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BACKGROUND: To our knowledge, there is no study on the level of telomerase in subjects with
COPD during an exacerbation period. The objective of this work was to compare lipid peroxidation,
telomerase, zinc (Zn), copper (Cu), and malondialdehyde levels in asymptomatic smokers and
subjects with COPD exacerbation. METHODS: The study included 45 subjects with COPD exac-
erbation and 42 healthy subjects with tobacco use as a control group. Samples were taken from
blood and after the serum levels of telomerase malondialdehyde, Cu, and Zn were measured, the
values were compared between the 2 groups. Tests for respiratory function were performed, and
sedimentation and C-reactive protein levels were measured. RESULTS: The COPD exacerbation
group had a significantly (P < .001) lower Cu/Zn ratio compared with the control group; however,
the COPD exacerbation group had significantly (P < .001) higher levels of telomerase malondial-
dehyde, Cu, and Zn compared with the control group. Malondialdehyde, Cu, Zn, and FEV1 were
found negatively correlated in the COPD exacerbation and control groups (P < .001). The COPD
exacerbation group had lower FEV1 and FVC compared with the control group. The COPD
exacerbation group had significantly (P < .001) higher levels of C-reactive protein and a higher
blood cell sedimentation rate compared with the control group. CONCLUSIONS: The reason why
the subjects had a reduced Cu/Zn ratio and increased levels of telomerase, Cu, and Zn is likely to
be oxidative stress, which can be defined as an increased exposure to oxidants and/or decreased
antioxidant capacities It is obvious from this study that lung oxidant-antioxidant balance is abnor-
mal in subjects with COPD exacerbation and also that the increased level of telomerase is associated
with this imbalance. Key words: telomerase; copper; zinc; COPD; exacerbation. [Respir Care 0;0(0):1–•.
© 0 Daedalus Enterprises]

Introduction

The primary pathophysiological mechanism for COPD
is chronic systemic oxidative stress.1 The impairment of

air flow describes COPD, which is not fully reversible and
is related to an inflammatory response of the lungs. The
key cells involved in such inflammation are monocytes
and macrophages. COPD is a major cause of mortality
worldwide (fourth leading cause of death), and it is pro-
jected that it will rise to the third leading cause of death in
2020 due to tobacco use. This condition has different prev-
alence in different countries and also in different regions
of countries around the world.2,3 The most significant risk
factor for COPD is cigarette smoke. On the other hand,
COPD occurs in few tobacco users, and this has not yet
been clearly explained.4 Additionally, the oxidative stress
due to a disturbance in the balance between the manifes-
tation of reactive oxygen species and the system’s ability
to detoxify their harmful effects using antioxidants was
associated with the progression of the disease and com-
plications in subjects with COPD.5

Several trace elements play significant roles in the bal-
ance between oxidants and antioxidants. In this respect, it
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is believed that trace elements are direct or indirect parts
of the pathogenetic mechanisms for many diseases.6

Furthermore, chronic oxidative stress has been demon-
strated to cause an increase in the telomerase loss rate in
many animal and in vivo models.7-9 The telomere is a
complex of DNA� protein at the termini of linear chro-
mosomes, which protects the chromosome and supports
stabilizing the chromosome. Telomere maintenance is es-
sential for DNA to be fully replicated because it ensures
the prevention of nuclease degradation, end-to-end fusion,
and cellular senescence for the chromosomes.10 Since nor-
mal cell division involves shortening of telomeres, the
telomere length and telomere shortening rate are used to
indicate the aging in mitotic cells. Telomerase, a cellular
enzyme, inhibits the shortening of telomeres. When each
somatic cell undergoes division, telomeres start to shorten,
and such shortening reaching a critical length results in
replicative senescence for the cells.11,12 Because the cel-
lular telomere loss seems to result from cell division only
to a partial extent, other mechanisms, especially oxidative
stress, were asserted to play a role in the increased rate for
shortening of telomeres.9,13,14 This observation suggests
that the levels of the enzyme telomerase might actually be
associated with oxidative stress, with increased oxidative
stress leading to higher telomerase levels.

