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Abstract. Idiopathic pulmonary fibrosis (IPF) is a chronic and 
irreversible interstitial lung disease with a poor prognosis and 
limited therapeutic options. Over the past decade, research 
efforts have focused on the pathogenetic mechanisms involved 
in this enigmatic lung disease. Rheumatoid arthritis (RA) is 
a chronic inflammatory autoimmune disease often compli-
cated by the development of interstitial lung disease (ILD), 
leading to high mortality and morbidity. Autophagy is a 
process regulating the turnover of subcellular components 
and organelles, and represents a major cellular homeostatic 
mechanism. Recent evidence suggests a role of autophagy 
and mitochondrial dysfunction in the development of IPF, 
focusing on lung fibroblasts and epithelial cells. The aim of 
this study was to examine the mRNA levels of molecules 
involved inthe autophagy pathway in bronchoalveolar lavage 
fluid (BALF)‑derived cellsfrom patients with IPF in compar-
ison topatients with RA demonstrating lung involvement (ILD) 
by RT‑qPCR. The significant upregulation of BECLIN1 was 
observed in patients with RA‑ILD compared with those with 

IPF. Other genes involved in the autophagy pathway were 
also examined, such as Unc‑51 like autophagy activating 
kinase 1 (ULK1), BCL2 interacting protein 3 (BNIP3) and 
p62. No differences in the mRNA expression levels of these 
genes were observed. As regards the selective degradation of 
mitochondria and mitophagy, similar PTEN‑induced putative 
kinase 1 (PINK1) and PARKIN; E3 ubiquitin ligase (PRKN) 
expression, as well as PINK1 protein levels, were observed. 
On the whole, the findings of this study demonstrate an 
increased expression of BECLIN1 in BALF cells from patients 
with RA‑ILD compared with those from patients with IPF, 
while similar levels in other key molecules implicating in the 
autophagy pathway were observed in patients with IPF and 
RA‑ILD.

Introduction

Autophagy is a membrane‑dependent mechanism for the 
turnover of subcellular components and represents a major 
cellular homeostatic mechanism. It serves as a source of meta-
bolic fuel, it removes aggregated proteins or dysfunctional 
mitochondria, and determines cell fate (1). In addition to its 
basic role in the turnover of proteins and organelles, autophagy 
has multiple physiological and pathophysiological functions, 
including roles in cell differentiation and immune response (2). 
Changes in autophagy affect the removal of aged and defective 
mitochondria, protein aggregates and internalized bacteria. 
The function of autophagy in human disease appears to be 
pleiotropic, with implications in cancer, metabolic, neurode-
generative, cardiovascular diseases, autoimmune, as well as 
lung diseases (2,3). More specifically, in the lungs, enhanced 
autophagy has been described in epithelial cells from patients 
with chronic obstructive pulmonary disease (COPD), leading 
to apoptosis (4,5). By contrast, the alveolar macrophages of 
patients with COPD present an impairment in autophagy (6).

Idiopathic pulmonary fibrosis (IPF) is a chronic progres-
sive fibrotic disease of unknown etiology (7). The current 
dogma in the disease pathogenesis centers on lung epithelial 
cell dysfunction in an aging lung, which leads to fibroblast 
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activation and excessive extracellular matrix deposition, 
finally leading to the destruction of the lung architecture. 
IPF shares some intriguing similarities with rheumatoid lung 
disease, in pathogenesis (8,9), as well as disease progres-
sion (10). Rheumatoid arthritis (RA) is an autoimmune 
disease, characterized by joint inflammation and is thought 
to be driven by antibodies against citrullinated proteins (11). 
Interstitial lung disease (ILD) commonly complicates RA, in 
up to 60% in certain studies, and frequently precedes joint 
inflammation (12). Smoking, a common risk factor in both 
idiopathic‑ and autoimmune‑driven lung disease, is associated 
with changes in the autophagy pathway. The accumulation of 
autophagosomes is present in lung tissue from patients with 
COPD (5) and in lung epithelial cells exposed to cigarette 
smoke extract (13).

