
 

 

Introduction 
 
Idiopathic pulmonary fibrosis (IPF) is a devastat-
ing, progressive respiratory disease, with un-
known aetiology. Mean survival is 2-3 years 
from initial diagnosis [1] and to date there is no 
effective treatment able to halt or reverse dis-
ease progression and improve clinical outcome. 
 
Histological features of IPF, as defined by Usual 
Interstitial Pneumonia (UIP), include the diag-
nostic patchwork of normal unaffected lung 
alternating with remodelled fibrotic lung involv-
ing type I pneumocyte destruction, type II pneu-
mocyte hyperplasia and areas of inactive colla-
gen type scaring. Formation of fibroblastic foci 
is a key feature reflecting sites of active ongoing 

fibrogenesis. Increased numbers of fibroblastic 
foci have been associated with disease activity 
and a more rapid disease progression in IPF 
patients [2-4]. Within the context of the evolving 
tissue remodelling characteristic of IPF, this 
paper partly explores novel immunohistochemi-
cal markers as a tool for assessing histological 
disease status. 
 
The pathogenesis of IPF is still to be fully eluci-
dated; however current evidence suggests a 
failure or imbalance in a number of pathways 
eventually leading to the alveolar epithelial cell 
loss and differentiated fibroblast accumulation 
pathognomonic of this disease. Myofibroblasts, 
(which have contractile properties and express 
α-smooth muscle actin (α-SMA)) are responsible 
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Abstract: Aim: This study explored the cellular and biological interrelationships involved in Idiopathic Pulmonary Fibro-
sis (IPF) lung tissue remodelling using immunohistochemical analysis. Methods and results: IPF and control lung tis-
sues were examined for localisation of Epithelial Mesenchymal Transition (EMT), proliferation and growth factor mark-
ers assessing their relationship to key histological aberrations. E-cadherin was expressed in IPF and control (Alveolar 
type II) ATII cells (>75%). In IPF, mean expression of N-cadherin was scanty (<10%): however 4 cases demonstrated 
augmented expression in ATII cells correlating to histological disease status (Pearson correlation score 0.557). Twist 
was expressed within fibroblastic foci but not in ATII cells. Transforming Growth Factor- β (TGF-β) protein expression 
was significantly increased in IPF ATII cells with variable expression within fibroblastic foci.  Antigen Ki-67 was ob-
served within hyperplastic ATII cells but not in cells overlying foci. Collagen I and α-smooth muscle actin (α-SMA) were 
strongly expressed within fibroblastic foci (>75%); cytoplasmic collagen I in ATII cells was present in 3 IPF cases. IPF 
ATII cells demonstrated variable Surfactant Protein-C (SP-C). Conclusions: The pathogenesis of IPF is complex and 
involves multiple factors, possibly including EMT. Histological analysis suggests TGF-β-stimulated myofibroblasts initi-
ate a contractile response within established fibroblastic foci while proliferating ATII cells attempt to instigate alveolar 
epithelium repair. Marker expression (N-cadherin and Ki-67) correlation with histological disease activity (as reflected 
by fibroblastic foci extent) may emerge as future prognostic indicators for IPF.  
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for the excessive collagen deposition and tissue 
remodelling seen in IPF [5]. There are 4 possible 
sources of myofibroblasts: (1) resident fibro-
blast proliferation and differentiation [6]; (2) 
circulating fibrocytes attracted to regions of lung 
injury [7]; (3) endothelial-mesenchymal transi-
tion (EndMT) [8] and (4) epithelial-mesenchymal 
transition (EMT) [9-10]. 
 
EMT is a biological process whereby polarized 
epithelial cells undergo morphological changes 
to assume a mesenchymal phenotype [11]. EMT 
has been characterised by the switch from 
epithelial (E-cadherin) to mesenchymal (N-
cadherin) calcium-ion-dependent adhesion ac-
companied by the gain of other markers such as 
α-SMA [12]. During the process of EMT cells 
become more motile, invasive and gain resis-
tance to apoptosis [13]. EMT repairs damaged 
tissue via the production of fibroblasts and ex-
tracellular matrix (ECM), and has association 
with fibrosis in other organs [10, 13-16]. It is 
hypothesised that hyperplastic ATII cells, and/or 
lung endothelial cells in IPF, transform via EMT/
EndMT to produce the fibroblastic foci observed 
in IPF [17]. 