The experimental proof indicating that oxidative stress
is a key determinant for the shortening of telomeres may
lead to the assumption that it is possible to assess telom-
erase levels as a response to oxidative stress. To the best
of our knowledge, no studies have been performed until
now regarding telomerase levels in COPD exacerbation. In
this context, the aim of the current study was to investigate
telomerase levels in asymptomatic smokers and subjects
with COPD exacerbation and to perform the necessary
comparisons.

Methods

Subjects

This study, based on a prospective design, was per-
formed between January 2014 and June 2014 at the Chest
Diseases Department of the Kahramanmaras Sutcu Imam
University. Forty-five subjects who presented with COPD
exacerbation were included in the study. The control group
included 42 healthy subjects with tobacco use, who had no
medical conditions. COPD was defined according to the
Global Initiative for Chronic Obstructive Lung Disease
criteria.15 COPD exacerbation is defined as an event in the
natural course of the disease characterized by a change in
the patient’s baseline dyspnea, cough, and/or sputum that
is beyond normal day-to-day variations, is acute in onset,
and may warrant a change in regular medication in a pa-
tient with underlying COPD.15 The criteria for COPD ex-

acerbation are defined as follows: (1) new onset of at least
2 of the following major symptoms: dyspnea, purulent
sputum, or increased sputum; (2) new onset of one of the
above major symptoms and at least 2 of the following
minor symptoms: upper respiratory tract infection in the
past 5 days, exacerbation of dyspnea, increased breathing
frequency or heart rate increase of 20% compared with
baseline, exacerbation of cough, or fever; and (3) exacer-
bation of disease lasting �2 days.15

Exclusion criteria were respiratory disorders other than
COPD, known psychiatric illness, maintenance treatment
with systemic corticosteroids, a new radiological infiltrate,
malignancy, overt cardiac failure, recent surgery, chronic
autoimmune disorders, and severe endocrine, hepatic, or
renal disease. Tests for respiratory function were performed
according to the European Respiratory Society standards,16

with the subjects in a sitting position, by the same tech-
nician to ensure consistency of the technique. The present
study was compatible with the Second Declaration of
Helsinki. The Kahramanmaras Sutcu Imam University Eth-
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Current knowledge

Oxidative stress is known as one of the main predis-
posing factors of COPD. Inhaled oxidants and reactive
oxygen species released by inflammatory, epithelial,
and immune cells of the airway cause increased oxida-
tive stress in patients with COPD. Telomere is a com-
plex of DNA� protein at the termini of linear chromo-
somes, which protects the chromosome and supports
stabilizing the chromosome. Telomerase, a cellular
enzyme, inhibits the shortening of telomeres. Oxida-
tive stress also plays a role in the increased rate of
shortening of telomeres. This observation suggests
that increased oxidative stress leads to higher telom-
erase levels.

What this paper contributes to our knowledge

The present study suggests that the impaired balance
between oxidants and antioxidants and the increased
level of telomerase are associated. In COPD subjects,
antioxidant capacity is reduced as a result of cigarette
smoking. A variety of oxidants and free radicals are
implicated in the pathogenesis of COPD, so a combi-
nation of antioxidants may be effective in the treatment
of COPD. Antioxidant compounds may also be valu-
able in monitoring oxidative biomarkers indicating dis-
ease progression. However, there is still a need for
clarification of whether the increased level of telomer-
ase is a cause or a consequence of such imbalance.
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ics Committee approved the study, and informed consent
was obtained from all subjects.