Aging, a hallmark of IPF pathogenesis, is also associated 
with insufficient autophagy (14), while increasing evidence 
suggests that the autophagic process is impaired in IPF (15,16). 
By contrast, in RA, increased autophagy has been linked 
with the enhanced survival of RA fibroblast‑like synovio-
cytes (RA‑FLS) (17), a major source of pro‑inflammatory 
cytokines. Intriguingly, the induction of autophagy in antigen‑
presenting cells can lead to citrullinated peptide presentation, 
a hallmark of RA pathogenesis (18). In alveolar macrophages, 
citrullinated peptides are increased in anti‑CCP‑positive RA 
patients, as well as in IPF (19). Thereafter, a contradicting 
role of autophagy in both diseases has been proposed and it 
is likely that the role of autophagy is cell‑specific, as previous 
studies on COPD have suggested (5,6,13).

Alveolar macrophages are essential for maintaining the 
sterility of the lung (20) and have been proposed to play a 
role in lung fibrosis (21), both in initiating the inflammatory 
response after injury, as well as in resolution and repair. As 
regards the autophagy process in macrophages in fibrosis, 
little is known. Of note, a study by Drakopanagiotakis et al 
identified that alveolar macrophages of patients with IPF had a 
decreased apoptotic rate, which may enhance the progression 
of IPF (22), while AKT1 has been shown to mediate apoptosis 
resistance by enhancing mitophagy (23).

Therefore, the purpose of the current study was to examine 
the levels of the major regulatory molecules of the autophagic 
pathway in bronchoalveolar lavage fluid (BALF) cells derived 
from patients with IPF and RA‑ILD. Although RA is an autoim-
mune disease mainly associated with inflammatory pathways 
and is characterized by a different disease progression and 
therapeutic strategies, it is known that lung involvement in RA 
leading to ILD and destruction of the lung parenchyma, finally 
results in the same survival as IPF. Thus, apart from obvious 
differences, these two diseases present some rather intriguing 
similarities at the clinical and molecular level (24,25). It is of 
great interest to investigate the molecular pathways and potent 
pathogenetic mechanisms, not only by focusing on systemic 
markers or joint inflammation, but also by evaluating lung 
microenvironment.

Materials and methods

Patients. A total of 75 subjects were recruited from the 
Department of Thoracic Medicine, University Hospital of 
Heraklion, Greece, consisting of patients with IPF (n=55) 

and patients with RA‑ILD (n=20) between March, 2014 to 
March, 2017.

The diagnosis of IPF was based on European Respiratory 
Society (ERS)/American Thoracic Society (ATS) clinical 
guidelines and high resolution computed tomography (HRCT) 
criteria or on open or video‑assisted thoracoscopic biopsy 
(n=5), with all biopsies reviewed by the same two histopatholo-
gists (26). In accordance with the aforementioned criteria, any 
patient presenting any known cause of pulmonary fibrosis, 
such as a systemic connective tissue disorder, was excluded 
from this study using both immunologic screening and rheu-
matologic clinical evaluation (26). All patients with IPF were 
newly diagnosed and had not received any previous treatment. 
The criteria for the diagnosis of connective tissue disease 
CTD included the American College of Rheumatology (ACR) 
1987 revised criteria for the classification of RA (27). Patients 
with RA‑ILD had HRCT findings indicative of definite ILD. 
Informed consent was obtained from all patients who partici-
pated in this study. This study was approved by the Ethics 
Committees of the University Hospital of Heraklion (Crete, 
Greece; IRB no. 17030)

BALF processing. BALF was obtained from all patients at 
room temperature. Briefly, a flexible bronchoscope was wedged 
into a sub‑segmental bronchus of a predetermined region of 
interest based on radiographical findings. A BAL technique 
was performed by instilling a total of 180 ml of normal saline 
in 60‑ml aliquots, each retrieved by low suction. Samples were 
filtered through sterile 70‑nm cell strainers (BD Biosciences, 
San Jose, CA, USA) and centrifuged at 500 x g or 5 min at 4˚C. 
Cell pellets were washed and re‑suspended with cold PBS. Total 
cell count and cell viability were subsequently assessed using 
Trypan blue (ICN Pharmaceuticals, Costa Mesa, CA, USA). 
A total of 1‑1.5 million cells were centrifuged and cell pellets 
were homogenised in TriReagent™ (MBL) for total RNA, or 
RIPA buffer (Invitrogen/Thermo Fisher Scientific, Waltham, 
MA, USA) containing protease and phosphatase inhibitors; 

Table I. The sequences of the primers used.

