in patients with KS. In addition, in the 
other 25 patients with KS, the 100 sperm (n=10) or 485 STs (n=15) that 
were selected were subjected to a FISH analysis in order to estimate 

the risk of accidentally selecting gametes with sex chromosome aneu‐
ploidy for ICSI. In conclusion, no sex chromosome abnormalities have 
been observed in the gametes of patients with KS until now.

3.3. | Success rate of intracytoplasmic sperm 
injection and round spermatid injection

The success rates of the ICSI and ROSI treatment of patients with 
KS are shown in Table 2. Out of 280 patients, sperm with faint motil‐
ity were recovered in 92 (32.9%) patients for ICSI. Spermatids, which 
are evidence of the completion of meiosis, were found in 33 (11.8%) 
patients for ROSI. In 155 (55.4%) patients, no spermatogenic cell was 
found. The incidence of pregnancy per treatment cycle, miscarriage, 

Patient

Spermatogonia
Primary 
spermatocyte Spermatid

XY 
(%)

XXY 
(%)

XY 
(%)

XXY 
(%)

X 
(%)

Y 
(%)

Other 
(%)

1 79 
(95.2)

4 
(4.8)

106 
(100.0)

0 
(.0)

132 
(49.8)

133 
(50.2)

0

2 34 
(100.0)

0 
(.0)

31 
(100.0)

0 
(.0)

15 
(41.7)

21 
(58.3)

0

3 21 
(45.7)

25 
(54.3)

36 
(100.0)

0 
(.0)

24 
(48.0)

26 
(52.0)

0

4 33 
(57.9)

24 
(42)

49 
(100.0)

0 
(.0)

27 
(49.1)

28 
(50.9)

0

5 27 
(60.0)

18 
(40.0)

34 
(100.0)

0 
(.0)

31 
(50.8)

30 
(49.2)

0

Total 194  
(73.6)

71 
(26.4)

256 
(100.0)

0 
(.0)

229 
(49.0)

238 
(51.0)

0

TABLE  1 Fluorescent in situ 
hybridization analysis of the spermatogenic 
cells from five patients with Klinefelter’s 
syndrome

F IGURE  1 Morphology and 
chromosomal constitution of a normal 
spermatogonium, primary spermatocyte, 
or round spermatid. The three types of 
spermatogenic cells that were identified 
under a differential interference 
microscope were: A, their chromosome 
complements formed in the mouse 
oocytes; B, fluorescent signals of X and Y; 
and C, 18 chromosomes by fluorescent in 
situ hybridization analysis
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and delivery were 12.4% (59/477), 37.3% (22/59), and 7.8% (37/477), 
respectively. Finally, 45 healthy babies (including six twins and one 
triplet case) were born (male: female= 21:24).

3.4 | Physical and cognitive development of the 
babies of patients with Klinefelter syndrome

In the 29 babies who were cytogenetically analyzed, it was confirmed 
that they had a normal karyotype. The results of the newborn or infant 
screening for physical and cognitive development also showed that, in 
all 45 babies, no abnormality was found.

3.5 | Origin of the extra X chromosome in patients 
with Klinefelter syndrome

Examples of X- chromosomal STR DNA profiles are shown in Table 3. 
Patient no. 09KY is a case in which both X chromosomes were inher‐
ited from the mother (maternal origin). The allele of the DXS10148 
locus was 22.1 in the patient, 20 in his father, and 20, 22.1 in his 
mother, suggesting that the patient’s allele was inherited from the 
maternal X chromosomes. In the other loci, all the alleles of the 
 patient were consistent with those of the mother. In the patient case 
of  paternal origin (22TK), all the alleles of the 12 X- chromosome 
loci were inherited from the father, indicating that the patient’s X 
chromosomes came from both the father and the mother. In 63.6% 
(seven) of the  patients who were examined, the X chromosome was 
inherited from the mother and in 36.4% (four) of the 11 cases, it was 

inherited from the father. In the patients who had two maternal origin 
X chromosomes, the cause of KS is that an extra X chromosome was 
left in an oocyte as a result of chromosomal non- disjunction at the 
first or second meiotic division. In the patient who had X chromo‐
somes inherited from both parents, fertilization of the XY sperm is 
the cause of KS.