 
Several transcription and growth factors have 
been implicated in the pathogenesis of IPF and 
are recognised drivers of EMT. The transcription 
factor Twist, (not normally expressed in healthy 
human adult lung) inhibits proliferation and dif-
ferentiation of cells and is proposed to drive 
EMT [18]. Overexpression of Twist results in 
increased N-cadherin which in turn leads to a 
decrease in E-cadherin. Hypoxia or mechanical 
stresses are known to induce Twist expression 
[19]. Transforming Growth Factor-β (TGF-β) is 
implicated in tissue remodelling, with involve-
ment in differentiating fibroblasts to myofibro-
blasts [20] and inhibiting ATII cell proliferation 
[21]. TGF-β has also been reported to induce 
EMT [9] in cultured alveolar epithelial cells 
through Snail1, Snail2 and Smad-mediated sig-
nalling. In addition collagen I, which progres-
sively accumulates within IPF lungs, has been 
shown to promote EMT in lung cancer cells via 
associated TGF-β signalling [22]. 
 
To support the hypothesis of EMT as a putative 
driver in IPF pathogenesis, and consequent lung 
remodelling, we would anticipate histological 
evidence of reduced E-cadherin in ATII cells 
overlying areas of established fibrosis combined 
with augmented N-cadherin and Twist expres-
sion. TGF-β would be upregulated, with associ-

ated expression of collagen I and α-SMA.  
 
To date, much of the evidence presented on the 
potential source of fibroblasts and myofibro-
blasts has been based on cell culture and ani-
mal models of pulmonary fibrosis, which do not 
accurately reflect the disease. The present 
study uses immunohistochemical analysis to 
assess the presence and localisation of EMT 
markers in IPF patient lungs, and their relation-
ship to regions of tissue remodelling. Cell prolif-
eration associated antigen Ki-67 and cell cycle 
regulator p16INK4A were also evaluated to exam-
ine wound remodelling mechanisms via cell 
division. Furthermore, we sought to determine if 
there was any correlation between target mark-
ers and histological disease status. 
 
Materials and methods 
 
Research participants 
 
The study population consisted of paraffin em-
bedded lung tissue samples from 21 IPF pa-
tients and 19 control subjects; histologically-
defined normal lung sections from subjects who 
had undergone lobectomy for cancer. IPF sam-
ples were reviewed by an independent patholo-
gist to confirm a diagnosis of usual interstitial 
pneumonia (UIP) in line with recognised criteria 
[23]. 
 
Immunohistochemical analysis 
 
Formalin-fixed, paraffin-embedded lung tissue 
samples were deparaffinised in Xylene and re-
hydrated through a series of alcohols to water. 
Antigen retrieval was performed in citrate buffer 
(pH 6) microwaved for 20 minutes at 100% 
power. Antibodies were optimized using positive 
control tissue according to manufacturer’s in-
structions (Table 1). Immunohistochemistry was 
performed using the En Vision system (Dako, 
Glostrup, Denmark). For dual immunohisto-
chemistry staining an avidin biotin block was 
performed after completion of the first antibody 
labelled with Diaminobenzidine to prevent cross 
reaction with the En Vision kit. The second anti-
body was labelled with Very Intense Purple (VIP, 
Lab Vision, UK). In negative controls, the pri-
mary antibody was replaced with Tris-buffered 
saline. Sections were counterstained using ei-
ther haematoxylin Z (CellPath, UK) or Alcian 
Blue with nuclear fast red. 
 
Histological disease status in IPF lungs was ex-
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plored in relation to target marker expression 
levels in, (i) regions of hyperplastic ATII cells and 
(ii) cells within the fibroblastic foci. The number 
of established fibroblastic foci present in IPF 
lung tissue relates to disease activity and an 
increased rate of disease progression [2-4]. 
Based on the fibroblastic score, as devised by 
Nicholson et al [2], absence of fibroblastic foci 
was assigned a score of 0, with biopsy samples 
containing the highest number of fibroblastic 
foci scored as 6. Representative images shown 
in Figure 1. 
 
