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The role of telomerase in the etiology of primary spontaneous pneumothorax

Primer spontan pnémotoraks efiyolojisinde felomerazin rolt
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ABSTRACT

Background: This study aims to investigate the role of telomerase
activity in the risk of primary spontaneous pneumothorax, which
is most frequently encountered in the practice of thoracic surgery.

Methods: A total of 61 patients (56 males, 5 females; median age:
29.4 years; range, 17 to 43 years) who underwent treatment for
primary spontaneous pneumothorax and 19 age- and sex-matched
healthy controls (10 males, 9 females; median age: 29.1 years; range,
23 to 43 years) were included in this prospective study between
January 2018 - August 2018. Telomerase activity was evaluated
with enzyme-linked immunosorbent assay. The correlation between
telomerase activity and clinical and demographic parameters was
examined.

Results: The mean serum telomerase level was 3.4+0.6 ng/mL in
the primary spontaneous pneumothorax group and 1.9+0.5 ng/mL in
the control group, indicating significantly higher levels in the patient
group (p<0.001). There was no significant association between the
telomerase levels and presence of blebs and/or bullae on thoracic
computed tomography, extent of pneumothorax, laterality (right, left,
or bilateral), and pack years of cigarette smoking.

Conclusion: Telomerase levels of patients with primary spontaneous
pneumothorax are significantly higher than healthy individuals.
Future genetic studies may ultimately clarify a potential relationship
between primary spontaneous pneumothorax and short telomere
syndrome.
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Gene stability is critical to the organism's life
and health. Complex hemochromatin structures at
the end of linear chromosomes contain numerous
distinct protein elements.!! Telomeres are the
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Amag: Bu calismada gogiis cerrahisi pratiginde siklikla karsilagilan
primer spontan pnomotoraks riskinde telomeraz aktivitesinin rolii
aragtirildi.

Calisma plani: Bu prospektif ¢alismaya Ocak 2018 - Agustos
2018 tarihleri arasinda primer spontan pnomotoraks nedeniyle
tedavi edilen toplam 61 hasta (56 erkek, 5 kadin; medyan
yas: 29.4 yil; dagilim, 17-43 yil) ve yas ve cinsiyet acisindan
eslestirilmis 19 saglikli kontrol (10 erkek, 9 kadin; medyan
yas: 29.1 yil; dagilim, 23-43 yil) alindi. Telomeraz aktivitesi
enzim bagli immiinosorbent testi ile degerlendirildi. Telomeraz
aktivitesi ile klinik ve demografik parametreler arasindaki
iligki incelendi.

Bulgular: Ortalama serum telomeraz diizeyleri primer spontan
pnomotoraks grubunda 3.4+0.6 ng/mL ve kontrol grubunda
1.9+£0.5 ng/mL olup, hasta grubunda diizeyler anlaml1 6l¢ctide daha
yiiksekti (p<0.001). Telomeraz diizeyleri ile toraks bilgisayarl
tomografide bleb ve/veya biil varligi, pnomotoraks derecesi, taraf
(sag, sol veya iki tarafli) ve sigara paket y1l1 arasinda anlaml1 bir
iligki yoktu.

Sonug¢: Primer spontan pnomotoraksli hastalarin telomeraz
diizeyleri, saglikl1 bireylere kiyasla, anlaml1 6l¢iide daha yiiksektir.
Tleride yapilacak genetik caligmalar, primer spontan pnomotoraks
ile kisa telomer sendromu arasindaki olasi iligkiyi daha net olarak
ortaya koyabilir.

Anabhtar sozciikler: Sigara, spontan pnomotoraks, telomeraz, telomer.

regions of hemochromatin which contain specialized
deoxyribonucleic acid (DNA) repeat sequences that
serve to protect the chromosome and to ensure gene
stability.>*
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Human telomeres consist of consecutive TTAGGG
repeats. The length of these tandem repetitions is
approximately 10,000 to 15,000 base pairs. The end
regions of the telomeres are single-chain structures.
Telomerases and telomerase activity function to
protect the telomeres. Telomerase activity results
in telomere elongation. This is critical since, at the
end of each duplication event, a small number of
base pairs at the end of each chromosome disappear;
after numerous duplication events, overt shortening
and loss of chromosomal material can be observed.
The actions of telomerase address this issue, as
chromosomes can be returned to their critical length
and structure, thereby, triggering irreversible growth
cessation and ageing.* A pivotal study demonstrated
that, in the absence of telomerase, DNA replication
resulted in the physical loss of the end portions of
all the chromosomes, leading to a defined number of
cell divisions, after which cell death was ensued.P!
Short telomeres are associated with an increased risk
of cardiovascular disease, cirrhosis of the liver,
hypertension, atherosclerosis, and cancer.’ Although
the telomere length has a genetic basis, environmental
factors, air pollution, genotoxic stress, and smoking
may accelerate the telomeric loss.®

