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Sperm telomere length: Diagnostic and prognostic
biomarker in male infertility (Review)
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Abstract. Telomere length is an important biomarker in a
number of diseases, including male infertility. A decreased
telomere length has been reported in several diseases and
telomere shortening may occur due to aging, decreased telom-
erase activity, oxidative stress or cell division. In recent years,
several studies have indicated that males with infertility have
a shorter sperm telomere length than fertile males. Sperm
telomere shortening is associated with male infertility through
several mechanisms, including the apoptosis of spermatozoa,
decreased motility, low sperm count, incorrect chromosomal
pairing and movement during meiosis, and failed fertilization.
The aim of this review was to compile current findings on
sperm telomere length and discuss findings to compare sperm
from infertile males with that of fertile males. Several studies
reported shortening of sperm telomeres associated with infer-
tility. Thus, sperm telomere length can be used as biomarker
for the diagnosis and prognosis of male infertility, since fertile
males have longer telomeres and the length decreases with
age. However, there is no specific telomere length that is set as
standard/recommended length.
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Introduction

Telomeres are highly conserved non-coding tandem repeats
(5-TTAGGG-3") located at the extreme end of chromosomes,
coated by a complex of 6 proteins, termed the ‘shelterin
complex’ and they are essential for genomic stability and
integrity. The telomeric length of human germ cells (10-20 kb)
is longer compared to that of human somatic cells (5-10 kb) (1).
Telomeric length is heritable and varies with sex, as females
have longer telomeres due to the presence of estrogen (2).
However, the difference is insignificant between males and
females at birth (3). In the majority of cases, the telomeric
length of somatic cells reduces with age, as well as during each
cell division (4). A number of factors, such as the environment,
genetics, infection, lifestyle, oxidative stress, telomere uncap-
ping and psychological stress are associated with telomere
shortening (5). A marked decrease in telomeric length leads
to chromosomal instability, resulting in apoptosis, senescence
or tumorigenesis.

Telomerase, the enzyme responsible for telomere replication,
plays a crucial role on telomeric length. It is an RNA-dependent
DNA polymerase with a functional RNA component, h\TERC, the
template for telomere synthesis and a catalytic subunit hTERT,
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that is responsible for telomerase activity (6). Importantly, active
telomerase compensates for telomere length shortening that is
present in various age-related and chronic diseases, while it also
plays a critical role in maintaining spermatogenesis in germ line
cells, an important factor for male fertility (7).

As regards spermatogenesis, it is a procedure that occurs
inside the seminiferous tubules of the testes, depending
on human spermatogonial stem cells, and it is the result of
a mitotic and two meiotic divisions. Inside the seminiferous
tubule epithelium there is a basement membrane consisting
of undifferentiated spermatogonia and differentiating type B
spermatogonia. The latter produce primary spermatocytes
which follow meiotic division and migrate from the membrane.
In addition, the following meiotic divisions and spermiogenesis
result in the production of spermatids, the secondary sper-
matocytes and differentiated spermatozoa, which are delivered
into the lumen of the seminiferous tubules. Spermatogenesis is
completed in approximately 74-120 days, whereas millions of
spermatozoa are released by the male testes daily.

As regards infertility, this has become a serious public health
concern affecting millions of couples globally (8). Male infer-
tility is the inability of a male to cause pregnancy in a fertile
female after 12 months of regular unprotected intercourse (9).
Approximately 50% of male infertility cases are due to envi-
ronmental, behavioral and nutritional factors (10), spermiogenic
defects (11), hormonal deregulation (12), sexual disorders and
reproductive tract obstruction (13). However, the a etiology
of approximately half of the cases of male infertility remains
unexplained (idiopathic) (14), even though recent studies have
reported that oxidative stress, DNA damage (15) and telomere
shortening are attributed to idiopathic infertility (16).

The diagnosis of male infertility is generally based on
standard semen analysis (17), a physical examination, personal
and family history, ultrasound analysis and hormonal evalu-
ation (18,19). However, these methods are not sufficient for
diagnosis, particularly in infertile males with normal semen
parameters (idiopathic infertility) (20). Therefore, there is an
increasing need for further diagnostic techniques that can also
cover the a etiology and pathogenic profile of idiopathic infer-
tile males. This fact combined with the results of recent studies
that have reported shortening of sperm telomere length in male
infertility, led us to compose this review in order to highlight
the significance of sperm telomere length as a prognostic and
diagnostic biomarker in male infertility (21). As illustrated in
Table I, in the majority of studies, for the determination of telo-
meres, qPCR and Q-FISH have been used. In addition, Fig. 1
illustrates he advantages and disadvantages of both methods.

