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Abstract
Background: Airway remodeling in COPD includes reorganization of the extracellular matrix. Proteoglycans play a 
crucial role in this process as regulators of the integrity of the extracellular matrix. Altered proteoglycan 
immunostaining has been demonstrated in COPD lungs and this has been suggested to contribute to the 
pathogenesis. The major cell type responsible for production and maintenance of ECM constituents, such as 
proteoglycans, are fibroblasts. Interestingly, it has been proposed that central airways and alveolar lung parenchyma 
contain distinct fibroblast populations. This study explores the hypothesis that altered depositions of proteoglycans in 
COPD lungs, and in particular versican and perlecan, is a result of dysregulated fibroblast proteoglycan production.

Methods: Proliferation, proteoglycan production and the response to TGF-β1 were examined in vitro in centrally and 
distally derived fibroblasts isolated from COPD patients (GOLD stage IV) and from control subjects.

Results: Phenotypically different fibroblast populations were identified in central airways and in the lung parenchyma. 
Versican production was higher in distal fibroblasts from COPD patients than from control subjects (p < 0.01). In 
addition, perlecan production was lower in centrally derived fibroblasts from COPD patients than from control subjects 
(p < 0.01). TGF-β1 triggered similar increases in proteoglycan production in distally derived fibroblasts from COPD 
patients and control subjects. In contrast, centrally derived fibroblasts from COPD patients were less responsive to TGF-
β1 than those from control subjects.

Conclusions: The results show that fibroblasts from COPD patients have alterations in proteoglycan production that 
may contribute to disease development. Distally derived fibroblasts from COPD patients have enhanced production of 
versican that may have a negative influence on the elastic recoil. In addition, a lower perlecan production in centrally 
derived fibroblasts from COPD patients may indicate alterations in bronchial basement membrane integrity in severe 
COPD.

Background
Chronic obstructive pulmonary disease (COPD) is a pro-
gressive disease characterized by a reduction in respira-
tory airflow that is not possible to normalize [1]. The
reduced airflow is caused by tissue remodeling, including
reorganization of the extracellular matrix (ECM). In
bronchi, epithelial dysregulation results in impaired
mucocilliary clearance, over-production of mucus, and
squamous cell metaplasia. In parallel with this, subepi-
thelial fibrosis is often observed in bronchi and bronchi-

oles. Degradation of alveolar walls (emphysema) is a
hallmark of COPD, which limits the area of air-blood
exchange and the elastic recoil [2]. Other structural
changes in COPD, such as thickening of the airway wall
and reticular basement membrane, have been implicated
as factors that contribute to reduction in airflow [3,4].

Interestingly, in terms of the turnover of ECM, oppos-
ing pathological processes occur in the COPD lung as the
ECM is degraded in alveoli and there is excessive deposi-
tion of ECM (fibrosis) in bronchi and in bronchioles [5].
The major cell type responsible for production and main-
tenance of the ECM are fibroblasts. Recently, it was sug-
gested that central airways and alveolar lung parenchyma
contain distinct fibroblast populations [6,7]. Fibroblasts
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from these anatomical sites were found to have different
morphology, proliferation, and ECM production. This
distinction is important to consider in COPD, as the
ECM turnover is different in bronchi and alveoli. A key
family of molecules for ECM integrity is the proteogly-
cans. The production of proteoglycans and other ECM
molecules have been reported to be modulated by the
profibrotic signal molecule TGF-β [8,9]. Proteoglycans
have been shown to be differentially expressed in COPD
lungs [10,11]. For example, enhanced alveolar immunos-
taining of the large proteoglycan versican has been
reported in COPD patients [10]. As versican may inhibit
the assembly of elastic fibers, it may have a negative effect
on the elastic recoil and thereby possibly contribute to
the pathogenic development of COPD. Moreover, perle-
can, a heparan sulphate proteoglycan, is crucial for base-
ment membrane integrity and reduced perlecan
immunostaining has been demonstrated in the lungs of
COPD patients [11].

In this study, we hypothesized that altered levels of pro-
teoglycans in COPD lungs may be dependent on dysregu-
lated proteoglycan production in fibroblasts and hence
that there are alterations in fibroblast phenotypes in
COPD patients compared to control subjects. In particu-
lar, we wanted to determine whether enhanced alveolar
versican deposition is due to higher versican production
by distal fibroblasts. We also wanted to examine whether
perlecan production was altered in centrally derived
fibroblasts. Thus, we isolated centrally and distally
derived fibroblasts from lung explants from COPD
patients and from biopsies from healthy control subjects
in order to assess proteoglycan production, proliferative
potential, and responsiveness to TGF-β1 in vitro.

Methods
Patients
Patients (n = 8) suffering from very severe COPD (GOLD
stage IV) who were undergoing lung transplantation at
Lund University Hospital were included in the study. The
patients had quitted smoking at least 6 months before the
lung transplantation. Non-smokers (n = 12) with no clini-
cal history of asthma, (reversibility < 12% after adminis-
tration of the β2-agonist salbutamol (400 μg) and did not
respond to methacholine test doses (< 2,000 μg)), or other
lung diseases were included as control subjects. This
study was approved by the Swedish Research Ethical
Committee in Lund (FEK 91/2006 and FEK 213/2005).

