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Chapter 3

Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive and complex inflammatory 
lung disease, resulting in airflow obstruction that is not fully reversible. COPD is mainly 
caused by small irritating particles, for instance from cigarette smoke, combined with 
a genetic susceptibility [1-3]. The ma or pathological processes in COPD are chronic 
bronchitis, remodelling of the small airways and parenchymal destruction [1, 4].
 An important player in tissue remodelling is transforming growth factor (T F)-β. 
T F-β levels are increased both in bronchial and alveolar epithelial cells of COPD patients 
[5, ]. T F-β is mainly produced in an inactive form and is activated by inflammation [7]. 
Active T F-β is pro- brotic and induces myo broblast differentiation as well as aberrant 
production of extracellular matrix (EC ) proteins [8]. The EC  comprises a tight network 
of many collagens, bronectin, elastic bers and proteoglycans that function as structural 
backbone for cells, but can also influence cell growth, proliferation and signalling [9-
11]. Fibroblasts are the main producers of EC  and T F-β is the main regulator of EC  
composition. For instance, stimulation with T F-β increases bronectin and collagen 
deposition by broblasts [12, 13], whereas it decreases decorin production [14]. 
 Decorin is a small, leucin-rich proteoglycan. It can be excreted in soluble form, 
but can also be a part of the EC  and therefore stay associated to the cell. Decorin is 
not only a structural part of the EC , playing an important role in collagen cross-linking, 
but is also an important regulator, because of its ability to bind cell surface receptors, 
cytokines and growth factors [15]. Furthermore, decorin can bind the active form of T F-β 
via its protein core [1 ]. In this way, it can attenuate T F-β activity, thereby diminishing 
its effects on remodelling [1 -18]. Van Straaten et al. found that decorin expression 
was reduced in the peribronchiolar area of patients with severe COPD compared with 
the control group and with patients with pulmonary brosis [19]. oordhoek et al. 
showed that basal decorin production in cultured broblasts from patients with severe 
emphysema is higher compared to mild emphysema. evertheless, T F-β and basic 

broblast growth factor (bF F) reduce decorin production to a larger extent in cultured 
broblasts from patients with severe emphysema than in those with mild emphysema 

[14]. Similarly, allgren et al. found that basal decorin production did not differ between 
broblasts of COPD grade 4 patients and non-COPD controls, however T F-β induced a 

decrease of decorin in broblasts of COPD patients only and not in broblasts of non-
COPD controls [20]. In addition, this decrease was found in broblasts of the central, but 
not the distal airway [20]. Interestingly, it has been suggested that decorin may contribute 
to the prevention of tissue remodelling, because overexpression of decorin inhibits the 
biological availability of T F-β and decorin in turn can inhibit T F-β function [1 -18]. In 
this way, T F-β and decorin are part of a negative feedback loop, where they inhibit each 
other s function. Accordingly, T F-β levels are increased in the lungs of COPD patients, 
while decorin expression is reduced [10], which may thus amplify T F-β signalling and 
airway remodelling.
 The wingless/integrase 1 ( T) signalling pathway also is known to interact with 
T F-β [21-23, chapter 2] and has recently been shown to play a role in inflammation 
and remodelling in the lung [23-27, chapter 4]. T ligands are secreted glycoproteins 
that function as growth factors and can interact with Fri led receptors (F D) to activate 
various pathways. The canonical signalling pathway is dependent on β-catenin and 
the noncanonical pathways signal mainly via calcium ( T/Ca  pathway) or to the 



Processed on: 1-11-2016Processed on: 1-11-2016Processed on: 1-11-2016Processed on: 1-11-2016

506021-L-bw-Spanjer506021-L-bw-Spanjer506021-L-bw-Spanjer506021-L-bw-Spanjer

Processed on: 26-10-2016Processed on: 26-10-2016Processed on: 26-10-2016Processed on: 26-10-2016

506021-L-bw-Spanjer506021-L-bw-Spanjer506021-L-bw-Spanjer506021-L-bw-Spanjer

- 63 -

Functional interactions of WNT-5B with decorin in C D

hoA/c- un -terminal kinase (  T/planar cell polarity (PCP) pathway) [28-30]. 
 e previously showed that the noncanonical ligands T-5A [31] and T-5B 
[24] are upregulated in COPD. Importantly, T-5B can mimic T F-β-induced broblast 
activation [chapter 2], implying a role for T-5B in airway remodelling. It was shown 
that decorin can directly bind T-1-induced secreted protein ( ISP)-1 [32], thereby 
inhibiting its function. hether decorin is able to bind T growth factors and thus can 
inhibit their function has not been described. In this study, we investigated functional 
interactions of T-5A and T-5B with decorin.

