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INTRODUCTION

Background: Given the poor survival of patients with idiopathic pulmonary
fibrosis (IPF), it is necessary to investigate the effect of telomere length on this
disease and on treatments that improve it; therefore, the purpose of the present
study was to investigate the relationship between telomere length and IPF.
Materials and Methods: In our case-control study, 144 participants, including
72 IPF patients admitted to Masih Daneshvari Hospital and 72 healthy controls,
were selected. Blood tests were done for all subjects. Telomere length was
measured using quantitative real-time PCR. The results were analyzed using
SPSS version 22 software.

Results: The mean telomere length in the IPF group was 0.9440.06, which was
significantly lower than that of the control group (0.97+0.03) (P<0.001). Also,
there was no significant correlation between telomere length with 6-minute
walk test (6MWT) (r=-0.126, P=0.296), saturated oxygen (SpO) (r=-0.204,
P=0.088), transfer factor of the lung for carbon monoxide (TLCO) (r=-0.049,
P=0.687), total lung capacity (TLC) (r=-0.028, P=0.819), FEV1/FVC (r=-0.018,
P=0.884), forced vital capacity (FVC) (r=0.022, P=0.858), body mass index (BMI)
(r=0.014, P=0.908), and forced expiratory volume in 1 second (FEV1) (r=0.096,
P=0.425).

Conclusion: The results of the present study showed that IPF is an accelerated-
aging disease because the telomere length index, which reflects oxidative
damage, cellular turnover, and aging, is significantly reduced in these patients
compared with healthy individuals of the same age.
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(3-6), with a poor prognosis (7, 8) which mainly affects

Interstitial lung diseases (ILDs) are a heterogeneous older adults (9). IPF typically progresses within

group of disorders with variable

causes, clinical

approximately three years from the time of diagnosis (10,

manifestations, radiographic patterns, and histological
appearances that seriously affect the lung parenchyma.
ILDs have more than 100 distinct characteristics (1). IPF is
one of the ILD subtypes. IPF is a progressive condition in
which normal lung parenchyma is gradually replaced by
an abnormal extracellular matrix, resulting in impaired

lung function (2). This disease is chronic and irreversible

11). This disease most commonly presents with new-onset
symptoms such as shortness of breath, cough, and
fatigue (12, 13).
Telomeres are G-rich hexanucleotide repeats
(TTAGGG) located at the ends of eukaryotic chromosomes,
typically ranging from 4 to 15 kb in length (14). Telomeres
maintain  chromosomal

stability =~ by  preventing



chromosome ends from being recognized as double-strand
breaks and protecting them from nucleotide loss and
degradation (15). DNA polymerase cannot completely
replicate chromosomes, leading to telomere shortening
with each cell division (16). Since telomeres do not contain
genes, a certain amount of shortening can be tolerated in
somatic cells, but when this process shortens telomeres to a
critical extent, it leads to genomic instability, cellular
exhaustion, and aging (17).

Telomerase is a ribonucleoprotein enzyme composed of
two main components (TERT and TERC) and is
responsible for adding TTAGGG repeat units to the ends of
chromosomes (18, 19). This enzyme is typically absent in
somatic cells or present only at very low and undetectable
levels; however, it is expressed to varying degrees during
cellular differentiation in germline cells, stem cells, and
cancer cells (20). Telomere length (TL) is a biomarker
closely associated with aging (21). Previous observational
studies have suggested that shortened TL predicts
increased risk and poor prognosis in pulmonary
fibrosis (22, 23).

A study demonstrated that TERT or TERC mutations
occur in approximately 15% of familial and 2% of sporadic
IPF cases. Carriers of these heterozygous variants had
significantly shorter telomeres and decreased telomerase
activity (24). In a related study, researchers examined 73
probands from the Vanderbilt Familial Pulmonary Fibrosis
Registry and reported that six individuals (8%) had
heterozygous mutations in TERT or TERC (25).

