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BASIC RESEARCH
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and Riitta Kaarteenahob

aDepartment of Obstetrics and Gynecology, PEDEGO Research Unit and Medical Research Center Oulu, Oulu University Hospital and University 
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Oulu, Finland; cDepartment of Pathology, Cancer and Translational Medicine Research Unit, University of Oulu and Oulu University Hospital, 
Oulu, Finland; dRespiratory Medicine Unit, Department of Medicine Solna and Centre for Molecular Medicine, Karolinska Institutet and 
Department of Respiratory Medicine and Allergy, Karolinska University Hospital, Stockholm, Sweden

ABSTRACT
This study aimed at an ultrastructural characterization of myofibroblasts cultured from different 
compartments of lung from never-smokers and smokers with or without COPD. In addition, we 
evaluated the expression of alpha smooth muscle actin (α-SMA), a marker for myofibroblasts, and 
contractile properties. Stromal cells cultured from central and corresponding peripheral or only 
from peripheral lung of never-smokers, smokers without COPD and COPD patients were analyzed 
by transmission electron microscopy (TEM), immunoelectron microscopy (IEM), Western analysis 
and/or by collagen gel contraction assay. TEM revealed that myofibroblasts cultured from smokers 
and COPD had less prominent intracellular actin filaments. We also examined fibronexus (FNX), 
which is a typical ultrastructural feature of myofibroblasts, and observed that patients with COPD 
more frequently had tandem-like FNX as compared to other samples. Western analysis showed that 
the samples derived from the central lung of never-smokers expressed higher levels of α-SMA than 
those of smokers and COPD patients. Cells from central lung were less contractile than those from 
peripheral lung. We conclude that myofibroblasts have variable ultrastructural and functional 
properties based on their localization in the lung and, moreover, these properties are affected by 
both smoking history and COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is 
characterized by progressive and non-reversible 
airflow limitation caused both by fibrosis of airway 
walls and enlargement of air spaces i.e. 
emphysema.1 The lung extracellular matrix 
(ECM) is an important contributor to these 
changes, similarly as in the progression of several 
other lung diseases.2,3 It is believed that the chronic 
inflammation and continuous repair processes trig-
ger an accumulation of ECM components in 
COPD.4 Fibroblasts and especially myofibroblasts 
produce most of the ECM proteins and their abnor-
mal activation may lead to pathological tissue 
remodeling.

Originally myofibroblasts were identified as 
mediators of wound healing, especially as promo-
ters of scar contraction.5 Since their discovery, 
myofibroblasts have been identified in various 

pathological conditions in several tissues.6,7 They 
are stellate- or spindle-shaped mesenchymal cells 
typically expressing alpha smooth muscle actin (α- 
SMA) with a contractile phenotype.8 

Myofibroblasts can be only truly identified by 
their specific ultrastructure as revealed by transmis-
sion electron microscopy (TEM), with typical fea-
tures being a dilated rough endoplasmic reticulum 
(rER) as well as the presence of gap junctions, 
peripheral myofilaments and fibronexus 
(FNX).9,10 FNX is a transmembrane association of 
α-SMA positive intracellular filaments and fibro-
nectin positive extracellular filaments. FNXs have 
been classified into three categories, namely 1) 
track-, 2) plaque- and 3) tandem-like; track-like 
FNXs can be further subdivided into straight/ 
rigid, curved and fragmentary/scanty subtypes.11 

Similarly to the situation in other tissues, track- 
like FNXs are the most common type in lung myo-
fibroblasts but additionally myofibroblasts derived 
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from interstitial lung diseases (ILD) such as idio-
pathic pulmonary fibrosis (IPF), asbestosis or 
hypersensitivity pneumonitis occasionally express 
also plaque- and tandem-like FNXs.12,13 Tandem- 
and plaque-like FNXs can also be observed in lung 
cancer-associated myofibroblasts.13 Disease related 
differences have also been revealed in other ultra-
structural features of myofibroblasts.12,13

Both smoking per se and the presence of airways 
obstruction, i.e. COPD may have a variable effect on 
myofibroblasts in distinct locations of the lung. 
Histological evaluations have shown that in COPD 
the numbers of myofibroblasts are increased in large 
airway walls but decreased in small airway walls.14,15 

