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Alveolar epithelial cells in idiopathic pulmonary fibrosis 
display upregulation of TRAIL, DR4 and DR5 expression 
with simultaneous preferential over-expression of  
pro-apoptotic marker p53
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Abstract: Idiopathic pulmonary fibrosis (IPF) is a progressive, debilitating, and fatal lung disease of unknown aetiol-
ogy with no current cure. The pathogenesis of IPF remains unclear but repeated alveolar epithelial cell (AEC) injuries 
and subsequent apoptosis are believed to be among the initiating/ongoing triggers. However, the precise mecha-
nism of apoptotic induction is hitherto elusive. In this study, we investigated expression of a panel of pro-apoptotic 
and cell cycle regulatory proteins in 21 IPF and 19 control lung tissue samples. We reveal significant upregulation 
of the apoptosis-inducing ligand TRAIL and its cognate receptors DR4 and DR5 in AEC within active lesions of IPF 
lungs. This upregulation was accompanied by pro-apoptotic protein p53 overexpression. In contrast, myofibroblasts 
within the fibroblastic foci of IPF lungs exhibited high TRAIL, DR4 and DR5 expression but negligible p53 expression. 
Similarly, p53 expression was absent or negligible in IPF and control alveolar macrophages and lymphocytes. No 
significant differences in TRAIL expression were noted in these cell types between IPF and control lungs. However, 
DR4 and DR5 upregulation was detected in IPF alveolar macrophages and lymphocytes. The marker of cellular 
senescence p21WAF1 was upregulated within affected AEC in IPF lungs. Cell cycle regulatory proteins Cyclin D1 and 
SOCS3 were significantly enhanced in AEC within the remodelled fibrotic areas of IPF lungs but expression was 
negligible in myofibroblasts. Taken together these findings suggest that, within the remodelled fibrotic areas of IPF, 
AEC can display markers associated with proliferation, senescence, and apoptotosis, where TRAIL could drive the 
apoptotic response. Clear understanding of disease processes and identification of therapeutic targets will direct 
us to develop effective therapies for IPF.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic 
progressive fibrosing interstitial pneumonia of 
unknown aetiology, occurring primarily in older 
adults and limited to the lungs [1]. Mean sur-
vival is 2-3 years from initial diagnosis and, to 
date there is no effective treatment able to halt 
or reverse disease progression [2]. Histological 
features of IPF, as defined by Usual Interstitial 
Pneumonia (UIP), include a diagnostic patch-
work of unaffected lung alternating with remod-
elled fibrotic lung involving type I alveolar epi-
thelial cell (AEC) destruction, type II AEC 
hyperplasia and areas of inactive collagen type 

scaring. Formation of fibroblastic foci is a key 
feature of UIP reflecting sites of active ongoing 
fibrogenesis [1, 3].

The pathogenesis of IPF is not fully understood; 
however, current evidence suggests a failure or 
imbalance in a number of signalling pathways 
eventually leading to alveolar epithelial cell loss 
and myofibroblast accumulation. Myofibroblasts 
are contractile differentiated fibroblast pheno-
types responsible for the excessive collagen 
deposition and tissue remodelling seen in IPF 
[4]. Excessive myofibroblast accumulation is 
believed to be secondary to repeated AEC inju-
ries [5, 6]. Due to subtle evidence of local or 
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systemic inflammatory responses during dis-
ease progression, it is possible that affected/
injured AEC undergo apoptosis rather than 
necrosis. This concept of excessive AEC apop-
tosis is supported by a growing body of evi-
dence [7-9]. More recently, it has been reported 
that severe and chronic endoplasmic reticulum 
stress in AEC could be an underlying cause of 
AEC apoptosis, potentially linked with sporadic 
IPF [10-12]. A significant up-regulation of pro-
apoptotic proteins p53, bax and caspase-3 
with associated down-regulation of anti-apop-
totic protein Bcl-2 was found in IPF alveolar epi-
thelial cells [13]. Fas-FasL-mediated apoptosis 
in alveolar epithelial cells and their association 
in aberrant alveolar wound repair in IPF have 
been implicated [14]. However, another potent 
apoptosis-inducing molecule TRAIL and its 
involvement in IPF pathogenesis remains wide-
ly unexplored.