Isolation of cells
Fibroblasts were isolated from explants from COPD
patients and from bronchial and transbronchial biopsies
from control subjects as previously described [12].
Briefly, biopsies from control subjects were immediately
after sampling transferred to cell culture medium

(DMEM supplemented with 10% FBS, Gentamicin, PEST,
and Ampotericin B (all from Gibco BRL, Paisley, UK)).
Specimens from the lung explants were dissected directly
after removal from the COPD patients and were immedi-
ately transferred to cell culture medium. Bronchial tissue
was collected from the luminal side from the same locali-
sation as where bronchial biopsies were taken and were
chopped into small pieces. Alveolar parenchymal speci-
mens from explants were collected 2-3 cm from the
pleura in the lower lobes, i.e. from the same location as
where transbronchial biopsies were taken. Vessels and
small airways were removed from the peripheral lung tis-
sues and the remaining tissues were chopped into small
pieces. After rinsing, bronchial and parenchymal pieces
from explants and biopsies were allowed to adhere to the
plastic of cell culture flasks for 4 h and were then kept in
cell culture medium in 37°C cell incubators until out-
growth of fibroblasts were observed. Bronchial and
parenchymal fibroblasts were then referred to as central
and distal fibroblasts, respectively. Experiments were per-
formed at passages 3-6. The cell cultures were continu-
ously stained to verify the mesenchymal identity and to
estimate the purity. In the few cases when the cellular
staining was less clear then the cell morphology was veri-
fied to be representative for the culture as a whole.

Proliferation assay
Proliferation was determined as previously described
[13]. Briefly, cells were plated and fixed after 6, 24, 48, h.
Cells were stained with Crystal Violet and cell numbers
were quantified indirectly by absorbance at 595 nm on a
spectrophotometer plate reader (ELX800; Biotek Instru-
ments, Winooski, VT,). Proliferation was defined as
absorbance at 48 h divided by the absorbance after 6 h.
With this method the amount of adsorbed dye has been
shown to be proportional to the cell number recorded on
a Coulter counter [14].

Immunohistochemistry
Staining of fibroblasts
Fibroblasts (7000/well) grown overnight were fixed in 4%
paraformaldehyde for 15 minutes. Thereafter unspecific
binding sites were blocked by 2% BSA-TBS containing 5%
goat serum (Vector laboratories, Burlingame, CA) and
0,1% Triton X for 30 minutes. Cells were incubated with
primary antibodies: monoclonal mouse antibody against
Prolyl 4-Hydroxylase (Acris antibodies, Hiddenhausen,
Germany), monoclonal mouse IgM antibody against
Vimentin (Santa Cruz Biotechnology, Santa Cruz, CA),
monoclonal mouse IgG2a antibody against α-SMA
(Dako, Glostrup, Denmark), monoclonal IgG and anti-
body against SM22-alpha (Abcam, Cambridge, UK), and
with secondary antibodies: Alexafluor 488-conjugated
goat anti-mouse antibody and Alexafluor 555-conjugated
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goat anti-mouse antibody (both from Molecular Probes
Invitrogen, Eugene, OR). The DNA-binding molecule
DAPI (Molecular Probes Invitrogen, Eugene, OR) was
used to stain cell nuclei before final mounting (Dako fluo-
rescence mounting medium, Dako, Glostrup, Denmark).
Cells were photographed using a TE2000-E fluorescence
microscope (Nikon, Tokyo, Japan) equipped with a
DXM1200C camera (Nikon, Tokyo, Japan).
Tissue staining of proteoglycans
In short, tissue, from same locations as where pieces for
cell isolations were taken, was fixed in 4% paraformalde-
hyde and embedded in paraffin. 5 μm sections were
deparaffinized, rehydrated and then pre-treated over-
night in buffer containing chondrotinase ABC (Seika-
gaku, Tokyo, Japan), in 37°C to make epitopes accessible
for antibodies. Endogenous peroxidase activity was
blocked in 3% hydrogen peroxidase (Merck, Damstadt,
Germany) followed by a 30 minutes block with 2% BSA-
TBS containing 5% serum raised in the same species as
the secondary antibodies used. Furthermore, endogenous
avidin and biotin binding sites were blocked (Vector avi-
din/biotin blocking kit, Vector laboratories, Burlingame,
CA) according to the manufacturer's protocol. Sections
were incubated with primary antibodies: rabbit poly-
clonal antibody against versican (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), mouse polyclonal antibody against
perlecan (Zymed laboratories, San Francisco, CA), goat
polyclonal antibody against biglycan (Santa Cruz Bio-
technology, Santa Cruz, CA), mouse monoclonal anti-
body against decorin (Abcam, Cambridge, UK). This was
followed by incubation with secondary antibodies: biotin-
conjugated goat anti-rabbit (Vector laboratories, Burl-
ingame, CA), biotin-conjugated horse anti-mouse (Vec-
tor laboratories, Burlingame, CA), and biotin-conjugated
donkey anti-goat (Jackson ImmunoResarch, West Grove,
PA). Sections were incubated with avidin and biotin (Vec-
tor laboratories, Burlingame, CA) according to the manu-
facturer's instructions and were developed with DAB
(Vector laboratories, Burlingame, CA) to visualize bound
antibodies and then counterstained with Mayer's hema-
toxylin. Sections were photographed using a TE2000-E
fluorescence microscope (Nikon, Tokyo, Japan) equipped
with a DXM1200C camera (Nikon, Tokyo, Japan).

Quantification of proteoglycans
Proteoglycan production in fibroblasts was determined
as previously described [15]. Briefly, cells were incubated
in sulfate-poor Dulbecco's MEM (Gibco BRL, Paisley,
UK) supplemented with 0.4% FBS w/wo 10 ng/ml TGF-
β1 (R&D Systems, Minneapolis, MN). COPD fibroblasts
had a very contractile phenotype and experiments were
therefore performed on cell culture plastics coated with
1% collagen-1 (PureCOL; Inamed Biomaterials, Fremont,
CA). This modification did not significantly alter proteo-

glycan production (data not shown). Proteoglycans were
quantified by [35S]-sulfate incorporation into glycosoam-
inoglycan side-chains measured on a scintillation counter
(Wallac; Perkin Ellmer, Boston, MA). Individual proteo-
glycans were separated by SDS-PAGE and quantified
using densitometry. The contribution of individual pro-
teoglycans to the total proteoglycan content was calcu-
lated as the value for each proteoglycan divided by the
sum of all the measured proteoglycans (versican, perle-
can, biglycan and decorin) by densitometry.