4  | DISCUSSION

4.1 | Genetic risk of the intracytoplasmic sperm 
injection treatment for patients with Klinefelter 
syndrome

The present study showed that 45 babies were successfully delivered 
by using oocyte penetration by sperm or spermatid from patients with 

TABLE  2 Clinical outcome of micro- fertilization using the gamete 
of patients with Klinefelter’s syndrome

Variable Sperm
Spermatid 
(Sa, Sb)

Spermatid 
(Sc, Sd)

No. of patients 92 
(32.9%)

8 
(2.9%)

25 
(8.9%)

Age of wife (years) 31.2 
(25- 36)

30.5 
(24- 34)

29.5 
(23- 33)

No. of collected oocytes/
patient

12.4 
(8- 20)

11.4 
(7- 19)

10.4 
(6- 15)

No. of fertilized oocytes/
patient

8.1 
(6- 15)

7.9 
(5- 13)

7.5 
(5- 11)

% of good Day 3 embryos 60.4% 
(4.9/8.1)

30.3% 
(2.4/7.9)

44.0% 
(3.3/7.5)

Implantation ratea 17.4% 
(51/293)

14.5% 
(9/62)

16.4% 
(20/122)

Pregnancy ratea 13.7% 
(40/293)

9.7% 
(6/62)

10.7% 
(13/122)

Miscarriage ratea 32.5% 
(13/40)

66.7% 
(4/6)

38.5% 
(5/13)

Delivery ratea 9.2% 
(27/293)

3.2% 
(2/62)

6.6% 
(8/122)

aPer embryo transfer cycle. Forty- five babies were delivered in 37 cases 
that included six twin and one triplet pregnancies. Sa, round spermatid; Sb, 
round spermatid with a small flagellum; Sc, elongating spermatid; Sd, elon‐
gated spermatid.

TABLE  3 Examples of X- chromosome short tandem repeat 
profiles of patients with Klinefelter’s syndrome and their parents

Patient 
no. Marker Father Patient Mother

Maternal origin of extra X chromosome

 09KY DXS10148 20 22.1 20, 22.1

DXS10135 22 22 21, 22

DXS8378 10 10 10

DXS10079 18, 21 18, 20 17, 18, 20

DXS10074 17 18 16, 18

DXS7132 16 14 14, 15

HPRTB 12 14 13, 14

DXS10101 31.2 29, 31.2 29, 31.2

DXS10103 18 17, 19 17, 19

DXS10134 35 36, 37.3 36, 37.3

DXS10146 24, 40.2 26, 32 26, 32

DXS7423 14 15, 16 15, 16

AM X, Y X, Y X

Paternal origin of the extra X chromosome

 22TK DXS10148 25.1 24.1, 25.1, 
28.1

24.1, 27.1, 
28.1

DXS10135 26 19, 26 19, 31

DXS8378 12 11, 12 11

DXS10079 16 15, 16, 21 15, 19, 21

DXS10074 18 17, 18 17, 19

DXS7132 14 14, 14 13, 14

HPRTB 13 12, 13, 14 12, 13, 14

DXS10101 31 31, 31.2 31.2, 32.2

DXS10103 19 18, 19 18

DXS10134 34 34, 36 36

DXS10146 28 26, 28 26

DXS7423 14 14, 16 15, 16

AM X, Y X, Y X

Bold, allele that patients inherited from the mother; italics, paternal allele.
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KS from January 2000 to December 2013 at the institute and, among 
them, there was neither a case of chromosomal abnormality nor any 
case of physical or cognitive abnormality. The miscarriage rate (37.3%) 
in the treatment of patients with KS by using sperm and spermatid 
was not significantly higher, when compared with patients who do 
not have KS (20.1% of 134).30 The results indicate the possibility that 
the genetic risk of the embryos that are produced in the treatment of 
patients with KS is not as high as previously believed.