TRAIL (TNF-related apoptosis-inducing ligand, 
also known as Apo2L), a member of the TNF 
superfamily, has been shown to induce apopto-
sis via DR4 and DR5 receptor binding [15-17]. 
TRAIL has been reported to induce apoptosis in 
various tumour cells but not in nontransformed, 
normal cells [18-20]. It has also been demon-
strated that soluble human TRAIL can induce 
apoptosis in human primary lung airway epithe-
lial cells and hepatocytes [21, 22]. Moreover, 
TRAIL and its receptors have been implicated in 
several extra-pulmonary disease pathologies 
including chronic pancreatitis [23], diabetic 
nephropathy [24], inflammatory bowel diseases 
[25, 26], chronic cholestatic disease [27], hep-
atitis [28] and intervertebral disk degeneration 
[29]. We have previously demonstrated that 
TRAIL-expressing club (Clara) cells could be 
involved in AEC apoptosis and subsequent 
fibrogenesis in IPF [21].

Here, we have explored expression of TRAIL 
and its apoptosis executing receptor pair DR4 
and DR5 in lung tissue samples of 21 IPF cases 
and 19 controls using a semi-quantitative 
immunohistochemical analysis [30]. In normal 
lungs, alveolar progenitors, type II AEC, remain 
quiescent but proliferate and differentiate into 
type I AEC as part of a reparative process [31]. 
In IPF, type II AEC appeared hyperplastic within 
the affected fibrotic lung suggestive of attempt-
ed repair. Our data suggests widespread upreg-
ulation of TRAIL, DR4 and DR5 in type II AEC 
and myofibroblasts of IPF lungs; with specific 
pro-apoptotic marker p53 expression and 

TUNEL-positive signals only detected in type II 
AEC within diseased alveolar areas. TRAIL 
receptors DR4 and DR5 were expressed in 
macrophages and lymphocytes with no appar-
ent differences in TRAIL expression between 
IPF and control samples. The p53 expression 
was either absent or negligible in IPF macro-
phages and lymphocytes. These findings sug-
gest that TRAIL-mediated apoptosis could play 
a role in the relentless AEC destruction underly-
ing the progressive pathogenesis of IPF.

Materials and methods

Study participants

Formalin-fixed, paraffin-embedded lung tissue 
samples from 21 IPF and 19 control subjects; 
histologically defined normal lung sections 
from subjects who had undergone lobectomy 
for cancer, were examined for expression of 
apoptotic and cell cycle markers. H&E stained 
slides from IPF tissue samples were reviewed 
by an independent pathologist to confirm a 
diagnosis of usual interstitial pneumonia (UIP) 
in line with recognised criteria [1]. The study 
received prior approval from the local research 
ethics committee (REC 08/H1203/6). 

Immunohistochemical analysis

Immunohistochemical analysis was performed 
following previously described methodology 
[30]. Briefly, formalin-fixed, paraffin-embedded 
lung tissue samples were deparaffinised in 
Xylene and rehydrated through a series of alco-
hols to water. Antigen retrieval was performed 
in citrate buffer (pH 6) microwaved for 20 min-
utes. Antibodies were optimised according to 
manufacturer’s instructions (Table 1). Immuno- 
histochemistry was performed using the En 
Vision system (Dako, Glostrup, Denmark). For 
dual immunohistochemistry staining, an avidin 
biotin block was performed after completion of 
the first antibody labelled with Diaminobenzidine 
(DAB) to prevent cross reaction with the En 
Vision kit. The second antibody was labelled 
with Very Intense Purple (VIP, Lab Vision, UK). 
Sections were counterstained using either hae-
matoxylin Z (CellPath, UK) or Alcian Blue.