It has also been reported that myofibroblasts were 
evident also at the endings of the detached alveolar 
walls in their widened alveolar tips.14 As 
a consequence of the altered myofibroblast distribu-
tion, also other ECM structural elements e.g. tenas-
cin C (Tn-C), fibronectin and collagens have 
a disturbed expression in COPD.15,16

Even though the stromal cell and ECM modifi-
cations associated with smoking and COPD seem 
to be localization-specific, there are only a few stu-
dies comparing the properties of the stromal cells 
derived from different compartments of the lung. It 
has been shown that stromal cells derived and cul-
tured from peripheral lung were more contractile 
than cells sampled from central lung.17 

Furthermore, the stromal cells derived from per-
ipheral lung of COPD patient were more contrac-
tile also containing more α-SMA than those cells 
derived from normal peripheral lung.17 TEM ana-
lysis has revealed that stromal cells cultured from 
central lung of smokers displayed fewer myofibro-
blastic features than cells derived from 
nonsmokers.13 These abovementioned features as 
mentioned in some other publications indicated 
that at least some of the diseases and localization 

specific properties of the stromal cells seem to be 
maintained during the culturing of these cells.18

The aim of this study was to compare the proper-
ties of cultured stromal cells from peripheral and 
central lung of never-smokers as well as from smo-
kers with and without COPD. The ultrastructure of 
cultured lung myofibroblasts and the localization of 
α-SMA in single cells were analyzed by TEM and 
IEM. The α-SMA expression and contraction capa-
city of the whole stromal cell population were also 
measured.

Materials and methods

Study subjects

Lung tissue samples were derived from 26 patients 
who had undergone surgery for lung cancer during 
2008 to 2012 in Oulu University Hospital. Each 
patient provided their informed consent and the 
study protocol had a favorable statement from the 
local ethical committee. Patients were divided 
according to the clinical data and lung function 
parameters into never-smokers (n = 7), smokers 
without COPD (n = 10) and smokers with COPD 
(n = 9). Group of COPD patients included 2 ex- 
smokers while the rest 7 were current smokers. 
COPD was diagnosed and classified based on the 
GOLD criteria. Demographic data of the patients is 
described in Table 1. Some of the same samples 
have been analyzed also in another context and 
those previously published results are used partially 
also in this publication.13,14

Cell culture

Tissue samples from tumor-free central airways 
and tumor-free peripheral lung were collected for 
the culture of stromal cells. An experienced pul-

Table 1. Patient data and number of donors for both peripheral and central lung samples or only for peripheral lung samples. 
(SD = standard deviation).

Never-smokers (n = 7) Smokers without COPD (n = 10) COPD (n = 9) p-value

Age, years (SD) 73 (7) 65 (6) 65 (7) NS
Sex M:F 4:3 7:3 8:1 NS
Pack-years (SD) 0 (0) 47 (18) 48 (17) 0.002
Both peripheral and central lung samples, n 6 7 4
Peripheral lung sample, n 1 3 5
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monary pathologist collected lung tissue specimens 
for cell culture during the diagnostic sample pre-
paration. Samples were taken only if it did not 
disturb the routine diagnostics, and thus the sam-
ples from tumor-free central lung were not avail-
able from all patients (Table 1). The cells were 
cultured as described previously.12,18 Briefly, the 
cells were cultured in Minimum essential medium 
Eagle α modification (Sigma-Aldrich, Inc, St Louis, 
MO, USA) supplemented with 13% heat- 
inactivated fetal bovine serum (PromoCell, 
Heidelberg, Germany), 10 mM 4-(2-hydro-
xyethyl)-1-piperazine-ethanesulfonic acid 
(HEPES, Sigma), 100 U/ml penicillin (Sigma), 
100 μg/ml streptomycin (10 mg/ml, Sigma), 
2.5 μg/ml amphotericin B (Sigma) and 2 mM 
L-glutamine (Sigma). The cells were passaged at 
near confluence and they were examined after 2, 
3, or 4 passages. Because the samples used in this 
study are untransformed primary cell-derived cul-
tures having limited proliferation capacity, some 
samples were analyzed only in certain assays while 
some samples were used for all assays. Samples 
from 3 never-smokers, 4 healthy smokers and 4 
COPD patients were analyzed by all of the methods 
described in this study. In addition, due to material 
limitations, some samples were analyzed only by 
some method(s) as described below. Samples from 
2 never-smokers, 5 smokers without COPD and 3 
COPD lung were analyzed by TEM, IEM and 
Western analysis but not by collagen gel contrac-
tion assay. Samples from 1 never-smoker, 1 smoker 
without COPD and 2 COPD patients were analyzed 
only by collagen gel contraction assay.