This clinical result is consistent with the cytogenetic data of the 
FISH and chromosomal analysis in the gametes from patients with KS. 
In the 25 patients with KS who were examined, no sex chromosome 
abnormality was found in 952 ST cells and 100 sperm (Table 2). The 
mechanism to produce normal gametes in the testis of patients with 
KS is considered to be as follows. In patient no. 2, all the SG and  Pr- SCs 
that were analyzed were XY in their sex chromosome constitution. 
Therefore, there is no doubt that STs with X or Y chromosomes could 
be derived from the meiosis of sex chromosomally normal germ cells. 
In the remaining four patients with KS with testicular mosaicism of XY 
and XXY SG, it is difficult to determine which of the XY or XXY cells 
were the source of the STs. However, in all of their Pr- SCs that were 
analyzed, the sex chromosome constitution was XY, and accordingly, 
all the ST cells might have been produced from XY SG, suggesting the 
possibility that XXY SG cannot enter meiosis. Another study also has 
reported that there was no XXY pachytene gamete and no increase of 
XY STs or XY sperm in three testicular 46 XY/47XXY mosaic patients 
with KS, reaching the conclusion that 46 XY cells can undergo meio‐
sis.12 There is another possibility that the resultant abnormal daughter 
cells of XXY SG can become degenerative or apoptotic,37 because in 
this study, only the spermatogenic cells that were alive with the intact 
plasma membrane and smooth round shape were selectively exam‐
ined. This possibility seems to be a reason for an inconsistency of the 
present data with those of previous cytogenetic studies in patients 
with KS. Many previous FISH studies have reported that not only the 
sex chromosome abnormality rate, but also the rate of autosomal an‐
euploidies,24 is higher in sperm from patients with KS than from in‐
fertile patients without KS.24–29 In those studies, the testicular cell 
suspension was directly smeared onto a glass slide, treated with dith‐
iothreitol, and hybridized with FISH probes. As after the successive 
treatment, the artificially swollen sperm heads were not allowed to be 
evaluated for their morphology, a tail was used to identify the sperm. 
Therefore, it cannot be denied that aberrant sperm heads, which are 
not appropriate for ICSI treatment, must have been analyzed along 
with normal sperm heads in the previous FISH studies. It is a clear fact 
that the risks of disomy and diploidy are higher in sperm with aberrant 
heads.38,39 In addition, this assumption is supported by the high fre‐
quency of XY sperm that has been found in the control donor sperm 
that are used in FISH studies because the rates of XY sperm that were 
obtained were 20- 100- fold higher than the rate (0.018%) that was re‐
ported by a study that used a chromosome assay of 15 864 ejaculated 
donor sperm (n=51) that penetrated hamster oocytes.40 The authors 
understand that the reason for the distinct results between the current 
and the previous FISH studies cannot be revealed without a compara‐
tive study among the different sperm selection procedures. However, 

it can be concluded that, instead of using a testicular cell suspension, 
the authors’ cytogenetic studies with spermatogenic cells that were 
morphologically evaluated and selected are more suitable for the exact 
estimation of the genetic risk in the ICSI treatment of patients with 
KS. In constrast, a study reported an increase of sex chromosome 
aneuploidy in array comparative genomic hybridization with the tro‐
phoblasts that had been biopsied from embryos obtained by the ICSI 
treatment of men with oligozoospermia,41 suggesting the risk of the 
use of suboptimal sperm. Although it is not clear whether patients with 
KS are included in their data, the result seems to disagree with the 
present data. However, their data include some points that are hard to 
understand. First, the total aneuploidy rates did not differ among the 
embryos from IVF and ICSI with normal and suboptimal sperm groups. 
Second, in the embryos of the suboptimal sperm group, aneuploidy 
increased in specific autosomes in addition to the sex chromosomes. 
These incompatible phenomena seem to be explained by the possi‐
bility that patients with genetic backgrounds causing aneuploidy of a 
specific chromosome(s) are contained in the oligozoospermia group. 
Therefore, their result might not necessarily be applicable to patients 
with KS, although close attention has to be paid to the genetic risk of 
ICSI treatment of patients with KS.