TUNEL assay

Combined TUNEL (terminal deoxynucleotidyl 
transferase mediated deoxyuridine triphos-
phate nick end-labelling) and immunohisto-
chemistry with proSP-C antibody on lung tissue 
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was performed using In Situ Cell Death 
Detection Kit, Fluorescein (Roche Applied 
Science, USA) following previously described 
methodology [21]. Briefly, samples were treat-
ed with proSP-C primary antibody (polyclonal, 
ab40879, dilution 1:250; Abcam, Cambridge, 
UK) and visualised by secondary antibody anti-
rabbit IgG-NL493 (dilution 1:200, Northern- 
Lights, R & D System, MN, USA). Afterwards, 
TUNEL was performed following the manufac-
turer’s instructions. Samples were examined 
under laser scanning confocal microscope and 
images were captured.

Semiquantitative analysis

Semiquantitative analysis was performed fol-
lowing previously described methodology [30]. 
Briefly, tissue sections were reviewed by the 
lead investigator alongside an independent 
pathologist and scored by examining expres-
sion of markers at sites of fibroblastic foci, type 
II AEC, alveolar macrophages and lymphocytes 
in IPF and control samples. For type II AEC in 
IPF samples, 100 hyperplasic cells were count-
ed and the number of cells expressing each 
marker was recorded. The same was performed 
on normal appearing type II AEC in the control 
samples. This semi-quantitative analysis was 

Tukey’s multiple comparison analysis. A p-value 
of <0.05 was considered to indicate statistical 
significance. Data are presented as mean ± 
SEM (standard error of mean). Statistical analy-
sis was conducted using GraphPad Prism ver-
sion 5.00 software (GraphPad Software, San 
Diego, CA, USA).

Results

Widespread TRAIL and associated receptor 
upregulation in IPF lung tissue

The apoptotic ligand, TRAIL and corresponding 
receptors DR4 and DR5 have been implicated 
in extra-pulmonary disease pathogenesis [23-
28]. Previously, we have demonstrated a puta-
tive pathognomic function of TRAIL-expressing 
club (Clara) cells in IPF [21]. Here we further 
explored the expression profile of TRAIL and its 
receptors in lung tissues obtained from 21 IPF 
cases and 19 healthy controls. TRAIL expres-
sion was significantly upregulated in AEC within 
the vicinity of the fibrotic lesions of IPF lungs 
compared to the alveolar regions of healthy 
controls (mean expression score 4.33 ± 0.14 
vs 1.26 ± 0.26, p<0.0001) (Figure 1A, 1D, 1G). 
The myofibroblasts within the fibroblastic foci 
(FF) demonstrated a moderately high degree of 

Table 1. Details of the antibodies, dilutions, incubation times and cellular localisation of markers us- 
ed in this study
Antibody (clone no) Source Dilution/incubation time Localisation
Cyclin D1 (SP4) Lab Vision Corporation (USA) 1:10, RT 30 mins Nuclear
SOCS3 (ab3693) Abcam (UK) 1:100, RT 30 mins with PB Cytoplasmic 
p53 (DO-7) Dako Cytomation (Denmark) 1:800, RT 30 mins Nuclear/cytoplasmic
p21WAF1 (SX118) Dako Cytomation (Denmark) 1:50, RT 30 mins Nuclear
TRAIL (ab2435) Abcam (UK) 1:75, 30 mins RT with PB Membrane/Cytoplasmic 
DR4 (ab8414) Abcam (UK) 1:200, 30 mins RT with PB Membrane
DR5 (ab8416) Abcam (UK) 1:800, 30 mins RT with PB Membrane
proSP-C (ab40879) Abcam (UK) 1:1500, 30 min RT with PB Cytoplasmic
RT = room temperature, PB = protein block.

Table 2. Modified Allred scoring system for semi-quantitative 
immunohistochemical analysis [32]
Staining score Positive staining cells (%) Descriptive expression
0 0 No expression
1 <1 Negligible expression
2 1 to 10 Scanty expression
3 10 to 33 Low-moderate expression
4 33 to 66 Moderate expression
5 >66 Extensive expression

also applied for lymphocytes and 
macrophages. A semi-quantitative 
analysis was used to compare 
groups using a modified Allred scor-
ing system, also referred to as the 
Quick score method [32] (Table 2).

