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A B S T R A C T

Telomeres are protective fragments on chromosome ends involved in maintaining genome stability, preventing
chromosomal fusions, regulation of cell division. It was shown that telomere attrition rate is accelerated in age-
related diseases, as well as in response to physiological and psychosocial stress. The aim of this study was to
evaluate relative leukocyte telomere length (LTL) in patients with post traumatic stress disorder (PTSD), as well
as to investigate association of functional SNPs of telomerase TERC and TERT genes with LTL and PTSD. The
relative LTL was measured by multiplex quantitative PCR method; genotyping of TERC rs12696304, TERT
rs7726159 and rs2736100 was performed by PCR with sequence specific primers. Comparison of LTL in diseased
and healthy subjects showed that PTSD patients had shorter average LTL than controls. Also, the frequency and
the carriage rate of the TERT rs2736100*T allele was higher in PTSD patients compared to controls. Overall our
results are in line with previous research in different populations. Furthermore, we have demonstrated that
rs2736100 of TERT gene was significantly associated with PTSD and the minor allele of this polymorphism may
be considered as a risk factor for PTSD in the Armenian population.

1. Introduction

Posttraumatic stress disorder (PTSD, ICD-10 codes: F43.1; DSM-V
code: 309.81) is a severe mental disorder and is characterized by
polygenic nature and poorly determined pathogenesis (Logue et al.,
2015). It is commonly accepted that the development of this disease is a
result of complex interplay between environmental and genetic factors
(American Psychiatric Association, 2013; World Health Organisation,
2016).

Telomeres refer to protective non-coding complexes of tandem
TTAGGG repeats at the ends of chromosomes and are involved in
maintaining genomic stability, regulation of gene expression and pre-
vention of chromosomal fusion (Chan and Blackburn, 2004) (Weinrich
et al., 1997). They may shorten during repeated cell divisions, aging,
and in response to several environmental factors, such as psychological
(Epel et al., 2004) and physiological stress (Lindqvist et al., 2015),
smoking, obesity, and high parental age (Malaspina et al., 2014; Morla
et al., 2006). Telomere length therefore has been suggested to be a
biomarker of cellular aging, age-related diseases, as well as

psychosocial stress.
Numerous studies indicated that telomere length (TL) and attrition

rate correlate with poorer health, and predict mortality in certain
psychiatric disorders (Lindqvist et al., 2015; Polho et al., 2015; Simon
et al., 2006). Moreover, it was also shown that TL correlates with
cognitive ability in healthy individuals (Valdes et al., 2010; Yaffe et al.,
2011). The latest studies have shown that in parallel with established
biochemical and physiological stressors, mental traumatic stress was
also associated with accelerated shortening of telomeres (Codd et al.,
2010; Damjanovic et al., 2007; Epel et al., 2004).

Telomere length in healthy cells is highly regulated in a tissue- and
cell type-specific manner and is dependent on mitotic turnover rate,
telomerase activity, and telomerase-associated factors. Telomerase is a
ribonucleoprotein polymerase, that consists of a telomerase catalytic
component with reverse transcriptase activity (TERT) and a telomerase
RNA component (TERC), serving as a template for telomere repeat
synthesis (Weinrich et al., 1997). In healthy human organism, telo-
merase is highly active in germline and stem cells and exhibits mild
activity in leukocytes (Bekaert et al., 2004; Hiyama and Hiyama, 2007;
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Xu et al., 2017). A number of studies implicated polymorphisms in
genes coding for telomerase components in several psychiatric dis-
orders, such as schizophrenia, major depressive disorder, depression,
etc. (Michalek et al., 2017; Rao et al., 2016; Wei et al., 2016).

The aim of this study was to evaluate relative leukocyte telomere
length (LTL) in patients with PTSD and control group in Armenian
population, and also to investigate the association of relative LTL,
functional SNPs of the TERC and TERT genes with PTSD.

2. Methods

2.1. Study population

Study population includes the following groups (Table 1):

• combat veterans with PTSD (n=41);
• age-, sex-matched, unrelated physically and mentally healthy vo-
lunteers (control group) with no family history of mental disorder
(n=49).