Idiopathic pulmonary fibrosis (IPF) represents a
growing clinical concern due to its increasing incidence.
The wunderlying pathophysiology remains poorly
understood, and no definitive therapeutic options are
currently available. Furthermore, IPF carries a poor
prognosis, with most patients experiencing progressive
functional decline and mortality within three to five years
of diagnosis. Telomere shortening may contribute to the
underlying pathophysiology of IPF, and its investigation
could provide valuable insights into both diagnostic

approaches and potential therapeutic strategies. Therefore,
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this study aimed to determine the relationship between

telomere length and idiopathic pulmonary fibrosis.

MATERIALS AND METHODS

This case-control study was conducted among patients
with idiopathic pulmonary fibrosis who were referred to
Masih Daneshvari Hospital. The eligibility criteria were
explained to all participants, and written informed consent
was obtained before enrollment. The study was initiated
following approval by the Ethics Committee of Shahid
Beheshti University of Medical Sciences (ethical approval
No: IR.SBMU.MSP.REC.1400.579). Based on findings from
previous studies, the required sample size was estimated at
144 participants, comprising 72 patients with IPF and 72
healthy controls. The two groups were matched for age,
sex, and body weight. The inclusion criteria for the IPF
group were referral to Masih Daneshvari Hospital in
Tehran; a confirmed diagnosis of IPF based on clinical and
radiological ~ findings,  high-resolution = computed
tomography (HRCT), and, when indicated, lung biopsy;
and willingness to participate in the study and provision of
informed consent. Dissatisfaction with participating in the
study was considered an exclusion criterion.

Then all participants from both groups were sent to the
laboratory to have their peripheral blood samples taken.
All samples were transferred to the laboratory under cold
chain conditions. The whole blood sample was divided
into 2 to 3 sterile screw-cap tubes under a Class II Biosafety
Cabinet and kept in a freezer at -70 °C until nucleic acid
extraction. Nucleic acid was extracted from clinical
samples using commercial kits according to the
manufacturer's instructions. The samples were purified
using the Invitek®spin DNA Mini Kit (Germany Co.). The
extracted DNA was stored in a freezer at -20°C until use in
downstream reactions.

To evaluate the physical condition of the extracted
DNA, its quality was determined by amplifying fragments
of the human globin gene using the SYBR Green real-time
PCR method.
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After confirming the quality and determining the
concentration of the extracted DNA, telomere length was
measured using real-time quantitative PCR (qPCR). The

sequence of primers used was as follows:

Tel-1F  5'-CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-3'

Tel-2R  5-GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT-3'

After confirming the quality and determining the
concentration of the extracted DNA, the target single-copy
gene was quantified using real-time quantitative PCR

(qPCR). The sequence of primers used was as follows:

Single-1F 36B4F, 5'-CAGCA AGTGGGAAGGTGTAATCC-3

Single-2R 36B4R, 5'-CCCATTCTATCATCAACGGGTACAA-3'

Telomere length was measured by quantitative real-
time PCR as described by Cawthon (26).

The telomere repeats copy number (T) to single-gene
copy number(S) ratio was calculated using the comparative
Ct method.

Positive controls (DNA extracted from a healthy
individual) and negative controls (double-distilled water
[DDW] plus master mix) were included in each PCR run.
PCR amplification was performed using a Bio-Rad real-
time PCR system (Bio-Rad Laboratories, USA). Information
on telomere length and other characteristics of the study
participants was recorded using a standardized checklist.
The collected variables included age, sex, height, weight,
and body mass index (BMI). Also, forced expiratory
volume in 1 second (FEVi), forced vital capacity (FVC),
FEV1/FVC, total lung capacity (TLC), diffusing capacity or
transfer factor of the lung for carbon monoxide (TLCO),
and oxygen saturation (SpO.) were evaluated and recorded
through spirometry and pulse oximetry.

The normality of the data distribution was assessed
using the Kolmogorov-Smirnov test. Based on the results
of the normality assessment, Pearson’s correlation
coefficient was used to evaluate the associations between
the variables. A paired sample t-test was used to compare

the quantitative variables between the two groups and to

investigate the relationship between telomere size and IPF
and other variables. Linear regression was used. All
statistical tests were performed using SPSS version 22, and

a p-value<0.05 was considered significant.