Primary spontaneous pneumothorax (PSP) occurs
in the absence of clinical or radiological evidence of
lung disease or trauma history. Although the diagnosis
is in no way rare, the etiology of PSP is still unknown.
Independent risk factors for PSP include lung fibrosis,
general frailty, young age, and the increased body
length-to-width ratio. Another critical etiologic factor
is smoking in otherwise healthy men.”! Given our
lack of understanding with respect to disorder, we
aimed to investigate the role of telomerase activity in
the risk of PSP. To the best of our knowledge, this is
the first study to consider telomerases and telomerase
activity as having a role in the pathogenesis of this
condition.

PATIENTS AND METHODS

This single-center, prospective study was
conducted at University of Health Sciences, Kayseri
Health Practice and Research Center, Department of
Thoracic Surgery between January 2018 and August
2018. A total of 61 patients (56 males, 5 females;
median age: 29.4 years; range, 17 to 43 years)
who underwent treatment for PSP and 19 age- and
sex-matched healthy controls (10 males, 9 females;
median age: 29.1 years; range, 23 to 43 years) were
included. Only the patients having no chronic diseases
(i.e., chronic obstructive pulmonary disease [COPD],
asthma, hypertension, coronary artery disease,
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congestive heart failure, and diabetes mellitus) and
undergoing thoracic computed tomography (CT) for
screening of PSP risk were included. A written
informed consent was obtained from each participant.
The study protocol was approved by the Adana City
Education and Research Hospital Ethics Committee
(Date: 27.03.2018/No:176). The study was conducted
in accordance with the principles of the Declaration
of Helsinki.

Data including age, sex, number of PSP episodes,
presence of chronic disease, telomerase activity,
cigarette smoking,extent of pneumothorax,result of CT
(bronchoalveolar thickening, localized emphysema,
and blebs and/or bullae), treatment modality
(observation, tube thoracostomy and video-assisted
thoracoscopic surgery [VATS] or thoracotomy),
length of hospital stay, chest tube drainage duration,
neutrophil-to-leukocyte ratio (NLR), and family
history were recorded from all participants. The
extent of pneumothorax was calculated in percentages
by the method described by Kircher and Swartzel.[”!
The patients were further divided into two groups
according to the size of pneumothorax: partial (small
or moderate pneumothorax, <50%) and total (large
pneumothorax, =50%).

Telomerase levels were evaluated in serum
samples with a commercially available enzyme-
linked immunosorbent assay (ELISA) kit (Elabscience
Biotechnology Co., Ltd, Bethesda, MD, USA) using the
sandwich-ELISA principle. The micro-ELISA plate
provided in this kit is pre-coated with an antibody
specific to human telomerase. The sensitivity of the
test per the manufacturer’s instructions was 0.1 ng/mL,
and the detection range is 0.16 to 10 ng/mL.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Descriptive data were expressed in mean +
standard deviation (SD), median (min-max) ornumberand
frequency, where applicable. The Kolmogorov-Smirnov
normality test were applied to the data from each of
the groups. Parametric tests were used for normally
distributed variables, while non-parametric tests were
used for non-normally distributed variables. Analysis
of variance was performed for to compare more than
two variables. The Spearman and Pearson correlation
analyses were used for correlation analysis. A p value of
<0.05 was considered statistically significant.

RESULTS

Demographic and clinical characteristics of the
study population are shown in Table 1. There was
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Table 1. Demographic and clinical data of patients

PSP group (n=61)

Control group (n=19)

n % Mean n % Mean
Age (year) 29.4 29.1
Sex
Males 56 10
Females 5 9
Laterality
Left 30 49.2
Right 31 50.8
Size of pneumothorax
Partial 41 67.2
Total 20 32.8
Episode
First 49 80.4
Second 10 164
Third 2 32
Smoking states
Smoker 47 77 1 53
Never 14 23 18 94.7
Length of hospital stay (days) 6.9
Therapy
Observation 5 8.2
Tube drainage 46 754
Videothoracoscopy 5 8.2
Thoracotomy 5 8.2

PSP: Primary spontaneous pneumothorax.

no significant difference in the age between the two
groups (p=0.8). Telomerase activity was not associated
with age or sex (p=0.09 and p=0.24, respectively).
There were no associations between age and the
side on which pneumothorax developed (p=0.68), the
number of episodes (p=0.95), length of hospital stay

(p=0.16), duration of chest tube drainage (p=0.27),
NLR (p=0.63), and treatment modality (p=0.68).