Semiquantitative analysis 
 
Sections were reviewed by the lead investigator 
alongside an independent pathologist and 
scored by examining expression of markers at 
sites of fibroblastic foci and ATII cells in IPF and 
control samples. For the ATII cells, in IPF sam-
ples, 100 hyperplasic cells were counted and 
the number of cells expressing each marker 
was recorded. The same was performed on nor-
mal appearing ATII cells in the control samples. 
A semi-quantitative analysis was used to com-

pare groups using a modified Allred scoring sys-
tem [29] (Table 2). 
 
Statistical analysis 
 
A Mann Whitney U test was used for compari-
sons between IPF and control ATII cells. Results 
are presented as a mean ±SD score for each 
marker. Differences were considered significant 
if p≤0.05. Statistical analyses were performed 
using WinSTAT, (R. Fitch Software, Bad Krozin-
gen, Germany).To determine correlations be-
tween target marker expression levels in hyper-
plastic ATII cells and cells within fibroblastic foci 
with disease severity, a Pearson correlation co-
efficient was calculated. The results were inter-
preted and categorised as no correlation, weak, 
moderate and strong correlation according to 
Cohen (1998) [30]. 
 
Results 
 
Surfactant protein C (SP-C) 
 
Cytoplasmic SP-C expression in the hyperplastic 

Table 1.  Details of the antibodies, dilutions, incubation times and cellular localisation of markers used 
in this study. 

Antibody Source Dilution/incubation time Localization/role 

Pro-surfactant pro-
tein C 

Abcam, UK 1:1500, ON, 4⁰C Confirmation of the localisation of 
type II pneumocytes [24]. 

Collagen I Abcam, UK 1:500, 30 min, RT Has been shown to promote EMT in 
lung cancer cells [22]. 

TGF-β protein Novocastra, UK 1:20, 60min, RT Affects cell growth, differentiation and 
extracellular matrix production [9,25]. 

TGF-β receptor Novocastra, UK 1:40, 60min, RT Membrane receptor for TGF-β protein. 

α Smooth Muscle 
Actin (α-SMA) 

Dako, UK 1:800, 30 min, RT Mesenchymal marker [26]. 

E-cadherin Vector Labs, UK 1:50, 60 min, RT Cell-cell adhesion marker. Loss asso-
ciated with EMT [11]. 

Antigen Ki-67 Dako, UK 1:50, 30 min, RT Cell proliferation marker [27]. 

p16INK4A BD Bioscience, UK 1:20, 30 min, RT Cell cycle regulator [28]. 

N-cadherin Dako, UK 1:50, 30 min, RT Mesenchymal marker which leads to 
decreased E-cadherin [12]. 

Twist Abcam, UK 1:50, 60min, RT Transcription factor which inhibits 
proliferation and differentiation of 
cells [18]. 

RT, room temperature; ON, overnight. 
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ATII cells in IPF lungs had a patchy pattern of 
distribution even in the same biopsy sample 
(mean expression score 3.42, 10-33%) (Figure 
2A). However, cytoplasmic SP-C expression was 
uniform in control lungs (mean expression score 
4.36, 33-75%) (Figure 2B). The degree of SP-C 
expression varied with the size of ATII cell, with 
hypertrophic cells exhibiting greater SP-C immu-
noreactivity (Figure 2C). SP-C expression was 
absent within the fibroblastic foci.  
 
E-cadherin 
 
In all control lung samples, E-cadherin expres-
sion was evident in the cell membrane of ATII 
cells and bronchiolar epithelium (mean expres-
sion score 4.21, 33-75%) (Figure 3A and Figure 
10). In IPF, increased E-cadherin expression 
was observed in cell membranes of hyperplastic 
ATII cells present in areas of interstitial fibrosis 

and overlying the fibroblastic foci (mean expres-
sion score 5, >75%) (Figure 3B). E-cadherin ex-
pression was absent within fibroblastic foci 
(Figure 11). 
 