Transmission electron microscopy

Cultured stromal cells from peripheral lung tissue 
of never-smokers (n = 5), smokers without COPD 
(n = 9) and smokers with COPD (n = 7) were 
prepared for TEM. COPD group included one 
patient who had given up smoking and the rest 
were current smokers. From the same patients, 
the specimens were derived central lung tissue of 
never-smokers (n = 5), smokers without COPD 
(n = 6) and smokers with COPD (n = 2). As 
described above, the central tissue was not obtained 
for every patient due to the location of the tumor. 
The cultured cells were fixed, prepared, and 

sectioned as previously described.19 The sections 
were stained with uranyl acetate and lead citrate 
and visualized by Philips CM 100 TEM (FEI, 
Eindhoven, The Netherlands) utilizing Olympus 
Soft Imaging System (Munich, Germany).

The ultrastructural properties were analyzed as 
described previously.12 Briefly, the amount of intra-
cellular actin filaments, the amount of extracellular 
component of FNX and the amount of pericellular 
ECM were quantified as low (+), moderate (++) or 
strong (+++). The type of FNX was categorized 
according to Singer classification into tandem, pla-
que, or track-like,11 and the subtype of the track- 
like FNX as follows: straight/rigid, curved or 
fragmentary/scanty.13 The occurrence of adherens- 
and gap-type junctions and dilated rER was evalu-
ated as the numbers of positive cases. Two investi-
gators separately assessed the semi-quantitative 
TEM findings and there was almost perfect agree-
ment in their evaluations (p < .001, Fisher; kappa 
coefficient = 0.947).

Immunoelectron microscopy

All the cell lines analyzed by TEM were also pro-
cessed for IEM as previously described.12 Ultrathin 
sections were first incubated in 0.1% glycine in 
phosphate-buffered saline (PBS) and then in 1% 
bovine serum albumin in PBS. Monoclonal anti- 
human α-SMA antibody clone 1A4 (Dako, 
Glostrup, Denmark) incubation was followed by 
anti-mouse IgG (Zymed Invitrogen, Carsbad, 
USA) incubation, after which the samples were 
incubated with Protein A-gold conjugate 
(Department of Cell Biology, University of 
Utrecht, The Netherlands) prior to visualization. 
The sections were embedded in methylcellulose 
and studied by Philips CM 100 TEM. The amount 
of gold particles was counted in four rectangles, 
0.26 µm2 each, diagonally marked starting from 
the upper left corner of the image. Ten images per 
sample were counted, i.e., the total analyzed area 
was 10.4 µm2 for each sample.

Western analysis

Cultured stromal cells from central and peripheral 
lung compartments were analyzed by Western ana-
lysis for α-SMA expression as described previously.12 
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The samples analyzed were the same as those used in 
TEM and IEM. After blotting, the membranes were 
incubated with monoclonal anti human α-SMA anti-
body clone 1A4 and polyclonal anti-human GAPDH 
(Abcam, Cambridge, UK) followed by IRDye800 
Conjugated affinity-purified anti-mouse IgG 
(Rockland Immunochemicals, Gilbertsville, PA, 
USA) and IRDye700 Conjugated affinity-purified 
anti-rabbit IgG (Rockland Immunochemicals). The 
intensities of the bands were analyzed by Odyssey 
infrared imager (LI-COR Biosciences, Lincoln, NE, 
USA). The α-SMA intensity was related to the cor-
responding GAPDH intensity of the same sample. 
One control sample was used for normalization of 
the variation between distinct membranes.

