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Abstract

Purpose Telomere length plays a significant role in various
disorders; however, its role in idiopathic recurrent pregnan-
cy loss (iIRPL) is not known. The objective of this study was
to assess telomere length in peripheral blood leukocytes in
couples experiencing unexplained recurrent pregnancy loss
(iRPL).

Methods The study included 25 couples experiencing iRPL
and 20 controls. The mean relative telomere length was
measured by quantitative Real Time PCR (Q-PCR) based
assay, which measures the average ratio of telomere repeat
copy number to a single copy gene (36B4) copy number
(T/S ratio) in each sample.

Results The relative leukocyte mean telomere length (T/S) in
both men and women from iRPL group was significantly
lower (p<0.05) when compared to controls. A significant
(P<0.05) negative correlation was found between age and
leukocyte telomere length (T/S ratio). Among the sperm pa-
rameters seminal volume was found to be negatively
(r=—0.4679) associated with the telomere T/S ratio. The DNA

Capsule Telomeres the conserved nucleoprotein structures flanking
chromosomal ends and confer chromosomal stability and genomic
integrity. Telomere length determines the replicative potential of the
cell. Telomere length depends on both genetic and life style factors.
Oxidative and psychological stress accelerates telomere shortening.
Telomere length in both male and female partners determines the
telomere length of blastocyst/embryo, but shorter telomere length may
impair the replicative potential of embryo and thus may be the
underlying aetiology of iRPL.
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fragmentation index of sperm showed positive correlation
(r=0.4744) with telomere length. In this preliminary study, we
found that shorter telomere length in both men and women
may be associated with early pregnancy loss.

Conclusion In conclusion, shorter telomere length in both
male and female partners appears to play a role in the
idiopathic recurrent pregnancy loss. Loss of telomeric
DNA due to oxidative stress needs further analysis. Analysis
of telomere length in germ cells are needed to further sub-
stantiate the findings of this study.

Keywords Telomere length - Recurrent pregnancy loss -
Q-PCR, Sperm chromatin structure assay - Reactive oxygen
species

Introduction

At least 1-3 % of married couples experience idiopathic
recurrent pregnancy loss (iIRPL) (>3 consecutive pregnancy
losses before 20-24 weeks of gestation) [1, 2]. It is estimat-
ed that the incidence of spontaneous abortions is between 10
and 20 % among clinically recognized pregnancies [3].
Though there are numerous factors such as anatomical de-
fects, endocrinological, immunological and genetic factors
which can lead to iRPL but the exact cause is not known in
majority of cases and such cases are classified as idiopathic
recurrent pregnancy loss (iIRPL) [2]. Telomere are enriched
with CpG islands and subtelomeric regions are believed to
have the highest gene density [4] and have specialized
functions in maintaining chromosome integrity and perform
capping function, protect chromosome from degradation
and end-to-end fusion. With each cell division due to end
replication problem telomere are shortened and this results
in cell senescence [5]. In germ cells they aid in meiotic
recombination and pairing of homologous chromosomes.
[6] reported that shortened telomere resulted in apoptosis,
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replicative senescence, decreased recombination, meiotic
arrest, impair embryonic viability and fetal development
and cause chromosome missegregation (aneuploidy) and
instability. Further shortened telomere loose their capping
function at the end of the chromosomes which results in
nonreciprocal translocations, (damaged chromosome cap-
tures a telomere from another chromosome) thus resulting
in chromosomal instability or rearrangements [7] deletions,
aneuploidy & DNA damage [8].

Telomeres in the genome are highly prone to oxidative
damage as they are G rich and these non coding buffer zones
flanking chromosomal ends determines cellular and genomic
integrity. Their function depends not only on their length, but
also on their structure, where the length of telomere is dictated
by several factors (both genetic and lifestyle). Though short-
ened telomere length plays a significant role in various diseases
its role in iRPL has not been evaluated. Chromosomes having
sufficient telomere length have probable role in fertilization
and shortened telomeres either from sperm or oocyte may
contribute to abnormal cleavage and impaired development,
as demonstrated in knock-out mice [9].