N-cadherin 
 
Overall N-cadherin expression was scanty 
(mean expression score 1.71, <10%) in IPF hy-
perplastic ATII cells, and absent in control cases 
(p≤0.05) (Figure 4A). However 4 IPF cases dem-
onstrated elevated N-cadherin expression with 
scores of 3 and above. The distribution of these 
cells was noticeable, with small clusters of hy-
perplastic ATII cells expressing N-cadherin inter-
spersed with N-cadherin negative hyperplastic 
ATIIs. N-cadherin expression was not detected 
within fibroblastic foci (Figures 4B, Figure 10 
and Figure 11). 
 

Figure 1.  Representative histological images of IPF patient lung tissue stained with H&E. A. IPF lung tissue showing a 
high number of fibroblastic foci (score 6). B. IPF lung tissue very few fibroblastic foci (score 1). Fibroblastic foci are 
indicated with black arrows, magnification x100. 

Table 2. Modified Allred scoring system for semi-quantitative immunohistochemical analysis [29] 

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 
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Figure 2. Immunohistochemical analysis of IPF and 
control lungs for SP-C expression. A. Patchy expres-
sion of SP-C is observed in an area of ATII hyperpla-
sia in IPF lung tissue. Black arrow SP-C expression, 
red arrow no SP-C expression. B. Representative 
histological image of SP-C expression in the cyto-
plasm of ATII cells in control lung tissue (arrow). C. 
Histological image of cytoplasmic SP-C expression 
in hyperplastic ATII cells in IPF lung tissue. Magnifi-
cation x400. 

Figure 3. Representative immunohistochemical images of E-cadherin expression in IPF and control lungs. A. Histologi-
cal image of E-cadherin expressed around ATII cells in control lung tissue. B. Membrane expression of E-cadherin is 
seen in ATII cells overlying areas of fibroblastic foci in IPF lung tissue. Counterstained Alcian Blue with nuclear fast 
red. Magnification x200. 
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Twist 
 
Nuclear expression of Twist was absent in ATII 
cells in both the control and IPF group (Figure 
4A, Figure 4B and Figure 10). In contrast, mod-
erate nuclear expression of Twist was detected 
within the fibroblastic foci, with a mean expres-
sion score of 3.71 (10-33%) (Figure 4B, Figure 

10 and Figure 11). 
 
α-smooth muscle actin (α-SMA) 
 
Negligible α-SMA was expressed in hyperplastic 
ATII cells in IPF (mean expression score 0.28, 
<1%) compared to absent expression in control 
group ATII cells (p≤0.05, Figure 5A and Figure 

Figure 4. Dual-labelled immunohistochemistry of IPF and control lung samples for N-cadherin and Twist expression. A. 
Representative histological image of control lung tissue shows no N-cadherin and Twist. B. IPF lung tissue demon-
strates Twist reactivity within the fibroblastic foci (arrow). Magnification A x100, B x400. 

Figure 5. Immunohistochemical analysis of IPF and control lungs for the mesenchymal marker α-SMA expression. A. 
Representative histological image of α-SMA expression around a blood vessel in control lung. B. α-SMA expression 
within fibroblastic foci in IPF lung tissue demonstrates the population of cells being composed of myofibroblasts. 
Magnification panel A x200, panel B x400. 
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10). Extensive expression of α-SMA was de-
tected within IPF fibroblastic foci (mean expres-
sion score 5, >75%) consistent with a predomi-
nant myofibroblast phenotype (Figure 5B). 
 
Collagen I 
 
Within the IPF group, 3 cases showed high cyto-
plasmic collagen I (expression score 4 33-75%) 
in ATII cells. The remaining IPF cases had scanty 
to no expression (overall mean expression score 
0.61, <1%) compared to no collagen I expres-
sion in control group ATII cells (p≤0.05) (Figure 
6A). Collagen I expression was markedly upregu-
lated in IPF fibroblastic foci (mean expression 
score 5, >75%), (Figure 6B and Figure 10), and 
to a lesser extent within interstitial areas of IPF 
tissues.  
 
Transforming Growth Factor β protein and re-
ceptor (TGF-β and TGF-βR) 
 
A significant increase in cytoplasmic TGF-β pro-
tein (mean expression score 5.0, >75%) was 
observed in IPF ATII cells compared with control 
cells (mean expression score 0.52, <1%) 
p≤0.05 (Figure 7A, Figure 7B and Figure 10). 
TGF-β receptor was only present in a small num-
ber (<1%) of ATII cells in both the IPF (mean 
expression score 0.47) and control group (mean 
expression score 0.57) (Figure 7C and Figure 
7D). TGF-β protein expression within fibroblastic 
foci was variable, with mean expression scores 

ranging from 0 to 5 (0% - >75%, Figure 11) TGF-
β receptor levels were negligible within fibro-
blastic foci (mean expression score 1, <1%).  
 