The mean telomerase levels in blood samples from
the study participants were measured as 3.4+0.6 ng/mL
in the PSP group and 1.9+0.5 ng/mL in the healthy
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Figure 1. The distribution of telomerase activities of PSP and control groups.

PSP: Primary spontaneous pneumothorax.
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Table 2. Correlation of smoking with NLR, telomerase activity, and bullae distribution

PSP group smoker n=12! n=10? n=25° p

PCS 5.94 6.89 6.38 0.34
Telomerase activity 3.47 3.48 3.36 0.25
NLR 2.65 292 4.17 0.54
BBE 8 8 8 0.22

NLR: Neutrophil-to-leukocyte ratio; PSP: Primary spontaneous pneumothorax; PCS: Pack years of cigarette smoking;
BBE: Bullae/Bleb/Emphysema; ': <6 months; %: 6-12 months; *: >13 months.

controls (Figure 1). Telomerase levels were significantly
different between the two groups (p<0.001).

Thirty (49.2%) patients had left-sided
pneumothorax, while 31 (50.8%) patients had
right-sided pneumothorax. There was no significant
relationship between the telomerase levels and the
side on which pneumothorax developed (p=0.85).
Similarly, 41 (67.2%) of the patients had a partial
pneumothorax, whereas 20 (32.8%) were diagnosed
with total pneumothorax. Totally, 49 (80.4%) of the
patients reported this event as their first episode of
pneumothorax. Of the remaining patients, 10 (16.4%)
experienced a second episode and two (3.2%)
experienced a third episode of pneumothorax. There
was no significant relationship between the number
of episodes and type of pneumothorax (partial
or total) (p=0.84). Telomerase activity was not
associated with the number of episodes or partial/
total/ bilateral pneumothorax (p=0.15 and p=0.63,
respectively).

In the PSP group, 47 (77%) patients were smokers
and 14 (23%) were non-smokers. In the control
group, only one participant (5.3%) was a smoker
and 18 (94.7%) were non-smokers. The pack years
of cigarette smoking, NLR, distribution of bullae
in the PSP group and telomerase levels are shown
in Table 2. The relationship between the pack years
of cigarette smoking and episodes of PSP is shown
in Table 3. No significant associations were found
between telomerase levels and smoking status, number

of cigarettes smoked per day, or number of years of
smoking (p=0.4). Similarly, no significant differences
were found between the number of episodes of PSP
and side of the current pneumothorax, smoking status,
number of cigarettes per day, or duration of smoking
(p=0.1).

Evaluation of CTs from the patients with PSP
revealed that 65.6% (n=40) of the images included
bronchoalveolar thickening, localized emphysema, and
blebs and/or bullae. These findings were not detected
in 34.4% of the scans (n=21). Bullous structures were
observed in six of the patients who were non-smokers.
There were no significant associations between the
levels of telomerase activity and presence or absence
of bullous structures (p=0.3).

According to treatment modality, five of the patients
(8.2%) improved with oxygen therapy, 46 patients
(75.4%) underwent tube thoracostomy, and 10 patients
(16.4%) required an additional surgical intervention
including VATS (8.2%,n=5) or thoracotomy (8.2%,n=5).
There was no significant correlation between the
telomerase levels and treatment protocols (observation,
tube thoracostomy, and surgical intervention; p=0.78).
The median duration of chest tube drainage was
5.5 (range, 3 to 14) days among the patients who
underwent tube thoracostomy. The median length
of hospital stay was 6.9 (range, 3 to 17) days for all
patients. There was no significant relationship between
telomerase levels and length of time of drainage and
length of hospital stay (p=0.26 and p=0.7, respectively).