Blood samples of PTSD-affected subjects were available from
“Stress” Department of Mental Health Rehabilitation, “ArtMed”
Medical Center of RA, where the diagnosis was done following the
Structured Clinical Interview for Diagnostic and Statistical Manual of
Mental Disorders (SCID-I) and Clinical-administered PTSD Scale (CAPS)
(Table 2). Blood samples of healthy subjects (controls) were obtained
from blood donors. Exclusion criteria for healthy subjects included any
psychiatric disease during lifetime, any serious neurological or endo-
crine disorder, any medical condition or treatment known to affect the
brain, or meeting DSM-IV criteria for mental retardation as determined
from the non-patient version of the Structured Clinical Interview for
DSM-IV-TR Axis I Disorders. Finally, exclusion criteria for all study
participants included any serious medical disorder. Informed consent to
participate in this study was obtained from each subject. The study was
verified approved by the Ethical Committee (IRB#00004079) of the
Institute of Molecular Biology of the National Academy of Sciences
(NAS) RA.

2.2. Blood sampling and genomic DNA extraction

The experiments were performed using genomic DNA samples of
study subjects. Genomic DNA was isolated from fresh blood samples
according to Miller's salting-out procedure (Miller et al., 1988) mod-
ification, where proteinase K was omitted and chloroform extraction
phase was added (Bunce et al., 1999). Upon DNA isolation samples
were stored at −30 °C until further use.

2.3. Primer design for PCR-SSP

DNA samples were genotyped for TERC rs12696304; TERT
rs7726159 and rs2736100 functional SNPs (Table 3). The SNPs were
selected based on previous genome-wide association studies (GWAS)
(Codd et al., 2013, 2010; Pooley et al., 2013).

2.4. Polymerase chain reaction with sequence specific primers

Genotyping was carried out by polymerase chain reaction with se-
quence-specific primers (PCR-SSP) according to protocol published in
Bunce et al. (1995). Final reaction volume (25 μl) consisted of 1x
Thermo-Start PCR Buffer, 0.2 mM of each dNTP, 0.5 μM forward
primer, the same amount of reverse primer, 2 mM of 25mM MgCl2,
20 ng template DNA, 0.625 U Taq polymerase and nuclease-free water.
PCR-SSP was performed as follows: 95 °C for 15min (initial denatura-
tion), followed by 35 cycles of 95 °C for 20 s (denaturation), 55–60 °C
for 30 s (annealing) and 72 °C for 1min (extension), and final cycle of
72 °C for 5min (final extension).

The presence/absence of allele-specific amplicons in the PCR pro-
ducts was visualized in 2% agarose gel stained with ethidium bromide
fluorescent dye using DNA molecular weight markers as reference. To
check the reproducibility of results, randomly selected DNA samples
(10% of total) were genotyped twice.

2.5. Measurement of leukocyte telomere length

The relative leukocyte telomere length (LTL) was measured by
monochrome multiplex quantitative PCR method, as described by
Cawthon with minor modifications (Cawthon, 2009). Briefly, this
method describes the relative telomere length as the ratio (T/S) of the
telomere repeat copy number (T) to a single copy gene (S). This ratio is
measured relative to a standard DNA which in this case was a reference
representing pooled DNA sample from five healthy subjects (Cawthon,
2009).

The primers (5′→3′) used for the telomere amplification were following:
telg (900nM): ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT,
and telc (900nM): TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCT
AACA. The predicted product size was 76 bp. The primers for amplification
of the single copy gene (scg) beta-globin were hbgu (500nM): CGGCGGC
GGGCGGCGCGGGCTGGGCGGcttcatccacgttcaccttg and hbgd (500nM):
GCCCGGCCCGCCGCGCCCGTCCCGCCGgaggagaagtctgccgtt. The predicted

Table 1
Age characteristics of studied groups.

Variables Controls PTSD P-value

N (male) 49 41
Age, years (М±m) 43.5 ± 9.4 46.4 ± 7․63 0.098
Max. age, years 65 63
Min. age, years 29 34

Table 2
Clinician-Administered PTSD Scale (CAPS) scoring in PTSD patients.