RESULTS

The means of variables in the case group were as
follows: age 65.50+10.53, height 162.48+8.54, weight
70.52+11.34, body mass index 26.75+4.64, FEV; 2.40+0.55,
FVC 3.04%0.69, FEV1/FVC 0.79+0.07, TLC 5.52+1.27, TLCO
7.30£1.12, SpO, 91.3242.41, 6MWT 330.0496.40, T
23.46%2.53, S 25.0#2.65, and telomere/single (T/S)
0.94£0.06.  Also, 69.4% (n=50) of the case group and
66.66% (n=48) of the control group were men.

The mean telomere length in the IPF group was
0.9440.06, which was significantly lower than that of the
control group (0.97+0.03) (P<0.001) (Figure 1). The mean
telomere lengths were 0.93 + 0.059 in men and 0.94 + 0.048
in women, with no statistically significant difference
between the two groups (P = 0.863).
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Figure 1. Comparison of the telomere length mean between the two groups

The results of the correlation between telomere length
and other numerical variables are shown in Table 1. Based
on these results, there was no significant correlation
between telomere length with 6MWT (r=-0.126, P=0.296),
SpO; (r=-0.204, P=0.088), TLCO (r=-0.049, P=0.687), TLC
(r=-0.028, P=0.819), FEV{/FVC (r=-0.018, P=0.884), FVC
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(r=0.022, P=0.858), BMI (r=0.014, P=0.908), and FEV;
(r=-0.096, P=0.425). Also, there was no significant
correlation between these variables and telomere length

based on the regression model (Table 2).

Table 1. Correlation between telomere length and other numerical variables

Variables R P-value
BMI 0.014 0.908
FEV; -0.096 0.425
FVC 0.022 0.858
FEV4/FVC -0.018 0.884
TLC -0.028 0.819
TLCO -0.049 0.687
Sp02 -0.204 0.088
6MWT -0.126 0.296

* P-value was calculated using the Pearson correlation coefficient test at 95% Cl level
** BMI: body mass index, FEV1: forced expiratory volume in 1 second, FVC: forced vital
capacity, TLC: total lung capacity, TLCO: transfer factor of the lung for carbon monoxide,

SpO2: oxygen saturation, and 6BMWT: 6-minute walk test

Table 2. Correlation between telomere length and other numerical variables

Variables B P-value B

BMI 1.148 0.907 3.151
FEV, -0.939 0.416 0.391
FVC -0.178 0.733 0.837
FEV4/FVC -0.202 0.308 0.817
TLC -0.336 0.550 0.715
TLCO -0.965 0.682 0.381
Sp02 -8.766 0.079 0.001
6MWT -215.879 0.285 0.000

* P-value was calculated using the Pearson correlation coefficient test at 95% levels of CI
** BMI: body mass index, FEV1: forced expiratory volume in 1 second, FVC: forced vital
capacity, TLC: total lung capacity, TLCO: transfer factor of the lung for carbon monoxide,

SpOz: oxygen saturation, and 6BMWT: 6-minute walk test

DISCUSSION

The present study showed that telomere length was
shorter in IPF patients than in non-IPF patients.

Consistent with our study, Sadr et al. (27) reported that
telomere length was shorter in patients with chronic
obstructive pulmonary disease (COPD) than in smokers
and non-smokers, regardless of age, gender, spirometric
variables, BMI, and smoking history. In a study on
telomere shortening in circulating leukocytes of patients

with chronic obstructive pulmonary disease, Savale et al.
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(28) stated that the ratio of average telomere length in
patients with COPD is significantly lower than that of
smokers or non-smoker controls. Tsuji et al. (29)
investigated cellular aging in the alveolar epithelium of
patients with pulmonary emphysema and reported that
telomere length in type II alveolar epithelial cells was
significantly shorter than that in control subjects. However,
contrary to these results, Miiller et al. showed that telomere
length in cultured parenchymal fibroblasts of patients with
emphysema was not different from that of the control
group (30).

