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ABSTRACT
Interstitial lung disease (ILD) is a common extra-articular manifestation of rheumatoid arthritis (RA). The 
inflammatory response in lung disease is characterized by severe oxidative stress, which enhances 
cellular senescence. Telomeric shortening and mitochondria dysregulation represent two hallmarks of 
cellular senescence. The maintenance of telomere length (TL) and mitochondrial DNA (mtDNA) copy 
number is preserved by many proteins, such as TERF1 and TFAM, respectively. Our aim was to evaluate 
the TL, the mtDNA copy number and the expression of two regulator gene factors in RA patients with 
(RA-ILD) and without lung involvement (RA-NILD). Eighty-five RA patients and 21 healthy subjects were 
enrolled. Relative TL, mtDNA copy number, and expression analysis of TERF1 and TFAM genes were 
measured using qPCR assay. All RA patients present a statistically significant telomere shortening; in 
particular, RA-ILD patients show shorter TL compared to both controls and RA-NILD. Patients with Usual 
Interstitial Pneumonia pattern show a more evident shortening of TL. Lastly, both RA-ILD and RA-NILD 
patients present a significant decrease in mtDNA copy number compared to controls. The analysis of 
regulatory genes showed an increase in TERF1 expression in RA patients compared to controls, also after 
stratification in the two subgroups, and a decrease in TFAM expression in RA patients compared to 
controls. These results show that the alteration of TL and mtDNA copy number in RA patients is more 
evident in the presence of ILD. The hypothesis is that, in these patients, oxidative stress could accelerate 
the shortening of telomeres and the decrease of mtDNA copy number.

1.  Introduction

Interstitial lung disease (ILD) is a common extra-articular 
manifestation of rheumatoid arthritis (RA) that strongly con-
tributes to increased morbidity and mortality [1]. ILD occurs 
in the presence of an abnormal healing response due to an 
injury of the lungs; consequently, the tissue around the alveoli 
becomes scarred and thickened, leading over time to a fibrotic 
tissue [2]. The most common histopathological patterns rec-
ognized are usual interstitial pneumonia (UIP), nonspecific 
interstitial pneumonia (NSIP), organizing pneumonia (OP), 
and acute lung injury (ALI) [3]; among these, the UIP pat-
tern represents the most prevalent and severe one [4]. 
Furthermore, some patients cannot be included in these pat-
terns and are consequently labeled as unclassifiable (UN) ILD 
[5]. The development of ILD in RA patients is the result of a 

complex interplay among genetic, environmental, and autoim-
mune factors contributing to the aberrant inflammatory 
response in the pulmonary parenchyma and alveolar wall [6]. 
ILD, in its prototypical form, that is idiopathic pulmonary 
fibrosis, can be viewed in part as an aberration of the normal 
aging process of the lung. Indeed, to date, the recognized risk 
factors involved in the development of ILD are aging, smok-
ing, male gender, positivity for anti-citrullinated protein anti-
bodies (ACPA) and high disease activity [7,8]. However, 
cellular senescence has not been deeply studied in RA-ILD as 
a pathogenetic mechanism leading to tissue damage.

Since oxidative stress (OS) plays an important role in the 
inflammatory responses of several lung diseases [9,10], it 
could be included to the ILD risk factors; in fact, it represents 
one of the main causes of DNA damage leading to cellular 
senescence. Telomeres seem particularly sensitive to OS 
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damage, that can accelerate their shortening [11]. For this 
reason, telomere shortening is frequently used as a biomarker 
of cellular senescence. Telomeres are specific DNA regions of 
repetitive “TTAGGG” nucleotide sequences that protect chro-
mosome ends and preserve genetic information. They pro-
gressively shorten during each cell division as a part of the 
cell aging process, leading lastly to cell cycle arrest and apop-
tosis when reaching a critical point. The integrity of telomeres 
is preserved by several proteins that are part of the shelterin 
complex; the telomeric repeat-binding factor 1 protein 
(TERF1) is part of this complex and is essential for maintain-
ing telomere length (TL), acting as a telomerase inhibitor. 
Shortened telomeres have been described in RA and idio-
pathic pulmonary fibrosis [12,13]. However, few data are 
present in the literature regarding TL in RA-ILD [14,15], 
while no data are available regarding TERF1 in RA.

