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Klinefelter syndrome (KS) is the most common sex chromosome abnormality,

which occurs in about one in 660 newly bornmales, and it is themost common

genetic cause of infertility in infertile men, accounting for 11%. It is rare for non-

mosaic KS patients to have sperm and reproduce naturally, and there are

currently no reports of KS patients with normal motile sperm.

Microdissection testicular sperm extraction associated with intracytoplasmic

sperm injection (micro-TESE-ICSI) is currently the main assisted reproductive

method for patients with KS. In this study, we describe a patient of non-mosaic

KS (47, XXY) who had given birth to a healthy girl naturally. The patient had

normal male characteristics and did not have the symptoms of hypogonadism

commonly seen in KS. He had high levels of serum follicle stimulating hormone

and luteinizing hormone, a low level of serum testosterone, and a normal level

of prolactin. Semen analysis showed that this case had normal motile sperm

(total motility of 57.66% and progressive motility of 46.19%) but low sperm

concentration (1.7 × 106 cells/mL). He gave birth to a boy by intracytoplasmic

sperm injection (ICSI) using his ejaculated sperm purified to high density and

motility by Percoll density gradient centrifugation. In conclusion, this case is a

unique non-mosaic KS patient who had a normal spermmotility, experienced a

natural fertility, and received a successful ICSI outcome, which enlarges our

knowledges on non-mosaic KS.
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Introduction

Klinefelter’s syndrome (KS) is a common sex chromosome

abnormality and occurs in about 0.10–0.15% of males (Bojesen

et al., 2003). KS includes nonmosaic (47, XXY) and mosaic types;

nonmosaic KS is the major type, accounting for about 90% of KS

cases (Abdelmoula et al., 2004; Lanfranco et al., 2004; Paduch

et al., 2008; Samplaski et al., 2014). KS is the most common

genetic cause of male infertility (Kanakis and Nieschlag, 2018).

Men with nonmosaic KS usually exhibit azoospermia, but less

than 10% of patients have oligoasthenozoospermia and a small

number of abnormal spermatozoa in their ejaculates (Staessen

et al., 2003; Ulug et al., 2003; Ichioka et al., 2006).With the help of

assisted reproductive technology, microdissection testicular

sperm extraction associated with intracytoplasmic sperm

injection (micro-TESE-ICSI) provides these KS patients with

azoospermia the opportunity to have children. Several studies

have reported that patients with KS could father a child with a

normal peripheral blood karyotype by intracytoplasmic sperm

injection (ICSI) using spermatozoa extracted from testicular

biopsy samples (Nodar et al., 1999; Poulakis et al., 2001;

Greco et al., 2013) or ejaculated spermatozoa (Ichioka et al.,

2006). Although spermatozoa can be found in the semen

ejaculated from a few patients with KS, there are no reports

of normal sperm motility in patients with KS, nor have such

patients ever given birth to a child with a normal karyotype

naturally. This study presents the first case of a non-mosaic KS

man who had previously given birth naturally, using ICSI to

achieve fertility using ejaculated sperm with normal sperm

motility.

Case presentations

A 31-year-old man and his 29-year-old wife were admitted to

the Reproductive Medicine Center of Jiangxi Maternal and Child

Health Hospital affiliated with Nanchang University in 2018 for

subfertility assessment. The couple participating in this study

provided signed informed consent. This study was approved by

the Institutional Ethics Committee on human subjects of Jiangxi

Maternal and Child Health Hospital. The couple had been

married for 8 years and had had a girl naturally in the second

year of marriage. After 3 years of marriage, they wanted a second

child, so they stopped using contraception, but had not

succeeded in giving birth for 5 years. They had no significant

medical or surgical history and were not on any long-term

medications. The wife was checked to ensure that both

fallopian tubes were unblocked, and her reproductive function

was normal. Classic karyotyping of metaphases by Giemsa(G)-

banding was performed as described elsewhere (Huang and

Chen, 2017). G-banding chromosomal analysis showed that

the wife and their first child had normal chromosomal

karyotypes but the husband had a sex chromosome

abnormality (47, XXY). The karyotype result of the patient

was shown in Supplementary Figure S1. Y chromosome

microdeletions were not detected in the husband. Therefore,

the husband has nonmosaic KS.

The patient underwent andrology examination, semen

analysis, and endocrine evaluation. The patient has a laryngeal

knot and normal male breasts. The pubic hair is distributed in

male characteristics, the penis developed normally, and the

bilateral epididymis and vas deferens developed normally.

According to testicular ultrasonography, the volumes of the

left and right testes are calculated to be 6.6 ml and 7 ml,

respectively (Supplementary Figure S2). Semen analysis

revealed that the patient has a low number of spermatozoa in

his ejaculates (Table 1). It is worth noting that the patient has

normal spermmotility (Table 1). In addition, the patient has high

levels of serum follicle stimulating hormone and luteinizing

hormone, a low level of serum testosterone, and a normal

level of prolactin (Table 1).

Sufficient clinical evidence has found that patients with

KS usually present with symptoms of hypogonadism such as

tall height, small, hard testes, and disproportion between

upper and lower body (Bonomi et al., 2017). Notably, this

patient was 165 cm tall, weighed 60 kg, and a testicular

volume of approximately 7 ml (Table 1) was not small for

a man with an FSH of 35.37 mIU/L. Furthermore, the patient

had normal male characteristics, which indicated that the

patient did not have the symptoms of hypogonadism

commonly seen in KS.

After consulting with the genetics department, we

recommended the treatment of preimplantation genetic

TABLE 1 Testicle volume, semen parameters, and hormone profile.