Analysis

Blood samples were collected from the antecubital veins
in the sitting position between 8:00 and 10:00 AM. Follow-
ing this, the collected blood samples were centrifuged for
10 min at room temperature. Until study analyses and
other procedures, the centrifuged plasma and serum were
maintained and stored at �80°C. A commercial enzyme-
linked immunosorbent assay kit (USCN Life Science, Wu-
han, China) was used to evaluate telomerase levels. Serum
malondialdehyde levels were measured using spectropho-
tometric methods assessing the level of thiobarbituric ac-
id-reactive substances with a spectrophotometer (model
4010, Hitachi, Tokyo, Japan). Spectrophotometric mea-
surements were then performed on the supernatant at 535
nm. The concentration of malondialdehyde was expressed
as �mol/L of plasma. A Spectra AA220 flame atomic
absorption spectrophotometer (Varian Pty Ltd, Victoria,
Australia) was used to measure the serum concentrations
of copper (Cu) and zinc (Zn).

Statistical Analysis

SPSS 12.0 (SPSS, Chicago, Illinois) was used for the
statistical analyses. Normal distribution was assessed for
continuous variables. The variables without normal distri-
bution were analyzed by the proper non-parametric test.

Student t test or the Mann-Whitney U test was used to
compare continuous variables between 2 groups. In addi-
tion, the chi-square test was used to analyze categorical
variables between groups. Correlation is used to evaluate
relationships among variables. It can indicate only how or
to what extent variables are associated with each other.
The correlation coefficient measures only the degree of
linear association between 2 variables. The results were
expressed in n and percentage or mean � SD. A P value
of �.001 was considered significant.

Results

The study included 87 subjects, and these subjects were
divided into groups for COPD exacerbation (n � 45) and
healthy subjects with tobacco use (n � 42). The groups are
presented in Table 1. Subjects with COPD exacerbation
(29 male, 16 female) had a mean age of 61.3 � 4.1 y. The
control group (30 male, 12 female) had a mean age of
61.1 � 4.4 y. There was no difference in age and sex
between the 2 groups (P � .48, P � .85). The COPD
exacerbation group had a mean C-reactive protein level of
31.33 � 5.81 mg/dL. Subjects with COPD exacerbation
had a mean FEV1 level of 0.84 � 0.18 L and a mean FVC
level of 1.34 � 0.19 L. The levels of FEV1 and FVC were
found to be significantly lower in the COPD exacerbation
group compared with the control group (Table 1). COPD
subjects had a mean body mass index of 25.5 � 0.8 kg/m2.

The level of C-reactive protein and the erythrocyte sed-
imentation rate were found to be significantly (P � .001)

Table 1. Characteristics of the Study Population

Characteristics COPD Exacerbation Control P

Sex (M/F), n (%) 29/16 (64.4/35.6) 30/12 (71.4/28.6) .48
Age, mean � SD y 61.3 � 4.1 61.1 � 4.4 .85
BMI, mean � SD kg/m2 25.47 � 0.79 25.54 � 1.05 .71
Total smoking time, mean � SD pack-years 36.51 � 5.19 33.64 � 5.58 .002
FEV1, mean � SD L 0.84 � 0.18 2.57 � 0.25 �.001
FVC, mean � SD L 1.34 � 0.19 2.83 � 0.15 �.001
FEV1/FVC, mean � SD 62.04 � 10.85 90.05 � 10.29 �.001
Sedimentation, mean � SD h 32.69 � 3.29 12.75 � 4.08 �.001
CRP, mean � SD mg/dL 31.33 � 5.81 5.98 � 3.99 �.001
MDA, mean � SD mM/L 6.79 � 0.39 2.41 � 0.28 �.001
Telomerase, mean � SD �g/mL 0.42 � 0.05 0.15 � 0.03 �.001
Cu, mean � SD �g/mL 1.17 � 0.07 0.82 � 0.07 �.001
Zn, mean � SD �g/mL 2.16 � 0.06 0.56 � 0.04 �.001
Cu/Zn, mean � SD 0.54 � 0.03 1.5 � 0.19 �.001