Zhu et al. investigated the causal relationship between
genetically determined leukocyte telomere length (TL) and
the risk of chronic obstructive pulmonary disease (COPD)
and interstitial lung disease (ILD) in an Asian population.
Their Mendelian randomization study, utilizing nine
single-nucleotide polymorphisms, found a significant
inverse causal association between leukocyte TL and both
COPD (P=0.01) and ILD (P=0.001). This suggests that
shorter leukocyte telomere length may causally increase
the risk of developing these respiratory diseases (31).

In a study investigating telomerase mutations and
telomere shortening in Chinese patients with idiopathic
pulmonary fibrosis (IPF), Dai et al. (32) identified six novel
mutations in telomerase-related genes that had not
previously been reported in patients with sporadic IPF.
Also, shorter telomeres and mild thrombocytopenia can be
related to telomerase mutations and sporadic IPF, which
are consistent with the results of the present study. Also, in
the same year, Dai et al. (33) investigated the relationship
between telomere length and the survival of IPF patients.
They found that the telomere length was significantly
shorter in IPF patients than in the control group of the
same age, and it was also shown that short telomere length
is independently associated with very poor survival in IPF
patients, which is consistent with the current research. The
results of the study by Cronkhite et al. (34), Stuart et al.
(35), and Snetselaar et al. (36) were also consistent with the

present study.
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Snetselaar et al. investigated telomere length (TL)
across various interstitial lung diseases (ILDs), finding it
significantly shorter in all ILD cases compared to controls.
Idiopathic pulmonary fibrosis (IPF) and familial interstitial
pneumonia (FIP) with TERT mutations (FIP-TERT)
exhibited the shortest telomeres, suggesting an innate
telomere-biology defect, while FIP with SFTP mutations
(FIP-SFTP) had longer telomeres, indicating acquired
shortening. This distinction between innate and acquired
telomere shortening highlights the varying roles of
telomere biology in ILD (37).

Liu et al. investigated the relationship between
peripheral blood leukocyte telomere length (PBL-TL) and
the progression of systemic sclerosis-associated interstitial
lung disease (SSc-ILD). They observed that SSc patients
with ILD had significantly shorter PBL-TL compared to
those without ILD. Crucially, their findings demonstrated
that shorter PBL-TL was associated with an increased risk
for lung function deterioration (38).

Povedano et al. (39) investigated the therapeutic effects
of telomerase in mice with pulmonary fibrosis caused by
lung damage and short telomeres. It was suggested that
telomerase activation may be an effective treatment for
pulmonary fibrosis induced or associated with short
telomeres. It was stated by Diaz de Leon et al. (40) that the
telomere length of TERT mutation carriers decreases in an
age-dependent manner and becomes shorter with
successive generations of mutation inheritance. Family
members lacking TERT mutations have a shorter-than-
average mean telomere length, suggesting epigenetic
inheritance of shortened telomeres in the absence of
inherited TERT mutations. The results of this study
showed that a subset of pulmonary fibrosis, such as
congenital dyskeratosis, bone marrow failure, and liver
disease, represents a "telomeropathy" caused by germline
mutations in telomerase and characterized by short
telomere length. Family members in kindreds who do not
inherit TERT mutations have shorter telomere length than
controls, suggesting epigenetic inheritance of a shorter

parental telomere length set point.

Stock and Renzoni emphasize that rare genetic
mutations in telomere-related genes (TRGs), such as TERT
and TERC, lead to extremely short telomeres and are
linked to more rapidly progressive fibrotic interstitial lung
diseases (ILDs). These mutations promote cellular
senescence, genotoxic stress, and impair the regenerative
potential of alveolar type II cells. Critically, shorter
telomere length (TL) in idiopathic pulmonary fibrosis (IPF)
and fibrotic hypersensitivity pneumonitis (HP) is
associated with worse survival and an increased risk of
harm from immunosuppressive therapies (41). Ruiz et al.
elaborate on how telomere shortening (TS) drives cellular
dysfunction in lung diseases, specifically highlighting its
role in the risk and progression of IPF and COPD. TS
promotes cellular senescence and genotoxic stress,
impairing immune cell efficacy and fostering an
inflammatory microenvironment. In IPF, TS is linked to
mutations in telomere maintenance complexes, increased
epithelial cell apoptosis, and a worse prognosis for patients
with familial pulmonary fibrosis. In COPD, TS is caused by
inflammation and oxidative stress from external
factors, leading to mitochondrial damage, hyperactivation
of the inflammasome, and elevated proinflammatory
cytokines (42).

