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Purpose: Telomere biology, especially tissue-specific ultra-short telomeres, might provide
a strong contribution to our current knowledge in COPD development as well as a predictive
marker for prognosis. To test this hypothesis, we investigated telomere lengths in lung tissue
and leukocytes in patients diagnosed with COPD.

Patients and Methods: Thirty-two patients were included in the current study. All patients
showed a post-bronchodilator ratio of less than 70% post-bronchodilator predicted value of
forced expiratory volume in second (FEV1%), mean 56%; range [19% to 86%]. To be able to
investigate ultra-short telomeres, universal single telomere length analysis (U-STELA) was
used.

Results: Our results showed a higher level of the ultra-short telomere presence in bronchoal-
veolar lavage (BAL) cells when compared to leukocytes with statistical significance t(62)=5.771,
p<0.00001. The FEV1% was lower in subjects with ultra-short telomeres in BAL (50.6% vs
81.6%: p<0.001) and in ultra-short telomeres in blood leukocytes (37.3% vs 58.5%: p=0.051)
when compared to subjects without ultra-short telomeres in leukocytes. Furthermore, the patients
who had ultra-short telomeres in BAL samples were significantly older (p=0.014) than patients
who did not have ultra-short telomeres. Ultra-short telomeres in BAL (p=0.05) but not in
leukocytes (p=0.33) were associated with FEV1% in a regressions model adjusting for age
(p<0.0001), ever smoking (p<0.0001) and sex (p=0.71). The patients with ultra-short telomeres
were graded higher in the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
classification (p=0.000).

Conclusion: This study emphasizes the need to investigate the correct tissue to get
a representative evaluation of the stage or advancedness of COPD. To our knowledge, this
is the first study to show that there is a correlation between the presence of ultra-short
telomeres in lung tissue and COPD severity. Our results suggest that ultra-short telomeres are
involved in the molecular pathogenesis of COPD and might be used as a tissue-specific
predictive biomarker.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a disease with progressive chronic
airflow limitation. COPD generally starts to get symptomatic after the age of 60 years
although some more susceptible subjects such as people with an alpha-1 antitrypsin
deficiency may develop symptoms at an earlier age.' Phenotypic characteristics of
followed by
emphysema.® These phenotypes are often coupled with frequent exacerbations which

patients diagnosed with COPD are small airway obstruction®

are increased as the severity of COPD increases.” The molecular mechanisms of these
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phenotypes are similar despite different pathologies and the
most predominant mechanisms underlying these phenotypes
are inflammation,” oxidative stress,’ senescence’ and
apoptosis.®

In 2018 a systematic review revealed that COPD pre-
valence is 9.3% in males and 6.2% in females.” Smoking
is the greatest risk factor for developing COPD although
exposure to tobacco smoke indirectly, air pollution, and
dietary choices are also known risk factors for COPD.'’
Oxidative stress is induced by cigarette smoke in the
pulmonary epithelium, which leads to inflammation.'' In
COPD cases, the exacerbations due to oxidative stress
provide the necessary signals for the recruitment of the
macrophages.'?

In patients diagnosed with COPD, apoptosis seems to
be accelerated and remains persistent even after the
patients had stopped smoking.'> Increased apoptosis
results in emphysema which is a major factor in COPD
development. Thus, apoptosis can be both a result and
a reason for COPD manifestations.'* Taken together, oxi-
dative stress and inflammation accelerate aging in the
lungs simply by increasing cell turnover together with
apoptosis. Aging of the lung tissue plays a significant
role, although the contribution of aging to the molecular
mechanisms for developing COPD is still not fully
understood. "

One possible mechanism that can lead to apoptosis and
senescence in the lung is replicative “exhaustion”, caused
by the long-term renewal of lung tissue as observed in
patients with emphysema. This kind of senescence is
tightly linked to telomere shortening. Previous studies
showed that telomere loss in white blood cells (WBC) is
accelerated by oxidative stress and inflammation in vitro.
It was postulated that the accelerated WBC telomere short-
ening occurs as a result of long-term exposure to chronic
inflammation.'®

Telomeres are complex DNA-protein structures located
at the outmost end of eukaryotic chromosomes. Telomere
length shortens with age in all replicating somatic cells.
The chromosomes’ ends are of a special structure com-
posed of 5-15 kb of repeated DNA, containing tandem
repeats of the sequence TTAGGG, and surrounded by
sheltering proteins.'” In humans, most somatic cells gra-
dually lose their telomeres due to the fact replication
machinery cannot replicate the utmost ends of chromo-
somes, and possibly also due to unrepaired telomeric DNA
damage. It is believed that when telomeres reach
a sufficiently short length the telomeric loop is opened,

exposing the chromosome end, which is detected as
a double-stranded break, sending the cell into
senescence.'® This extensive shortening results in ultra-
short telomeres which are telomeres shorter than 1500 kb.