Statistical analysis

The significance of difference 
between groups was determined by 
one way ANOVA, with post hoc 
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TRAIL expression (mean expression score 2.71 
± 0.38) (Figure 1D, 1G). However, no significant 
differences in TRAIL expression were observed 
in macrophages and lymphocytes of IPF lungs 
when compared with those of healthy controls 

(Figure 1G). TRAIL receptors DR4 and DR5 were 
significantly upregulated in AEC (mean expres-
sion score DR4, 4.86 ± 0.08 IPF vs 1.86 ± 0.32 
Control, p<0.0001; DR5, 4.95 ± 0.05 IPF vs 
1.26 ± 0.32 Control, p<0.0001), macrophages 

Figure 1. Immunohistochemical analysis of IPF and control lungs for expression of TRAIL and its receptors DR4 and 
DR5. (A, D) TRAIL expression detection in the alveolar regions of normal (A) and IPF lung tissue (D). Negligible TRAIL 
expression was detected in control lung but was highly expressed in AEC (black arrow) and myofibroblasts (red ar-
row) of IPF lung. (B, E) Immunostaing for DR4 on normal (B) and IPF (E) lung tissue. High level of DR4 expression was 
detected in AEC over the fibrotic foci (FF), myofibroblasts and macrophages (M) of IPF lung (E), arrow indicates DR4 
positive AEC. (C, F) Immunostaing for DR5 on normal (C) and IPF (F) lung tissue. Bronchiolar epithelial cells stains 
positive for DR5 (arrow) but AEC are negative in control lung. DR5 positively stained macrophages (M) are observed 
in control lung. Significantly increased DR5 expression is detected in AEC (arrows), myofibroblasts, macrophages 
and lymphocytes (F). (G-I) Mean expression score profiles for TRAIL (G), DR4 (H) and DR5 (I) on control (open bar) 
and IPF (black bar) lungs respectively. FF indicates myofibroblasts within the fibroblastic foci. Image magnification 
400x (A-C) and 200x (D-F). *p<0.05, **p<0.001, ***p<0.0001 vs control. ns = not significant, M = macrophages.
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(DR4, 4.48 ± 0.21 IPF vs 3.21 ± 0.33 Control, 
p<0.001; DR5, 4.86 ± 0.10 IPF vs 2.53 ± 0.26 
Control, p<0.0001) and lymphocytes (DR4, 
2.00 ± 0.26 IPF vs 0.89 ± 0.26 Control, p<0.05; 
DR5, 4.05 ± 0.19 IPF vs 2.16 ± 0.40 Control, 
p<0.0001) of IPF lungs vs. control counterparts 
(Figure 1B, 1C, 1E, 1F, 1H, 1I). Extensive DR4 
and DR5 expression were detected in myofibro-
blasts of IPF lung tissue samples (mean expres-
sion score 3.43 ± 0.27 and 3.76 ± 0.23 respec-
tively, Figure 1E, 1F, 1H, 1I). Overall, these data 
reflect a global upregulation of DR4 and DR5 in 
epithelial, mesenchymal and inflammatory cell 
populations of IPF lung; where, TRAIL upregula-
tion was largely restricted to alveolar epithelial 
cells and myofibroblasts.

Pro-apoptotic marker p53 expression profile in 
IPF lungs 

To evaluate p53 expression in type II AEC, we 
performed dual immunohistochemistry (IHC) 
analysis using anti-proSP-C and anti-p53 anti-
bodies on IPF and control lung tissue samples. 
A significant level of nuclear p53 expression 
was detected in type II AEC within the fibrotic 
areas of IPF lungs; in contrast its expression 
was undetectable in control lung tissue sam-
ples (mean expression score 3.10 ± 0.17 vs 
0.00, p<0.0001) (Figure 2). Only two out of 21 
IPF cases demonstrated myofibroblast p53 
expression with expression scores of 2.00 and 
1.00; the overall mean expression score was 