Statistics
Data are expressed as mean ± SEM. Statistical differences
between groups were determined by multiple compari-
sons using Kruskal-Wallis test. The Mann-Whitney test
was used to compare statistical differences between
groups. The Wilcoxon signed rank test was used to deter-
mine whether TGF-β1-stimulated proteoglycan produc-
tion was different from basal levels. Differences were
considered significant at p < 0.05. All analyses were per-
formed using GraphPad Prism software version 4.00
(GraphPad Software, San Diego, CA).

Results
Study subjects
Characteristics of COPD patients and control subjects
are shown in Table 1. Predicted FEV1 was 19.7% (14-24%);
(mean and range) in COPD patients. The corresponding
numbers were 106.7% (95-116%) for control subjects.
Mean age was 62 years (53-66) in the COPD group. For
control subjects the mean age was 30 years (24-41). All
the COPD patients were ex-smokers whereas none of the
controls had a history of smoking. Distal fibroblast cul-
tures were obtained from all patients and control sub-
jects, while central fibroblasts were obtained from 6 of 8
COPD patients and 7 of 12 control subjects.

Qualitative evaluation of proteoglycan localization
The localization of versican, perlecan, biglycan, and
decorin staining from one representative COPD subject
is presented in Figure 1. Immunoreactivity for perlecan
was, as expected, identified in the basement membrane of
bronchi, bronchioles and blood vessels. Unexpectedly,
the bronchial and bronchiolar reticular basement mem-
branes showed immunoreactivity for biglycan and deco-
rin. The basement membrane of pulmonary vessels were
positive for decorin but not for biglycan. The lamina pro-
pria tissue between basement membranes and smooth
muscle layers in bronchi and bronchioles was positive for
versican, biglycan, and decorin. Immunoreactivity for
these three proteoglycans was also observed in the tunica
media of pulmonary arteries, as well as in the adventia of
both bronchioles and arterioles. Staining was also present
in alveolar walls. Finally, smooth muscle cell layers cir-
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cumscribing bronchi and bronchioles were slightly posi-
tive for perlecan, decorin and biglycan.

Characterization of fibroblasts
Isolated fibroblasts from COPD patients and control sub-
jects were characterized using antibodies to mesenchy-
mal markers (Figure 2). Both central and distal fibroblasts
were positive for α-smooth muscle actin (α-SMA), as
shown in Figure 2A and 2E. Furthermore, central and dis-
tal fibroblasts showed immunoreactivity for the fibroblast
markers prolyl 4-hydroxylase and vimentin (Figure 2B, C,
F and 2G). The contractile protein Sm22 has been found
to be expressed by smooth muscle cells and myofibro-
blasts but not by fibroblasts [16]. The isolated fibroblasts
were negative for sm22.

Fibroblast proliferation
The proliferative potential of isolated fibroblasts was
quantified using the crystal violet assay (Figure 3). In con-
trol subjects, central fibroblasts had a significantly lower
proliferation potential (1.72 ± 0.46) than distal fibroblasts
(2.80 ± 0.72) (p < 0.01). No such difference was observed
for fibroblasts from COPD patients. Distal fibroblasts
from COPD patients had a significantly lower prolifera-
tion potential (2.07 ± 0.27) than distal fibroblasts from
control subjects (2.80 ± 0.72) (p < 0.01). No difference
was seen between central fibroblasts from COPD patients
and control subjects.

Basal proteoglycan production
The basal proteoglycan production was investigated, as
shown in Figure 4. In control subjects, distal fibroblasts

had a significantly higher production of biglycan than
central fibroblasts (255 ± 43 vs. 81 ± 13) (p < 0.05). No
such difference was observed for fibroblasts from COPD
patients. Distal fibroblasts from COPD patients had a sig-
nificantly higher production of versican than distal fibro-
blasts from control subjects (324 ± 198 vs. 90 ± 47) (p <
0.01). Perlecan production was significantly lower in cen-
tral fibroblasts from COPD patients (111 ± 29) than in
fibroblasts from control subjects (285 ± 55) (p < 0.05).
There were no significant differences between the groups
in the basal production of decorin.

TGF-β1-induced proteoglycan production
Fibroblasts were stimulated with TGF-β1 for 24 hours and
the proteoglycan production was quantified and com-
pared to basal levels (Figure 5). In central fibroblasts from
control subjects TGF-β1 induced significant increases in
the production of versican (2.1-fold) and biglycan (3.6-
fold). In distal fibroblasts from control subjects TGF-β1
induced significant increases of versican (1.8-fold), perle-
can (1.4-fold) and biglycan (3.1-fold). However, TGF-β1
induced a significant decrease of decorin (1.4-fold) but no
change in the production of the other proteoglycans in
central fibroblasts from COPD patients. In distal fibro-
blasts from COPD patients, TGF-β1 induced significant
increases in the production of versican (2.1-fold), perle-
can (1.5-fold) and biglycan (2.9-fold). Distal fibroblasts
from COPD patients had a higher TGF-β1-response in
the production of versican (p < 0.05), perlecan (p < 0.05),
biglycan (p < 0.01), and decorin (p < 0.01) than central
fibroblasts from COPD patients. No such difference was

Table 1: COPD patients and control subjects in the study

Characteristics Controls COPD

No. 12 8

Age (range) 30 (24--41) 62 (53--66)

Pack years (range) 0 41 (25--60)

Gender, M/F in % 42/58 37/63

Lung function

FEV1 4.0 (3.0--5.4) 0.57 (0.4--0.9)

FEV1 % predicted 106.7 (95--116) 19.7 (14--24)

FVC 4.8 (3.5--6.4) 2.0 (1.3--2.8)

FEV1 % predicted/
FVC

22 (17--28) 31 (20--39)

DLCO m 1.4 (1.4--1.5)†

DLCO % predicted m 24 (14--42)§

† Only values from 4 patients. § Only values from 5 patients. m denotes that data is missing
Data is presented as mean (range)
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observed between distal and central fibroblasts from con-
trol subjects.