Collagen gel contraction assay

In order to study the functional properties, cells 
from tumor-free peripheral lung of 5 never- 
smokers, 5 smokers without COPD and 6 smokers 
with COPD were evaluated in the gel contraction 
assay. 4 COPD patients were current smokers and 
2 were ex-smokers. Central lung samples were 
derived from the same patients, i.e., from 4 non-
smoking cases, 3 smokers without COPD and 4 
smokers with COPD. Central sample was not 
available in all cases as described above. 
Contraction assays were conducted in four repli-
cates as previously described.13 Briefly, a mixture 
of collagen (extracted from rat tail, 0.75 mg/ml) 
gel and cell suspension (300 000 cells per ml) in 
serum-free medium was cast into 24-well plates 
and allowed to set for 15 min in the cell culture 
incubator. The gels were detached from the walls 
of the wells with a spatula and subsequently 1 ml 
of serum-free medium was added into each well. 
The areas of the gels were measured every day 
(days 0–4) by MCIDTM Core Image Analysis 
System software. The results are represented as 
percentages compared to the original size of col-
lagen gel.

Statistical analysis

Statistical analyses were performed by Statistical 
Package for the Social Sciences (IBM SPSS statistics 
25, IBM Inc. Chicago, IL) using Chi-Square test or 
Fisher’s Exact Test for categorized data and Mann- 

Whitney U – test, Independent Samples t-test, 
Paired Samples T-test, Kruskal-Wallis test or 
ANOVA for continuous data. Values of p < .05 
were considered as significant and indicated as * < 
0.05, ** < 0.01 and *** < 0.001.

Results

Ultrastructural features of myofibroblasts

Stromal cells from 21 patients (5 never-smokers, 9 
smokers without COPD and 7 smokers with COPD) 
were cultured and analyzed by TEM. From 13 
patients, the cells were derived and analyzed from 
both peripheral and central lung, and from 8 
patients only from peripheral lung. The cultured 
cell populations contained both fibroblasts and myo-
fibroblasts as described earlier,12,18 but TEM analysis 
was used to reveal the ultrastructural features typical 
of myofibroblasts. The ultrastructural features of 
myofibroblasts from peripheral (Table 2) and central 
lung (Table 3) were evaluated in a semiquantitative 
manner. Representative TEM images can be seen in 
Figure 1. Statistically significant differences between 
the groups are displayed in Table 4.

Intracellular actin filaments appeared on the 
edges of the cells and as expected, they had 
a mostly faint or moderate appearance (Figure 1). 
Myofibroblasts derived from never-smokers had 
more actin filaments compared to those sampled 
from smokers including both healthy smokers and 
COPD patients (p = .034) but in contrast, the 
strongest expression was seen in one peripheral 
sample derived from a COPD patient. 
Interestingly, the sample with the strongest actin 
filaments was from the youngest donor (53 years) 
examined in this study and was one of two COPD 
patients who had given up smoking. Furthermore, 
the average age of donors for whom we had per-
ipheral samples with mild actin filaments was 
66 years; for those having moderate expression, it 
was 72 years. However, there was no statistically 
significant correlation between age and the inten-
sity of actin filaments.

The FNX composition of intracellular actin and 
extracellular fibronectin (Figure 1) has been 
regarded as the main ultrastructural feature of myo-
fibroblasts. FNXs were identified in 31 out of 34 
samples; i.e. only in three samples from smokers 
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without COPD could FNXs not be seen. In the 
samples from never-smokers, 60% of peripheral 
lung samples and 100% of central lung samples 
showed a moderate frequency of FNX. In samples 
from healthy smokers or COPD patients, the varia-
tion of FNX distribution was higher. In most sam-
ples, FNX were found at either low or moderate 
frequencies, while one peripheral cell sample showed 
a high FNX frequency which was the same specimen 
as the actin filament outlier described above. There 

was no statistically significant difference between the 
groups. As expected, most of FNXs detected were 
track-like (Figure 1a and b) but myofibroblasts cul-
tured from lungs of the patients with COPD showed 
more frequently tandem-like FNXs (Figure 1f) than 
those cells derived from never-smokers or from 
healthy smokers (p = .007). All subtypes of track- 
like FNXs were seen in all groups, except for the 
curved type, which was not seen in samples derived 
from COPD patients.