Score (М±m)

Criterion B (Re-experiencing
symptoms)

Frequency (0–20) 12.17 ± 0.6
Intensity (0–20) 11.95 ± 0.6
Frequency + Intensity (0–40) 24.12 ± 1.05

Criterion C (Avoidance
symptoms)

Frequency (0–28) 15.39 ± 0.7
Intensity (0–28) 14.61 ± 0.8
Frequency + Intensity (0–56) 30.0 ± 1.8

Criterion D (Arousal
symptoms)

Frequency (0–20) 13.07 ± 0.4
Intensity (0–20) 12.22 ± 0.4
Frequency + Intensity (0–40) 25.29 ± 0.8

Total criterion (В + C + D) Frequency (0–68) 39.88 ± 1.6
Intensity (0–68) 38.05 ± 1.8
Frequency + Intensity
(0–136)

77.93 ± 3.3

Table 3
Primers of the PCR assays for detection of polymorphisms in TERC and TERT
loci.

SNP Nucleotide sequence of primers

rs12696304 standard allele: 5′ - ATC TTA GAT CAC CTT GAG TAA AC
minor allele: 5′ - ATC TTA GAT CAC CTT GAG TAA AG
constant: 5′ - TGG AAT TGT CTA GCA GAT ACA TT

rs7726159 standard allele: 5′ - CAG GAG TTT GTG CCA AGT GG
minor allele: 5′ - CAG GAG TTT GTG CCA AGT GT
constant: 5′ - TGA GGC TGG TGA ATC GCT TAA

rs2736100 standard allele: 5′ - TTT CCG TGT TGA GTG TTT CTG
minor allele: 5′ - TTT CCG TGT TGA GTG TTT CTT
constant: 5′ - CTG TGC ATC ATA AGC AGA GGT
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product size was 106 bp. Capitalized bases are non-templated 50 tag se-
quences that confer a very high melting temperature on the resulting PCR
product. The thermal cycling profile for the qPCR was as follows: 95 °C for
15min, followed by 2 cycles of 94 °C for 15 s and 49 °C for 60 s, 4 cycles of
94 °C for 15 s and 59 °C for 30 s, 20 cycles of 85 °C for 15 s and 59 °C for 30 s
with fluorescent signal acquisition, 27 cycles of 94 °C for 15 s, 84 °C for 10 s
and finally 85 °C for 15 s with fluorescent signal acquisition. The final re-
action volume (10 μl) consisted of 1×SYBR Green PCR Master Mix
(Applied Biosystems), 20 ng of template, and the respective primers.

After thermal cycling the mean Ct values for both telomeres and the
single copy gene for were used to calculate the relative T/S ratio for
each assayed sample. The relative T/S ratio (T/S of one sample relative
to T/S of another sample) was determined by the ΔΔCt method, using
formula T/S=2- ΔΔCt, where ΔΔCt = (Cttelomere−Ctβ-globin) of the
sample− (Cttelomere−Ctβ-globin) of the reference.

2.6. Statistical analyses

The distributions of genotypes for selected SNPs were checked for
correspondence to Hardy-Weinberg equilibrium (HWE). The potential
association of genotype, allele frequencies and minor allele carriage
rate of selected SNPs with PTSD was evaluated by comparing the sig-
nificance of differences between study groups in additive, dominant
and recessive models using Fisher's exact test. The odds ratio (OR), 95%
confidence interval (CI), and exact p value (pnominal) were calculated. P
values adjusted by Bonferroni multiple comparison correction are fur-
ther indicated as pcorrected. Pcorrected values < 0.05 were considered
statistically significant. The Mann-Whitney U test was used to evaluate
the possible differences of relative LTL between studied groups, as well
as relative LTL between minor allele carrier and non-carrier PTSD pa-
tients. Data on relative LTL is presented as mean ± SD. Genotyping
data is presented in absolute counts and proportions.

3. Results

The telomere length was measured in 41 patients with PTSD and 49
healthy subjects. The results showed that there is negative relationship
between LTL and age in healthy subjects, though not significant. These
may be because of a very narrow age range of subjects involved in this
study (46 ± 8 years, 53% of them were in range of 40–50).
Comparison of LTL in diseased and healthy subjects showed that PTSD
patients had 1.5 times shorter average LTL than controls (T/S ratio:
0.91 ± 0.07 vs. 1.33 ± 0.14, p= 0.03, Fig. 1). No significant corre-
lation was observed between CAPS scores and LTL.