Proteoglycan production profiles
We next examined the contribution of each proteoglycan
to the total proteoglycan production defined as the sum
of versican, perlecan, biglycan and decorin (Figure 6).
The contribution of perlecan to the total proteoglycan
production was significantly higher in distal fibroblasts
(0.19 ± 0.02) compared to central fibroblasts (0.13 ± 0.02)
from COPD patients (p < 0.05). There was no such differ-
ence in fibroblasts from control subjects. However, in
control subjects the contribution of biglycan to the total
proteoglycan production was significantly higher in distal
fibroblasts (0.26 ± 0.02) compared to central fibroblasts

(0.13 ± 0.03) (p < 0.05). There was no such difference in
fibroblasts from COPD patients. The contribution of ver-
sican to the total proteoglycan production was signifi-
cantly higher in central fibroblasts from COPD patients
(0.27 ± 0.04) than in central fibroblasts from control sub-
jects (0.12 ± 0.03) (p < 0.05). There was a similar differ-
ence (p < 0.01) between distal fibroblasts from COPD
patients (0.31 ± 0.03) and control subjects (0.15 ± 0.03) in
the contribution of versican to the total proteoglycan
production. The contribution of perlecan to the total pro-
teoglycan production was significantly lower (p < 0.01) in
central fibroblasts from COPD patients (0.13 ± 0.02) than
from control subjects (0.42 ± 0.09). A similar difference in
the contribution of perlecan was recorded between distal

Figure 1 Proteoglycan staining in lung sections from COPD pa-
tients. Representative micrographs of lung sections from one COPD 
patient. Antibodies were visualized by DAB staining (shown in brown) 
and sections were counterstained with Mayer's hematoxylin, which 
stains cell nuclei blue. A, C, E, and G (left panel) are representative mi-
crographs from the central airways (bronchi) and B, D, F, and H (right 
panel) show the small airways and parenchyma. A and B show versi-
can, C and D perlecan, E and F biglycan, and G and H decorin. L de-
notes lumen of the bronchi, and A and V denote airway and vessels, 
respectively. Black arrowheads show staining in the lamina reticularis. 
Scale bars represent 100 μm.

A B

C D

E F

G H

L

L

L

L

A

A

A

A

A

V

V

V

Figure 2 Immunostaining of COPD fibroblasts. Isolated fibroblasts 
were immunostained to verify their mesenchymal origin. Cell nuclei 
are visualized by DAPI staining, shown in blue. A--D (upper panel): rep-
resentative micrographs of central fibroblasts. E--H (lower panel) show 
distal fibroblasts. Antibodies to α-SMA were used in A and E, antibod-
ies to prolyl 4-hydroxylase in B and F, antibodies to vimentin in C and 
G, and antibodies to sm22 in D and H. Scale bars represent 50 μm

E

α−SMA

F

prolyl 4-H

G

vimentin

H

sm22

A B C D
Central fibroblasts

Distal fibroblasts

Figure 3 Proliferation potential of isolated fibroblasts. Prolifera-
tion potential was determined by crystal violet assay, as described in 
Methods. The data presented are those for 48 hours, as compared to 
those for 6 hours. *P < 0.01, +++P < 0.001.

5

4

3

2

1

0

Control COPD

Pr
ol

ife
ra

tio
n 

ra
te

******
+++

Central Distal Central Distal



Hallgren et al. Respiratory Research 2010, 11:55
http://respiratory-research.com/content/11/1/55

Page 6 of 11
fibroblasts from COPD patients (0.19 ± 0.02) and control
subjects (0.35 ± 0.02) (p < 0.001). The contribution of big-
lycan to the total proteoglycan production was also lower
in distal fibroblasts from COPD patients (0.14 ± 0.02)
compared to from control subjects (0.26 ± 0.02) (p <
0.01). Finally, the contribution of decorin to the total pro-
teoglycan production was higher in distal fibroblasts
from COPD patients (0.36 ± 0.03) than from control sub-
jects (0.25 ± 0.03) (p < 0.05).

Discussion
Our data indicate that fibroblast in central airways are
phenotypically different from those present in the alveo-
lar parenchyma. In COPD patients the phenotypes of

these fibroblast populations are altered which may have
implications for disease development. Enhanced alveolar
versican deposition has been reported in tissue sections
from COPD patients, and this may have a negative influ-
ence on the elastic recoil. We show that this may be due
to dysregulated versican production in fibroblasts. Fur-
thermore, data indicates that there may be structural
changes linked to altered molecular composition of base-
ment membranes in cartilaginous airways in severe
COPD as the perlecan production was lower and perle-
can is important for the basement membrane integrity.
Surprisingly, central fibroblasts from COPD patients
were poor responders to the pro-fibrotic mediator TGF-
β1.

Figure 4 Basal proteoglycan production. Fibroblasts were incubated for 24 hours in cell medium containing 0.4% serum, and proteoglycan con-
tent in medium was determined by the ability to incorporate [S35]-sulphate into glycosoaminoglycan side chains. Values were related to protein con-
centration in the respective cell layers to account for variability in cell numbers. Individual proteoglycans were separated and quantified on SDS-PAGE 
gels to determine the contribution of each to the total proteoglycan content. Graph A shows production of versican, B perlecan, C biglycan, and D 
decorin. * P < 0.05, ** P < 0.01, + P < 0.05, ++ P < 0.01 and +++ P < 0.001.