Gene name Primer sequences

p62 F: agctgccttgtacccacatc
 R: cagagaagcccatggacag
BECLIN1 F: tcaccatccaggaactcaca
 R: tggctcctctcctgagttagtc
ULK1 F: gccctcgtacccaagctc
 R: gaggccagggtcttctgc
BNIP3 F: tgctgctctctcatttgctg
 R: gactccagttcttcatcaaaaggt
PINK1 F: ggagtatggagcagtcacttacag
 R: ggcagcacatcagggtagtc
PARKIN F: cacctacccagtgaccatga
 R: cgacctccactgggaaac
GAPDH F: agccacatcgctcagacac
 R: gcccaatacgaccaaatcc
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Pierce/Thermo Fisher Scientific) for SDS‑PAGE/western blot 
analysis, followed by storage at ‑80˚C. Differential cell popula-
tion count was analysed by May‑Grunewald‑Giemsa staining 
as previously described (19).

RNA extraction and mRNA expression analysis. Total RNA 
was isolated from BALF cells using the mirVanaTM miRNA 
isolation kit (Ambion/Thermo Fisher Scientific) with minor 
modifications. The quality and quantity of the isolated RNA 
was assessed by agarose gel electrophoresis and spectropho-
tometry (NanoDrop/Thermo Fisher Scientific), respectively. 
For gene expression analyses, 500 ng of total RNA were first 
treated with DNA‑free (Ambion/Thermo Fisher Scientific) in 
order to remove genomic DNA contamination, followed by 
1st strand cDNA synthesis using Maxima RT™ and real‑time 
qPCR analysis using Maxima SYBR‑Green pPCRmix (both 
from Fermentas/Thermo Fisher Scientific) on a Mx3005P 
qPCR system (Agilent Technologies, Santa Clara, CA, USA). 
The thermocycling conditions were as follows: 95˚C for 5 min, 
40 cycles of 95˚C for 20 sec, 55˚C for 20 sec and 72˚C for 20 sec, 
followed by melting curve with a ramp speed of 1˚C per sec 
between 60˚C and 95˚C. The probe and primer sequences are 
summarized in Table I. GAPDH levels were used as endogenous 
control for the normalization of mRNA expression levels in 
BALF samples. Relative expression values for the patient cohort 
were calculated by the following equation: Relative gene expres-
sion = Effgoi(Calibrator Ctgoi ‑ SampleCtgoi)/Effref(Calibrator Ctref ‑SampleCtref), 
where (Eff refers to efficiency, goi to gene of interest, and ref to 
reference gene).

Western blot analysis. Total protein lysates (20 ng) of BALF 
samples were lysed in RIPA buffer including protease 
inhibitor (both from Thermo Fisher Scientific). Total protein 
mass was determined by Coomassie (Bradford protein assay 
kit) (Thermo Fisher Scientific). The proteins were separated by 
12% SDS‑PAGE and transferred onto 0.45 nm nitrocellulose 
membranes (Bio‑Rad, Hercules, CA, USA), followed by the 
detection of p62 with an anti‑p62 mouse monoclonal antibody, 
at a 1/500 dilution (M162‑3; MBL, Woburn, MA, USA), and 
β‑actin using an anti‑β‑actin mouse monoclonal antibody 
at a 1/5,000 dilution (A2228; Sigma, St. Louis, MO, USA). 

Appropriate goat anti‑mouse HRP conjugated secondary anti-
body at a 1/2,000 dilution (AP124P; Chemicon/Merck KGaA, 
Darmstadt, Germany) was used and immunodetection was 
performed with enhanced chemiluminescence reagent 
Luminata™ (Millipore, Billerica, MA, USA). Bands were 
visualised with the ChemiDoc XRS+ system and densito-
metric analyses were performed using Image LabTM software 
(both from Bio‑Rad).

Statistical analysis. Gene expression analysis was performed 
using Prism 5 software following the incorporation of relative 
expression values in average (duplicates) normalized to GAPDH. 
Group comparisons were made using the Mann‑Whitney U test 
or the Chi‑square testing as appropriate. A P‑value <0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. The data of the patients, including 
those in the IPF and RA‑ILD group used in this study are 
summarized in Table II.