Table 3. Correlation between cigarette smoking and PSP episode

PSP group

Cigarette smoking 1 PSP Episode 2" PSP Episode 3 PSP Episode
<6 months 10 2 -

6-12 months 8 1 5

>13 months 19 1 1

PSP: Primary spontaneous pneumothorax.
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In the PSP group, the median NLR at the
time of admission was 3.6 (range, 0.86 to 31.6).
No significant correlation was found between the
telomerase activity and NLR (p=0.29). Moreover,
there was no significant association between NLR
and number of episodes of PSP (p=0.72), laterality
(p=0.56), extent of pneumothorax (p=0.76), drainage
duration (p=0.35), and length of hospital stay (p=0.26).
Neither the patients, nor the healthy controls had any
history or underlying evidence of chronic disease (i.e.,
COPD, asthma, hypertension, coronary artery disease,
congestive heart failure, and diabetes mellitus).

DISCUSSION

Several studies focusing on telomerase activity
and short telomere syndrome have been conducted
in patients with different disorders, including COPD,
dyskeratosis congenita, acquired aplastic anemia,
pulmonary fibrosis, liver disease, esophageal cancer,
head and neck squamous-cell carcinomas, skin and
anorectal cancers, acute myeloid leukemia, heart
disease, and acute myocardial infarction.®**! However,
to the best of our knowledge, this is the first study to
examine telomerase activity in PSP.

Primary spontaneous pneumothorax is diagnosed
frequently in a standard clinical setting and reports
have shown that there are between 6 and 24 cases per
100,000 individuals annually.'” A study in Denmark
reported that the national incidence of PSP was actually
lower than previously reported, at 7.3 per 100,000
individuals. There are also significant differences
in the incidence rates between the two sexes; the
incidence of PSP among men is approximately six
times higher than that among women.'! Previous
reports from single-center studies conducted 45 years
ago in the United States and 30 years ago in Sweden
have shown that the incidence of PSP is 7.4 to 18 per
100,000 and 1.2 to 6 per 100,000 annually in men
and women, respectively.'>!¥] More recently, two large
epidemiological studies from the United Kingdom and
France have indicated a rising trend with respect to this
disorder, with a reported combined hospital admission
rate for PSP and secondary spontaneous pneumothorax
as 16.7 to 22.7 per 100,000.M"!51 The incidence of PSP
among men was observed to reach its peak at the ages
of 16 to 25 years, similar to that reported in previous
studies.'1214151 Tn a study conducted in Turkey, PSP
occurred most frequently in the second decade of
life.'® The factors underlying this sex difference
still remain unknown, but may relate to more active
tobacco consumption and specific anthropometric
characteristics in men.!"”!

Sex has been shown to be associated with the
telomere length in females having longer telomeres
on average than males." An earlier study reported
that recurrence rates were higher in tall men and
women,'”! while another study showed a relationship
between low body mass index and bilateral and
contralateral pneumothoraces.”™ The increased chest
length contributes to the increase in subpleural bullae.
Pleural pressure decreases by about 0.20 cmH20 per
cm going from cephalad to caudad; as such, negative
pressure at the apex increases in individuals who are
unusually tall. Consequently, alveoli in the lung apex are
subjected to greater pressures. Over time, the pressure
differential results in the formation of subpleural blebs
and genetic factors may be predisposing factors with
respect to bleb formation. Bullae and blebs have been
shown to be associated with the pathogenesis of the
PSP. Destructive processes, such as those associated
with emphysema, promote the formation of bullous
structures in the lung parenchyma. Among patients with
PSP, emphysema-like changes (ELCs) were identified
in 89% of same-side PSPs and 80% among those
occurring bilaterally.”!! Alpha-1-antitrypsin deficiency
is genetically associated with ELCs; however, this
underlying disorder explains only 1 to 2% of severe
cases of emphysema.

Both emphysema and idiopathic pulmonary fibrosis
(IPF) belong to a group of disorders associated with
the shortened telomere lengths, also known as short
telomere syndrome. A recent study has revealed that 90%
of those with emphysema and IPF have short telomere
syndrome.”? These disorders are associated with a
mutation in the gene encoding the catalytic subunit,
hTERT.?¥ Telomerase mutations and short telomere
syndrome may be directly associated with emphysema
secondary to smoking. In emphysemas associated
with telomere mutations, destruction of the air cavities
increases the risk of pneumothorax via its impact at the
lung apex. Interestingly, pneumothorax occurs more
often than COPD among patients with emphysema
associated with telomerase mutations.? However,
there are no studies that document a cause-and-effect
relationship between ELCs and PSP.