Table 2. Transmission electron microscopy analyses of myofibroblasts cultured from peripheral lung of never-smokers, smokers and 
COPD. Values indicate the numbers of samples that expressed certain features (percentage in parenthesis).

Never-smokers (n = 5) Smokers with normal lung function (n = 9) COPD (n = 7)

Actin filaments + 2 (40%) 7 (78%) 6 (86%)
++ 3 (60%) 2 (22%) 0 (0%)

+++ 0 (0%) 0 (0%) 1 (14%)
Extracellular component of FNX - 0 (0%) 2 (22%) 0 (14%)

+ 2 (40%) 3 (33%) 2 (29%)
++ 3 (60%) 4 (44%) 4 (57%)

+++ 0 (0%) 0 (0%) 1 (14%)
FNX type:
A. Track-like 5 (100%) 7 (78%) 7 (100%)
straight, rigid 2 (40%) 4 (44%) 6 (86%)
curved 2 (40%) 1 (11%) 0 (0%)
fragmentary, scanty 4 (80%) 4 (44%) 5 (71%)
B. Tandem-like 1 (20%) 3 (33%) 5 (62%)
C. Plaque-like 1 (20%) 1 (11%) 0 (0%)
ECM - 2 (40%) 7 (78%) 5 (71%)

+ 1 (20%) 2 (22%) 1 (14%)
++ 2 (40%) 0 (0%) 1 (14%)

+++ 0 (0%) 0 (0%) 0 (0%)
Focal densities 3 (60%) 6 (67%) 5 (71%)
Dilated rER 4 (80%) 8 (89%) 5 (71%)
Adherens junction 5 (100%) 7 (78%) 7 (100%)

Classification: – not found, + low, ++ moderate, +++ strong expression 
FNX = fibronexus, ECM = the deposition of extracellular matrix nearby the cells, rER = rough endoplasmic reticulum

Table 3. Transmission electron microscopy analyses of myofibroblasts cultured from central lung of never-smokers, smokers and COPD. 
Values indicate the numbers of patient samples that expressed certain features (percentage in parenthesis).

Never-smokers (n = 5) Smokers with normal lung function (n = 6) COPD (n = 2)

Actin filaments + 2 (40%) 5 (83%) 2 (100%)
++ 3 (60%) 1 (17%) 0 (0%)

+++ 0 (0%) 0 (0%) 0 (0%)
Extracellular component of FNX - 0 (0%) 1 (17%) 0 (0%)

+ 0 (0%) 3 (50%) 0 (0%)
++ 5 (100%) 2 (33%) 2 (100%)

+++ 0 (0%) 0 (0%) 0 (0%)
FNX type:
(A) Track-like 5 (100%) 5 (83%) 2 (100%)
straight, rigid 4 (80%) 4 (67%) 2 (100%)
curved 2 (40%) 2 (33%) 0 (0%)
fragmentary, scanty 3 (60%) 4 (67%) 2 (100%)
B. Tandem-like 1 (20%) 1 (17%) 2 (100%)
C. Plaque-like 0 (0%) 0 (0%) 0 (0%)
ECM - 3 (60%) 6 (100%) 2 (100%)

+ 1 (20%) 0 (0%) 1 (25%)
++ 1 (20%) 0 (0%) 0 (0%)

+++ 0 (0%) 0 (0%) 0 (0%)
Focal densities 4 (80%) 3 (50%) 2 (100%)
Dilated rER 4 (80%) 3 (50%) 2 (100%)
Adherens junction 2 (40%) 6 (100%) 2 (100%)

Classification: – not found, + low, ++ moderate, +++ strong expression 
FNX = fibronexus, ECM = the deposition of extracellular matrix nearby the cells, rER = rough endoplasmic reticulum
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The pericellular ECM was very scanty in most 
samples and only in 4 samples was it estimated to be 

moderate. Focal densities and dilated rER (Figure 1c 
and d) were seen in the majority of the samples when 