Increased expression of BECLIN1 in BALF cells derived 
from patients with RA-ILD compared with those from 
patients with IPF. The initiation of autophagosome formation 
requires specific regulatory complexes, including two major 
contributors, BECLIN1 and Unc‑51 like autophagy activating 
kinase 1 (ULK1). The expression levels of these two essen-
tial molecules were examined in BALF cells derived from 
patients with IPF and RA‑ILD. Statistically significant higher 
mRNA levels of BECLIN1 were observed in the BALF cells 
from patients with RA‑ILD in comparison to those from 
patients with IPF (Fig. 1), while similar levels of ULK1 were 
detected (Table III).

No differences in the mRNA and protein levels of the adaptor 
molecule p62 in BALF cells of IPF and RA-ILD patients. 
A major role in the selective degradation of components or 
organelles is played by the adaptor molecules, mainly including 
p62 (also known as sequestosome1) and BCL2 interacting 
protein 3 (BNIP3). Although the adaptor molecules are not 

Table II. Patient characteristics.

Characteristics IPF RA‑ILD P‑value

Number 55 20
Sex (male/female) 47/8 7/13 <0.0001
Packyears 15 (0‑150) 0 (0‑175) NS
Non‑smokers 16 10 NS
Ex smokers 30   4 0.02
Current smokers   5   3 NS
Age (years) 68 (27‑86) 67.50 (46‑81) NS

Data are presented as the median (range). The Chi‑squared  test and 
Mann‑Whitney U test were used as appropriate considering P<0.05 
as statistically significant. NS, not significant; RA‑ILD, rheumatoid 
arthritis‑interstitial lung disease; IPF, idiopathic pulmonary fibrosis.

Figure 1. RT‑PCR analysis revealed the upregulation of BECLIN1 in patients 
with RA‑ILD (n=20) when compared to those with IPF (n=55) samples. Data 
were normalized to GAPDH and are represented as the median with 10‑90% 
range. **P‑value =0.0089, determined by the Mann‑Whitney U test. RA‑ILD, 
rheumatoid arthritis‑interstitial lung disease; IPF, idiopathic pulmonary fibrosis.
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required for autophagosome formation, they were evaluated in 
order to assess the levels of autophagy. The mRNA levels of 
p62 (Fig. 2A) and BNIP3 (Table III) were measured in BALF 
cells and no significant difference was observed between the 
IPF and RA‑ILD groups. Moreover, the measurement of the 
p62 protein levels is a widely used indicator of degradation 
through autophagy machinery (2,28). Thus, the protein levels 
of p62 in fresh BALF cells of a subgroup of patients were also 
analyzed and they were found similar in the IPF and RA‑ILD 
samples (Fig. 2B).

Evaluation of markers of mitochondrial homeostasis. The 
role of impaired mitochondrial recycling has been high-
lighted in aging lung and in pulmonary disorders including 
IPF (14,29,30). Mitochondrial dysfunction due to insufficient 
autophagy has been shown in alveolar epithelial cells (AEC)
IIs and fibroblasts of IPF patients (30‑32). The two mostly 

Figure 2. (A) mRNA expression of p62 in patients with IPF (n=55) and RA‑ILD (n=20). Data were analyzed by RT‑qPCR and normalized to GAPDH. No 
significant differences, as determined by the Mann‑Whitney U test (P>0.05). Data are represented as the median with 10‑90% range. (B) Representative 
western blot showing similar protein levels of p62 in BALF cells from patients with IPF and RA‑ILD. Analysis of patients with IPF (n=5) and RA‑ILD (n=3) 
revealed no significant differences in the p62 protein levels (p62/actin). RA‑ILD, rheumatoid arthritis‑interstitial lung disease; IPF, idiopathic pulmonary 
fibrosis; BALF, bronchoalveolar lavage fluid.

Figure 3. Measurement of (A) PINK1 mRNA, (B) PARKIN mRNA and (C) PINK1 protein levels revealed similar results in BALF cells derived from patients 
with IPF and RA‑ILD. (A and B) PINK1 and PARKIN expression levels showed no statistically significant differences between the IPF and RA‑ILD samples. 
Data were normalized to GAPDH and are represented as the median with 10‑90% range. No significant differences, as determined by the Mann‑Whitney 
U test (P>0.05). (C) Western blot analysis of pink1 protein normalized to actin. No significant difference, as determined by the Mann‑Whitney U test (P>0.05). 
RA‑ILD, rheumatoid arthritis‑interstitial lung disease; IPF, idiopathic pulmonary fibrosis; BALF, bronchoalveolar lavage fluid.