Figure 2. Dual-labelled immunohistochemistry of IPF and control lung samples for p53 and SP-C expression. (A) 
SP-C cytoplasmic stained (brown) AEC are negative for p53 nuclear staining (arrow, negative blue nucleus). (B) 
Patchy nuclear expression of p53 (very intense purple) is observed in SP-C positive AEC within the fibrotic lesions of 
IPF lung samples (arrow). (C) Increased level of dual-positive p53/SP-C AEC are detected at the areas covering fibro-
blastic foci (FF) (inset, black arrow indicates dual positive cells, red arrow indicates p53 negative but SP-C positive 
AEC). Myofibroblasts within the fibroblastic foci (FF) are negative for both p53 and SP-C. (D) Mean expression score 
profiles for p53 on control (open bar) and IPF (black bar) lung tissue samples respectively. FF indicates myofibro-
blasts within the fibroblastic foci. Image magnification 400x (A), 200x (B, C). ***p<0.0001 vs control.
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Figure 3. Dual TUNEL and immunohistochemistry with proSP-C on human lung tissue samples. TUNEL positive AEC 
were not detected in control lung tissues (A). Increased number of TUNEL positive (green nuclei, arrows) AEC (red 
cytoplasmic stain) were detected in IPF lung tissue sample (B). 

0.14 ± 0.10 (Figure 2C, 2D). No p53 expression 
was detected in macrophages of IPF or control 
lung tissue samples (Figure 2D). There was 
ngligible expression of p53 in lymphocytes of 
both IPF and control lung tissues with no statis-
tical significant difference (Figure 2D). In addi-
tion, the TUNEL assay detected an increased 
number of Tunel positive AEC within the affect-
ed fibrotic lesions of IPF lung tissue samples 
(Figure 3B). 

p21WAF1 upregulation in AEC of IPF lungs

p21WAF1, a cell cycle arrest molecule, expression 
in type II AEC was evaluated by conducting dual 
immunohistochemical analysis with anti-proSP-
C and anti-p21WAF1 antibodies. No p21WAF1 
expression was detected in the AEC of control 
lung tissue samples (Figure 4A). Conserved 
areas of IPF lung did not express p21WAF1 within 
alveoli (Figure 4B). Nuclear expression of 
p21WAF1 in AEC within the fibrotic areas of the 
IPF lungs was variable but significantly incre- 
ased compared to control lungs (mean expres-
sion score 3.43 ± 0.15; p<0.0001) (Figure 4C, 
4D). Myofibroblasts within the fibroblastic foci 
demonstrated negligible expression of p21WAF1 
(mean expression score 0.19 ± 0.13) (Figure 
4C, 4D). p21WAF1 expression was also negligible 
or absent in lymphocytes and macrophages in 
both IPF and control lung tissue samples 
(Figure 4D). The pattern of p21WAF expression 

appears similar to that of p53 in control and IPF 
lung tissues.

Cyclin D1 and SOCS3 expression

Cyclin D1 and SOCS3 expression in IPF lung tis-
sue samples was assessed using dual immuno-
histochemical analysis. These markers were 
selected for dual IHC as SOCS3 has been 
shown to inactivate STAT3 resulting in the pro-
motion of Cyclin D1 leading to cell cycle pro-
gression [33]. Nuclear Cyclin D1 expression 
was scanty in control AEC compared to exten-
sive expression in hyperplastic AEC in the IPF 
group (mean expression score 1.42 ± 0.32 vs 
4.48 ± 0.15, p<0.0001) (Figure 5A-E). Low but 
significant Cyclin D1 expression was detected 
in macrophages (0.26 ± 0.10 vs 1.75 ± 0.25, 
p<0.0001) and lymphocytes (0.16 ± 0.12 vs 
1.10 ± 0.22, p<0.05) within the fibrotic IPF lung 
tissues compared to control lung samples 
(Figure 5E). Cyclin D1 expression was negligi-
ble within the fibroblastic foci (mean expression 
score 0.4 ± 0.18). A significant increase in cyto-
plasmic SOCS3 expression was observed in IPF 
AEC compared with control cells (mean expres-
sion score 4.81 ± 0.11 vs 0.11 ± 0.11, 
p<0.0001) (Figure 5B, 5D, 5F). High levels of 
SOCS3 expression were also observed in IPF 
macrophages compared to control (mean 
expression score 4.76 ± 0.10 vs 2.95 ± 0.26, 
p<0.0001) (Figure 5F). However, SOCS3 
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expression in IPF lymphocytes was negligible 
and absent in control lung lymphocytes (Figure 
5F). Scanty expression of SOCS3 was identified 
within the fibroblastic foci (mean expression 
score 1.10 ± 0.29) (Figure 5C, 5D, 5F). In most 
of the cases, cells were co-expressing Cyclin 
D1 with SOCS3.

