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Abstract

Background: Idiopathic pulmonary fibrosis (IPF) represents a chronic disease with a progressive course. It is
characterized by excessive lung scarring that ultimately contributes to irreversible lung function reduction.
Interestingly, a type of long non-coding RNA termed as telomeric repeat-containing RNA (TERRA) is linked to
fibrosis pathophysiology, including IPF. In this study, the expression profile of TERRA was investigated in IPF patients
on radiological diagnosis [unusual interstitial pattern (UIP) in high-resolution computed tomography (HRCT)] to
evaluate whether it could be employed as a reliable diagnostic biomarker.

Results: TERRA expression level was significantly higher in IPF patients over healthy controls. The expression level
was significantly inversely correlated with the percentage of forced vital capacity predicted (FVC% predicted). By
contrast, it was significantly directly correlated with HRCT reticular extent score.

Conclusion: TERRA expression is an essential biomarker in peripheral blood of IPF patients, providing a valuable
non-invasive tool for IPF diagnosis. Moreover, TERRA expression is strongly correlated with UIP in HRCT reticular
extent score.
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containing ribonucleic acid, Unusual interstitial pattern

Background
Idiopathic pulmonary fibrosis (IPF) is a specific fibrotic
disease that has a chronic and progressive nature. This
disorder has been associated with severe morbidity and
poor prognostic rates [1]. Age is a significant risk factor
contributing to the incidence of IPF; at the time of diag-
nosis, a major percentage of IPF patients are more than
60 years old. However, younger individuals are less af-
fected by IPF [2]. It is estimated that IPF has a preva-
lence of 13 to 20 per 100,000 people worldwide. In the
USA, approximately 100,000 persons are affected, and
30,000 to 40,000 new cases are diagnosed each year

(https://medlineplus.gov/genetics/condition/idiopathic-
pulmonary-fibrosis/#causes).
The hallmark radiological pattern of IPF is an unusual

interstitial pattern (UIP). The distinguishing feature of
UIP is a honeycombing sign which must be present to
make a definite diagnosis of UIP on high-resolution
computed tomography (HRCT). Subpleural with basal
predominance and some upper lobe involvement are the
typical sites for UIP distribution. In some cases, a rela-
tive uniform craniocaudal distribution of UIP may be
present [3].
Long non-coding ribonucleic acids (lncRNAs) are

non-coding transcripts with a length of more than 200
nucleotides. They are considered a novel class of epigen-
etic regulators that are attracting attention as they are
involved in various biological processes [4].
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There is a close relationship between the expression of
lncRNAs and various metabolic diseases, autoimmune
diseases, hereditary diseases, and tumors. Moreover, they
are recognized as fibrosis functional regulators. These
RNAs have a secondary role in several diseases and a
primary fibrosis pathology. Also, several lncRNAs are in-
volved in the development of epithelial-mesenchymal
transition of alveolar epithelial cells, which is the main
pathogenic mechanism of idiopathic fibrosis [5].
TERRA is one type of the lncRNAs that is transcribed

from sub-telomeric sequences towards the ends of the
chromosome by RNA polymerase II. TERRA transcripts
carry telomeric repetitions in their sequences and are in-
volved in the maintenance and control of telomeric
homeostasis [6]. The chromosome ends of telomeres de-
teriorate in the absence of such regulatory mechanisms;
as a result, DNA damage will be promoted due to the
dysfunctional telomeres. Genome instability, cellular
senescence, and/or apoptosis are consequences of this
deterioration [7]. TERRA and other types of lncRNA
overexpression have some evidence to be induced in
highly proliferative tissues, especially IPF.
Previous studies were conducted depending on histo-

pathological characteristics in which many patients were
not fit for a bronchoscopy. In IPF patients, we assessed
TERRA expression depending on radiological diagnosis
(UIP pattern in HRCT) and determine whether it can be
applied as a diagnostic biomarker in our locality instead
of invasive procedures.