Table III. Expression levels of the genes analyzed.

Gene IPF RA‑ILD P‑value

p62 0.90 (0.32‑5.47) 0.95 (0.49‑2.22) NS
BNIP3 0.98 (0.16‑10.37) 1.07 (0‑14.29) NS
BECLIN1 0.83 (0.32‑1.88) 1.09 (0.56‑1.66) <0.01
ULK1 1.24 (0.40‑3.59) 1.09 (0‑8.76) NS
S100A9 0.70 (0.28‑5.71) 0.81 (0.35‑3.22) NS
PINK1 0.99 (0.26‑2.33) 0.83 (0.12‑2.68) NS
PARKIN 0.99 (0‑3.64) 0.88 (0‑1.68) NS

IPF (n=55), RA‑ILD (n=20). Data are presented as the median (range). 
Mann‑Whitney U test, P<0.05 is considered statistically significant. 
RA‑ILD, rheumatoid arthritis‑interstitial lung disease; IPF, idiopathic 
pulmonary fibrosis.
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investigated molecules that determine mitochondrial degra-
dation are PTEN‑induced putative kinase 1 (PINK1) and 
PARKIN. No differences in the expression levels of PINK1 and 
PARKIN were observed between the IPF (n=55) and RA‑ILD 
(n=20) groups (Fig. 3A and B). The PINK1 protein levels were 
also evaluated in the IPF (n=11) and RA‑ILD (n=7) BALF 
cells and no significant difference was observed (Mann‑
Whitney U test, no significance). A representative western blot 
is presented in Fig. 3C.

Discussion

Idiopathic‑ and autoimmune‑related ILD share some intriguing 
similarities in clinical presentation (10,33), as well as in patho-
genetic processes (19,34) and genetic predisposition (35). In the 
current study, gene and protein expression of key autophagy‑
related molecules were evaluated in BALF cells derived from 
patients with IPF and RA‑ILD. BECLIN1 expression was 
significantly upregulated in the BALF cells derived from 
patients with RA‑ILD compared to those derived from patients 
with IPF. However, additional gene expression analysis of p62, 
ULK1 and BNIP3, also involved in the autophagy pathway, did 
not display any statistically significant differences between the 
groups. As regards the selective degradation of mitochondria 
by mitophagy, we found the same mRNA expression levels of 
PINK1 and PARKIN, while no significant differences were 
observed in the protein levels of PINK1.

Oxidative stress, endoplasmic reticulum stress and hypoxia 
are not only mechanisms implicated in the pathogenesis of 
IPF, but also inducers of autophagy (29).A previous study by 
Patel et al examined markers of autophagic activity (LC3 and 
p62) in human IPF lungs and the number of autophagosomes 
and it was detected that autophagy was not induced in human 
IPF lungs (15). Another study claimed that there was insuffi-
cient autophagy in alveolar epithelial cells in lungs of patients 
with IPF, which may lead to epithelial cell senescence, whereas 
in fibroblasts, insufficient autophagy may induce differentia-
tion into myofibroblasts (36). Bueno et al proposed that there 
may be an induction of the autophagy process in alveolar 
epithelial cells (AECs) in IPF, but finally the autophagy flux 
is impaired (31). Contrariwise, in RA, increased autophagy 
has been associated with RA fibroblast‑like synovio-
cytes (RA‑FLS) (37), leading to the production of citrullinated 
proteins, a hallmark in disease pathogenesis (38). Of note, one 
commonly used medication for RA treatment is hydroxychlo-
roquine (Plaquenil), a disease‑modifying anti‑rheumatic agent. 
Notably, hydroxychloroquine is an inhibitor of lysosomal 
acidification and mostly accumulates in acidic cytoplasmic 
vesicles. Another study demonstrated that the inhibition of the 
autophagy‑related protein, histone deacetylase 6 (HDAC6), 
reduces the inflammatory cytokine secretion from macro-
phages and FLS, and ameliorates arthritis disease severity in 
mouse models (39). Alterations to the regulation of autophagy 
have also been identified to contribute to the progression of 
other autoimmune diseases (40).