In human embryos telomere length in oocytes predicts
cytoplasmic fragmentation, related to apoptosis [10]. Telo-
meres might be amongst the first structures in the sperm
nucleus that respond to oocyte signals for male pronucleus
development at fertilization [11]. Short telomere length in
telomerase-deficient mice was found to be associated with
premature aging, impaired oogenesis, poor quality of oocyte,
increased rate of apoptosis, impaired chromosome synapsis
and aneuploidy [6]. Critically short telomeres are associated
with sperm DNA fragmentation in mice and abnormal embry-
onic development in man [12, 13]. From these observations it
is suspected that telomeres might play an important role in
chromosomal localization within the sperm nucleus [14],
where abnormal chromosome localization leads to meiotic
errors which results in sperm borne aneuploidies [15]. More-
over telomere length in human unfertilized oocytes has
been correlated with the morphological appearance of
embryo and embryo quality in sibling fertilized oocytes
as well as the probability of pregnancy [10, 16], sur-
prisingly, there are few reports showing association of
telomere length with various reproductive disorders.
Hence this study was planned with the aim to assess
the role of telomere length in the leukocytes of couples
(both male and female partner) experiencing iRPL.

Materials and methods
Study subjects

A total of 25 iRPL couples (more than 3 consecutive preg-
nancy losses before 20-24 weeks of gestation) and 20 fertile
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proven couples were included in this study after written
informed consent and ethical approval from Institute Ethics
Committee (IEC, AIIMS). All the male cases included in the
study were cytogenetically normal and had no Y chromo-
some microdeletion. Detailed medical, family history and
life style parameters of both partners were recorded in a
predesigned proforma. Female partners were evaluated for
complete gynaecological, clinical investigation to rule out
cervical infection, endocrine disorder, haematological disor-
der, cytogenetic abnormality, anatomical defects etc. The
female partners of the couples were less than 40 years old
and had normal haemograms. Control subjects (18—40 year)
who fathered child in last 1 year and had no history of
infertility or miscarriages were enrolled as controls.

Semen analysis, and measurement of DFI and ROS

Standard semen analysis was done according to WHO
guidelines 1999 [17]. The sperm DFI in iRPL men was
measured by sperm chromatin structure assay as described
earlier [18]. The ROS levels in the neat semen were esti-
mated by luminal depended chemiluminesence assay as
described by Venkatesh et al. [2].

Telomere length assay by Q-PCR

DNA was isolated using the standard phenol chloroform
method. Relative mean telomere length was measured from
leukocyte DNA by a quantitative polymerase chain reaction
(qPCR) that compares mean telomere repeat sequence copy
number (T) to a reference single-copy gene copy number
(36B4) (SCQG) in each sample as previously described [19].
Amplification of the telomeric repeat region was expressed
relative to amplification of 36B4 encoding acidic ribosomal
phosphoprotein located on chromosome 12. Bio-Rad CFX
96 (Hercules, CA, USA) was used to perform the quantita-
tive real-time PCR with primer sequences obtained from
[19] as reported earlier [19]. Real time kinetic quantitative
PCR determines, for each sample well, the Ct, i.e. the
fractional cycle number at which the well’s accumulating
fluorescence crosses a set threshold that is several standard
deviations above baseline fluorescence. A plot of Ct versus
log (amount of input target DNA) is linear, allowing simple
relative quantitation of unknowns by comparison to a stan-
dard curve derived from amplification, in the same plate, of
serial dilutions of a known reference DNA sample. For this
study, telomere (T) PCR and single copy gene (SCQ)
PCR was performed in separate 96-well plates. The
primers for the telomere PCR were Telo F (Forward):
5" CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGT
TTGGGTT 3’ Telo R (Reverse): 5" GGCTTGCCTTACC
CTTACCCTTACCCTTACCCTTACCCT 3'. The primers
for the single copy gene PCR were 36B4F: 5' CAG
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CAAGTGGGAAGGTGTAATCC 3’, 36B4R: 5' CCCA
TTCTATCATCAACGGGTACAA 3'. Two master mixes
of PCR reagents were prepared, one with the Telomere (T)
primer pair, the other with the single-copy gene (SCG) primer
pair. QPCR was performed as described by Cawthon [19].
Amplifications were carried out in triplicate in 10 pl reaction
with 20 ng/pl of genomic DNA, and 1XSYBR Green
(SsoFastTM Evagreen supermix, BioRad).