Discussion

Idiopathic pulmonary fibrosis is considered to 
be a consequence of aberrant alveolar wound 
repair driven by complex interactive events of 
AEC apoptosis, dysregulated epithelial-mesen-
chymal homeostasis, basement membrane 
disruption and unbalanced immune response 
[5-9, 34, 35]. One key feature, overt AEC apop-
tosis in IPF, is evident but the initiating trigger 

remains elusive. In this study we have demon-
strated a widespread upregulation of TRAIL and 
its pro-apoptotic receptors DR4 and DR5 in 
hyperplastic AEC of IPF lung tissue samples. 
Although TRAIL and its receptors are detected 
in most tissue and organ systems in humans 
[36], their precise physiological role is widely 
unknown. The main function of TRAIL appears 
to be as a negative regulator of the immune 
system to prevent autoimmunity [37]. TRAIL 
may also serve as a critical effector molecule 
on activated T and B lymphocytes, natural killer 
cells, monocytes, and dendritic cells [38-40].

Initially, it was reported that TRAIL only induces 
apoptosis in transformed cancer cells; howev-
er, increasing evidence suggests that TRAIL 
can also trigger apoptosis in non-transformed 

Figure 4. Dual-labelled immunohistochemistry of IPF and control lung samples for p21WAF1 and SP-C expression. A. 
SP-C cytoplasmic stained (brown) AEC show negative staining for p21WAF1 nuclear staining (arrow) in control lung. 
B. A representative image of conserved area of IPF lung demonstrating no p21WAF1 expression. C. Increased level 
of dual-positive p21WAF1/SP-C AEC (VIP stain showing dark brown against brown cytoplasmic background) are de-
tected at the areas covering fibroblastic foci (FF) (black arrows). p21WAF1 negative but SP-C positive type II AEC are 
shown by red arrow. D. Mean expression score profiles for p21WAF1 on control (open bar) and IPF (black bar) lung 
tissue samples respectively. FF indicates myofibroblasts within the fibroblastic foci. Image magnification 400x for 
all. ***p<0.0001 vs control.
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primary human hepatocytes, thymocytes, neu-
ral cells and small airway epithelial cells (SAEC) 

[21, 22, 37, 41]. Moreover, TRAIL-mediated 
apoptosis has been reported in many chronic 