Antigen Ki-67 
 
Antigen Ki-67 expression was negligible in the 
nuclei of control lung ATII cells (mean expres-
sion score 0.21, <1%) (Figure 8A) compared to 
the IPF group where expression was significantly 
elevated (mean expression score 1.76, 1% -
10%) p≤0.05 (Figure 8B and Figure 10). Antigen 
Ki-67 in IPF lung ATII cells was localised within 
areas of interstitial fibrosis away from fibroblas-
tic foci (Figure 8B). There was no evidence of 
antigen Ki-67 expression in ATII cells directly 
overlying fibroblastic foci. Myofibroblasts within 
fibroblastic foci showed negligible antigen Ki-67 
expression (mean expression score 0.23, <1%).  
 
p16INK4A 

 
p16INK4A expression was absent or negligible in 
ATII cells of control samples (mean expression 
score 0.52, <1%) (Figure 9A and Figure 10). In 
IPF tissue samples cytoplasmic p16INK4A expres-
sion was observed (mean expression score 
4.61, >75%) in ATII cells directly overlying fibro-
blastic foci (Figure 9B). p16INK4A was expressed 
to a lesser extent in ATII cells away from these 
areas. Overall a significant increase in ATII cells 
expressing p16INK4A was noted in IPF samples 
p≤0.05. No expression of p16INK4A was identi-

Figure 6. Immunohistochemical analysis of IPF and control lungs for collagen I expression. A. Representative histo-
logical image of collagen I immunoreactivity surrounding a vessel in control lung tissue. B. Collagen I immunoreactiv-
ity within a fibroblastic foci is seen in IPF lung tissue. Magnification x200. 
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Figure 7. Immunohistochemical analysis of IPF and control lung samples labelled for either TGF- β protein or TGF- β 
receptor.  A. Representative histological image showing no cytoplasmic TGF-β protein immunoreactivity in control lung 
tissue. B. Cytoplasmic TGF-β protein is seen in ATII cells overlying fibroblastic foci in a representative histological im-
age of IPF lung tissue. C. TGF-β receptor immunoreactivity is not observed in control lung tissue. D. TGF-β receptor 
immunoreactivity can be seen in lymphocytes in IPF lung tissue. Magnification A-C x200, D x400. 

Figure 8. Immunohistochemical analysis of IPF and control lungs for the cell proliferation marker antigen Ki-67. A. 
Representative histological image shows antigen Ki-67 is not observed in control lung tissue. B. A representative 
histological image of IPF lung tissue shows antigen Ki-67 immunoreactivity is observed in the nucleus of ATII cells at 
the edges of fibroblastic foci (arrow) but not in the ATII cells directly overlying the area. Magnification x200. 
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Figure 9. Immunohistochemical analysis of IPF and control lungs for p16INK4A . A. p16INK4A reactivity is not observed in 
control lung tissue in this representative histological image. B. Cytoplasmic p16INK4A reactivity is seen in the ATII cells 
overlying fibroblastic foci (arrow) in a representative histological image of IPF lung tissue. Magnification x400. 

Figure 10. Semi-quantitative analysis of target molecule expression within ATII cells of IPF and control lung samples.  
Data are presented as mean expression score ±SD. * = significant difference in expression between the control and 
IPF group p≤0.05. 
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fied within fibroblastic foci (Figure 11).  
 
Correlation of markers with disease activity 
 
N-cadherin expression within ATII cells had a 
strong positive correlation with disease activity 
(Pearson correlation co-efficient 0.557). Ki-67 
expression in ATII cells had a moderate negative 
correlation (Pearson correlation co-efficient -
0.366). Within the fibroblastic foci we demon-
strated moderate positive correlations for Twist 
(Pearson correlation co-efficient 0.402), Ki-67 
(0.32) and Collagen I (Pearson correlation co-
efficient 0.468). All other markers showed weak 
or no correlation (Table 3). 
 
