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Abstract
In patients with schizophrenia life expectancy is shorter compared
to the general population and the main causes of early mortality are
somatic diseases. Schizophrenia is a complex disorder with a high
risk of inheritance and is increasingly recognized as a systemic
disorder, presumably having a common genetic basis with various
somatic disorders.
Modern research methods allow us to discover the mechanisms
of etiology, pathogenesis and outcome of diseases. Changing the
length of telomeres in the cells of organisms reflects the processes
of development and degradation of cells, as well as the stages of its
life cycle. The reduction in Telomere Length (TL) is considered one of
the biological markers associated with age and can be accelerated
by comorbid conditions in schizophrenia.
The present study is aimed at identifying differences in the
telomere length in the peripheral blood cells of psychotic patients
with schizophrenia in, as well as in identifying the relationship
between telomere length and accelerated aging in schizophrenia.
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The leukocyte telomere length was measured by a quantitative
polymerase chain reaction to determine the ratio of telomere length
to single copy gene (T/C) in blood samples of 32 patients with
schizophrenia and 31 controls.
The results of the study suggest that the shorter telomere length
of patients with schizophrenia aged 17 to 27 years may be the
result of early aging. The telomere length indicator can be used as
a marker of accelerated biological aging in the early stages of the
disease.
Keywords: Premature aging; Schizophrenia; The length of
telomeres

Introduction
Telomeres are simple tandem hexamer repeats localized at the ends
of eukaryotic cell chromosomes that protect linear chromosomes from
degradation and fusion and are involved in the process of cell division
and in maintaining the stability of the genome. At each cell division,
as a result of incomplete replication of the ends of the chromosomes,
telomeres shorten [1]. In addition, telomeres are exposed to nucleases
and other destructive factors. Accelerated telomere shortening
promotes genetic instability of cells, replicating cell aging [2,3], arrest
of the cell cycle or apoptosis and neoplastic transformation in vitro
and in vivo [4,5]. Thus, telomeres are involved in the pathogenesis
and clinical progression of various disorders (congenital diseases,
acquired disorders of the hemopoietic system, age-related diseases)
[6,7].
The literature presents works demonstrating the relationship
between telomere shortening and pathological processes in the body.
An increased risk of developing malignant tumors and aging processes
are associated with a change in telomere length [8-11]. The shortening
of telomeres of peripheral blood leukocytes accelerates with an
increase in body weight and an increase in insulin resistance [12,13].
It was also found that not only an increase in body weight, but also
leptin levels and smoking are significantly associated with shorter
telomeres [8,14]. In addition, telomeres are shorter in individuals
with coronary heart disease and dementia [15-18]. Schizophrenia is
a progressive mental illness characterized by dissociative emotional
and cognitive mental processes, most cases of schizophrenia occur in
young people aged 15 to 35 years. Patients with schizophrenia have a
shorter lifespan compared with the general population. It is believed
that oxidative stress, mitochondrial dysfunction, and inflammatory
processes play a leading role in accelerated aging in schizophrenia
[19,20].
The reduction in Telomere Length (TL) is considered one of
the biological markers associated with age and can be accelerated
by comorbid diseases present in schizophrenia. In the literature
there are conflicting data on the relationship of telomere length
with schizophrenia. A number of works indicate the presence of
shorter telomeres of peripheral blood leukocytes in patients with
schizophrenia in comparison with groups of healthy people who
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are and are not members of the patient’s family [21,22]. It was also
found that telomere length is significantly reduced in patients with
severe course, longer disease duration, frequent relapses of psychotic
symptoms, and in patients with chronic schizophrenia who respond
poorly to treatment [23]. The results of studies by Nieratschker et al.,
[24] Savolainen et al. show that schizophrenics have longer leukocyte
telomeres than people who do not have this disease. According to
other studies [25-29], telomere length shortening in schizophrenia
was not detected.
Due to numerous discrepancies in the literature, we decided to
conduct our own study of telomere length in blood samples of patients
with schizophrenia and to identify a relationship between telomere
length and accelerated aging in schizophrenia.

Materials and Methods
The study used blood samples from 32 patients with schizophrenia
in psychosis, of which 14 were female samples (43·75%) and 18 were
male samples (56·25%) from 17 to 51 years old (mean age was 27·75
± 8·05 years) who were treated in the Psychiatric Clinic “Rosa” and
Moscow City Psychiatric Clinical Hospital №1. Blood samples of
31 people who had no acute diseases and exacerbations of chronic
diseases at the time of the study were used as control, including 14
women (45·16%) and 17 men (54·84%) aged 16 to 51 years (average
age the group was 34·12 ± 8·38 years). All respondents were native
speakers of the Russian language and participated in the study
voluntarily.

repeats to the number of copies of the myostatin gene. The data were
processed using MS Excel and Statistica 10.0 software packages, the
level of confidence was taken at p<0·05.