Figure 5. Dual-labelled immunohistochemistry of IPF and control lung samples for Cyclin D1 and SOCS3 expres-
sion. (A) Representative histological image of control lung tissue shows no Cyclin D1 or SOCS expression within 
the alveoli. SOCS3 expression is expressed by macrophages (purple cytoplasmic stain) (arrow). (B) IPF lung tissue 
demonstrates dual expression of nuclear Cyclin D1 (brown) and cytoplasmic SOCS3 (purple) in the hyperplastic 
AEC (black arrows). Extensive expression of SOCS3 within the ciliated epithelium was also noted (red arrows). (C, D) 
Two separate IPF tissue samples with AEC overlying fibroblastic foci expressing both Cyclin D1 (brown) and SOCS3 
(purple), however, cells within the foci did not express either marker. Red arrow indicates dual-negative AEC (C). (E, 
F) Mean expression score profiles for Cyclin D1 and SOCS3 on 19 control (open bar) and 21 IPF (black bar) lung 
tissue samples respectively. FF indicates myofibroblasts within the fibroblastic foci. Image magnification 200x (A), 
400x (B-D). *p<0.05, ***p<0.0001 vs control. M = macrophages.
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disease states. For example, in chronic pancre-
atitis the pancreatic stellate cells overexpress 
TRAIL and directly contribute to the acinar 
regression through induction of apoptosis in 
parenchymal cells via a TRAIL-receptor-medi- 
ated apoptosis mechanism [23]. TRAIL-medi- 
ated apoptosis has been reported as a key 
mediator for progression of human diabetic 
nephropathy where TRAIL-overexpression in 
renal tubular epithelial cells is associated with 
severe tubular atrophy and interstitial fibrosis 
[24]. Other studies have demonstrated upregu-
lation of TRAIL in intestinal epithelial cells asso-
ciated with epithelial cell destruction through 
TRAIL-mediated apoptosis and progression of 
inflammatory bowel disease such as ulcerative 
colitis and Crohn’s disease, while down-regula-
tion is associated with the refractory stages of 
the disease [25, 26]. TRAIL involvement has 
also been demonstrated in the pathogenesis of 
bronchial asthma. Administration of recombi-
nant TRAIL induces asthma-like pathological 
features in animal models. High levels of TRAIL 
have also been detected in the sputum of asth-
matic patients [42]. We previously reported 
that direct contact of TRAIL-expressing club 
(Clara) cells can induce apoptosis in AEC, and 
that TRAIL-expressing club cells are present 
within the apoptotic AEC population of the 
fibrotic areas in IPF lungs [21]. In this current 
study, utilising the same cohort of lung tissue 
samples we report an upregulation of TRAIL 
and its cognate receptors in AEC within the 
fibrotic lesions of IPF lungs. We therefore sug-
gest a possible pathognomic role of TRAIL in 
the initiation and/or progression of IPF; albeit 
that a recent non-quantitative immunohisto-
chemistry study on only 5 IPF cases showed a 
relatively low TRAIL expression in IPF alveolar 
epithelial cells [43]. 

In support of our hypothesis that TRAIL-
mediated AEC apoptosis is a key event in IPF 
pathogenesis, we have demonstrated preferen-
tial expression of the pro-apoptotic protein, 
p53, in AEC within the affected fibrosed areas 
of IPF lungs, in line with previous findings [13, 
44]. The presence of apoptotic AEC in IPF lung 
tissue was further confirmed by the TUNEL 
assay. Wild-type p53 acts to suppress cell 
growth through its downstream cell cycle arrest 
molecule p21WAF1 whilst the cell attempts to 
repair DNA damage; however, if DNA damage is 
irreparable it promotes apoptosis [45, 46]. The 
p21 expression is simultaneously induced with 

p53 after cellular stress, and is a crucial down-
stream effector in the p53 specific pathway of 
cell cycle control in mammalian cells [47]. Data 
shows that p21 modulates cell survival either 
by promoting DNA repair or by ensuing cell 
death caused by various stress stimuli [48-50]. 
Over activity of p53, however, can bypass 
p21-mediated cell cycle arrest and execute cell 
apoptosis. The p53 activity is negatively regu-
lated by interaction with Mdm2 protein that 
normally targets p53 for degradation via the 
ubiquitin-mediated proteasome pathway [51]. 
Interestingly, p53 conjugation with Mdm2 was 
found to be decreased in IPF lung tissue sam-
ples compared with controls, suggesting an 
exaggerated p53 activity [44]. In fact, DNA 
damage and apoptosis have been associated 
with the upregulation of p53 and p21 proteins 
in bronchiolar and alveolar epithelial cells in IPF 
lungs [52]. Our data adds to the above findings, 
and suggests that a TRAIL-p53 apoptotic axis 
could be activated during fibrogenesis of IPF. 
Moreover, AEC within the fibrotic milieu are like-
ly to be more susceptible to TRAIL-mediated 
apoptosis due to local elevation of TNF-α and 
IL-1β [53-55]. It has been reported that inflam-
matory cytokines, TNF-α and IL-1β, can sensi-
tise normal primary human epithelial cells to 
TRAIL-mediated apoptosis [56, 57]. Further- 
more, studies have identified TRAIL as a 
p53-target gene that may play a central role in 
mediating p53-dependent cell death. TRAIL 
receptors DR4, DR5 are directly regulated by 
p53 and so the induction of TRAIL in a p53 
-dependent manner suggests that p53 not only 
controls pro-apoptotic receptor expression but 
also expression of the TRAIL ligand [58-60]. 
These previous studies suggest that in our 
study AEC populations with concurrent upregu-
lation of p53 and TRAIL machineries, are likely 
to be vulnerable to apoptosis. However, due to 
the observed simultaneous upregulation of 
p21WAF1 in IPF AEC, we cannot preclude that a 
subpopulation of AEC undergo cell cycle arrest 
or senescence.