M/F � male/female
BMI � body mass index
CRP � C-reactive protein
MDA � malonyldialdehyde
Cu � copper
Zn � zinc
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higher in the COPD exacerbation group compared with the
control group. The levels of telomerase, Cu, Zn, and mal-
ondialdehyde were found to be significantly (P � .001)
higher in the COPD exacerbation group compared with the
control group (Table 1). Cu (P � .27, r � �0.17), Zn
(P � .96, r � �0.03), and malondialdehyde (P � .94,
r � 0.01) levels and FEV1 were found to be negatively
correlated in the COPD exacerbation and control groups
(P � .001) (Figs. 1–3). The ratio of Cu/Zn was found to be
lower in the COPD exacerbation group compared with the
control group (P � .001) (Fig. 4). Malondialdehyde, Cu, Zn,
and telomerase levels of the groups are shown in Figure 5.

Discussion

It is believed that oxidative stress is one of the key
pathogenetic mechanisms in COPD, especially in COPD

exacerbation.17 In the present study, the serum levels of
telomerase malondialdehyde, Cu, and Zn were found to be
increased in COPD subjects within the exacerbation pe-
riod along with a reduced Cu/Zn ratio. As far as we know,
this is the first study that compares the role of telomerase
level and Cu/Zn ratio by especially addressing the oxida-
tive stress and the trace element system, through the serum
levels of malondialdehyde, telomerase, Cu, and Zn in COPD
subjects.

The increased oxidative stress in COPD subjects results
from the increased oxidants existing in tobacco smoke or
the increased amount of reactive oxygen species released
from leukocytes, which are both present in air spaces and

Fig. 1. Correlation of FEV1 and copper (Cu) levels in subjects with
COPD exacerbation (P � .001).

Fig. 2. Correlation of FEV1 and zinc (Zn) levels in subjects with
COPD exacerbation (P � .001).

Fig. 3. Correlation of FEV1 and malondialdehyde (MDA) levels in
subjects with COPD exacerbation (P � .001).

Fig. 4. Comparison of copper/zinc (Cu/Zn) levels between the con-
trol group and group with COPD exacerbation. Boxes show inter-
quartile ranges, lines in the boxes show median, and whiskers
show minimum and maximum values.

TELOMERASE AND COPD

4 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on January 12, 2016 as DOI: 10.4187/respcare.04389

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



blood.18 Reactive oxygen species primarily target the poly-
unsaturated fatty acids found in the cell membranes, with
an exposure to lipid peroxidation, and this can cause im-
paired structure and function of the cell.19 In addition, a
wide range of end products (including malondialdehyde)
occur as a result of the decomposition of lipid hydroper-
oxides. The commonly used method for an indirect mea-
sure of the increased lipid peroxidation is to measure mal-
ondialdehyde from biological samples in oxidative stress.
There was an increased serum level of malondialdehyde in
COPD subjects during the exacerbation period in this study.
In addition, another study found a tendency for an increase
in malondialdehyde levels associated with COPD subjects
with smoking habits.20

Several trace elements have significant parts in the ac-
tivation or inhibition of the enzymatic reactions through
the competition with other elements and metalloproteins
for binding sites, through the effect on the permeability of
cell membranes, and through other mechanisms. These
elements play significant roles in the balance between ox-
idants and antioxidants. Again, the hypothesis for the trace
elements that they present some direct or indirect effects
on the COPD process would not be irrational.21