1200

1000

600

800

400

D
PM

/μ
g 

pr
ot

ei
n

200

0

800

600

400

D
PM

/μ
g 

pr
ot

ei
n

200

0

*
+

D
PM

/μ
g 

pr
ot

ei
n

600

500

400

300

200

100

0

*
+

800

600

400

D
PM

/μ
g 

pr
ot

ei
n

200

0

**
+

Versican Perlecan

Biglycan Decorin

A B

C D

Distal
COPDControl

Central Central Distal

COPDControl
Central Central DistalDistalDistal

COPDControl
Central Central Distal

Distal
COPDControl

Central Central Distal



Hallgren et al. Respiratory Research 2010, 11:55
http://respiratory-research.com/content/11/1/55

Page 7 of 11
Our data support the idea that there are unique and
phenotypically different fibroblast populations in central
airways and in the lung parenchyma [6,7]. Kotaru et al.
reported morphological differences between central
fibroblasts, which were larger and had more projections,
and distal fibroblasts, which were thinner and more spin-
dle-shaped [6]. We observed similar differences in fibro-
blasts from both COPD patients and control subjects. In
addition, distal fibroblast had a higher proliferation
potential than central fibroblasts from control subjects. A
similar difference has been demonstrated in fibroblasts
from asthma patients [6]. Furthermore, in the present

study, a lower proliferation potential was observed in dis-
tal fibroblasts from COPD patients than from control
subjects. This is consistent with previous studies [17-19].
In one study, cigarette smoke was shown to reduce the
proliferation of fibroblasts [19]. As the COPD patients in
this study have been heavy smokers, with a smoking bur-
den of between 25 and 60 pack years, one could speculate
that this may contribute to the lower proliferation poten-
tial.

Our data show that the production of biglycan was
higher in distal fibroblasts than in central fibroblasts
from control subjects. This difference was not observed

Figure 5 Proteoglycan production after TGF-β1 stimulation. Fibroblasts were incubated for 24 hours in cell medium containing 0.4% serum and 
10 ng/ml TGF-β1, and proteoglycan content in medium was determined by the ability to incorporate [S35]-sulphate into glycosoaminoglycan side 
chains. Values were related to protein concentration in the respective cell layers to account for variability in cell numbers. Individual proteoglycans 
were separated and quantified on SDS-PAGE gels to determine the contribution of each to total proteoglycan content. Each point represents the fold 
change after TGF-β1 stimulation compared to basal levels. Dashed lines show the basal level of production of each proteoglycan. Graph A shows rel-

ative change of versican, B perlecan, C biglycan, and D decorin. * P < 0.05, ** P < 0.01 and + P < 0.05. # < 0.05, ## < 0.05 and ### < 0.001 indicate sig-
nificant differences in the proteoglycan production after TGF-β1 stimulation compared to basal levels for each group.
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in COPD patients. Interestingly, biglycan has previously
been reported to promote cytoskeletal changes resulting
in a more migratory phenotype which may be important
in wound healing processes [20]. Furthermore, the pro-
teoglycan production response to TGF-β1 did not differ
between central and distal fibroblasts from control sub-
jects. However, the production of all the investigated pro-
teoglycans was higher in distal fibroblasts than in central
fibroblasts from COPD patients following TGF-β1-stimu-
lation. It cannot be explained with a dysregulated
response in distal fibroblasts as it was similar in fibro-
blasts from COPD patients and control subjects. A more
plausible explanation is that central fibroblasts from
COPD patients are poor TGF-β1-responders. This is
intriguing as bronchial remodeling in COPD often

includes deposition of ECM and TGF-β1 is believed to be
one of the most prominent inducer of matrix production
in fibroblasts. Several studies have reported increased
expression of TGF-β1 in the airway epithelium and sub-
mucosa of patients with COPD and this was proposed to
be a product of cigarette smoke as control smokers had
similar staining pattern [21-23]. One could speculate that
bronchial fibroblasts from COPD patients have been
adapted to a local milieu with high concentration of TGF-
β1 and have as a consequence become less responsive. In
the present study TGF-β1 induced an increase in proteo-
glycan production in distal fibroblasts from COPD
patients. TGF-β1-induced transcription of versican, per-
lecan, and biglycan requires a functional downstream

Figure 6 Profile of proteoglycan production. Fibroblasts were incubated for 24 hours in cell medium containing 0.4% serum, and individual pro-
teoglycans were separated and quantified on SDS-PAGE gels to determine the contribution of each to the total proteoglycan production. Each point 
shows the relative contribution of individual proteoglycans to the total proteoglycan content defined as the sum of versican, perlecan, biglycan and 
decorin (set as 1). Graph A shows versican, B perlecan, C biglycan, and D decorin. * P < 0.05, ** P < 0.01, *** P < 0.001, + P < 0.05, ++ P < 0.01, +++ P < 0.001.
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SMAD signalling pathway [24,25]. This contrasts with a
recent study reporting defective repair functions, includ-
ing migration and contraction, in distal fibroblasts from
moderate and severe COPD patients compared to control
smokers [26]. The defective repair capability was partially
explained by dysregulation of the SMAD signalling path-
way. The conflicting results may be explained by differ-
ences in control groups as we have non-smokers and
Togo et al. have smokers with similar smoking history as
the COPD patients. Furthermore, it cannot be excluded
that the use of biopsy material as the source of control
fibroblasts in the present study also may contribute to the
difference.