It has been previously suggested that damage and
inflammation have a high correlation with short telomeres,
but the precise mechanism remains unclear.'” Despite the
fact that telomere length and its association with COPD
risk is still contradictory, constitutive short telomeres and
deficient telomere sheltering might be the underlying
molecular mechanisms behind the COPD.

Telomere biology, especially tissue-specific ultra-short
telomeres, might provide a strong contribution to our
current knowledge in COPD development as well as
a predictive marker for prognosis. To test this hypothesis,
we investigated telomere lengths in lung tissue and leuko-
cytes in patients diagnosed with COPD. To be able to
investigate ultra-short telomeres, Universal Single
Telomere Length Analysis (U-STELA) was used,”* %

which was previously developed by our group.

Patients and Methods

Selection of Subjects

Patients were recruited from the lung department at
Erciyes University Hospital Bronchoscopy Unit with
a median age of 63 years; range [31 to 73 years]. Thirty-
two subjects were included. Seventeen patients (53%)
were diagnosed with lung cancer, 1 patient had lung
metastasis (3%) and 14 patients (44%) had no pathology
by the bronchoscopy. Among all 32 patients, all had per-
sistent airway obstruction, defined as a post-bronchodilator
ratio of less than 70%. Lung function was expressed as
post-bronchodilator predicted value of forced expiratory
volume in second (FEV1%) mean 56%; range [19% to
86%]. All subjects, therefore, had from mild to severe
COPD.”

Tissue Selection and DNA Isolation

The determination of ultra-short telomeres was done by
using leukocytes and cells that were collected with bronch-
oalveolar lavage BAL (lung tissue cells, i.e. alveolar cells,
neutrophils, macrophages) from each patient that are eli-
gible for a bronchoscopy for this study. A previously
established
mesenchymal stem cell line was used as an experimental

and telomeric length well-characterized
internal control for U-STELA. These cells were cultured

from previously immortalized stock®* and telomere length

submit your manuscript

2752

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2020:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Cagsin et al

and existence of ultra-short telomeres were shown pre-
viously with our group studies. Peripheral blood (leuko-
cytes) and BAL samples cells were collected from all 32
patients. DNAs were isolated using DNA isolation kits
from RTA technologies for both blood and tissue samples.
Near East University granted Ethical approval to carry out
the study (Ethical Application Ref: YDU-2015/30-202)
with informed consent from participants. All procedures
were carried out according to the Declaration of Helsinki.

Universal STELA (U-STELA)

U-STELA was carried out with isolated DNA as described
previously?' with minor alterations. In short, 1 pg of
isolated DNA was digested with 1 pL of Msel and 0.5
pL of Ndel in 50 pL of the volume containing 5 pL
cutsmart buffer. It was then incubated at 37°C for 1 hour
followed by 20 minutes of inactivation at 65°C. 0.05 ug of
digested DNA is mixed with 3 pL of 12 mer and 42 mer
panhandles in 7 pL of volume. The temperature was
decreased from 65°C to 16°C in 49 minutes. Twenty
units of T4 DNA ligase and 1.5 pL of T4 DNA ligase
buffer were quickly added to the mixture and volume was
increased to 15 pL with 6 pL. dH20 at 16°C and samples
were incubated overnight. Subsequently, 20 units of T4
DNA ligase and 2.5 pL telorette working solution was
added with 1 pL of T4 DNA ligase buffer and volume
was increased to 25 puL with 6 uL dH2O. Samples were
incubated at 35°C overnight and the reaction was inacti-
vated by 20 minutes incubation at 65°C. This was then
followed by a PCR reaction containing, 40 pg ligated
DNA, 0.1 uM adapter and teltail primers, 6 pL of failsafe
master mix and 0.5 pL of the failsafe enzyme with a total
volume of 12 uL. PCR conditions were exact to the pre-
viously described.?! U-STELA products were separated by
gel electrophoresis on a 0.8% gel at 70 V for 3 hours. The
separated DNA was transferred to a positively charged
nylon membrane (Amersham). DNA fragments in the
blot were hybridized to the DIG-labeled telomeric probe
overnight at room temperature and incubated with a DIG-
specific antibody with AP fragments. Chemiluminescence
was detected with CDP-Star (Roche). All experiments
were triplicated. The threshold for the ultra-short telo-
meres was defined as 1.5 kb as established previously.