Although autophagy has been well described in IPF 
AECs and fibroblasts and in RA sunovium, its role in alveolar 
macrophages remains unknown. Alveolar macrophages 
represent very important cells in lung composition, since they 
play a central role in inflammation, host defense and tissue 

homeostasis. They participate in all stages of the fibrotic 
process, as they serve as key regulators of fibroblast recruit-
ment, proliferation and activation. It is currently believed that 
macrophages within the lung orchestrate the downstream 
progression and maintenance of fibrosis (13). Furthermore, 
smoking, related to the pathogenesis of both diseases, has been 
linked to a defect in functional autophagy in alveolar macro-
phages (6). BAL is a minimally invasive procedure, providing 
immune cells from the alveolar compartment and is an excel-
lent research tool for the investigation of alveolar macrophages. 
This study demonstrated that, in BALF cells, the mRNA levels 
of major contributors to the selective degradation of cellular 
components; p62, BNIP3 and ULK1, were similarly expressed 
in idiopathic and autoimmune lung fibrosis.

Of note, BECLIN1, a major autophagic regulator and tumor 
suppressor protein (41), was found significantly upregulated 
in BALF cells derived from patients with RA‑ILD compared 
to those from patients with IPF. BECLIN1 is required for the 
initiation of autophagosome formation. Hypoxia, a critical 
component in interstitial lung diseases (42,43) regulates 
autophagy, and this activation requires BECLIN1 (44). Recent 
data have indicated that BECLIN1 is downregulated in fibro-
blasts from patients with IPF (45). Furthermore, Nintedanib, 
an approved medication for the treatment of IPF, has been 
demonstrated to induce autophagy in IPF fibroblasts in a 
BECLIN1‑dependent manner (16). In this study, although the 
mRNA levels of BECLIN1 were significantly lower in BALF 
cells from patients with IPF compared to those from patients 
with RA‑ILD, this is not a sufficient marker alone to imply the 
decrease in the regulation of autophagy in IPF.

Mitophagy is a form of macroautophagy that selectively 
degrades damaged mitochondria. Mitochondrial kinase PINK1 
senses damage and signals this to the cytosolic E3 ligase, 
PARKIN. PINK1 expression decreases with age, leading to the 
accumulation of damaged mitochondria. In lungs affected by 
IPF, further dysregulation of many of the regulatory mecha-
nisms that control mitochondrial function has recently been 
identified in epithelial cells, fibroblasts and macrophages (30). 
Dysfunctional mitochondria in IPF have been associated with 
the decreased expression of the major regulatory molecule 
of mitophagy, PINK1, in AECs from patients with IPF (31); 
however, of note, no difference was observed in fibroblasts (31). 
PINK1‑deficient mice exhibit susceptibility to apoptosis and 
spontaneous TGFβ‑driven lung fibrosis and a low expression 
of PINK1 promotes fibroblast to myofibroblast transition (46). 
Similarly, PARKIN deficiency enhanced myofibroblast 
differentiation and pro‑fibrotic signaling (32). Notably, in this 
study, we observed that, PINK1 and PARKIN were similarly 
expressed in BALF cells from patients with IPF and RA‑ILD, 
which suggests a role of mitophagy in rheumatoid lung disease.

Although the results of this study provide evidence of 
similar levels of major autophagy molecules in BALF cells 
from patients with IPF and RA‑ILD, certain limitations should 
be noted. Autophagy is a dynamic process and the evaluation 
of the expression of key molecules in the process, is not an 
efficient marker of the autophagic levels. A better character-
ization of the autophagic pathway in interstitial lung disease 
requires the evaluation not only of the mRNA levels of certain 
regulatory molecules and the protein levels at a steady state 
condition, but also an assessment of the autophagic flux (28). 
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For instance, using a substance that can block the turnover 
of autophagosomes is a widely used method to estimate the 
potent accumulation of autophagosomes.

Conclusively, the findings of this study provide insight into 
the autophagic pathway in BALF cells derived from patients 
with both idiopathic‑ and autoimmune‑related ILD. Further 
research is required to better define the autophagy machinery 
in BALF cells from patients with ILD, with regards to under-
standing the disease pathogenesis and establishing novel 
therapeutic targets.
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