It was reported that the trace elements’ serum concen-
trations were found to be changed by experimental and
clinical pulmonary damage.22,23 The serum concentrations
of Cu were used as an index of pulmonary damage in rat
pneumotoxicity models, whereas there were increased se-
rum levels of Cu and pulmonary tissue Cu/Zn activity in
irradiated rats.22 Nevertheless, Molteni et al23 found that
the serum concentrations of Cu and iron were within nor-
mal limits in subjects with COPD. The Cu level has been
reported to be higher in COPD subjects compared with
control groups.6,24 One study25 found significantly higher
levels of Cu in coppersmiths compared with a control
group. Another study demonstrated that there were ele-
vated levels of Zn and Cu in sputum in suppurative and
inflammatory lung disease, whereas the levels of Zn de-
clined after the suppurative and inflammatory lung disease

exacerbation was treated.26 Tanrikulu et al27 found in-
creased Cu and Zn levels in the COPD exacerbation group,
and Cu and Zn levels negatively correlated with FEV1 and
FVC levels. In agreement with this study, we determined
in our study that the levels of Cu and Zn were elevated in
the COPD exacerbation group, and there was a negative
correlation of the Cu and Zn levels with the FEV1 and
FVC levels. Because there is an elevated amount of trace
elements during exacerbation, the severity and the treat-
ment efficacy for COPD exacerbation may be monitored
through the levels and changes of these elements. The
disease-related inflammation may cause the elevated lev-
els of Cu and Zn. Trace elements are probably less sensi-
tive to the activity of protease and may be a more reliable
method for measuring the inflammation of an airway. Con-
sequently, trace element measurement can enable detec-
tion of more disorders of the airway and also provide
valuable information about pulmonary inflammation in
COPD-like conditions.27

Telomerase is a unique polymerase, and it synthesizes
telomeric repeats.28,29 There are 2 core components of te-
lomerase: the catalytic reverse transcriptase and the RNA
component. The telomerase RNA component contains a
template region that is used by the telomerase reverse
transcriptase component for the addition of a new telo-
meric sequence onto the chromosome ends.30,31 It was
reported that the mutations of telomerase had a vital part in
the genetics of pulmonary conditions in studies conducted
with families with idiopathic pulmonary fibrosis.32,33 Ac-
tually, the most commonly detectable defect in families
with pulmonary fibrosis is the inherited mutations in the
core components of telomerase, human telomerase reverse
transcriptase and human telomerase RNA component, and
this defect corresponds to 10–15% of all cases.34 Addi-
tionally, telomeres that are shortened are considered to be
a risk factor in idiopathic pulmonary fibrosis.35 In an ear-
lier study,36 it was also stated that the telomeres were
shorter in the lungs of emphysema subjects than in unaf-
fected persons with a similar amount of exposure to to-
bacco smoke. Nevertheless, there has been no investiga-
tion into the role of telomere length as a determinant of
lung disease due to tobacco smoke in an animal model,
which is defined genetically. The study by Houben et al37

demonstrated a significantly shorter telomere length in the
leukocytes of COPD subjects compared with healthy and
age-matched control subjects, and this suggests that ele-
vated oxidative stress plays a significant role in telomere
shortening. The telomerase level was found to be higher in
a subject with COPD exacerbation in the present study.
Although these study results do not constitute definite ev-
idence of a direct causative relationship, we believe that
telomerase may be considered as the primary marker of
inflammation-related diseases (and oxidative stress) like
the systemic pathophysiological process that is COPD. As

Fig. 5. Malondialdehyde (MDA), copper (Cu), zinc (Zn), and telom-
erase levels of the groups.
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far as we know, C-reactive protein and erythrocyte sedi-
mentation rate are the most common markers of inflam-
mation that are often used for both evaluation and treat-
ment of inflammatory disorders.38 Both are extremely
significant biomarkers with an elevation in acute COPD
exacerbation, and the present study has found that telom-
erase, C-reactive protein, and erythrocyte sedimentation
rate are significantly higher in subjects with COPD exac-
erbation. This finding indicates that telomerase can be
used as a beneficial parameter for the assessment of COPD
exacerbation.

Conclusions

The present study is the first to investigate the level of
telomerase in COPD exacerbation. The findings of the
present study indicate that the impaired balance between
oxidants and antioxidants and the increased level of te-
lomerase are associated. However, there is still a need for
clarification of whether the increased level of telomerase
is a cause or a consequence of such imbalance, and further
studies will be required.
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