Furthermore, the associations between the TERC rs12696304, TERT
rs7726159 and rs2736100 polymorphisms and PTSD risk were calcu-
lated based on dominant, recessive and additive models of genetic as-
sociations (Table 4). The distribution of genotypes for all selected SNPs

in all study groups complied with HWE.
According to the results obtained, the frequency (additive model) of

the TERT rs2736100*T allele was 1.6 times higher in PTSD patients
compared to controls (0.63 vs. 0.40, pcorrected = 0.005). Also, the car-
riage rate of the rs2736100*T minor allele (dominant model) were 1.4
times higher in PTSD patients than in control group (0.81 vs. 0.59,
pcorrected= 0.03).

Considering dual nature of association of PTSD with both relative
LTL and TERT rs2736100 SNP, we performed multiple logistic regres-
sion analysis including relative LTL, TERT rs2736100 genotypes as well
as age of studied subjects as predictors and PTSD as a response variable.
The results showed that difference in TERT rs2736100 genotype fre-
quencies and relative LTL between the patient and control groups re-
mained significant (Table 5). No significant difference was observed in
CAPS scores between patients with different TERT rs2736100 geno-
types.

In addition we noticed that the patients carrying the TERT
rs2736100*T minor allele had the median level of TL 1.3 times lower
than in standard allele homozygotes (Fig. 2), however, this difference
was not significant (p=0.3).

PTSD Control
0.0

0.5

1.0

1.5

2.0
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T
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ra
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p=0.03

Fig. 1. Relative LTL in PTSD patients and controls.

Table 4
Associations between the TERC rs12696304, TERT rs7726159 and rs2736100
polymorphism and overall PTSD risk.

Gene, SNP Controls
(n= 49)

PTSD
(n= 41)

Odds ratio p valuea

OR 95% CI

TERC rs12696304
Genotypes CC 24 (0.49) 16 (0.39)

CG 19 (0.39) 19 (0.46)
GG 6 (0.12) 6 (0.15)

Additive
model

C 67 (0.68) 51 (0.62) 0.386
G 31 (0.32) 31 (0.38) 0.761 [0.411–1.411]

Dominant
model

G 25 (0.51) 25 (0.61) 1.5 [0.647–3.478] 0.344

Recessive
model

G 6 (0.12) 6 (0.15) 1.23 [0.364–4.146] 0.74

TERT rs7726159
Genotypes GG 17 (0.35) 17 (0.41)

GT 25 (0.51) 18 (0.44)
TT 7 (0.14) 6 (0.15)

Additive
model

G 59 (0.60) 52 (0.63) 0.659
T 39 (0.40) 30 (0.37) 1.15 [0.626–2.097]

Dominant
model

T 32 (0.65) 24 (0.59) 0.75 [0.319–1.765] 0.510

Recessive
model

T 7 (0.14) 6 (0.15) 1.03 [0.316–3.344] 1

TERT rs2736100
Genotypes GG 20 (0.41) 8 (0.20)

GT 19 (0.39) 14 (0.34)
TT 10 (0.20) 19 (0.46)

Additive
model

G 59 (0.60) 30 (0.37) 1.60E-03
T 39 (0.40) 52 (0.63) 0.381 [0.208–0.698]

Dominant
model

T 29 (0.59) 33 (0.81) 2.845 [1.09–7.428] 0.02969

Recessive
model

T 39 (0.80) 22 (0.54) 0.297 [0.117–0.75] 0.009

a pnomimal values of significance are given.

Table 5
Multiple logistic regressiona coefficients for relative LTL, TERT rs2736100
genotypes and age of studied subjects.

Estimate Std. Error t value Pr(> |t|)

(Intercept) 0.348 0.304 1.144 0.256
TERT rs2736100 0.157 0.067 2.346 0.021
LTL −0.160 0.069 −2.317 0.023
Age 0.003 0.006 0.485 0.629

a Response variable: PTSD status.
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Finally, according to our results there was no association found
between TERC rs12696304 and TERT rs7726159 polymorphisms and
PTSD or LTL.

4. Discussion

The relationship between telomere length and psychiatric disorders
has been a topic of great interest, but also of uncertainty. Data from
clinical studies suggest that shorter leukocyte telomere length (LTL) can
be associated with many diseases including autoimmune and metabolic
diseases, cancer, stroke, cardiovascular disease, diabetes and diseases
that are associated with common psychiatric disorders (Bernal and
Tusell, 2018; Cawthon, 2009). There is also evidence for decreased
telomere length in patients with mood disorders, such as major de-
pressive disorder and bipolar disorder, different forms of dementia,
schizophrenia (Kao et al., 2008; Lung et al., 2007; Powell et al., 2018;
Simon et al., 2006).