Ito and Barnes (43) stated that telomere length as a
biomarker of replicative capacity can be a reflection of
biological aging, accelerated aging, and age-related
diseases. Telomere shortening has been attributed to the
phenomenon of the end replication problem in previous
studies. In their study titled "Telomere as a Biomarker of
Chronic Oxidative Stress", Houben et al. (44) stated that
since one RNA primer remains in each daughter strand,
DNA polymerase is not able to fully replicate
chromosomes. The last primers are removed by the 5'-3'
exonuclease, but the DNA polymerase is not able to fill one
of the gaps because there is no 3'-OH available to add a
nucleotide to it. As a result, a small region at the end of the
chromosome remains uncopied, so that the length of the

human somatic cell chromosome is shortened by 20 to 200
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bp in each division. Telomere length is shortened to a
certain extent and reaches a point called the Hay-Flick
limit, and that is the time when cell division is arrested,
and the phenomenon of cell senescence or apoptosis may
occur. If this shortening and telomere loss continue as a
result of mutation, it may reach the critical point where the
cells are not able to survive (45).

Jacobs et al. (46) reported that telomere shortening may
result in cell-cycle arrest, cellular death, or an increased
risk of tumor development and progression.

Tomos et al. studied telomere length (TL) in fibrotic
interstitial lung diseases (f-ILDs) with a usual interstitial
pneumonia (UIP) pattern and Idiopathic Pulmonary
Fibrosis acute exacerbation (IPF-AE). Their research
highlighted that IPF-AE patients had significantly shorter
TL compared to stable Idiopathic Pulmonary Fibrosis (47).
Also, Jang et al. showed that people with short telomeres
are at a higher risk of lung cancer, especially small-cell
lung cancer (48). Telomere length can be a predictor of
replicative capacity. Telomeres also play an essential role
in maintaining chromosomal integrity and stability;
therefore, progressive telomere shortening is closely
associated with repeated cycles of cell proliferation.
Telomere length is also considered a predictive marker of
aging (49). However, telomere length is also affected by
environmental factors other than aging. In this regard, a
large difference between the telomere length of
monozygotic twins was reported in another study (50).

There were no statistically significant gender-related
differences between patients and controls in terms of
telomere length. In a study by Sadr et al. (27), telomere
length was shorter in both male and female patients with
COPD, with no significant difference in telomere length
between the two sexes. Although Savale et al. (28)
observed a slightly shorter telomere length in men than in
women of the healthy controls. However, this difference
could be due to the smaller sample size of women in the
present study. The present study also showed no
relationship between telomere length and BMI in patients
or the control group. Consistent with the results of the

present study, no relationship between BMI and telomere
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length was found in the studies by Sadr et al. (27) and
Savale et al. (28). In contrast, Valdes et al. (51) and Cui et al.
(52) found a relationship between telomere shortening and
obesity in women.

Data analysis of our study showed no significant
relationship between telomere length and 6-minute walk
test (6MWT), SpO,, TLCO, TLC, FEVy/FVC, FVC, and
FEV1 parameters. These results were consistent with the
studies by Sadr et al. (27) and Savale et al. (28) that
reported no relationship between telomere shortening and
changes in spirometry variables such as FEV;, FVC, and
FEV1/FVC. Dressen et al. (53) reported an association
between IPF status and telomere length. In the present
study, the patients had relatively similar disease severity,
which may explain the weak correlation observed between

telomere length and spirometric parameters.

CONCLUSION

The findings of the present study suggest that IPF is
associated with accelerated biological aging, as the
telomere length index—a marker reflecting oxidative
damage, cellular turnover, and cellular aging—was
significantly lower in patients with IPF than in age-
matched healthy individuals.
Conflict of Interest

There is no conflict of interest to declare.