4.2 | Contribution of the XX oocyte in the 
production of Klinefelter syndrome

When the current study found that no XY aneuploidy could be ob‐
served in the gametes of patients with KS in the authors’ cytogenetic 
analysis, it was hypothesized that the XY sperm did not contribute to 
the production of KS as much as the XX oocytes. In this X- chromosome 
STR analysis, the patients with maternal origin X chromosomes were 
comparably frequent (63.6%), suggesting that the contribution of the 
XX oocyte to the production of XXY embryos might be greater than 
by the XY sperm, although the sample number that was applied for the 
X- chromosomal STR DNA profiling is not large enough. Some stud‐
ies have previously attempted to determine the origin of the extra X 
chromosome in patients with KS with X- chromosome restriction site 
polymorphism.42–44 The maternal contribution to the production of 
KS was slightly greater in two studies (59% vs 41%) and was slightly 
lower in one study (42.8% vs 57.1%). In those studies, however, there 
were cases in which the X- chromosome origin was determined by the 
appearance or disappearance of a single band in a single allele, which 
might have resulted from mutation. In the X- chromosome STR anal‐
ysis, the 12 X- chromosomal markers are clustered into four linkage 
groups, which consist of three alleles, and thus each set of three mark‐
ers is handled as a haplotype for genotyping to avoid misjudgment. 
The authors could find no previous study that applied X- chromosome 
STR with PCR to patients with KS. One study reported that the extra 
X chromosome is the result of meiotic non- disjunction45 or possibly, 
as recently described, of the premature separation of sister chroma‐
tids, both paternally or maternally, because of an increased maternal 
age.1,46 As the X- chromosome origin can affect the potency of sper‐
matogenesis in patients with KS, the authors will collect further data 
by using this method.



194  |     MIKI et al.

ACKNOWLEDGEMENT

We would like to thank Mr. R. Rodriguez for his assistance in editing 
this manuscript.

DISCLOSURES

Conflict of interest: The authors declare no conflict of interest. Human 
and Animal Rights: All the procedures were followed in accordance 
with the ethical standards of the responsible committees on human 
experimentation (institutional and national) and with the Helsinki 
Declaration of 1964 and its later amendments. Informed consent was 
obtained from all the patients to be included in the study. All the in‐
stitutional and national guidelines for the care and use of laboratory 
animals were followed.

REFERENCES

 1. Bojesen A, Juul S, Gravholt CH. Prenatal and postnatal prevalence 
of Klinefelter syndrome: a national registry study. J Clin Endocrinol 
Metab. 2003;88:622‐626.

 2. Jacobs PA, Strong JA. A case of human intersexuality having a possible 
XXY sex- determining mechanism. Nature. 1959;183:302‐303.

 3. Tuttelmann F, Werny F, Cooper TG, Kliesch S, Simoni M, Nieschlag 
E. Clinical experience with azoospermia: aetiology and chances for 
spermatozoa detection upon biopsy. Int J Androl. 2011;34:291-298.

 4. Vincent MC, Daudin M, De MP, et al. Cytogenetic investigations of 
infertile men with low sperm counts: a 25 year experience. J Androl. 
2002;23:18‐22.

 5. Tournaye H, Staessen C, Liebaers I, et al. Testicular sperm recovery in 
nine 47,XXY Klinefelter patients. Hum Reprod. 1996;11:1644-1649.

 6. Bourne H, Stern K, Clarke G, Pertile M, Speirs A, Baker HW. Delivery 
of normal twins following the intracytoplasmic injection of spermato‐
zoa from a patient with 47,XXY Klinefelter’s syndrome. Hum Reprod. 
1997;12:2447-2450.

 7. Tournaye H, Camus M, Vandervorst M, et al. Surgical sperm retrieval 
for intracytoplasmic sperm injection. Int J Androl. 1997;20:69‐73.

 8. Palermo GD, Schlegel PN, Sills ES, et al. Births after intracytoplasmic 
injection of sperm obtained by testicular extraction from men with 
nonmosaic Klinefelter syndrome. N Engl J Med. 1998;38:588‐590.

 9. Nodar L, De Vincentis S, Olmedo SB, Papier S, Urrutia F, Acosta AA. 
Birth of twin males with normal karyotype after intracytoplasmic sperm 
injection with use of testicular spermatozoa after intracytoplasmic 
sperm injection with use of testicular spermatozoa from a nonmosaic 
patient with Klinefelter syndrome. Fertil Steril. 1999;71:1149-1152.

 10. Ron-El R, Strassburger D, Gelman-Kohan S, Friedler S, Raziel A, 
Appelman Z. A 47,XXY fetus conceived after ICSI of spermatozoa 
from a patient with non- mosaic Klinefelter syndrome. Hum Reprod. 
2000;15:1804-1806.

 11. Friedler S, Raziel A, Strassburger D, Schachter M, Bern O, Ron-El R. 
Outcome of ICSI using fresh and cryopreserved- thawed testicular 
spermatozoa in patients with non- mosaic Klinefelter syndrome. Hum 
Reprod. 2001;16:2616‐2620.

 12. Bergère M, Wainer R, Nataf V, et al. Biopsied testis cells of four 
47,XXY patients: fluorescence in- situ hybridization and ICSI results. 
Hum Reprod. 2002;17:32‐37.