Figure 1. Representative specimens of transmission electron microscopy analysis. Cultured myofibroblasts from never-smokers (A,B), 
smokers (C,D) and COPD (E,F) were analyzed. On the left is a sample from peripheral lung and on the right, the central sample from the 
same patient. Dilated rough endoplasmic reticulum (arrow), extracellular component of fibronexus (asterix), intracellular actin belt 
(arrowhead) and adherens junction (white arrow) are indicated.
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no obvious differences between the study groups were 
detected. Every sample from COPD patients had 
adherens junctions (Figure 1e). In the never-smoker 
group, the adherens junctions were seen in every 
peripheral sample but only in 40% of central lung 
samples. In the smokers without COPD, the differ-
ence was opposite as in these samples, adherens junc-
tions were seen in all samples from central lung but 
only in 63% of samples from peripheral lung.

α-SMA expression

The α-SMA analysis in single cells by IEM and in the 
whole-cultured stromal cell population by Western 
analysis confirmed the presence of the specific iso-
form of actin that is considered as a marker of myofi-
broblast (Figures 2 and Figures 3). IEM analysis 
showed that myofibroblasts from the central lung 
compartment exhibited a tendency of more promi-
nent α-SMA expression when compared to the cells 
derived from peripheral lung, although this was not 
quite statistically significant (p = .073, Figure 3a). 
Western analysis revealed that central cells from 
never-smokers expressed more α-SMA as compared 
to central cells from all smokers including both 
healthy smokers and COPD (p = .027, Figure 3b). 
As can be seen from the standard deviations in Figure 
3, there was wide interindividual variation in the 
extent of α-SMA expression.

Gel contraction assay

The results of collagen gel contraction analysis of 5 
never-smokers, 5 smokers without COPD and 6 
COPD patients are shown in Figure 4. Cells from 
peripheral (Figure 4a) and central (Figure 4b) lung 
of never-smokers were less contractile than the cor-
responding cells from smokers or COPD patients. 
However, the differences were not statistically 

significant. Cells derived from peripheral lung tissue 
contracted collagen gels more than cells derived 
from central lung and this difference reached statis-
tical significance when all time points were analyzed 
in a single-paired comparison (p = .005).

Discussion

This study revealed the ultrastructural features, α- 
SMA expression analysis, and contraction properties 
of stromal cells cultured from peripheral or central 
lung of never-smokers, smokers without COPD and 
smokers with COPD. This is the first time that an 
ultrastructural characterization of myofibroblasts has 
been performed in this context and to this extent. The 
typical morphological features of myofibroblasts e.g. 
actin filaments, frequency and phenotype of FNX, 
adherens junctions, dilated rER, and pericellular 
ECM were evaluated with differences being detected 
in many of the ultrastructural properties such as actin 
filament and FNX appearance and in α-SMA expres-
sion and contractile properties.

It has been previously shown that intracellular 
actin filaments are more prominent in myofibro-
blasts derived from interstitial lung diseases (ILD) 
like idiopathic pulmonary fibrosis (IPF) as com-
pared to normal lung.12 Our results revealed 
a difference in actin filament expression, i.e. we 
could detect a reduction in the actin bundle load 
in smokers as compared to never-smokers, suggest-
ing that while ILD induced filaments in the myofi-
broblasts, smoking exerted the opposite effect. 
Smoking seems to have complex effect on intracel-
lular actin filaments and there are some confusing 
reports about its influences. Based on in vitro 
experiments on cultured cells, it has been suggested 
that bronchial epithelial cells respond to acute 
cigarette smoke extract exposure by increasing 
actin polymerization while other reports have 

Table 4. The main findings of myofibroblasts and fibroblastic cells from never-smokers, healthy smokers and COPD. The cells were 
cultured from peripheral and central lung.).