Parameters Patient References

Testis size

Left (ml) 6.6 12–25

Right (ml) 7 12–25

Semen parameters

Volume (ml) 2.0 1.5–6

pH 7.4 7.2–8

Sperm concentration (106 cells/mL) 1.7 ≥15

Sperm count (106 cells) 3.4 ≥39

Total motility (%) 57.66 ≥40

Progressive motility (%) 46.19 ≥32

Serum hormones

FSH (mIU/L) 35.37 1.3–11.8

LH (mIU/L) 26.46 1.8–8.4

PRL (ng/ml) 10.16 4.04–15.2

T (ng/mL) 1.55 2.6–7.4

FSH, follicle-stimulating hormone; LH, luteinizing hormone; T, testosterone; PRL,

prolactin.
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testing (PGT). The couple decided against PGT for economic

reasons and insisted on ICSI. Because the husband’s sperm

motility is normal, but the sperm concentration is low, Percoll

density gradient centrifugation on his spermatozoa was

performed to increase the sperm concentration. Seven

metaphase II oocytes were retrieved for ICSI and four

oocytes were fertilized. Three transplantable embryos formed

after standard embryo culture and one high-quality embryo was

transferred. Eleven days after embryo transplantation, beta-

human chorionic gonadotropin was determined to be positive.

The wife later gave birth to a boy.

Discussion

The etiology of nonmosaic KS is an increase in the number of

X chromosomes caused by errors during meiosis (Radicioni et al.,

2010). The gene dosage effect caused by the increase in the

number of X chromosomes leads to the cumulative effect of gene

imbalance located in the trichromosomes or chromosomal

regions, which is the main cause of male infertility symptoms

in patients with KS (Scofield et al., 2008; Ottesen et al., 2010;

Zhang et al., 2020). This effect may cause abnormal expression of

spermatogenesis-related genes; hence, most patients with KS

have azoospermia. However, some patients with KS still have

sperm in their semen and they have varying degrees of a male

phenotype. In this study, we report the first non-mosaic KS

patient with sperm in ejaculate and normal sperm motility. This

may be related to the silencing of spermatogenesis-related genes

on the extra X chromosome, or additional methylation

modifications, so that these genes still have partial functions.

This finding suggests that by studying the corresponding

methylation or unique genetic imprints on the extra X

chromosome, it is possible to discover the mechanism by

which spermatogenesis and motility are regulated in patients

with KS.

TESE-ICSI is the main method of assisting the reproduction

of patients with KS (Denschlag et al., 2004; Corona et al., 2017).

Compared with TESE-ICSI, ICSI does not require sperm

retrieval from the testis and is less invasive to the patient.

And using the patient’s ejaculated sperm for ICSI can give

patients more confidence in the success rate of the procedure. In

the present study, we report the first case of a non-mosaic KS

patient who had previously given birth naturally and

successfully conceived with ICSI using his normally motile

ejaculate sperm, providing additional clinical data for

addressing fertility problems in non-mosaic KS patients. This

case suggests to us that studying the mechanism of action at

different phenotypic levels in KS patients will help to develop

drugs to improve sperm quality in these patients, improving

fertility and reproductive quality.

In both the case presented and another case reported by

Ichioka et al. (2006), the outcome was natural childbearing and

developed oligospermia over time. This indicates that the semen

quality of patients with KS will gradually decline. Estimates from

epidemiological data suggest that the prevalence of KS is higher

than the number of patients who are clinically diagnosed

(Bojesen et al., 2003). It shows that many KS patients have

not really received clinical diagnosis, let alone screened out in

adolescence. Therefore, for KS patients, early popularization of

chromosome screening technology and early intervention is

meaningful. The use of testosterone replacement therapy and

other treatments can effectively improve the quality of life of KS

patients and change reproductive outcomes (Rives et al., 2013;

Plotton et al., 2014).

Another notable thing in this case is that the patient did not

have typical symptoms of hypogonadism. The clinical features

depend on the extra X chromosome and the effects of

hypogonadism (Visootsak and Graham, 2006). However,

what we know about the signs and symptoms of KS is only

the tip of the iceberg. Unfortunately, what we know about the

clinical presentation of men with KS comes directly from

descriptions of men who have received a specific diagnosis

of KS (Lanfranco et al., 2004). This case illustrates that not all

patients with KS have typical symptoms of hypogonadism,

which may be related to the extra X chromosome not

functioning. Therefore, the symptoms of hypogonadism of

men cannot be used to adequately judge whether it is a

patient with KS and its severity.

This study reports the first case of a non-mosaic KSmale who

had ever given birth naturally, a boy born after ICSI using his

normally motile ejaculate sperm. This case shows that sperm

quality in KS patients declines over time. And hypogonadism is

not the defining symptom of KS. This case reminds the study of

the effect of extra X chromosome inactivation on

spermatogenesis and sperm motility in KS patients, provides

more clinical data for KS assisted reproductive therapy, and

reminded that the early intervention treatment of KS patients

may be a new idea to help future fertility.
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SUPPLEMENTARY FIGURE S1
Karyotype result of the patient. The G-banding method was used to
detect the karyotype, and the patient's karyotype was 47, XXY.

SUPPLEMENTARY FIGURE S2
Testicular B-ultrasound pictures and volume calculation results of the
patient. The formula for calculating testis volume from b-ultrasound
images is 0.71 × length × width × height. Using this formula, we
calculated that the volumes of the patient’s left and right testes were
6.6 ml and 7 ml, respectively.
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