Discussion 
 
Fibroblastic foci represent the leading edge of 
IPF disease development, however, the source 
of these clusters of myofibroblasts remains to 
be elucidated with conflicting evidence as to the 
role of EMT [7, 17,18,22,31,32]. Histological 
analysis of ATII cells in IPF tissue showed E-
cadherin, TGF-β and p16INK4A were highly ex-
pressed. Consistent expression of α-SMA, colla-
gen I and Twist, together with varied TGF-β ex-

pression was observed within fibroblastic foci of 
IPF cases. Some of these markers correlated to 
disease status; significant, although patchy, 
upregulation of N-cadherin in IPF ATII cells dem-
onstrated a strong positive correlation, with Ki-
67 having a moderate negative correlation with 
disease activity. Expression of Twist, Ki-67 and 
collagen I within fibroblastic foci revealed a 
moderate positive correlation with disease 
status. 
 
SP-C is a protein produced by functional ATII 
cells with a role in replacing damaged type I 
pneumocytes in an attempt to repair damaged 
alveolar epithelium. Previous reports have 
found genetic mutations in SP-C are found infre-
quently in IPF patients and rarely in cases of 
sporadic IPF [33]. This is the first report of re-
duced and varied SP-C expression observed 
throughout human IPF lung tissue samples. This 
variation may be linked to the maturity of the 
cell, as it appears the larger ATII cells secrete 
SP-C. The atrophic ATII cells, observed in the IPF 
group, may be transforming into type I pneumo-
cytes following injury with the associated loss of 
SP-C production. When associated with in-
creased p16INK4A levels and negligible antigen Ki

Figure 11. Semi-quantitative analysis of target molecule expression within the fibroblastic foci of IPF lung tissue sam-
ples.  Data are presented as mean expression score ±SD. 
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-67 expression the varied SP-C expression is 
suggestive of a stress-induced senescence-like 
response in ATII cells in IPF. However we cannot 
rule out the possibility that these cells are un-
dergoing EMT. These results corroborate find-
ings from SP-C deficient mice, which were pre-
disposed to the development of pulmonary fi-
brosis [34]. 
 
The level of N-cadherin expression was upregu-
lated in IPF (particularly in 4 cases), substantiat-
ing previous reports where a heterogeneous 
pattern of N-cadherin expression was noted 
[18]. We also observed concomitant high levels 
of E-cadherin in hyperplasic ATII cells in all IPF 
cases, suggesting no significant loss of cell-cell 
adhesion in the IPF tissue at the time of biopsy, 
a finding also reported by Yamada et al [32]. 
 
Key markers of a myofibroblast phenotype (α-
SMA and collagen I) were highly expressed in 
the fibroblastic foci; however negligible expres-
sion was detected in the cytoplasm of the over-
lying hyperplastic ATII cells in IPF cases. Taken 
together with E-cadherin and N-cadherin expres-
sion our findings suggest EMT may not be a key 
driver of IPF pathogenesis, but may be involved 
at an alternate time point, or play a prominent 
role in a subset of patients. This may explain the 
discrepancy in the literature with those that do 
and do not find EMT in IPF [7, 17,18,22,31,32]. 
 
This study also evaluated cell proliferation and 
senescence. An absence of proliferation in ATII 

cells in direct contact with areas of fibroblastic 
foci, combined with elevated cell stress marker 
p16INK4A and varied SP-C expression, suggests 
these cells could be undergoing cell-cycle ar-
rest, a theory supported by previous work by 
Chilosi et al [35]. Myofibroblasts within the fi-
broblastic foci were not observed to be actively 
dividing, as substantiated by the presence Twist 
and minimal expression of antigen Ki-67. Prolif-
eration of hyperplastic ATII cells away from ar-
eas of fibroblastic foci may suggest an attempt 
at lung repair to unknown micro-insults. We pro-
pose a theory, supported by the pattern of Ki-67 
expression, that α-SMA expressing myofibro-
blasts may provide a scaffold for ATII cells, 
(dividing at the edge of the insult) to migrate 
over the foci surface, rather than transforming 
into myofibroblasts, via EMT. Increased TGF-β 
expression and lack of N-cadherin expression 
may lead to a contractile myofibroblast popula-
tion within the fibroblastic foci [36]. These un-
balanced signals could contribute to the produc-
tion of abnormal mesenchymal components 
[35], and progressive architectural distortion of 
tissue remodelling in IPF. 
 