2. Telomere length in sperm cells

While women are born with a determined number of
oocytes for the rest of their lives, in males, spermatogenesis
is a dynamic and ongoing progress from puberty until death.
Sperm is developed from spermatogonial stem cells in the
seminiferous tubules of testis following a mitotic and two
meiotic divisions. Millions of spermatozoa are produced by the
male testes daily and spermatogenesis needs about 74-120 days
to be completed (22).

Despite the fact that telomere length varies among different
cells and organs (23), it is well known that human germ cells
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have longer telomeres than human somatic cells (24). It is a
paradox that sperm telomeres, despite being longer, seem to
elongate with age compared with somatic cells and the exact
mechanisms of this process remain unclear (25,26). One expla-
nation is that molecular resistance against the aging process
may be genetically programmed (26) and since an estimated
100 million sperm cells are produced daily, special telomere
maintenance mechanisms are required to avoid rapid telomere
shortening (27). Along these lines, it has been reported that there
is high telomerase activity in the testes, leading to the gradual
and progressive lengthening of sperm telomeres with age, rather
than simply maintaining a stable length. This could mean that
telomerase expression favors the long telomeres against the
shorter which is not true, according to studies reporting that in
general, telomerase lengthens preferentially shorter telomeres.
Therefore, a plausible explanation is that sperm stem cells with
shorter telomere length are disproportionately led to death with
age, as a selective cellular process for telomere length mainte-
nance (25,27). This is supported by the fact that, according to
a series of studies, for each additional year of paternal age at
the time of birth, an increase of 17.7 bp is observed in telomere
length of the offspring's leucocytes (28) and sperm cells (27).
However, despite this fact, the offspring of older fathers inherit
longer telomeres; the greater the age of the father, the greater
the danger of spontaneous germ cell mutations and as a conse-
quence, of rare diseases in the offspring, such as achondroplasia
and craniosynostosis. This is due to the higher number of repli-
cation cycles in terms of spermatogenesis, that corresponds to a
higher error possibility during that process (29).

3. Telomere length and male infertility

In contrast to the above, even if sperm telomere length increases
with age, researchers have suggested that male fertility in the
late thirties and particularly after forties is reduced, signifi-
cantly increasing the possibility of infertility if the woman is
also of advanced age (30). It is important to mention though,
that sperm telomere length shortening is not only derived from
aging itself, but may also be a consequence of age-related
diseases or oxidative stress that causes dysfunctions, which
are a clear indication of infertility, but cannot be diagnosed by
existing diagnostic procedures.

Importantly, human telomeric length of both somatic and
germ cells plays a crucial role in human development and repro-
duction, as a shorter telomere length has been associated with
unexplained frequent (31) mortality and reproductive aging (32).
More specifically, a shorter telomere length in germ cells is asso-
ciated with a number of reproductive complications, including
infertility (33), failed fertilization, embryonic fatality, reduced
lifespan and viability (34), cell cycle arrest, genomic instability,
gamete apoptosis and frequent miscarriage (35-38). In agree-
ment with this, it has been shown that infertile males have a
shorter sperm telomere length compared to fertile males (15,39).
This could explain the fact that sperm with a shorter telomere
length cannot fertilize an egg (form a zygote) due to the critical
role of the sperm telomeric site in pronucleus formation and
meiosis. Several studies have reported a strong association
between sperm telomere length and sperm count (5,17,21,40), as
well as, the age of the parents at conception (26,41). In addition,
freshly ejaculated sperm must acquire certain characteristics,
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Table I. Studies associating telomere length with infertility.

Method used for the measurement

Authors/(Refs.), year of telomeric length

Results

Kimura et al (25), 2008 * Southern blot analysis
¢ Q-FISH

¢ flow-FISH
Monochrome multiplex

quantitative PCR assay

Eisenberg et al (27),2012

Thilagavathi et al (31),2013

DFI and ROS levels)
Mishra et al (33),2016 qPCR
Herrera et al (34),1999 qFISH

Baird et al (36), 2006 * Southern blot analysis

* STELA PCR
Cariati et al (37),2016 qPCR
Torra-Massana et al (38), 2018 gPCR
Yang et al (40), 2015 gPCR
Ferlin et al (39), 2013 qPCR

gPCR method (correlation with

Offspring telomere length depends on paternal age

Longer sperm telomere length in older men indicates
that the capability of reproduction could be extended
STL is associated with infertility, although there

was no association found between TL and ROS
levels or sperm DNA damage

Shorter TL is connected to infertility. In addition,
seminal reactive oxygen species (ROS) as well as
8-Isoprostane levels were higher in infertile men