Another recognized hallmark of cellular senescence is 
mitochondria dysfunction [16]; indeed, histones and DNA 
repair are absent in mitochondrial DNA (mtDNA), which 
makes it more exposed to OS than nuclear DNA [17]. As a 
result, mtDNA accumulates mutations and mtDNA copy 
number decreases over time, contributing to mitochondria 
dysfunctions [18]. The transcription of mtDNA during 
mitochondrial biogenesis is carried out by the mitochondrial 
transcription factor A (TFAM), which is localized in mito-
chondria but encoded by nuclear genes [19]. This factor 
also seems to protect and prevent damage from reactive 
oxygen species (ROS), in fact, it has been reported that 
TFAM overexpression accelerates the recovery of mtDNA 
levels following OS damage in rats’ models [20]. A decreased 
in mtDNA copy number content have been yet described in 
RA [21]. However, no data regarding mtDNA copy number 
and TFAM in RA-ILD are available in the article.

Therefore, our aim was to investigate biomarkers of cel-
lular senescence in a population of RA-ILD patients; in par-
ticular, we evaluated the TL and mtDNA copy number and 
the expression of their regulator gene factors (TERF1 and 
TFAM) in RA patients with and without lung involvement.

2.  Material and methods

2.1.  Patients recruitment

We conducted a cross-sectional study on consecutive patients 
affected by RA-ILD (n = 35) and RA without ILD (RA-NILD, 
n = 50) referred to the Rheumatology Outpatient Clinic at 
the Department of Systems Medicine (University of Rome 
“Tor Vergata”) between 1st January 2022 and 31st December 
2023. Twenty-one age- and sex-matched healthy subjects 
(CTRLs) were also enrolled as controls. Blood sample from 
all subjects was obtained by standard antecubital venepunc-
ture and stored at −20 °C until usage.

RA patients were classified according to the 2010 
American College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) classification criteria [22]. 
Demographic and clinical data were collected, including the 
presence of rheumatoid factor (RF) and anti-citrullinated 
protein antibodies (ACPA) in the disease history, the onset 
date of RA and ILD, disease activity assessed by disease 

activity score on 28 joints (DAS28), ESR (mm/h), C-reactive 
protein (CRP, mg/dl), the presence of comorbidities, past 
and current pharmacological history (conventional synthetic 
(cs) disease modifying antirheumatic drugs (DMARDs), bio-
logic (b) DMARDs, and targeted synthetic (ts) DMARDs, 
and smoking status (current, former, or never).

RA-ILD status was determined through standardized 
medical record. Specifically, RA-ILD classification required a 
provider diagnosis of ILD based on chest tomography (CT) 
findings (e.g. honeycombing, reticulation, traction bronchi-
ectasis, groundglass opacities, centrilobular nodules, or cysts, 
among others). Patterns of RA-ILD were based on clinical 
reads of chest CTs performed by two blinded pneumologist 
and two radiologist and classified as UIP, nonspecific inter-
stitial pneumonia (NSIP) or unclassified-ILD (UN-ILD).

All patients provided informed consent prior to enroll-
ment and the study was approved by the local ethics com-
mittee of the Policlinico “Tor Vergata” in Rome (Approval 
No. RS162/21).

2.2.  Telomere length and mtDNA copy number 
evaluation

Nuclear and mitochondrial DNA was extracted from PBMCs 
using a Qiagen blood DNA mini kit. The TL measurement 
was performed adapting the protocol described by Cawthon 
[23]. Relative TL was measured using quantitative PCR 
(qPCR) assay, which quantifies a ratio of telomeric repeat 
copy signal (TEL) and a reference single-copy gene signal 
(β-globin [HBB]). The Ct values were concurrently deter-
mined in each sample during the same qPCR run. The rel-
ative TL in leukocytes of each subject was calculated as T/S 
ratio (=2−(Ct (TEL)-Ct (HBG))). Successively, RA patients were 
divided according to their TL (within or above the first 
quartile of the cohort).

The mtDNA copy number analysis was performed as 
described by Rooney [24]. Primers amplifying a nuclear 
DNA region (hemoglobin subunit beta [HGB]) and a 
mtDNA region (NADH dehydrogenase subunit 1, [ND1]) 
were available in the literature [25]. The Ct values for the 
nuclear HGB gene and mitochondrial ND1 gene were  
concurrently determined in each sample during the  
same qPCR run. The mitochondrial copy number in the 
leukocytes of each subject was calculated by the equation 
(2 × 2 (Ct (HGB)−Ct (ND1))) [25].