REFERENCES

1. American Thoracic Society; European Respiratory Society.
American Thoracic Society/European Respiratory Society
International Multidisciplinary Consensus Classification of the
Idiopathic Interstitial Pneumonias. This joint statement of the
American Thoracic Society (ATS), and the European
Respiratory Society (ERS) was adopted by the ATS board of
directors, June 2001 and by the ERS Executive Committee,
June 2001. Am ] Respir Crit Care Med 2002;165(2):277-304.

2. Meltzer EB, Noble PW. Idiopathic pulmonary fibrosis.
Orphanet | Rare Dis 2008;3:8.

3. King TE Jr, Pardo A, Selman M. Idiopathic pulmonary fibrosis.
Lancet 2011;378(9807):1949-61.

4. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr ], Brown KK,
et al. An official ATS/ERS/JRS/ALAT statement: idiopathic

Tanaffos 2025; 24(4): 390-398



396 Telomere Length and Idiopathic Pulmonary Fibrosis

10.

11.

12.

13.

14.

15.

pulmonary  fibrosis:  evidence-based  guidelines for
diagnosis and management. Am ] Respir Crit Care Med
2011;183(6):788-824.

Schoenheit G, Becattelli I, Cohen AH. Living with idiopathic
pulmonary fibrosis: an in-depth qualitative survey of
European patients. Chron Respir Dis 2011;8(4):225-31.

Richeldi L, Collard HR, Jones MG. Idiopathic pulmonary
fibrosis. Lancet 2017,389(10082):1941-52.

Moss BJ, Ryter SW, Rosas IO. Pathogenic Mechanisms
Underlying Idiopathic Pulmonary Fibrosis. Annu Rev Pathol
2022;17:515-46.

Wu W, Zhang G, Qiu L, Liu X, Zhou S, Wu J. Contribution of
Adiponectin/Carnitine Palmityl Transferase 1A-Mediated
Fatty Acid Metabolism during the Development of Idiopathic
Pulmonary  Fibrosis. Oxid  Med  Cell  Longev
2022;2022:5265616.

Gulati S, Thannickal V]. The Aging Lung and Idiopathic
Pulmonary Fibrosis. Am | Med Sci 2019;357(5):384-9.

GA, Siafakas NM.

Antoniou KM, Margaritopoulos

Pharmacological  treatment of idiopathic pulmonary
fibrosis: from the past to the future. Eur Respir Rev
2013;22(129):281-91.

Kinsman RA, Yaroush RA, Fernandez E, Dirks JF, Schocket M,
Fukuhara J. Symptoms and experiences in chronic bronchitis
and emphysema. Chest 1983,83(5):755-61.

Araki T, Putman RK, Hatabu H, Gao W, Dupuis J, Latourelle
JC, et al. Development and Progression of Interstitial Lung
Abnormalities in the Framingham Heart Study. Am ] Respir
Crit Care Med 2016;194(12):1514-22.

Putman RK, Hatabu H, Araki T, Gudmundsson G, Gao W,
Nishino M, et al. Association Between Interstitial Lung
Abnormalities and All-Cause Mortality. JAMA
2016,315(7):672-81.

Hwang H, Kreig A, Calvert ], Lormand ], Kwon Y, Daley JM,
et al. Telomeric overhang length determines structural
dynamics and accessibility to telomerase and ALT-associated
proteins. Structure 2014;22(6):842-53.

Martinez P, Blasco MA. Replicating through telomeres: a

means to an end. Trends Biochem Sci 2015;40(9):504-15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Levy MZ, Allsopp RC, Futcher AB, Greider CW, Harley CB.
Telomere end-replication problem and cell aging. J] Mol Biol
1992;225(4):951-60.

Engelhardt M, Mackenzie K, Drullinsky P, Silver RT, Moore
MA. Telomerase activity and telomere length in acute and
chronic leukemia, pre- and post-ex vivo culture. Cancer Res
2000,60(3):610-7.

Ohyashiki JH, Sashida G, Tauchi T, Ohyashiki K. Telomeres
and telomerase in hematologic neoplasia. Oncogene
2002;21(4):680-7.