To the best of our knowledge, this is the first study to
examine the proteoglycan production in both centrally
and distally derived fibroblasts from COPD patients. In
our study, an alteration in proteoglycan production was
observed in fibroblasts from COPD patients. Versican
production was higher in distal fibroblasts from COPD
patients than in distal fibroblasts from control subjects.
This is consistent with a study that reported increased
versican mRNA-expression in distal fibroblasts from
COPD patients (GOLD stages II and IV) compared to
smoking controls [27]. It is also supported by a recent
study showing increased immunostaining of versican in
alveolar walls and rims in COPD patients (GOLD stages I
and II) relative to control subjects [10]. The amount of
versican staining was also reported to be negatively corre-
lated to both elastic fiber volume and to FEV1. Previous
results from the same group showed that cellular modu-
lations that caused a decrease in versican content or the
chondroitin-sulfate side chain content of versican
enhanced protoelastin synthesis and elastic fiber assem-
bly in smooth muscle cells [28,29]. These results under-
score a role for versican as a negative regulator of elastin.

Structural changes in the small airway wall, including
basement membranes, have been suggested to contribute
to airflow obstruction in COPD [3]. Less is known about
the contribution of structural changes to airflow obstruc-
tion in larger airways, although an inverse correlation
between airway wall thickness and measures of airflow in
cartilaginous airways has been reported [4]. In the pres-
ent study we observed positive staining for decorin and
biglycan in the lamina reticularis, which is normally
exclusively composed of collagen I, collagen III, collagen
V, laminins, fibronectin, and tenascin. In addition, perle-
can production was significantly lower in central fibro-
blasts from COPD patients than in central fibroblasts
from control subjects. Perlecan is a large (> 400 kD)
multi-domain heparin sulfate proteoglycan, and a com-
ponent of the lamina densa in basement membranes of
airways and vessels [30]. Knockout studies have sug-
gested that perlecan may be important for basement

membrane integrity, and loss of perlecan may render
laminins more susceptible to proteolysis [31-33].

An interesting observation in the present study was the
shift in the relative production of individual proteogly-
cans. Distally derived fibroblasts from COPD patients
had higher production of versican and decorin and a
lower production of perlecan and biglycan than distal
fibroblasts from control subjects relative to the total
amount of proteoglycan production. Surprisingly, these
data are consistent with a rat model investigating bleomy-
cin-induced pulmonary fibrosis, which showed that big-
lycan production was increased early in the fibrotic
process and declined over time, while decorin production
was enhanced later in this process [34]. In a subsequent
study, it was shown that fibroblasts from patients with
pulmonary fibrosis produced relatively more decorin
compared to the total proteoglycan content than control
subjects [35]. These results indicate that the proteoglycan
production in distal fibroblasts from severe COPD is sim-
ilar to that in fibroblasts in a late fibrotic process. One
could speculate that signals in the deteriorating environ-
ment of the emphysematous lungs stimulate fibroblasts
to produce decorin and versican in an attempt restore the
tissue, but as versican has a negative effect on the elastic
recoil it leads to disease progression instead of resolution.

The present study was based on fibroblasts isolated
from lung explants from COPD patients undergoing lung
transplantation and from bronchial and transbronchial
biopsies from control subjects. As lung tissue from the
two groups is acquired from different sources it may be a
potential caveat. Transbronchial biopsies are primarily
composed of alveolar tissue but there is a risk of contami-
nation with small airway structures. It was reported that
distal lung sampling via transbronchial biopsies contains
small airways in one in four to eight biopsies [6]. We have
carefully evaluated our material and observed small air-
ways in one in twenty to twenty-five biopsies. However,
when present, the small airways component only consti-
tutes a small volume of the entire tissue sample. We are
therefore confident that the majority of the fibroblast cul-
tures originate from alveolar tissue. The two groups were
not age-matched, and it cannot be excluded that some of
the observed differences were a result of this difference.
Transbronchial biopsy sampling is an invasive and poten-
tially harmful procedure for subjects; thus, it would not
be ethically appropriate to sample older subjects. There
have been studies reporting age-dependent changes in
the composition of glycosoaminoglycan side chains of
decorin and heparan sulphate proteoglycans, such as per-
lecan, but there has been no evidence of age-related
quantitative differences in proteoglycan expression
[36,37]. The COPD patients in the present study were all
ex-smokers while the controls were non-smokers, and it
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cannot be ruled out that some of the changes seen could
have been due to smoking.

Conclusions
In summary, the present study supports the idea of the
existence of phenotypically distinct fibroblast popula-
tions in central airways and in the lung parenchyma. In
addition, we show that fibroblasts isolated from COPD
patients have alterations in proteoglycan production that
may have implications for the pathogenesis. Distally
derived fibroblasts from COPD patients had higher versi-
can production, which may have a negative influence on
the elastic recoil. Centrally derived fibroblasts from
COPD patients had lower production of the basement
membrane-stabilizing proteoglycan perlecan, and immu-
nostaining of lung sections showed altered deposition of
biglycan and decorin in the basement lamina reticularis.
These abnormalities in airway basement membrane com-
position in COPD are likely to have functional conse-
quences and may thus be regarded as a pathogenic
feature in the disease.

Competing interests
OH has received two research grants from AstraZeneca 2006 and 2008. JE
serves as consultant to MedImmune Inc. and received research grants from
MedImmune and GlaxoSmithKline. CGL has served on advising boards and
given paid lectures organized by various pharmaceutical firms (AstraZeneca,
BoeringerIngelheim, GlaxoSmithKline, Novartis, Nycomed and UCB) and has
received institutional grants from AstraZeneca and GlaxoSmithKline. LE and
MD are employed by AstraZeneca. LB, KN and GWT have no competing inter-
ests.

Authors' contributions
OH and KN performed studies on proliferation and proteoglycan production
on primary fibroblasts. OH performed the immunostainings, interpreted the
data and drafted the manuscript. MD, LB, LE, JE and CGL contributed to the
design of the study and to the writing process. GWT initialized the study and
had overall responsibility for the design and writing of the study. All authors
read and approved the final manuscript.