All the reactions were performed in triplicate and using ABI 
7500 Fast Real-time PCR System (Applied Biosystems, Foster 
City, CA, USA) (SYBR Green Assay, Applied Biosystems).

2.3  mRNA isolation and expression analysis

Total RNA was extracted from PBMCs using TRIzol reagent 
(Ambion, CA, USA) protocol and, then, reverse transcribed 
it using the High-Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems, Waltham, MA, USA). Expression anal-
ysis of TERF1 and TFAM genes was performed by qPCR 
assay using ABI 7500 Fast Real-time PCR System (Applied 
Biosystems, Foster City, CA, USA) (SYBR Green Assay, 
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Applied Biosystems). Each sample was analyzed in triplicate 
and, to standardize the results, each assay was run with an 
endogenous control (β-Actin). Relative expression levels 
were calculated using the 2−ΔΔCt method.

2.4.  Statistical analysis

According with the Kolmogorov-Smirnov test, Mann–Whitney 
U-test and Kruskal–Wallis H-test, with Bonferroni correction, 
were used to compare TL, mtDNA copy number and gene 
expression levels among the different phenotypic groups. A 
multivariate logistic regression analysis was used to correct 
the p-value for sex, age, disease duration and CRP. Possible 
linear correlations were assessed by Pearson correlation anal-
ysis. A p-value ≤ 0.05 was considered significant in all tests. 
Data are shown as median and interquartile range. Statistical 
analysis was conducted using SPSS program ver. 19 (IBM 
Corp., Armonk, NY, USA), while all graphs were performed 
by GraphPad Prism 9 (GraphPad Software, USA).

3.  Results

3.1.  Patients clinical characteristics

Eighty-five RA patients were enrolled [(mean age 63.9 ± 12.3 years, 
median disease duration 9 years (interquartile range: 4–15)]: 50 
RA-NILD and 35 RA-ILD. RA-ILD patients were older and 
with minor disease duration that RA-NILD patients. They 
exhibited higher CRP levels, positivity for RF and ACPA than 
RA-NILD patients (Table 1).

3.2.  Telomere length

We evaluated the TL in 85 RA patients, 50 RA-NILD and 
35 RA-ILD, and 21 CTRLs. As shown in Figure 1, TL was 
significantly shorter in all RA patients compared to CTRLs 
(p = 0.003). In particular, RA-ILD patients showed signifi-
cantly shorter TL compared to both CTRLs (p = 0.0001) and 
RA-NILD (p = 0.004) (Figure 1). The most significant short-
ening of TL in RA-ILD was confirmed after multiple correc-
tions for sex, age, disease duration and CRP (Padj= 0.0001).

Moreover, in RA-ILD patients TL negatively correlated 
with RA disease duration (p = 0.004, R = −0.485), but not 
with ILD duration (Figure 2). In addition, patients with UIP 
pattern, the most common and severe manifestation of ILD, 
exhibit the most evident shortening of TL compared to 
other RA patients (p < 0.0001), followed by those patients 
affected by UN-ILD (p = 0.009) (Figure 3).

After patients’ stratification in “short” and “normal” TL 
(T/S ratio within or above the first quartile), we observed 
that the prevalence of ILD was significantly higher in 
patients with short- vs normal-TL (73.4 vs 31.8%, p = 0.001, 
and OR= 6.00).

3.3.  Mitochondrial DNA copy number

We then evaluated the mtDNA copy number in the same 
cohorts of patients and controls. RA patients exhibited a 

Table 1.  Patients clinical characteristics.