Statistical Analysis

The descriptive statistics for quantitative variables were
represented as arithmetic mean + standard deviation. The
categorical data were represented with frequency and

percentages. The relationship between the presence of
ultra-short telomeres with age, sex, smoking status, and
COPD grades was obtained by either the Fisher Exact Chi-
Square test for categorical variables or Mann—Whitney
U-test for continuous variables. p-values <0.05 were
regarded as statistically significant. To test the hypothesis
that ultra-short telomeres (either in cells that collected with
BAL or leukocytes) lead to decline in lung function, multi-
ple linear regression (entry method) was used to assess the
associations FEV1% adjusted for age, sex and smoking
status (ever smoker/never smoked). SPSS (IBM SPSS
version 23.0) statistical program was used for all statistical
analyses.

Results

Presence of Ultra-Short Telomeres

In total, 26 patients’ BAL samples cells (81.1%) had ultra-
short telomeres while only three patients had ultra-short
telomeres in leukocytes (9.3%). Twenty-two subjects were
either current or former smokers (69%) and of those 18
subjects (81.8%) had ultra-short telomeres. The ultra-short
telomere determination is shown in Figure 1. There were
no differences between gender with regards to the pre-
sence of ultra-short telomeres in the tissues that have
been tested (lung tissue cells in BAL versus Leukocytes).
Thirteen patients of the 17 patients with lung cancer, had
ultra-short telomeres (76.5%). On the other hand, 15
patients who did not had lung cancer, 13 of whom had
ultra-short telomeres and 2 did not (86.7%). The presence
of ultra-short telomeres and incidence of lung cancer is not
associated (p=0.659).

Presence of Ultra-Short Telomeres and

Lung Function

FEV1% was lower in ever smokers (current or former) with
ultra-short telomeres than in never smokers with ultra-short
telomeres (44.6% versus 64.4%; p=0.014). The FEV1% was
lower subjects with ultra-short telomeres in BAL (50.6% vs
81.6%: p<0.001) compared to subjects without ultra-short
telomeres. The FEV1% was lower in subjects with ultra-
short telomeres in blood leukocytes (37.3% vs 58.5%:
p=0.051) compared to subjects without ultra-short telomeres
in leukocytes. Furthermore, the patients who had ultra-short
telomeres in BAL samples were significantly older (p=0.014)
than patients who did not have ultra-short telomeres. Ultra-
short telomeres in BAL (p=0.05) but not in leukocytes
(p=0.33) was associated FEV1% in a regressions model
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hMSC Table | Categorical Analysis of COPD Patients
Int. control Leukocytes  BAL COPD Patients
1 A 1 (n=32)
[ \[ | \ Mean * SD
Mil 2 8 #4t 53¢ ‘6 718 9
Age (years) 60.0 £ 10.5
21.2kb- s n (%)
8.6kb- ‘ " ' . ; ! Smoking History
- - - e Smoker 13 (40.1)
5.0kb- R Former Smoker 9 (28.1)
3.6kb- - Non Smoker 1031.3)
2.7kb- . - . Gender
A - Male 26 (81.3)
2.0kb-| - - Female 6 (187)
- -
- Presence of ultra-short telomeres in 3(93)
1.6k b_. ’ leukocytes
7 Presence of ultra-short telomeres in BAL | 26 (81.3)
1.1kb-
, - & yin COPD Grade
Grade |-2 15 (46.9)
0.8kb- 8 - Grade 3—4 17 (53,1)
0 7k b' - z Note: Ultra-short telomeres were present in 26 BAL samples and in contrast to 3
- K leukocyte samples.
0.4kb-
63k with and without ultra-short telomeres. The main outcome

Figure | Representative USTELA. |: Marker, 2—4: hMSC internal control at
different passages (p X, X, X), 5-7: Leukocyte samples, 8-10: BAL samples. Red
arrows indicate the presence of ultra-short telomeres that are below the threshold
of 1.5kb shown as red horizontal line.

adjusting for age (p<0.0001), ever smoking (p<0.0001) and
sex (p=0.71).

Tissue-Specific Ultra-Short Telomeres
According to COPD Groups

The categorical analysis of COPD patients is shown in
Table 1. The presence of ultra-short telomeres in BAL
cells compared to individuals’ leukocytes were statistically
significant t(62)=5.771, p<0.00001. These results indicate
the importance of a correct tissue when telomere length is to
be evaluated. To evaluate whether lung tissue cells that were
in BAL samples and leukocyte telomere shortening is asso-
ciated with the progression of COPD, we compared patients

was that the patients with ultra-short telomeres were graded
higher in terms of GOLD classification (p=0.006) (Table 2).
In contrast, the presence of ultra-short telomeres in leuko-
cytes does not represent an association with COPD grade
(p>0.05) as well as age (71.7), gender, and smoking status.