 13. Tachdjian G, Frydman N, Morichon-Delvallez N, et al. Reproductive 
genetic counselling in non- mosaic 47,XXY patients: implications for 
preimplantation or prenatal diagnosis: case report and review. Hum 
Reprod. 2003;18:271‐275.

 14. Seo JT, Park YS, Lee JS. Successful testicular sperm extraction in 
Korean Klinefelter syndrome. Urology. 2004;64:1208-1211.

 15. Okada H, Goda K, Muto S, Maruyama O, Koshida M, Horie S. Four 
pregnancies in nonmosaic Klinefelter syndrome using cryopreserved- 
thawed testicular spermatozoa. Fertil Steril. 2005;84(1508):e13-e16.

 16. Schiff JD, Palermo GD, Veeck LL, Goldstein M, Rosenwaks Z, Schlegel 
PN. Success of testicular sperm injection and intracytoplasmic sperm 
injection in men with Klinefelter syndrome. J Clin Endocrinol Metab. 
2005;90:6263‐6267.

 17. Kyono K, Uto H, Nakajo Y, Kumagai S, Araki Y, Kanto S. Seven preg‐
nancies and deliveries from non- mosaic Klinefelter syndrome pa‐
tients using fresh and frozen testicular sperm. J Assist Reprod Genet. 
2007;24:47-51.

 18. Ramasamy R, Ricci JA, Palermo GD, Gosden LV, Rosenwaks Z, 
Schlegel PN. Successful fertility treatment for Klinefelter syndrome. 
J Urol. 2009;182:1108‐1113.

 19. Ferhi K, Avakian R, Griveau J-F, Guille F. Age as only predictive factor 
for successful sperm recovery in patients with Klinefelter syndrome. 
Andrologia. 2009;41:84-87.

 20. Yarali H, Polat M, Bozdag G, et al. TESE- ICSI in patients with non- 
mosaic Klinefelter syndrome: a comparative study. Reprod Biomed 
Online. 2009;18:756‐760.

 21. Greco E, Scarselli F, Minasi MG, et al. Birth of 16 healthy children 
after ICSI in cases of nonmosaic Klinefelter syndrome. Hum Reprod. 
2013;28:1155‐1160.

 22. Madureira C, Cunha M, Sousa M, et al. Treatment by testicular sperm 
extraction and intracytoplasmic sperm injection of 65 azoosper‐
mic patients with non- mosaic Klinefelter syndrome with birth of 17 
healthy children. Andrology. 2014;2:623-631.

 23. Vicdan K, Akarsu C, Sözen E, et al. Outcome of intracytoplasmic 
sperm injection using fresh and cryopreserved- thawed testicular 
spermatozoa in 83 azoospermic men with Klinefelter syndrome. 
J Obstet Gynaecol Res. 2016;42:1558-1566.

 24. Morel F, Bernicot I, Herry A, Le Bris MJ, Amice V, Braekeleer MD. An 
increased incidence of autosomal aneuploidies in spermatozoa from a 
patient with Klinefelter’s syndrome. Fertil Steril. 2003;79:1644-1646.

 25. Chevret E, Rousseaux S, Monteil M, et al. Increased incidence of hy‐
perhaploid 24, XY spermatozoa detected by three- colour FISH in a 
46,XY/47,XXY male. Hum Genet. 1996;97:171‐175.

 26. Foresta C, Galeazzi C, Bettella A, Stella M, Scandellari C. High inci‐
dence of sperm sex chromosomes aneuploidies in two patients with 
Klinefelter’s syndrome. J Clin Endocrinol Metab. 1998;83:203‐205.

 27. Morel F, Roux C, Bresson JL. Segregation of sex chromosomes in sper‐
matozoa of 46,XY/47,XXY men by multicolour fluorescence in- situ 
hybridization. Mol Hum Reprod. 2000;6:566‐570.

 28. Hennebicq S, Pelletier R, Bergues U, Rousseaux S. Risk of trisomy 
21 in offspring of patients with Klinefelter’s syndrome. Lancet. 
2001;357:2104-2105.

 29. Vialard F, Bailly M, Bouazzi H, et al. The high frequency of sperm 
aneuploidy in Klinefelter patients and in non- obstructive azoosper‐
mia is due to meiotic errors in euploid spermatocytes. J Androl. 
2012;33:1352‐1359.