Acknowledgements
The authors wish to thank Lena Thiman for technical assistance. The study was 
supported by The Swedish Medical Research Council (11550), the Heart-Lung 
Foundation, AstraZeneca R&D, Greta and John Kock, the Alfred Österlund 
Foundation, the Anna-Greta Crafoord Foundation, the Konsul Bergh Founda-
tion, the Royal Physiographic Society in Lund, and the Medical Faculty of Lund 
University.

Author Details
1Department of Experimental Medical Science, BMC D12 Lund, Lund 
University, Sweden, 2Department of Respiratory Medicine and Allergology, 
Lund University Hospital, Lund, Sweden and 3AstraZeneca R&D, Lund, Sweden

References
1. Barnes PJ, Shapiro SD, Pauwels RA: Chronic obstructive pulmonary 

disease: molecular and cellular mechanisms.  Eur Respir J 2003, 
22(4):672-688.

2. Chrzanowski P, Keller S, Cerreta J, Mandl I, Turino GM: Elastin content of 
normal and emphysematous lung parenchyma.  Am J Med 1980, 
69(3):351-359.

3. Nakano Y, Muller NL, King GG, Niimi A, Kalloger SE, Mishima M, Pare PD: 
Quantitative assessment of airway remodeling using high-resolution 
CT.  Chest 2002, 122(6 Suppl):271S-275S.

4. Tiddens HA, Pare PD, Hogg JC, Hop WC, Lambert R, de Jongste JC: 
Cartilaginous airway dimensions and airflow obstruction in human 
lungs.  Am J Respir Crit Care Med 1995, 152(1):260-266.

5. Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu L, Cherniack 
RM, Rogers RM, Sciurba FC, Coxson HO, et al.: The nature of small-airway 
obstruction in chronic obstructive pulmonary disease.  N Engl J Med 
2004, 350(26):2645-2653.

6. Kotaru C, Schoonover KJ, Trudeau JB, Huynh ML, Zhou X, Hu H, Wenzel SE: 
Regional fibroblast heterogeneity in the lung: implications for 
remodeling.  Am J Respir Crit Care Med 2006, 173(11):1208-1215.

7. Pechkovsky DV, Hackett TL, An SS, Shaheen F, Murray LA, Knight DA: 
Human Lung Parenchyma but not Proximal Bronchi Produces 
Fibroblasts with Enhanced TGF{beta} Signaling and {alpha}SMA 
Expression.  Am J Respir Cell Mol Biol .

8. Blobe GC, Schiemann WP, Lodish HF: Role of transforming growth factor 
beta in human disease.  N Engl J Med 2000, 342(18):1350-1358.

9. Leask A, Abraham DJ: TGF-beta signaling and the fibrotic response.  
Faseb J 2004, 18(7):816-827.

10. Merrilees MJ, Ching PS, Beaumont B, Hinek A, Wight TN, Black PN: 
Changes in elastin, elastin binding protein and versican in alveoli in 
chronic obstructive pulmonary disease.  Respir Res 2008, 9:41.

11. van Straaten JF, Coers W, Noordhoek JA, Huitema S, Flipsen JT, Kauffman 
HF, Timens W, Postma DS: Proteoglycan changes in the extracellular 
matrix of lung tissue from patients with pulmonary emphysema.  Mod 
Pathol 1999, 12(7):697-705.

12. Malmstrom J, Larsen K, Hansson L, Lofdahl CG, Norregard-Jensen O, 
Marko-Varga G, Westergren-Thorsson G: Proteoglycan and proteome 
profiling of central human pulmonary fibrotic tissue utilizing 
miniaturized sample preparation: a feasibility study.  Proteomics 2002, 
2(4):394-404.

13. Gillies RJ, Didier N, Denton M: Determination of cell number in 
monolayer cultures.  Anal Biochem 1986, 159(1):109-113.

14. Westergren-Thorsson G, Persson S, Isaksson A, Onnervik PO, Malmstrom A, 
Fransson LA: L-iduronate-rich glycosaminoglycans inhibit growth of 
normal fibroblasts independently of serum or added growth factors.  
Exp Cell Res 1993, 206(1):93-99.

15. Tufvesson E, Westergren-Thorsson G: Alteration of proteoglycan 
synthesis in human lung fibroblasts induced by interleukin-1beta and 
tumor necrosis factor-alpha.  J Cell Biochem 2000, 77(2):298-309.

16. Chiavegato A, Roelofs M, Franch R, Castellucci E, Sarinella F, Sartore S: 
Differential expression of SM22 isoforms in myofibroblasts and smooth 
muscle cells from rabbit bladder.  J Muscle Res Cell Motil 1999, 
20(2):133-146.

17. Holz O, Zuhlke I, Jaksztat E, Muller KC, Welker L, Nakashima M, Diemel KD, 
Branscheid D, Magnussen H, Jorres RA: Lung fibroblasts from patients 
with emphysema show a reduced proliferation rate in culture.  Eur 
Respir J 2004, 24(4):575-579.

18. Noordhoek JA, Postma DS, Chong LL, Vos JT, Kauffman HF, Timens W, van 
Straaten JF: Different proliferative capacity of lung fibroblasts obtained 
from control subjects and patients with emphysema.  Exp Lung Res 
2003, 29(5):291-302.

19. Nobukuni S, Watanabe K, Inoue J, Wen FQ, Tamaru N, Yoshida M: 
Cigarette smoke inhibits the growth of lung fibroblasts from patients 
with pulmonary emphysema.  Respirology 2002, 7(3):217-223.

20. Tufvesson E, Westergren-Thorsson G: Biglycan and decorin induce 
morphological and cytoskeletal changes involving signalling by the 
small GTPases RhoA and Rac1 resulting in lung fibroblast migration.  J 
Cell Sci 2003, 116(Pt 23):4857-4864.