Methods
Patients
This was a case-control study that enrolled 30 IPF pa-
tients and 30 healthy controls of the same age and sex.
IPF was diagnosed according to the American Thoracic
Society/European Respiratory Society consensus criteria
[3] which define the clinical, laboratory, and radio-
graphic characteristics. There was an obtained written
informed consent from the study participants. The insti-
tutional Ethical Committee approved this study with ap-
proval number 524 in May 2019.

Inclusion criteria
Inclusion criteria for this study were (1) age between 40
and 75 years as IPF is a disease of old patient and (2)
newly diagnosed IPF based on UIP pattern in HRCT of
the chest [3].

Exclusion criteria
The exclusion criteria were as follows: (1) previous ster-
oid therapy or other immunosuppressive drugs, (2) atyp-
ical pattern of UIP on HRCT of the chest, and (3)
patients with other known causes of interstitial lung dis-
ease (ILD).

Methods
All the patients were subjected to the following:

1) Full medical history including occupational,
environmental, drug history, and chest symptoms
suggestive of IPF (e.g., dry cough and dyspnea).

2) General and physical clinical examination.
3) Autoimmune profile to exclude autoimmune causes

of ILD.
4) Radiological investigation: chest X-ray and HRCT

of the chest in which a score was done for HRCT
chest pattern of IPF (i.e., honeycombing, reticular
pattern, and ground glass score) [8].

5) Extraction of total RNA and synthesis of cDNA.

Five milliliters of blood was obtained from each par-
ticipant on ethylenediaminetetraacetic acid (EDTA) col-
lection tubes. According to the manufacturer’s
instructions, peripheral mononuclear blood cell (PBMC)
isolation was performed using Histopaque-1077 (Sigma-
Aldrich) Ficoll density-gradient centrifugation.
Total RNAs were isolated from PBMCs using TRIzol

reagent (Zymo Research, Irvine, CA). The concentration
and purity of RNA have been evaluated by RNA Nano-
Drop2000 (Thermo Fischer Scientific, Waltham, MA).
The A260/A280 and A260/A230 ratios were > 1.8 and >
1.7, respectively. A temperature of – 80 °C was used to
keep the total RNA before use. SensiFAST cDNA Syn-
thesis kit (Bioline, Memphis, TN) has been used for re-
verse transcription of 1 μg total RNA to cDNA with a
final volume of 20 ml reactions (1 μl cDNA, 4 μl 5x
TransAmp Buffer, 1 μl reverse transcriptase, and 13 μl
DNase/RNase-free water).

6) Real-time quantitative PCR

HERA PLUS SYBR Green qPCR Kit (Willowfort, Bir-
mingham, UK) was used to evaluate the expression levels of
the lncRNA TERRA. PCR reaction (20 μl) of 10 μl SYBR
Green Mix (2x), 1 μl of cDNA, 1 μl of each primer, and 7
μl nuclease-free H2O was performed using an Applied Bio-
systems 7500 Real-Time PCR System (Applied Biosystems,
Waltham, MA). The real-time PCR thermal conditions
were as follows: initial denaturation at 95 °C for 10min,
followed by 40 cycles of denaturation at 95 °C for 15 s, an-
nealing at 60 °C for 60 s, and extension at 72 °C for 60 s.
Fold-change was calculated using the comparative thresh-
old cycle (2−ΔΔCt) [9]. This analysis has been confirmed by
agarose electrophoresis (Fig. 1). The primers were provided
as follows: TERRA- forward was 5-′, CCTAACCCTC
ACCCTTCTAAC-3 and -reverse was 5-′, TACCTCGCTT
TGGGACAAC-3 and GAPDH Forward Primer: 5′-,
GTCAAGGCTGAGAACGGGAA-3″ and GAPDH Re-
verse Primer: 5′-′, AAATGAGCCCCAGCCTTCTC-3″.
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Statistical analysis
Software for SPSS (version 24.; IBM, Inc., Chicago, IL)
was used to analyze the obtained data. First, the
Shapiro-Wilk normality test was used to analyze the
normality of data. Continuous variables including para-
metric data were presented as means ± SD (standard de-
viation), and nonparametric data were presented by
median (minimum-maximum). Studentʼs t-test was used
for parametric data while Mann-Whitney test was used
for nonparametric data. Continuous data was correlated
by Spearman correlation. ROC curve was used to test
sensitivity and specificity at different cutoff points. p
value < 0.05 was considered as statistically significant.