RA
(n = 85)

RA-NILD
(n = 50)

RA-ILD
(n = 35)

p
(RA-NILD 

vs RA-ILD)

Female, n (%) 68 (80.0) 43 (86.0) 25 (71.4) ns
Age,
years

63.9 ± 12.3 60.4 ± 12.4 68.9 ± 10.5 0.002

RA disease 
duration,

years median (IQR)

9 (4–15) 12 (5–16) 7 (4–10) 0.04

Smokers
Never, n (%) 52 (61.2) 33 (66.0) 19 (54.3) ns
Former, n (%) 3 (3.5) 3 (6.0) 0 (0)
Current, n (%) 29 (34.1) 13 (26.0) 16 (45.7)
RF, n (%) 68 (80.0) 34 (68.0) 34 (97.1) 0.001
ACPA, n (%) 61 (71.8) 29 (58.0) 32 (91.4) 0.001
DAS28,
median (IQR)

3.8 (2.4–4.6) 3.6 (2.1–4.5) 4.0 (3–4.7) ns

CRP (mg/dl),
median (IQR)

0.6 (0.4–1.6) 0.5 (0.3–1) 1.4 (0.4–2.3) 0.003

csDMARDs, n (%) 49 (57.7) 27 (54.0) 22 (62.9) ns
Nintedanib, n (%) 2 (2.3) 0 (0) 2 (5.7) ns
bDMARDs, n (%) 71 (84) 45 (90) 26 (75) ns
ILD pattern 15 (42.8)
UIP, n (%) 9 (25.7)
NSIP, n (%) 11 (31.4)
UN, n (%)
ILD disease 

duration, years 
median (IQR)

4 (1–6)

Age at ILD 
diagnosis, years 
median (IQR)

65.7 ± 10

Data presented as number of patients (n) and percentage (%) in bracket or 
median and interquartile range in bracket. RA, Rheumatoid Arthritis; RF, 
Rheumatoid Factor; ACPA, anticitrullinated peptide antibodies; DAS28, 
Disease Activity Score on 28 joints; CRP, C-reactive protein; csDMARDs, con-
ventional synthetic disease-modifying antirheumatic drugs; bDMARDs, 
Biological disease modifying anti-rheumatic drugs; ILD, Interstitial Lung 
Disease; UIP, usual interstitial pneumonia; NSIP, nonspecific interstitial pneu-
monia; UN, unclassifiable.

Significant p-values are reported in bold. ns, not significant.

Figure 1.  Comparison of relative TL among CTRLs, RA-NILD, and RA-ILD 
subjects.
***p = 0.0001; **p = 0.004.
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significantly lower amount of mtDNA copy number com-
pared to CTRLs (p < 0.0001), also considering the two sub-
groups of RA-ILD and RA-NILD patients (p = 0.04 and 
p = 0.0005, respectively) (Figure 4), but no differences were 
observed between the two RA patients’ subgroups. After 
patients’ stratification according to the manifested pattern, 
no differences were observed among the subgroups.

3.4.  Expression levels of regulator gene factors

We subsequently investigated the expression levels of genes 
involved in maintaining TL (TERF1) and mtDNA copy 
number (TFAM) in the previously analyzed subjects. TERF1 
expression levels were reduced in RA patients compared to 
CTRLs (p < 0.0001), both considering RA-ILD and RA-NILD 
patients (p < 0.0001 and p < 0.0001, respectively), but no dif-
ferences were observed between the two patients’ subgroups 
(Figure 5).

TFAM expression levels were reduced in RA patients 
compared with CTRLs (p = 0.04). Considering the two 

patients’ subgroups separately, this decrease remains statisti-
cally significant only in the RA-ILD patients’ subgroup 
(p = 0.03) (Figure 6). Moreover, we observed a difference in 
TFAM expression levels between RA-NILD and RA-ILD 
after multiple corrections for sex, age, disease duration, and 
CRP (Padj= 0.019).

4.  Discussion

In this study, we have evaluated two of the main hallmarks 
of cellular senescence, telomere length and mitochondria 

Figure 2.  Correlation analyses between telomere length and disease duration 
in RA-ILD patients.
p = 0.004.

Figure 3.  Comparison of relative TL between RA-NILD patients and RA-ILD 
patients with different patterns of lung involvement.
****p < 0.0001; **p = 0.009.

Figure 4.  Comparison of mtDNA copy number among CTRLs, RA-NILD, and 
RA-ILD subjects.
***p = 0.0005; *p = 0.04.

Figure 5.  Comparison of TERF1 expression levels among CTRLs, RA-NILD, and 
RA-ILD subjects.
****p < 0.0001; ****p < 0.0001.
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dysregulation, in a cohort of RA patients with and without 
lung involvement.

Cellular senescence is defined as the final and irreversible 
stage of cell cycle arrest [26]. It is strictly linked to OS and 
both are known to contribute together to several patholo-
gies, including autoimmune and fibrotic pulmonary diseases 
[27,28].