The present study investigated whether leukocyte LTL is influenced
by trauma and PTSD in a population of Armenian males exposed to the
same traumatic event. Our results suggest that PTSD may accelerate
cellular aging as reflected by decreased telomere length. Although the
sample size was small, we found a significant 1.5 fold difference be-
tween the LTL of PTSD patients compared to controls. Short LTL in
PTSD patients were observed regardless the gender (Li et al., 2017),
while conflicting data is available on the trauma type that triggers the
disease. Thus, in the meta-analysis by sexual assault and childhood
trauma but not combat trauma were associated with short LTL (Li et al.,
2017). However, while no LTL differences were also observed in PTSD
and non-PTSD groups of Korean male veterans, shorter LTL were found
after stratification of patients by combat severity (Kim et al., 2017).
Bersani et al. reported that early trauma, severity of perceived stress
and general psychopathological symptoms were more closely asso-
ciated with shorter TL than is the severity of core diagnostic symptoms
of PTSD (Bersani et al., 2016). Finally, in another study significant age-
dependent shortening of telomeres were noted in war veterans with
PTSD (Jergović et al., 2014). Furthermore, several studies have shown
that stress and increased cortisol levels can lead to the shortening of
telomeres in lymphocytes (Choi et al., 2008). Moreover, the link be-
tween short LTL and reduced hippocampal volume commonly asso-
ciated with PTSD was observed previously (Mamdani et al., 2015;
Nilsonne et al., 2015).

Thus our results from one side indicate that combat trauma is as-
sociated with shortening of telomeres in PTSD as well as support the
theory of accelerated aging in the disease (Lohr et al., 2015), as it has
been also documented for other psychiatric disorders (Damjanovic

et al., 2007; Powell et al., 2018; Simon et al., 2006).
Genome-wide association studies (GWAS) have shown that LTL is

influenced by a number of genetic variants. Several loci have been
shown to be associated with LTL, including: TERC (3p26), TERT
(5p15.33), ACYP2 (2p16.2), NAF1 (10q24.33), OBFC1 (10q24.33),
DCAF4 (14q24.2), CTC1 (17p13.1), ZNF208 (19p12), ZNF676 (19p12)
and RTEL1 (20q13.3) (Codd et al., 2013; Pooley et al., 2013; Weng
et al., 2016). Among them, common variants of TERC and TERT show
repeated association with mean LTL in GWAS studies (Codd et al.,
2013, 2010; Pooley et al., 2013). However, to our knowledge, genetic
association analysis between TERC and TERT variants and PTSD has not
been studied before.

We have, therefore, analyzed genetic polymorphisms of telomerase
components (TERT and TERC) as plausible predictors of leukocyte LTL.
Selected TERC and TERT SNPs are located in intronic regions of TERC
and TERT, respectively. Our analysis revealed that variation in the
rs2736100 of TERT gene was associated with PTSD in our patients
group. In addition, we noticed overrepresentation of rs2736100*G al-
lele in the Armenian population, while it is reported as minor allele in
European population (Kishore et al., 2016). On the other hand,
rs2736100*G allele is considered as major allele in South Asian popu-
lations (Seow et al., 2017). We also compared genotypes distribution
with GWAS data for Armenians from Haber et al. (2016) and found
similar allele frequencies as in our control group (MAF=0.399,
N=99 samples were collected from Eastern Armenia). According to
our knowledge, this is the first study showing association between
rs2736100 TERT variant with PTSD and the minor allele (T) of
rs2736100 may be considered as a risk factor for PTSD. This finding
should, however, be replicated in another Armenian cohort, and also in
other populations.

The data on shortened LTL presented in this study is in line with
previous research in different populations and extend the current
knowledge by reporting association between PTSD and genetic varia-
tion in telomerase TERT component reported for the first time. A lim-
itation of this study can be considered a small sample size. The strength
of our study is that all PTSD patients were males exposed to the same
traumatic event in relatively homogenous population.

5. Conclusions

The present study shows that patients with combat PTSD in the
Armenian population have shorter telomere length than healthy con-
trols; a finding that is in line with previous research in different po-
pulations. Furthermore, this is the first study that showed that
rs2736100 of TERT gene was significantly associated with PTSD and the
minor allele of rs2736100 may be considered as a risk factor for PTSD
in the Armenian population.
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