Finding Compared to Method p-value

More actin filaments in NSM SM + COPD TEM 0.034
More tandem-like FNXs in COPD NSM+SM TEM 0.007
More α-SMA in NSM (central lung) SM + COPD (central lung) Western 0.027
More contraction of peripheral cells Central cells Collagen gel contraction assay 0.005

FNX = fibronexus, TEM = transmission electron microscopy, NSM = never-smoker, SM = smoker with normal lung functions, COPD = chronic obstructive 
pulmonary disease
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claimed that there is an opposite effect in alveolar 
epithelial cells.20,21 Our study focused on myofibro-
blasts that were derived from lung with variable 

smoking histories, but they were all cultured with-
out in vitro cigarette smoke exposure. It is possible 
that myofibroblasts from smokers’ lung have 

Figure 2. Representative specimens of immunoelectron microscopy analysis for alpha smooth muscle actin (α-SMA) expression in 
myofibroblasts cultured from never-smokers (A, B), smokers (C, D) and COPD (E, F). Peripheral samples are seen on the left and central 
samples from the same patient on the right. Some gold particles used as the α-SMA stain are indicated by arrows.
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a reduced actin polymerization rate that could, in 
theory, help them to avoid excessive stress fiber 
formation in the presence of continuous smoke 
exposure. Further studies will be required to eluci-
date this complex phenomenon.

FNX is a structure on the surface of myofibroblasts 
that is believed to serve as an intercellular junction 
between cells; especially it allows for a direct contact 
between intracellular filaments and the ECM.22 FNX 
is not an exclusively myofibroblastic phenomenon as 

Figure 3. Alpha smooth muscle actin (α-SMA) quantitation in myofibroblasts by immunoelectron microscopy (A) and in cultured 
stromal cell population by Western analysis (B). Values for peripheral cells are shown as white bars and for central cells as gray bars.
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similar structures have also been observed in some 
other cell types such as aortic smooth muscle and 
endothelium.23 All these cells are contractile and 
need strong but dynamic adhesion to the ECM. 

Thus it has been proposed that FNX is a mechano- 
transducer of ECM transformation that can assist 
cells in adapting to extracellular stress or changing 
pressure.23 In our study, FNXs were detected in 

Figure 4. Collagen gel contraction assay of cultured stromal cells derived from peripheral (A) or central (B) lung of never-smokers, 
healthy smokers or COPD patients and a comparison of all peripheral and central cells (C). In panels A and B, the standard deviations 
are shown as positive bars for never-smokers, negative bars for smokers and as open circles for COPD.
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almost every sample when most of them consisted of 
the track-like subtype, although myofibroblasts 
derived from COPD had more tandem-like FNXs 
than cells derived from non-COPD patients. It is 
tempting to speculate that the variable distribution 
of FNX subtypes would reflect the variable role of the 
myofibroblasts in different pathological conditions or 
the status of the ECM in these conditions.

We analyzed α-SMA expression by IEM analysis 
at the single myofibroblast level as well as by 
Western analysis at the cell population level. 
Western analysis showed that central cells from 
never-smokers expressed more α-SMA than central 
cells from smokers. Even though this was not con-
firmed by IEM, this result is in line with the TEM 
observation as we could see less intracellular actin 
filaments in smokers’ cells. IEM suggested that 
there might be more α-SMA in myofibroblasts 
derived from central lung as compared to periph-
eral lung. This is at odds with the previous report of 
Hallgren and coworkers; they observed a reverse 
tendency in their Western analysis.17 However, it 
is notable that both in their and our studies, the 
interindividual variation of α-SMA expression was 
extensive; clearly more samples should be evaluated 
before drawing more definitive conclusions.

Previously it has been reported that cultured 
stromal cells from peripheral lung of COPD 
patients contracted more than those derived from 
the corresponding central lung or from normal 
lung.17 The results obtained in our study were in 
parallel with those studies although we could not 
detect such large differences. It was, however, nota-
ble that the samples examined in the previous study 
had been collected from lung explants, i.e. from 
very severe COPD cases (stage IV) while our sam-
ples represented mainly a less progressed COPD 
status (stages I–II). Thus, it is possible that the 
small tendency of COPD samples to become more 
contractile seen in our study is more evident in an 
advanced stage COPD. In fact, in our study, the 
cells from smokers’ lung without COPD seemed to 
be as contractile as those from COPD. Our study 
confirms also the observation that stromal cells 
derived from peripheral lung are more contractile 
than cells from central lung.17

The results of our study suggest that stromal cells 
vary in terms of their ultrastructure, α-SMA expres-
sion and contractility depending on their original 

localization, the disease status, and the smoking 
history of the donor.
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