Failed fertilization, embryonic fatality, reduced
lifespan and viability are related to short STL

Short STL may cause aberrant meiosis which leads
to the production of aneuploid sperm

Shorter STL is associated with infertility,
oligospermia and chromosomal abnormality

In contrast with the literature, the multilevel
biochemical, clinical analysis confirmed that the effect
of STL on fertilization was not significant (P>0.05)

No significant positive association between paternal
age and STL at the time of conception sperm with
longer TL could be obtained following density
gradient centrifugation, in order to ameliorate

the efficacy in assisted reproduction techniques

STL is longer than leukocyte telomere length.
STL in oligozoospermic males is significantly
shorter than STL in normozoospermic males; a
significant positive association between maternal
age and both leukocyte and sperm telomere length
and a significant positive association was found
between paternal age and STL in the offspring

STL, sperm telomere length.

which make it competent to fertilize an egg (42). The quality
of sperm depends on several parameters, such as sperm count,
motility, vitality, reactive oxygen species (ROS) levels, DNA
fragmentation index (DFI) and sperm telomere length. Sperm
telomere length is essential during spermatogenesis, fertiliza-
tion, pronucleus formation and meiosis, although the exact
mechanisms of sperm telomere length regulation in male
infertility are not yet fully understood. Sperm telomere length is
directly associated with vitality, protamination and progressive
motility, and is negatively associated with DNA fragmentation.

The link between sperm telomere length and its conse-
quences in male fertility is possibly the increased oxidative
stress. Oxidative stress is extremely damaging to hematopoi-
etic stem cells and has been shown to be responsible for the
dysfunction and aging of both somatic and germ cells (43).
Severe oxidative stress is one of the major factors responsible

for male infertility (44) and telomere shortening (45,32).
Telomeres are rich in residues (guanines) that are susceptible
to oxidative stress leading to increased sperm DNA damage,
which consequently reduces the quality of the sperm, resulting
in infertility. However, Thilagavathi er al found no correla-
tion between the levels of ROS, sperm DNA damage and
sperm telomere length (31), while another study reported that
mild oxidative stress played a role in sperm telomere length-
ening (32), suggesting that mild oxidative stress may play a role
in maintaining the genomic stability of the gamete.

4. Role of sperm telomere in diagnosis and prognosis of
male infertility

Despite the variation of sperm telomere length between
individuals, it can provide information on male infertility. As
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Figure 1. Advantages and disadvantages of gPCR and Q-FISH.

already mentioned, previous studies have indicated that the
sperm telomere length of fertile males is significantly higher
compared to that of infertile males (5,31,33-35,39). Thus, sperm
telomere length can provide insight (information) on male
fertility, since a shortened telomere may be an indication of
impaired spermatogenesis, which can lead to a low sperm count,
error(s) in chromosomes segregation and imbalanced gametes.
Moreover, another study reported a strong association between
sperm telomere length and sperm count; i.e., males with longer
sperm telomeres tend to have a good sperm count than those
with shorter sperm telomeres (38). However, the role of a short
telomere length of sperm cells in infertility remains under
investigation. If the age factor and other systemic pathologies
affecting telomere length are obliterated from the parameters
of a study, it seems that men with oligozoospermia in contrary
with those that are normozoospermic, have a shorter telomere
sperm length (38). Moreover, males with idiopathic infertility
have a shorter sperm telomere length, even though they are
normozoospermic, compared to fertile males (30).

Since sperm telomere length is strongly associated with
sperm count, motility and decreased DNA fragmentation,
sperm telomeres can be used as a biomarker for the diagnosis
and prognosis of male infertility. Importantly, sperm telomere
length can be also used to assess sperm quality during assisted
reproductive techniques (ART), suggesting that it may be
used as one of the criteria for sperm selection during ART.
For example, according to previous research, oligozoospermic
males with a shorter sperm telomere length pass on a shorter
telomere length to their offspring (30). Therefore, even though
infertility treatment outcome determination is generally based
on the ability to conceive or bear a child, semen quality, also
based on sperm telomere length, can be used as a parameter to
estimate the effectiveness of a treatment.

5. Conclusions
Male infertility accounts for approximately half of the total

number of infertility cases. Thus far, semen parameter analysis
is the most commonly used method for the diagnosis of male

infertility, as well as for the determination of the medica-
tion outcome (i.e., the success of treatment). However, this
method cannot be used for infertile males with normal semen
parameters. Therefore, the use of sperm telomere length may
be relevant to both the diagnosis and prognosis of idiopathic
infertility.
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