Results
This study included 30 IPF patients and 30 healthy con-
trols with a mean age of 63.40 ± 5.58 and 62.90 ± 9
years, respectively. There were no statistically significant
differences between the two groups regarding age, sex,
occupation, or smoking status. There was a statistically
significant increase in symptoms suggestive of IPF (e.g.,
dyspnea ≤ 0.001 and dry cough ≤ 0.001) in case group
relative to healthy controls (Table 1). In patient group,
only one wheezy patient and two patients with diffuse
chest pain.
The results revealed significant decrease in the FVC%

predicted (p ≤ 0.001) and diffusing capacity of the lung
for carbon monoxide (DLCO%) (p ≤ 0.001) in IPF pa-
tients compared to controls. On the other hand, forced
expiratory volume (FEV1 %predicted) was lower in pa-
tient group than healthy control but it is not statistically
significant (p = 0.078).
Regarding the HRCT pattern, there was a statistically

significant increase in reticular (p ≤ 0.001), honeycomb-
ing (p ≤ 0.001), and ground glass opacity (GGO) extent

score (p = 0.033) in IPF patients relative to control
group. TERRA relative expression was significantly
higher in case group compared to controls (p ≤ 0.001)
(Table 2 and Fig. 2).
TERRA expression level was significantly positively

correlated with the patient age (p = 0.0001), duration of
symptoms (p ≤ 0.001), and HRCT reticular extent score
(p = 0.008). By contrast, it was negatively correlated with
FVC% predicted (p = 0.034) (Figs. 3, 4, 5 and 6, Table 3).
The results showed no significant correlation between

TERRA expression level with HRCT honeycombing ex-
tent score, GGOs extent score, and clinical symptoms
(Table 3).
ROC curve analysis was done between TERRA expres-

sion levels in patients and controls with an area under
the curve of 0.951 (P ˂ 0.0001). At a cutoff point of 1.13,
the sensitivity was 93.3%, the specificity was 86.7%, and
the total accuracy was 90% (Fig. 7).

Discussion
IPF is a disorder of progressive course with fatal compli-
cations. The etiology and pathogenesis of this disease
are still unclear [8]. The development and progression of
IPF have been strongly related to activation of lung
fibroblast and epithelial cell, as well as fibrotic and in-
flammatory mediators secretion [10].
This study revealed that the most prevalent clinical

complaints, such as dry cough and marked dyspnea,
were significantly increased in IPF patients. Regarding
pulmonary function tests, the patients in the present
study are distinguished by restrictive lung disease pat-
terns (FVC% of predicted and DLCO). These findings
were expected because of the nature of interstitial lung
diseases.

Fig. 1 RT-PCR product of TERRA gene expression and expression of GAPDH (control housekeeping gene). Lanes 1, 2, 3, and 4 represent PCR
product of 158 bp for GAPDH; lane 5 represents the 50 bp ladder; lanes 6, 7, 8, and 9 represent PCR product of 450 bp for TERRA
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Non-coding RNAs, including lncRNAs with a length of
over 200 nucleotides, are the major transcription products
in mammalian cells. Although several studies have started
to clarify lncRNA function in human diseases, lncRNA ex-
pression profiles, as well as roles in IPF, remain unclear.
Herein, a PCR-based method was utilized to evalu-

ate the TERRA expression level in peripheral blood of
IPF patients. Although there have not been many

studies conducted on TERRA expression in IPF, we
found that increased TERRA expression is signifi-
cantly related to an increase in IPF incidence. This is
consistent with the findings of Gao et al. [7] who
demonstrated that an increase in TERRA expression
levels of IPF patients, along with its association with
dysfunction of telomeres caused by oxidative stress,
contributes to IPF pathogenesis.