21. Aubert JD, Dalal BI, Bai TR, Roberts CR, Hayashi S, Hogg JC: Transforming 
growth factor beta 1 gene expression in human airways.  Thorax 1994, 
49(3):225-232.

22. Takizawa H, Tanaka M, Takami K, Ohtoshi T, Ito K, Satoh M, Okada Y, 
Yamasawa F, Nakahara K, Umeda A: Increased expression of 
transforming growth factor-beta1 in small airway epithelium from 
tobacco smokers and patients with chronic obstructive pulmonary 
disease (COPD).  Am J Respir Crit Care Med 2001, 163(6):1476-1483.

23. Vignola AM, Chanez P, Chiappara G, Merendino A, Pace E, Rizzo A, la Rocca 
AM, Bellia V, Bonsignore G, Bousquet J: Transforming growth factor-beta 

Received: 19 October 2009 Accepted: 11 May 2010 
Published: 11 May 2010
This article is available from: http://respiratory-research.com/content/11/1/55© 2010 Hallgren et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Respiratory Research 2010, 11:55

http://respiratory-research.com/content/11/1/55
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14582923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7416182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12475796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7599833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15215480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16543551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20061511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10793168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15117886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18485243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10430274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12164698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3812988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7683278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10723095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10412085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15459135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12746043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12153687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14600270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8202878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371421


Hallgren et al. Respiratory Research 2010, 11:55
http://respiratory-research.com/content/11/1/55

Page 11 of 11
expression in mucosal biopsies in asthma and chronic bronchitis.  Am J 
Respir Crit Care Med 1997, 156(2 Pt 1):591-599.

24. Itoh S, Itoh F, Goumans MJ, Ten Dijke P: Signaling of transforming 
growth factor-beta family members through Smad proteins.  Eur J 
Biochem 2000, 267(24):6954-6967.

25. Schiller M, Javelaud D, Mauviel A: TGF-beta-induced SMAD signaling 
and gene regulation: consequences for extracellular matrix 
remodeling and wound healing.  J Dermatol Sci 2004, 35(2):83-92.

26. Togo S, Holz O, Liu X, Sugiura H, Kamio K, Wang X, Kawasaki S, Ahn Y, 
Fredriksson K, Skold CM, et al.: Lung fibroblast repair functions in 
patients with chronic obstructive pulmonary disease are altered by 
multiple mechanisms.  Am J Respir Crit Care Med 2008, 178(3):248-260.

27. Zandvoort A, Postma DS, Jonker MR, Noordhoek JA, Vos JT, Timens W: 
Smad gene expression in pulmonary fibroblasts: indications for 
defective ECM repair in COPD.  Respir Res 2008, 9:83.

28. Huang R, Merrilees MJ, Braun K, Beaumont B, Lemire J, Clowes AW, Hinek 
A, Wight TN: Inhibition of versican synthesis by antisense alters smooth 
muscle cell phenotype and induces elastic fiber formation in vitro and 
in neointima after vessel injury.  Circ Res 2006, 98(3):370-377.

29. Merrilees MJ, Lemire JM, Fischer JW, Kinsella MG, Braun KR, Clowes AW, 
Wight TN: Retrovirally mediated overexpression of versican v3 by 
arterial smooth muscle cells induces tropoelastin synthesis and elastic 
fiber formation in vitro and in neointima after vascular injury.  Circ Res 
2002, 90(4):481-487.

30. Knox SM, Whitelock JM: Perlecan: how does one molecule do so many 
things?  Cell Mol Life Sci 2006, 63(21):2435-2445.

31. Costell M, Carmona R, Gustafsson E, Gonzalez-Iriarte M, Fassler R, Munoz-
Chapuli R: Hyperplastic conotruncal endocardial cushions and 
transposition of great arteries in perlecan-null mice.  Circ Res 2002, 
91(2):158-164.

32. Costell M, Gustafsson E, Aszodi A, Morgelin M, Bloch W, Hunziker E, 
Addicks K, Timpl R, Fassler R: Perlecan maintains the integrity of cartilage 
and some basement membranes.  J Cell Biol 1999, 147(5):1109-1122.

33. Davis GE, Senger DR: Endothelial extracellular matrix: biosynthesis, 
remodeling, and functions during vascular morphogenesis and 
neovessel stabilization.  Circ Res 2005, 97(11):1093-1107.

34. Westergren-Thorsson G, Hernnas J, Sarnstrand B, Oldberg A, Heinegard D, 
Malmstrom A: Altered expression of small proteoglycans, collagen, and 
transforming growth factor-beta 1 in developing bleomycin-induced 
pulmonary fibrosis in rats.  J Clin Invest 1993, 92(2):632-637.

35. Westergren-Thorsson G, Sime P, Jordana M, Gauldie J, Sarnstrand B, 
Malmstrom A: Lung fibroblast clones from normal and fibrotic subjects 
differ in hyaluronan and decorin production and rate of proliferation.  
Int J Biochem Cell Biol 2004, 36(8):1573-1584.

36. Feyzi E, Saldeen T, Larsson E, Lindahl U, Salmivirta M: Age-dependent 
modulation of heparan sulfate structure and function.  J Biol Chem 
1998, 273(22):13395-13398.

37. Nomura Y: Structural change in decorin with skin aging.  Connect Tissue 
Res 2006, 47(5):249-255.

doi: 10.1186/1465-9921-11-55
Cite this article as: Hallgren et al., Altered fibroblast proteoglycan produc-
tion in COPD Respiratory Research 2010, 11:55

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9279245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11106403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18467512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19087346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16385080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11884379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16952056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12142349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10579729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16306453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7688761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15147736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9593669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17118746


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