Londono-Vallejo JA, Wellinger R]. Telomeres and telomerase
dance to the rhythm of the cell cycle. Trends Biochem Sci
2012;37(9):391-9.

Bock O, Serinséz E, Schlué ], Kreipe H. Different expression
levels of the telomerase -catalytic subunit hTERT in
myeloproliferative and myelodysplastic diseases. Leuk Res
2004;28(5):457-60.

Schneider CV, Schneider KM, Teumer A, Rudolph KL,
Hartmann D, Rader D], et al. Association of Telomere Length
With Risk of Disease and Mortality. JAMA Intern Med
2022;182(3):291-300.

Bae W, Lee CH, Lee J, Kim YW, Han K, Choi SM. Impact of
smoking on the development of idiopathic pulmonary fibrosis:
results from a nationwide population-based cohort study.
Thorax 2022;77(5):470-6.

Andersson M, Blanc PD, Torén K, Jarvholm B. Smoking,
occupational exposures, and idiopathic pulmonary fibrosis
among Swedish construction workers. Am ] Ind Med
2021;64(4):251-7.

Tsakiri KD, Cronkhite JT, Kuan PJ, Xing C, Raghu G, Weissler
JC, et al. Adult-onset pulmonary fibrosis caused by mutations
in telomerase. Proc Natl Acad Sci USA 2007;104(18):7552-7.
Armanios MY, Chen JJ, Cogan JD, Alder JK, Ingersoll RG,
Markin C, et al. Telomerase mutations in families with
idiopathic fibrosis.
2007;356(13):1317-26.

pulmonary N Engl | Med
Cawthon RM. Telomere measurement by quantitative PCR.
Nucleic Acids Res 2002;30(10):e47.

Sadr M, Noori Mugahi SM, Hassanzadeh G, Nadji SA, Kiani

A, Abedini A, et al. Telomere Shortening in Blood Leukocytes

Tanaffos 2025; 24(4): 390-398



28.

29.

30.

31.

32.

33.

34.

35.

36.

of Patients with Chronic Obstructive Pulmonary Disease.
Tanaffos 2015;14(1):10-6.

Savale L, Chaouat A, Bastuji-Garin S, Marcos E, Boyer L,
Maitre B, et al. Shortened telomeres in circulating leukocytes
of patients with chronic obstructive pulmonary disease. Am |
Respir Crit Care Med 2009;179(7):566-71.

Tsuji T, Aoshiba K, Nagai A. Alveolar cell senescence in
patients with pulmonary emphysema. Am | Respir Crit Care
Med 2006;174(8):886-93.

Miiller KC, Welker L, Paasch K, Feindt B, Erpenbeck V],
Hohlfeld JM, et al. Lung fibroblasts from patients with
emphysema show markers of senescence in vitro. Respir Res
2006;7(1):32.

Zhu Y, Meng Y, Zhang Y, Karlsson IK, Hdgg S, Zhan Y.
Genetically determined telomere length and its association
with chronic obstructive pulmonary disease and interstitial
lung disease in biobank Japan: A Mendelian randomization
study. Heliyon 2023;10(1):e23415.

Dai ], Cai H, Li H, Zhuang Y, Min H, Wen Y, et al. Association
between telomere length and survival in patients with
idiopathic pulmonary fibrosis. Respirology 2015;20(6):947-52.
Dai J, Cai H, Zhuang Y, Wu Y, Min H, Li ], et al. Telomerase
gene mutations and telomere length shortening in patients
with idiopathic pulmonary fibrosis in a Chinese population.
Respirology 2015;20(1):122-8.

Cronkhite JT, Xing C, Raghu G, Chin KM, Torres F, Rosenblatt
RL, et al. Telomere shortening in familial and sporadic
pulmonary fibrosis. Am ] Respir Crit Care Med
2008;178(7):729-37.

Stuart BD, Lee JS, Kozlitina J, Noth I, Devine MS, Glazer CS, et
al. Effect of telomere length on survival in patients
with idiopathic pulmonary fibrosis: an observational cohort
study with independent validation. Lancet Respir Med
2014;2(7):557-65.