Several studies have shown that leukocytes with short-
ened telomeres release inflammatory cytokines, which cause 
increased inflammation, leading to joint destruction and 
systemic symptoms [29,30]. It is known that telomeres ero-
sion characterizes both lymphoid and myeloid cells in RA 
patients [31] and Zhen et  al. have highlighted how cellular 
senescence actively participates in the pathogenesis and pro-
gression of RA [32]. However, a recent study described that 
shortened telomeres are also associated with ILD status 
among patients with RA [15]. Our data are consistent with 
this observation; in fact, we have shown an alteration of TL 
in RA patients, that is more serious in the presence of ILD 
complication. In addition, we have highlighted that the most 
evident shortening of TL is visible in those patients who 
present the most common and severe pattern UIP. This 
result agrees with the study by Joyce JS et  al. which showed 
that telomeres were shorter in alveolar type II cells of UIP 
lungs compared to healthy controls [33].

The negative correlation between TL and RA disease 
duration underscores the importance of cumulative cellular 
damage in these patients. We can hypothesize that TL might 
be a biomarker of lung involvement and future studies on 
large cohort could help in the identification of a possible 
threshold of TL which is associated to the higher risk of ILD.

To evaluate if the telomere shortening in RA-ILD patients 
is associated with a dysregulation of the factors involved in 
the preservation of their integrity, we have evaluated the 
expression of TERF1 gene. We found that both RA-ILD and 
RA-NILD patients have statistically lower mRNA levels for 
TERF1 gene compared with the controls, but we did not 
observe differences between the two patients’ subgroups. 
TERF1 gene codes for a protein component of the shelterin 

complex that binds the telomere region and acts as a telo-
merase inhibitor [34]. Studies in literature are contrasting, 
but several authors have highlighted that a reduction of 
TERF1 levels results in telomeric DNA fragility and damage 
[35,36]; in addition, TERF1 deletion results in rapid induc-
tion of senescence, mediated by several pathways, suggesting 
a role for TERF1 also in telomere protection [35].

Since the mtDNA copy number could change in response 
to the increased OS, we have decided to evaluate also the 
mtDNA copies as markers of cellular senescence in the same 
cohort of patients and controls. In addition, it is known that 
mitochondrial dysfunctions, in turn, promote the overpro-
duction of OS and inflammatory mediators, typical of auto-
immune disorders such as RA [37]. Our results show that 
RA patients exhibited a significantly lower amount of 
mtDNA copy number compared to controls. This data is in 
accordance with other studies that demonstrated a decrease 
in mtDNA copy number in this disorder compared to 
healthy controls [21,38]. In addition, for the first time, we 
have demonstrated that this dysregulation is present also in 
RA patients with ILD.

The mtDNA copy number is regulated by the activity of 
a mitochondrial transcription factor encoded by the TFAM 
gene. We have shown that TFAM expression levels were 
reduced in RA patients compared with CTRLs; in particular, 
we observed this decrease in the RA-ILD subgroup. Since it 
is known that this factor also protects and prevents damage 
of mtDNA from ROS [39], we could suppose that the 
decreased TFAM levels in RA patients participate in 
increased OS, leading to cellular senescence, in particular in 
those patients with ILD manifestation.

The presence of ILD in RA patients is associated with a 
more severe disease phenotype, with a worse prognosis in 
terms of morbidity and mortality. Therefore, the identifica-
tion of those patients at risk to develop ILD is crucial for 
an early diagnosis and treatment. The combination of clini-
cal and laboratory biomarkers together with screening tests 
(CT scan) in patients at high risk may result in early 
identification.

Our study has some limitations. Firstly, the cross-sectional 
design limits the ability to establish causal relationships. 
Moreover, the relatively small sample size might limit the 
generalizability of our results. Longitudinal studies could 
help verify if these biomarkers can predict the progression 
of ILD in RA patients. In addition, it will also be interesting 
to replicate the study on sub-populations of PBMCs.

In conclusion, our results highlight significant differences 
in cell senescence indicators between RA patients and CTRLs. 
Among these, the shortening of telomere is strongly evident 
in RA patients with lung involvement. Further studies are 
necessary to confirm these findings and explore potential role 
of these biomarkers in identifying patients at risk of develop-
ing ILD and in monitoring disease progression.
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