Table 2 Comparison between IPF patients and control groups regarding pulmonary function tests, UIP pattern in HRCT, and relative
expression of TERRA mRNA

Variables IPF patient group (n_30) Control group (n_30) Test of significance P-value

FEV1 %predicted 79.91 ± 10.13 84.71 ± 10.60 t = 1.79 0.078

FVC% predicted 72.87 ± 9.73 94.42 ± 10.41 t = 8.27 ≤ 0.001*

DLCO%

Median (min-max) 55.0 (26–89) 94.0 (70–110) Z = 9.75 ≤ 0.001*

HRCT reticular extent score 2.00 (1.00–4.00) 0.00 (0.00–1.00) Z = 10.66 ≤ 0.001*

HRCT honeycombing extent score 2.00 (0.00–4.00) 0.00 (0.00–1.00) Z = 8.94 ≤ 0.001*

HRCT GGOs extent score 0.00 (0.00–2.00) 0.00 (0.00–1.00) Z = 2.13 0.033*

Relative expression 1.99 ± 0.63 0.97 ± 0.12 t = 8.68 ≤ 0.001*

t Student t-test, Z Mann-Whitney test
*Significant p < 0.05

Table 1 Comparison between IPF patients and control groups regarding demographic and clinical data

Variables IPF patients group (n_30) Control group (n_30) Test of significance P-value

Age (years)

Mean ± SD 63.40 ± 5.58 62.90 ± 9.91 t = 0.241 0.811

Sex

Male 23-(76.7%) 23-(76.7%) χ2 = 0.00 1.00

Female 7-(23.3%) 7-(23.3%)

Smoking

Smoker 21 (70%) 14 (46.7%) χ2 = 3.36 0.067

Nonsmoker 9 (30%) 16 (53.3 %)

Occupation

Non-worker 13 (43.3%) 9 (30%) MC 0.603

Manual worker 14 (46.7%) 18 (60%)

Professional worker 3 (10%) 3 (10%)

Dyspnea grade

0 1 (3.3%) 27 (90%) MC ≤ 0.001*

1 4 (13.3%) 3 (10%)

2 12 (40.0%) 0 (0%)

3 11 (36.7%) 0 (0%)

4 2 (6.7%) 0 (0%)

Cough grade

0 1 (3.3%) 24 (80%) MC ≤ 0.001*

1 13 (43.3%) 6 (20%)

2 16 (53.3%) 0 (0%)

t Student t-test, χ2 Chi square test, MC Monte Carlo test
*Significant p < 0.05
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Cao et al. [11] identified a large number of lncRNAs
with altered expression in rat lungs using experimental
fibrosis. They showed differences in the RNA compo-
nent of mitochondrial RNA processing endoribonuclease
expression in addition to telomere enzyme RNA compo-
nent (Terc) in a bleomycin-induced fibrotic murine
model. This was the first piece of evidence that suggests
participation of lncRNAs in pathogenesis of pulmonary

fibrosis. Moreover, pulmonary fibrosis can be induced by
destructing CCAAT box in lncRNA Terc promoter [12].
Besides, Liu et al. [13] demonstrated that lncRNA tel-
omerase reverse transcriptase (Tert) inactivation reduces
the pulmonary fibrosis severity in mice exposed to con-
ditional knockout.
Much evidence proposed that lncRNAs have a role

in cell proliferation. The residential lung fibroblast

Fig. 2 TERRA mRNA expression in the patient with idiopathic pulmonary fibrosis with healthy control. Relative expression = 1.99 ± 0.63 (P
≤ 0.001)

Fig. 3 Scatter diagram showing that both relative expression and age have a positive correlation
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proliferation represents one of the leading providers
that increase IPF fibroblastic foci [14]. Certain
lncRNAs, namely LINC00960 and LINC01140, were
suggested to be upregulated, and LINC01140 knock-
down but not LINC00960 leads to stimulation of in-
flammatory response fibroblasts in IPF. As a result,

this demonstrated the necessity of lncRNAs as both
proliferation and inflammation regulators in IPF [15].
Besides, Dai et al. [16] found that MALAT1 in rat
models was activated by the inflammatory response
pathway caused by lipopolysaccharide and promoted
lung injury progression.