Thermal cycling profile

The T PCR thermal cycling profile consisted of 10 min at
95 °C followed by 35 cycles of 95 °C for 30 s, 57.5 °C for
30 s, followed by a melt curve at 65 °C =95 °C 5 s. The SCG
PCR thermal cycling profile consisted of 10 min at 95 °C
followed by 40 cycles of 95 °C for 30s, 57.5 °C for 30 s,
followed by a melt curve 65 °C to 95 °C for 5 s. DNA
samples were serially diluted (10 fold) to obtain the required
concentrations (ng/pl) of reference DNA in each PCR assay
to determine the standard curve. The purpose of the standard
curve was to assess and compensate for interplate variations
in PCR efficiency. The T/S ratio was used to assess the
relative length of telomere, while Ct is the fractional cycle
number for a threshold fluorescence level to be reached
during quantitative real-time PCR. All samples were run
in triplicate along with a no-template control. Dissocia-
tion melting curves were run after each sample to en-
sure amplification of a single species. Replicates of each
plate were done to ensure reliable values.

Statistical analysis

The telomere to single copy gene (T/S) ratio between iRPL
group and controls was compared by ANCOVA test after
adjusting the age of the subject. The correlation between the
T/S ratio and the other parameters were calculated by spearman
correlation co-efficient test since the data is not normally distrib-
uted. All the statistical analysis was performed using Medcalc
trial version software. P<0.01 was considered as significant.

Results
Q-PCR efficiency

The slope of the standard curve for both telomere and 36B4
reactions were —2.99 and —3.34 and acceptable linear cor-
relation coefficient (R?) value for both telomere and house-
keeping gene reactions were 0.93 and 0.97 respectively.
Leukocyte telomere length in male partners of iRPL group

The relative leukocyte mean telomere length (T/S) in the
men from iRPL group was significantly lower (p<0.05) when
compared to controls (Fig. 1) (Table 1). No significant
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Fig. 1 Dot plot of relative leukocyte telomere length (T/S) of control
and iRPL men, p<0.05 is considered as significance

difference in the average mean age of iRPL and control men
was observed (33.17+5.16 Vs 31.50+5.28 year). However, a
significant negative correlation was found between age and
the leukocyte telomere length (T/S ratio) of iRPL men (Fig. 2)
(Table 2). Semen parameters did not show any correlation
with telomere length except sperm count and seminal pH that
showed non-significant positive correlation (Table 2).

Sperm DFI and ROS in iRPL men

The sperm DNA fragmentation index (DFI) showed
non-significant positive correlation (r=0.4744) with
leuckocyte telomere length and no significant correlation
(p=0.7553) was found with sperm ROS levels of iRPL
men (Table 2).

Leukocyte telomere length in female partner of iRPL
women

The relative telomere length (T/S) was significantly shorter
in iRPL women compared to controls (Table 1). No signif-
icant difference in the age between the female cases and
controls was observed in the study (27.95+4.08 Vs 26.25+
3.96 year)

Discussion

Telomeres play critical role in cell maintenance and preserve
chromosome integrity, guide chromosome arrangement and

Table 1 Comparison of leukocyte telomere length (T/S ratio) between
recurrent pregnancy loss (RPL) and control subjects

Case Control p- Adjusted

value p-value

Mean+SD 0.81+0.032  0.87+0.078  <0.001 <0.004
(Male)

Mean+SD 0.74+0.016  0.80+0.066  <0.001 <0.000
(Female)
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Fig. 2 Dot plot of relative leukocyte telomere length (T/S) of control
and iRPL wommen, p<0.05 is considered as significance

their proper alignment and segregation in meiosis and mito-
sis. Telomere shortening has been reported in many diseases
such as diabetes [20], hypertension [21, 22], dementia [23]
infections and inflammation [24], and psychological stress
[25-28]. Further, telomere shortening has also been reported
in many types of cancer due to rapid cell proliferation [29].
However their role in reproductive disorders has not been
evaluated. In the current study telomere-specific qPCR was
used to assess telomere length in couples experiencing idi-
opathic recurrent pregnancy loss (iRPL). Q-PCR is most
economical, versatile, less time consuming and highly sen-
sitive method, which generates a T/S ratio that is propor-
tional to a cell’s average telomere length. We used single
copy acidic ribosomal phosphoprotein PO expressing 36B4
gene to compare the telomere repeat sequence, because, its
cDNA nucleotide sequence has highly conserved in the 5-
prime end of its open reading frame among the tissues and
species making it as most preferred reference gene [30].
Research is ongoing to understand the function of telomere
biology at molecular and cellular level, but very little is
known about the causes of telomere erosion in iRPL.