Discussion

Our results demonstrated that evaluating tissue-specific sam-
pling lung tissue cells (BAL) instead of WBC seems to be
a better choice to detect the possible association between
inflammatory disorders like COPD and ultra-short telomeres.
To the best of our knowledge, this is the first study to show
that there is a correlation between the presence of ultra-short
telomeres in lung tissue and COPD which could explain the
importance of the selection of representative tissue instead of
leukocytes to provide a more appropriate insight towards the
molecular basis of given disease such as COPD. This study
shows the potential use of ultra-short telomeres as
a biomarker in a simple and cost-effective way.

Telomere length measurements were often done only in
leukocytes.”*>* This approach is generally acceptable and
sufficient to provide base aging-related telomere attrition
but as evidenced here, in the case of diseases with high
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Table 2 The Relationship Between the Presence of Ultra-Short Telomeres and Age, Smoking History, and COPD Grading

BAL + (n=26) BAL - (n=6) P Leu + (n=3) Leu - (n=29) P
Mean = SD Mean * SD Mean = SD Mean = SD
Age (years) 62678 48.8 14.2 0.014* 717 1.2 58.8 10.3 NaN
n (%) n (%) n (%) n (%)
Smoking History
Ever Smoker 18 (81.2) 4(11.8) 1.00%* 3 (13.6) 19 (86.4) 0.534**
Never Smoker 8 (80) 2 (20) 0 (0.0) 10 (100.0)
COPD Grade
Grade 1-2 9 (60.0) 6 (40.0) 0.006 ** I (6.7) 14 (93.3) 1.00%*
Grade 34 17 (100.0) 0 (0.0) 2(11.8) 15 (88.2)

Notes: *Results were obtained with the Mann—Whitney U-test; **Results were obtained with Fisher Exact test; NaN, No statistics were calculated due to inadequate

sample size in one Leu (+) group (n=3); Bold indicates statistically significant values.

Abbreviations: BAL+, presence of ultra-short telomeres in BAL samples; BAL-, absence of ultra-short telomeres in Bal samples; Leu+, presence of ultra-short telomeres in

leukocyte samples; Leu-, absence of ultra-short telomeres in leukocyte samples.

cell turnover such as COPD, tissue and cell-specific meth-
ods and evaluation of ultra-short telomeres are more effec-
tive in the characterization of the molecular mechanisms
underlying chronic diseases.

As COPD is a chronic and progressive disease, older
patients diagnosed with COPD are more likely to be at an
advanced stage. Thus, our results are in line with the
previous evidence that reflects the fact that abrupt telomere
shortening increases with aging. The investigation of ultra-
short telomeres in senescence-associated diseases will help
for a better understanding of the disease mechanism since
a single ultra-short telomere may induce senescence rather
than overall short telomeres.?’

In addition to these, we demonstrated that telomere
dynamics might play a role in disease progression as well
as development. The cellular aging due to advanced age
might also contribute to accelerated telomere shortening,*®
thus explain the presence of ultra-short telomeres in BAL
samples. The renewal rate of leukocytes is higher than the
renewal rate of lung tissue due to respective stem cell activ-
ities and homing.?’ In light of our result, we hypothesize that
ultra-short telomeres can be considered as a potential prog-
nostic marker in COPD patients who have undergone
bronchoscopy at regular intervals.

The limitations of the study are: 80% of the sample had
ultra-short telomeres in BAL cells and even though our sample
covered a comprehensive range of post-bronchodilator
obstruction (19-86%) a control group of non-smoking non-
obstructive subjects would have been ideal but at the time for
fulfilled these
a bronchoscopy. Therefore, all the patients included in this

sampling, no subjects criteria  for

study were COPD patients. Previous studies indicate the
macrophage counts increasing in BAL samples from COPD
patients when compared with healthy controls. Additionally,
macrophage number correlates with the severity of COPD.'?
Furthermore, the sorting of the cells in BAL may have the
strength of the association as well as quantifying the ultra-
short telomeres. Yet in our study significant association has
been observed. Smoking is attributed to be the main risk factor
for COPD, in the current study, no significant direct tissue
relationship was found to the COPD groups but a significant
association with lung function was found. This difference
could be explained by the small sample size, lack of exacer-
bation registration. Ultra-short telomeres serving as a potential
biomarker remained to be studied in larger cohorts. Factors
such as air pollution, lifestyle, and occupation might have
influenced our results. Since we did not acquire data on the
influence of these variables, these factors cannot be ruled out.

Conclusion

Our results suggest that ultra-short telomeres are involved
in the molecular pathogenesis of COPD. Ultra-short telo-
meres might be used as a tissue-specific predictive bio-
marker for COPD. Furthermore, this study emphasizes the
need to investigate the correct specific tissue to get
a representative evaluation of the stage or advancedness
of a given disease, such as COPD.

Data Sharing Statement

The data that support the findings of this study are avail-
able from the corresponding author, NS, upon reasonable
request.
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