 30. Tanaka A, Nagayoshi M, Takemoto Y, et al. Fourteen babies born 
after round spermatid injection into human oocytes. PNAS. 
2015;112:14629-14634.

 31. Tanaka A, Tanaka I, Nagayoshi M, Kusunoki H, Watanabe S. Risk level 
of intracytoplasmic sperm/spermatid injection for 115 non- mosaic 
Klinefelter syndrome patients. Fertil Steril. 2013;100:S71.

 32. Tanaka A, Nagayoshi M, Awata S, Mawatari Y, Tanaka I, Kusunoki H. 
Preimplantation diagnosis of repeated miscarriage due to chromo‐
somal translocations using metaphase chromosomes of a blastomere 
biopsied from 4-  to 6- cell- stage embryos. Fertil Steril. 2004;81:30-34.

 33. Watanabe S. A detailed cytogenetic analysis of large numbers of fresh 
and frozen- thawed human sperm after ICSI into mouse oocytes. Hum 
Reprod. 2003;18:1150‐1157.

 34. Mikamo K, Kamiguchi Y. A new assessment system for chromosomal 
mutagenicity using oocytes and early zygotes of Chinese hamster. In: 



     |  195MIKI et al.

Ishihara T, Sasaki MS, eds. Radiation-Induced Chromosome Damage in 
Man. New York, NY: Alan R. Liss; 1983:411-432.

 35. Shrivastava P, Jain T, Trivedi VB. Usefulness of X STR haplotype mark‐
ers in forensic DNA profiling. Helix. 2014;4:582-589.

 36. Tanaka A, Nagayoshi M, Awata S, Himeno N, Tanaka I, Kusunoki H. 
Isolated spermatogonia protrude active pseudopodia in vitro. Fertil 
Steril. 2008;90:453-455.

 37. Aksglæde L, Wikström AM, Rajpert-Meyts E, Dunkel L, Skakkebæk 
NE, Juul A. Natural history of seminiferous tubule degeneration in 
Klinefelter syndrome. Hum Reprod Update. 2006;12:39-48.

 38. Lee JD, Kamiguchi Y, Yanagimachi R. Analysis of chromosome con‐
stitution of human spermatozoa with normal and aberrant head 
morphologies after injection into mouse oocytes. Hum Reprod. 
1996;11:1942-1946.

 39. Watanabe S. Chromosome analysis of human spermatozoa with mor‐
phologically abnormal heads by injection into mouse oocytes. Reprod 
Med Biol. 2004;3:147-152.

 40. Kamiguchi Y, Tateno H, Mikamo K. Chromosomally abnormal gametes 
as a cause of developmental and congenital anomalies in humans. 
Cong Anom. 1994;34:1-12.

 41. Coates A, Hesla JS, Hurliman A, et al. Use of suboptimal sperm in‐
creases the risk of aneuploidy of the sex chromosomes in preimplan‐
tation blastocyst embryos. Fertil Steril. 2015;104:866-872.

 42. Sanger R, Tippett P, Gavin J, Teesdale P, Daniels GL. Xg groups and sex 
chromosome abnormalities in people of northern European ancestry: 
an addendum. J Med Genet. 1977;14:210-211.

 43. Morton NE, Wu D, Jacobs PA. Origin of sex chromosome aneuploidy. 
Ann Hum Genet. 1988;52:85‐92.

 44. Jacobs PA, Hassold TJ, Whittington E, et al. Klinefelter’s syndrome: an 
analysis of the origin of the additional sex chromosome using molec‐
ular probes. Ann Hum Genet. 1988;52:93‐109.

 45. Maiburg M, Repping S, Giltay J. The genetic origin of Klinefelter 
syndrome and its effect on spermatogenesis. Fertil Steril. 
2012;96:577‐579.

 46. Braude P, Bolton V, Moore S. Human gene expression first occurs 
between the four-  and eight- cell stages of preimplantation develop‐
ment. Nature. 1988;332:459-461.

How to cite this article:  Miki T, Nagayoshi M, Takemoto Y, 
et al. Genetic risk of Klinefelter’s syndrome in assisted 
reproductive technology. Reprod Med Biol. 2017;16:188‐195. 
http://doi.org/10.1002/rmb2.12029

http://doi.org/10.1002/rmb2.12029