The shortened telomere length observed in the leukocytes
of both male and female partners of couples experiencing
iRPL is the first such study, though shorter telomere have
been reported only in female partner experiencing recurrent
miscarriages [16]. It is well known that telomere is a marker
for cellular aging because their length declines with each

Table 2 Correlation of leukocyte telomere length (T/S) ratio and
semen parameters, reactive oxygen species (ROS) levels and sperm
DNA fragmentation index (DFI) in men from RPL group

Parameters r value P value
Age —0.3375 0.0410
Seminal pH 0.3352 0.1739
Sperm count 0.2709 0.2929
Sperm motility 0.1138 0.6330
ROS 0.09590 0.7553
DFI 0.4744 0.0740
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cell division, though it exhibits inter-individual variation
[31]. It is possible that telomere shortening may limit the
mitotic capacity of primordial germ cells during fetal growth
and therefore restrict the size of the follicular pool [32].
There is high probability that shortened telomere in both
sperm and ova may have additive effect in limiting the
replicative potential growth of embryo, and their mecha-
nisms need detailed investigations. Wang and their col-
leagues in [33] proposed that moderate accumulation of
oxidized bases may induce telomere lengthening while se-
vere acute oxidative DNA damage leads to telomere short-
ening due to alternative capping, recombination, replication
resolution of DNA strand breaks [33]. Telomeres that fail to
hide their ends trigger a DNA damage response that leads to
cell-cycle arrest and/or apoptosis [34]. However, we have
not observed any significant correlation between telomere
shortening and ROS or DFI levels in men. It may be possi-
ble that shorter telomeres are associated with replicative
senescence and may lead to pre or post implantation losses
or results in meiotic segregation abnormalities in germ cells
that may lead to aneuploid fetus which may itself result in
RPL [35-37]. Aneuploidies are the major cause of RPL and
telomeres shortening associated with impaired microtubular
movement may also impair chromosome segregation.

Studies have reported that women experience an age-
dependent increase in various adverse reproductive events
such as infertility, pregnancy complications and perinatal
maternal morbidity and mortality, as well as an impaired
perinatal and post-natal outcome of the offspring [38—41]
which could be correlated with telomere shortening. It is
known that telomere DNA shortening is associated with
genomic instability and may play a role in development of
aneuploidy commonly found in female germ cells and hu-
man embryos [42]. Telomere length has been both positively
and negatively associated with different measures of repro-
ductive aging and contradictory results are reported [16, 43,
44]. Telomere shortening, therefore, could explain many of
the manifestations of reproductive senescence.

Limited data is available on telomere shortening in
couples experiencing recurrent spontaneous abortion and
our results are consistent with the study by Turner et al.
[45]. To our knowledge, this is the first study addressing
the potential contributions of relative telomere length in
both partners of couple experiencing in iRPL. Thus
telomere shortening may be a biological safeguard as
shorter telomere length may prevent transmission of
mutagenic bases and accumulation of mutagenic load
to the developing embryo as such germ cells may result
in fertilization but failed to develop into a mature fetus.
This may explain for recurrent early pregnancy loss, if
such pregnancies are carried to term it may result in
birth of offspring with increased risk of development of
certain cancers, congenital malformations and has
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lifelong implications on health. Telomeres are first struc-
tures to respond to oocyte signals for male pronucleus
development at fertilization and microtubule guided
movement [11]. Shortened telomeres in germ cells result
in defects in early cleavage and preimplantation and this
also has been documented in telomerase knockout
mouse [9]. Telomere mediate nuclear reorganization
leads to pairing and recombination of homologous chro-
mosomes during meiosis and shortened telomeres result
in meiotic arrest or aneuploidy and abnormal embryonic
development and decreased rate of blastocyte develop-
ment [46]. Telomerase knockout mouse exhibit de-
creases fertility, reduced litter size in subsequent
generations and eventual sterility [9]. Hetrogenetiy of
mouse and human somatic cell telomere length is also
seen in oocytes [47]. Other possible mechanisms such
as loss of telomerase activity due to mutation in the
gene cannot be ruled out.

In conclusion, shorter telomere length in both male and
female partners appears to play a role in the idiopathic
recurrent pregnancy loss by limiting the replicative potential
of the blastocyst or embryo however, the exact cause for the
telomere shortening needs to be elucidated. Studies enroll-
ing larger number of cases and study in germ cells are
needed to further substantiate the findings of this study.
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