Fig. 4 Scatter diagram showing that both relative expression and the high-resolution computed tomography reticular extent score have a
positive correlation

Fig. 5 Scatter diagram showing that both relative expression and duration of symptoms have a positive correlation
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Numerous researches indicate different functions of
lncRNAs like acting as miRNA sponges, or decoys, hold-
ing a role as competitive endogenous RNAs for micro-
RNAs, and having importance in physiological as well as
pathological events. Nevertheless, expression profiles, as
well as lncRNA roles in IPF, remain unclear [14].
In the case of patients that have newly identified inter-

stitial lung diseases (ILD) and possess an HRCT scan
pattern of a UIP, they were strongly recommended
against conducting surgical lung biopsy, transbronchial
lung biopsy, in addition to lung cryobiopsy. Besides, a

conditional recommendation was made to conduct BAL
after excluding other existing ILD causes (like domestic
and occupational environmental exposures, connective
tissue diseases, and drug toxicity) [3].
Our study showed a predominance of reticulation and

honeycombing in HRCT equivalent to that observed in a
study by Kono et al. [8] in which HRCT score inter-
observer agreement was good, and the honeycombing
and reticulation extent scores were significantly higher
in IPF than in non-IPF idiopathic interstitial pneumonia.
The results indicated a significant positive correlation

between patient’s age and TERRA expression levels. In
addition, a progressive shortening of telomere length is
commonly associated with cellular senescence. The
lncRNA TERRA suppresses telomere elongation and
modulates telomeric heterochromatin by linking with
multiple telomeric proteins: repeat factor telomere
(TRF1, TRF2), origin-recognition complex (ORC), and
the H3K9me3 factor [17].
Hao et al. [18] demonstrated that patients with IPF

demonstrated a remarkable increase of lncRNA
AP003419.16 expression and its adjacent gene,
RPS6KB2, and this may lead to increased risk of aging-
associated IPF. Previous data suggested that lncRNAs
are involved in regulating aging-associated disease [19]
and aging pathways [20].
In this study, TERRA expression levels were inversely

correlated with FVC% of predicted and directly corre-
lated with HRCT reticular extent score. Lung biopsy is

Fig. 6 Scatter diagram showing that both relative expression and predicted forced vital capacity to have a negative correlation

Table 3 Correlation between TERRA expression and different
clinical and radiological characteristic

Variables Relative expression

r p

HRCT reticular extent score 0.474 0.008*

HRCT honeycombing extent score 0.213 0.258

HRCT GGOs extent score 0.094 0.623

Age 0.627 0.0001*

Duration of symptoms 0.612 ≤ 0.001*

Dyspnea grade − 0.081 0.669

Cough grade 0.154 0.418

FEV1 %predicted − 0.183 0.332

FVC% predicted − 0.372 0.034*

DLCO% − 0.355 0.051

*Significant p < 0.05
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considered important as the only strategy that can give
an accurate diagnosis for IPF. Furthermore, a biopsy of
the lungs is an invasive procedure resulting in increased
morbidity as well as mortality risks. TERRA research re-
mains at an early stage, and the emphasis on TERRA re-
search to find suitable therapies will continue to evolve
in the future.

Conclusion
TERRA expression is an essential biomarker in periph-
eral blood of IPF patients, providing a valuable non-
invasive tool for IPF diagnosis. Moreover, TERRA ex-
pression is strongly correlated with UIP in HRCT reticu-
lar extent score.
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