In the present study, bullae and blebs were
identified during thoracotomy, VATS, or sternotomy.
In a series of studies, bullaec and blebs were reported
at a rate of 48 to 100%.?* There were no significant
relationships between anatomical structure, number
and distribution of the bullae and blebs, and rate of
recurrence. In our study, recurrence was observed in
16.4% of patients who were treated with oxygen and
tube thoracostomy. Although the bullous structures
were present in 40 (65.6%) of 61 patients as evaluated
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by CT, 21 (34.4%) had no bullous structures. There
was also no significant relationship between the
telomerase activity and presence of bullous structures.
Nonetheless, pathophysiological changes due to diffuse
respiratory bronchiolitis found in smokers have a
significant impact on the rate of recurrence of PSP.
Deterioration of the small airways depends on the
number of cigarettes smoked. Defects with respect to
lung expansion can result in pneumothorax; the size
and extent of the pneumothorax increase proportionally
with the defects involved.” There was no significant
relationship between the telomerase activity and the
extent of pneumothorax in our study.

Smoking is associated with a shorter telomere
length.?! The coal-tar pitch extract alters the telomere
length and telomerase activity.?”! Inflammatory
changes may play a role in promoting the pathogenesis
of PSP. The risk of PSP increases nine times in men
and 22 times in women among those who smoke and
depends directly on the number of cigarettes consumed
daily. There is a definitive relationship between the
size of the pneumothorax and cigarette smoking, as
well as smoking amount (packs per year; p<0.001).
Smoking has a reversible impact on the pathogenesis
of spontaneous pneumothorax, although it takes a
substantial amount of time for the effects of smoking
to disappear.”® In this study, the patients who were
non-smokers had also a high rate of recurrence. The
pathogenesis of pneumothorax in these patients may
be different from those associated with smoking. In the
future, we would emphasize the fact that non-smoking
status is an independent risk factor for recurrence of
PSP, once existing lung disease has been excluded.
No significant relationships were identified between
telomerase levels and pack years of cigarette smoking
in the present study.

Inflammatory activity is frequently proposed as
a contributor to biological aging in general, and
leukocyte telomere shortening, in particular.2>30
Numerous studies have revealed that the infiltration
of inflammatory cells, particularly macrophages,
undergoes an increase in the small airways of
smokers.?* Endobronchial obstruction due to the
accumulation of inflammatory cells between the
pulmonary parenchyma and bronchial tree may result
in the increased pressure in the alveolar tissue, thereby,
promoting the parenchymal rupture. This hypothesis is
supported by the increased incidence of pneumothorax
in combat pilots and divers subjected to sudden changes
in the environmental pressure.’!" A strong association
between the PSP with low atmospheric pressure and
significant pressure reduction in a study conducted
in Turkey was shown previously.*? Histopathological
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examination and electron microscopic analysis of the
tissues of patients who underwent bullectomy after
spontaneous pneumothorax revealed obstruction and
stenosis in the distal airways, as well as inflammation
in the bronchial wall, and peribronchial fibrosis.
In our study, no significant relationship between
the NLR and the number of episodes, the side on
which pneumothorax developed, type of pneumothorax
(partial or total), duration of tube thoracostomy or
duration of hospital stay was identified. There were
also no significant relationship between the NLR and
telomerase levels.

Familial cases of pneumothorax are quite rare,
and the mode of inheritance of this disorder has not
been elucidated yet. Although mutations in the gene
encoding folliculin (FLCN) are rare, this finding
may be also implicated in the pathogenesis of PSP.
In the lungs, FLCN found in the connective tissue of
cells allows the lungs to contract and expand while
breathing. It may also play a role in the repair of
the damaged lung tissue. However, it is still unclear
how FLCN gene mutations lead to the formation
of blebs and increase the risk of PSP. One of the
proposed theories is that the altered FLCN protein
may induce inflammation within the lung tissue,
thereby, promoting damage and blebs.*¥ In our study,
we identified two patients with a family history of
PSP.

The main limitations of the present study are its
single-center design with a relatively small sample
size. Excluding those over the age of 45 years and
those with chronic diseases is also another limitation.
In addition, genetic mutations with telomerase activity
were unable to be analyzed in this study.

In conclusion, our study results showed
a significant relationship between primary
spontaneous pneumothorax and serum telomerase
levels in our patient cohort, although this finding
alone did not reveal significant information on
the etiology of this disorder. The high levels of
telomerase in young adults may be among the
factors which can predict the development of
primary spontaneous pneumothorax in later life.
Therefore, serum telomerase levels can be used as
an influencing factor for the treatment planning
and prognosis of the disease in the future. However,
further large-scale, long-term, prospective studies
are needed to draw a firm conclusion.
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