Snetselaar R, van Batenburg AA, van Oosterhout MFM,
Kazemier KM, Roothaan SM, Peeters T, et al. Short telomere

length in IPF lung associates with fibrotic lesions and predicts

survival. PLoS One 2017;12(12):e0189467.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Eslaminejad A, etal. 397

Snetselaar R, van Moorsel CHM, Kazemier KM, van der Vis JJ,
Zanen P, van Oosterhout MFM, et al. Telomere length in
interstitial lung diseases. Chest 2015;148(4):1011-8.

Liu S, Chung MP, Ley B, French S, Elicker BM, Fiorentino DF,
et al. Peripheral blood leucocyte telomere length is associated
with progression of interstitial lung disease in systemic
sclerosis. Thorax 2021;76(12):1186-92.

Povedano JM, Martinez P, Serrano R, Tejera A, Gomez-Lopez
G, Bobadilla M, et al. Therapeutic effects of telomerase in mice
with pulmonary fibrosis induced by damage to the lungs and
short telomeres. Elife 2018;7:€31299.

Diaz de Leon A, Cronkhite JT, Katzenstein AL, Godwin ]JD,
Raghu G, Glazer CS, et al. Telomere lengths, pulmonary
fibrosis and telomerase (TERT) mutations. PLoS Omne
2010;5(5):€10680.

Stock CJW, Renzoni EA. Telomeres in Interstitial Lung
Disease. ] Clin Med 2021;10(7):1384.

Ruiz A, Flores-Gonzalez ], Buendia-Roldan I, Chavez-Galan L.
Telomere Shortening and Its Association with Cell
Dysfunction in Lung Diseases. Int ] Mol Sci 2021;23(1):425.

Ito K, Barnes PJ. COPD as a disease of accelerated lung aging.
Chest 2009;135(1):173-80.

Houben JM, Moonen HJ, van Schooten FJ, Hageman GJ.
Telomere length assessment: biomarker of chronic oxidative
stress? Free Radic Biol Med 2008;44(3):235-46.

Harley CB, Futcher AB, Greider CW. Telomeres shorten
during  ageing of  human  fibroblasts. = Nature
1990,345(6274):458-60.

Jacobs JJ. Loss of telomere protection: consequences and
opportunities. Front Oncol 2013;3:88.

Tomos I, Karakatsani A, Manali ED, Kottaridi C, Spathis A,
Argentos S, et al. Telomere length across different UIP fibrotic-
Interstitial Lung Diseases: a prospective Greek case-control
study. Pulmonology 2022;28(4):254-61.

Jang JS, Choi YY, Lee WK, Choi JE, Cha SI, Kim Y], et al.
Telomere length and the risk of lung cancer. Cancer Sci
2008;99(7):1385-9.

Liu JP. Molecular mechanisms of ageing and related diseases.

Clin Exp Pharmacol Physiol 2014;41(7):445-58.

Tanaffos 2025; 24(4): 390-398



398 Telomere Length and Idiopathic Pulmonary Fibrosis

50.

51.

52.

Huda N, Tanaka H, Herbert BS, Reed T, Gilley D.
Shared environmental factors associated with telomere
length maintenance in elderly male twins. Aging Cell
2007;6(5):709-13.

Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E,
Cherkas LF, et al. Obesity, cigarette smoking, and telomere
length in women. Lancet 2005;366(9486):662-4.

CuiY, Gao YT, Cai Q, Qu S, Cai H, Li HL, et al. Associations of

leukocyte telomere length with body anthropometric indices

53.

and weight change in Chinese women. Obesity (Silver Spring)
2013,21(12):2582-8.

Dressen A, Abbas AR, Cabanski C, Reeder ], Ramalingam TR,
Neighbors M, et al. Analysis of protein-altering variants in
telomerase genes and their association with MUC5B common
variant status in patients with idiopathic pulmonary fibrosis: a
candidate gene sequencing study. Lancet Respir Med

2018;6(8):603-14.

Tanaffos 2025; 24(4): 390-398