Although AEC in IPF lungs are prone to apopto-
sis, it has been reported that myofibroblasts 
and inflammatory cells of IPF lungs are relative-
ly resistant to apoptosis [61, 62]. Our data 
shows a negligible expression of p53 and 
p21WAF1 in the myofibroblast populations within 
the fibroblastic foci, suggesting an apoptotic-
resistant phenotype. Furthermore, due to negli-
gible p53 expression, we can speculate that 
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myofibroblasts are not under genotoxic stress 
which is likely to be occurring in AEC of IPF 
lungs. However, we cannot explain why, in spite 
of upregulation of TRAIL and its receptors in 
myofibroblasts, these cells would appear to be 
resistant to apoptosis. Studies show that 
upregulation of apoptosis-resistant proteins 
survivin and XIAP in IPF myofibroblasts prevent 
them from undergoing Fas-mediated apoptosis 
[63, 64]. Therefore, further exploration is 
required to determine whether these anti-apop-
totic mediators have any negative role on TRAIL-
mediated apoptosis, particularly in IPF myofi-
broblasts. The recent small non-quantitative 
study on 3 controls and 5 IPF cases by McGrath 
and colleague [43] demonstrated a reduction 
of TRAIL expression in IPF alveolar macro-
phages which contradicts our semi-quantita-
tive data demonstrating no significant changes 
in TRAIL expression in alveolar macrophages 
and lymphocytes between IPF and control lung 
tissue samples. Moreover, due to absent or 
negligible expression of p53 and p21WAF1 in IPF 
and normal macrophages and lymphocytes, it 
could be suggested that these inflammatory 
cell pools are apoptotic-resistant. However, 
DR4 and DR5 expression was high in both of 
these cell types in IPF lungs compared to 
controls.

In IPF pathogenesis type I AEC destruction is 
observed, with type II AEC proliferation occur-
ring in an attempt at alveolar wall repair. Our 
study, exhibits an upregulation of Cyclin D1 and 
SOCS3 in AEC of affected areas of IPF lungs 
suggesting a proliferative phenotype of type II 
AEC. Cyclin D1, a cell cycle regulator protein, 
complexes with cyclin-dependent kinase-4 
(cdk4) and propagates cell cycle progression 
from G1 to S phase [65]. Suppressor of cyto-
kine signaling SOCS3 inhibits STAT3 resulting in 
the promotion of Cyclin D1, which then binds 
with cdk4 driving the cell through the S-phase 
of the cell cycle [33]. Evidence of a proliferative 
population of type II AEC was reported in our 
previous work demonstrated by an elevated 
level of the cell proliferation marker Ki-67 pro-
tein [30]. In contrast, myofibroblasts, in this 
present study, display negligible expression of 
both Cyclin D1 and SOCS3, and negligible Ki-67 
expression in our previous study on the same 
lung samples [30]. Considering our findings and 
existing literature, we suggest that in IPF, AEC 
exposed to genotoxic stress might undergo 
apoptosis through a TRAIL-mediated pathway 

driving a pathognomic process that promotes 
an overt fibroproliferative response and remod-
elling of the lung. Better understanding of these 
complex pathophysiological dynamics should 
be further explored on relevant in vitro and ani-
mal models, although this is hampered by cur-
rent lack of replicable models of IPF. Using 
sophisticated exploratory technologies it may 
be possible in future to dissect these inter-
twined patho-mechanisms in actual IPF affect-
ed lungs and identify key driving targets for 
development of selective and effective anti-IPF 
therapies.
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