Collagen I has been shown to promote EMT in 
non-small cell lung cancer lines via TGF-β signal-
ling [22]. We observed significantly increased 
expression of TGF-β protein in the ATII cells of 
IPF cases, varied expression in the fibroblastic 
foci with negligible and equivocal expression of 
the TGF-β receptor in ATII cells of both the IPF 
and control group. Increased TGF-β protein may 

Table 3.  Correlation of the expression levels of target markers and disease severity in ATII cells and fibro-
blastic foci. For cases where all expression scores were the same a Pearson correlation coefficient could 
not be calculated and is recorded as not applicable (n/a). 
Target Molecule Pearson correlation coefficient 

  Hyperplastic ATII cells Fibroblastic Foci 

SP-C -0.023 n/a 
E-cadherin n/a n/a 

N-cadherin 0.557 n/a 

Twist n/a 0.402 

α-SMA 0.080 n/a 

Collagen I 0.242 0.468 

TGF-β protein n/a 0.195 

TGF-β receptor 0.181 0.292 

Antigen Ki-67 -0.366 0.232 

p16INK4A -0.156 0.225 
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have multiple roles in the pathogenic develop-
ment of IPF by promoting fibroblast to myofibro-
blast differentiation [37], driving EMT via Smad 
proteins [9 31], or suppressing epithelial cell 
proliferation [37]. Our findings of N-cadherin 
expression in some ATII cells, resulting in loss of 
cell-cell adhesion, combined with consistent 
expression of TGF-β in ATII cells and varied ex-
pression in myofibroblasts supports a notion 
that myofibroblasts are invading through the 
alveolar basement wall via a TGF-β mediated 
mechanism. 
 
Correlating target marker expression with histo-
logical disease status, as previously defined [2-
4], has revealed novel putative markers for pre-
dicting disease activity and progression in IPF at 
the time of biopsy. It is logical that a negative 
correlation of the cell proliferation marker Ki-67 
in ATII cells was linked with disease activity; this 
implies a decline in ATII cell proliferation in late 
stage disease and reduced capacity for lung 
repair. Twist and collagen I expression within 
the fibroblastic foci demonstrated a moderate 
positive correlation with disease activity. Twist 
inhibits proliferation of myofibroblasts within 
these foci, while it follows that a more rapidly 
progressing active disease would result in in-
creased deposition of collagen I. A novel finding 
of this study was the strong correlation between 
increased ATII cell N-cadherin expression and 
increased disease activity. This would indicate 
that as disease progresses so does the possibil-
ity of EMT occurring, resulting in faster decline 
of lung function. A recent study identified Ep-
stein-Barr virus (EBV), in conjunction with TGF-β 
protein, may induce EMT in cell culture studies 
of lung epithelial cells and notes that patients 
with EBV infection have a poorer prognosis [38]. 
The four cases demonstrating N-cadherin ex-
pression in ATII cells identifies a subgroup of IPF 
patients whose pathogenesis may be influenced 
by additional factors, such as EMT or viral infec-
tion that worsens prognosis. 
 
Our results suggest that tissue remodelling in 
IPF is a complex processes involving multiple 
cellular and biological factors within a dynamic 
cascade in which EMT may be one component. 
Biopsy material represents a snapshot in the 
IPF lung and it maybe that to conclusively indi-
cate EMT patients need to be sampled and 
monitored longitudinally over time. This is a ma-
jor challenge in proving the existence of EMT in 
human IPF lung. Elucidating the origin of the 

myofibroblasts within the fibroblastic foci may 
help unravel critical targets for development of 
novel therapeutic agents. The association of N-
cadherin to histological disease activity, com-
bined with increased expression of markers for 
Twist and collagen I, and decreased expression 
of antigen Ki-67, may provide a useful panel for 
predicting the rate of disease progression in IPF 
patients. A larger study, including case note 
follow up, is now required to assess the predic-
tive value of this panel via immunohistochemi-
cal analysis of biopsy samples. 
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