Results
When assessing the normality of the distribution of telomere
lengths in the general sample and groups, patients and healthy
according to the Kolmogorov-Smirnov and Liliefors criteria, p>0·20
values were obtained; therefore, the distribution cannot be considered
normal, therefore, the array was processed using non-parametric
statistics methods.
In the total sample, the average telomere length was 0·83±0·066,
while the Mann-Whitney test did not reveal differences for men and
women (U=446·5, p=0·55). An assessment by the Spearman criterion
showed the presence of a reliable weak direct relationship between
the indicators of age and telomere length at R=0·26, p=0·04 (Figure
1).

DNA isolation from venous blood was carried out by a standard
method using proteinase K and phenol-chloroform. High molecular
weight DNA was dried at room temperature and dissolved in TE
buffer, in this form DNA was stored at -20°C. All DNA extractions
were performed by only one researcher.
The amount of extracted DNA was estimated on a NanoDrop
1000 spectrophotometer, in the double-stranded DNA analysis mode
- dsDNA-50. The quality of DNA was assessed by the ratio of the
wavelength 260/280 when measuring the DNA concentration on
a NanoDrop 1000 spectrophotometer in the double-stranded DNA
analysis mode - dsDNA-50.
Analysis of telomere length in the lymphocyte fraction by the
method of real-time polymerase chain reaction (qPCR)
according to the original protocol taken from the literature
[30], using specific primers that do not form dimers
during qPCR, which is achieved due to their incomplete
complementarity to telomeric repeats: Tel-1: 5’-GGTTTTTGA
GGTCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA-3’.
The average telomere length in the sample was calculated according
to the original method using the dilutions of the calibrator, an
84-membered synthetic oligonucleotide consisting of TTAGGG
telomeric repeats. The average telomere length per genome was
calculated by normalizing the number of copies of telomeric repeats
to the number of copies of the myostatin gene (T/S), localized on
chromosome 12 and presented in the cell in a single copy.
The following primers were used to amplify the myostatin gene:
36B4u: 5’-CAGCAAGTGGGAAGGTGTAATCC-3’; 36B4d: 5
‘CCCATTCTATCATCAACGGGTACAA-3’.
The relative telomere length was assessed by the T/S index,
which was calculated as the ratio of the number of copies of telomere
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Figure 1: Correlation matrix for indicators “age” and “telomere length” in the
total sample.

The average telomere length in the blood samples of patients
with schizophrenia was 0·78±0·043, for men and women, according
to the Mann-Whitney criterion, no significant differences were
found (U=122, p=0·89). In the blood samples of the control group,
the average telomere length was 0·89±0·029, for men and women,
according to the Mann-Whitney criterion, no significant differences
were found (U=75, p=0·08). Correlation analysis did not show the
relationship between age and telomere length both in patients with
schizophrenia and in the control group.
A comparison of the telomere lengths of patients with schizophrenia
and the control group by the Mann-Whitney test revealed a significant
difference (U=7·5, p=0·001), in the blood samples of the control
group, the relative telomere length was on average higher than in
patients with schizophrenia (Figure 2).
Considering that the majority of cases of schizophrenia occur in
young people aged 15 to 35 years, an analysis of the relative length of
telomeres in this age group was carried out and a significant shortening
of telomeres was revealed in 55·6% of cases in men (0·74±0·030)
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and in 44·5% - in women (0·73±0·022) aged 17 to 27 years, which
presumably may indicate early aging.

in the key links in the regulation of energy processes. In particular,
activation of the p53 tumor suppressor gene, inhibition of the functions
of PGC-1 alpha, which controls ATP biosynthesis during oxidative
phosphorylation and antioxidant defense reactions in mitochondria,
are observed.

Сonclusion
The results of our study revealed a significant difference in the
relative length in blood samples of patients with schizophrenia
and the control group with predominance of telomere length in the
control group. A significant shortening of the telomere length in blood
samples of patients with schizophrenia aged 17 to 27 years suggests
that this is caused by early aging. The telomere length indicator can
be used as a marker of accelerated biological aging in the early stages
of the disease.
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Figure 2: Distribution of telomere length in the “case” and “control” groups.
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