Methods

Cell culture 
C-5 human lung broblasts [33] were cultured at 37 C in a humidi ed atmosphere with 

5  CO  in am s F12 medium supplemented with 10  (v/v) foetal bovine serum (FBS), 2 
m  -glutamine, 50 g/ml streptomycin, 50 /ml penicillin and 1.5 g/ml amphotericin 
B. Prior to stimulation, cells were grown to confluence in -well cluster plates and placed 
in supplemented medium with 0.5  (v/v) FBS for 24 hours.

Cell stimulation
Subse uently, cells were stimulated for 24 hours (m A expression studies) or 48 hours 
(protein expression studies) with recombinant human T F-β1, recombinant human/
mouse T-5A, recombinant human T-5B, decorin from bovine articular cartilage or 
recombinant human hepatocyte growth factor ( F). In case of combined stimulation 
with decorin and T-5B, decorin was added 30 min prior to T-5B stimulation. After 
stimulation, medium was collected and stored at  -20 C until further analysis. Cells were 
lysed for m A isolation or washed once with ice cold ank s balanced salt solution 
( BSS  composition [mg/l]  Cl 400, PO  0, aCl 8000, a CO  350, a PO .1 O 
50, glucose 1000  p  7.4) and lysed for protein analysis. 

mRNA isolation
The m A of the stimulated broblasts was isolated with T I eagent  Solution (Ambion) 
according to the manufacturer s instructions. The amount of m A in all samples was 
determined using spectrophotometry ( D-1000, anoDrop, ThemoScienti c, ilmington, 
DE, SA). E ual amounts of m A (1 g) were then reverse transcribed according to the 
manufacturer s instructions (Promega Benelux b.v., eiden, the etherlands) and the 
cD A was stored at  -20 C until further use. m A expression was determined using real-
time PC , which was performed with the Illumina Eco Personal PC  System ( estburg, 
eusden, the etherlands). The se uences of the speci c primers used for determining 

genes of interest are listed in table 1. eal-time PC  data were analy ed using the 
comparative cycle threshold (Ct) method. Ct is the ampli cation cycle number. The cycle 
parameters were denaturation at 95 C for 30 seconds, annealing at 59 C for 30 seconds, 
and extension at 72 C for 30 seconds for 40 cycles. The amount of target gene was 
normali ed against the endogenous housekeeping gene 18S ribosomal A (designated 
as Ct). Experimental conditions were normali ed against basal condition (designated as 

Ct). elative differences were determined using the e uation 2-( Ct).
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Table 1 - Human primers used for the determination of specific genes of interest.
   Primer se uence 
decorin  Forward 5  AAT T A AAA T  C TTT CC  3
  everse 5  CC ATT TC AAC A C A A A  3

bronectin  Forward 5  TC  A  A  AAA TTC CAA T   3
  everse 5  ACA CAC T  CAC CTC ATC AT  3
sm- -actin  Forward 5  AC CCT AA TA CCC AT A A AC 3
  everse 5   CAA CAC AA CT CAT T   3

T-5B  Forward 5  T A A C A A A  TT  ACA CT T 3
  everse 5  A T A  TT CCC T A TTC CA  T 3
18S r A  Forward 5  C C C C TA  A  T A AAT TC  3
  everse 5  TT  CA AAT CT TTC CT C  3

Western Blot analysis
Cells were lysed in sodium dodecyl sulfate (SDS)-lysis buffer (composition  2.5 m  Tris, 
2  (w/v) SDS, 1 m  aF, 1 m  a VO , 10 mg/ml aprotinin, 10 mg/ml leupeptin, 7 mg/
ml pepstatin A  p  .8). To homogeni e the samples, the lysate was passed through 
a syringe (5 ml) with a needle (B-Braun, 0. x25mm) ve times. Protein concentration 
was determined using a Pierce  BCA protein determination assay according to the 
manufacturer s instructions (Thermo Fisher Scienti c Inc., ockford, I , SA). E ual 

uantities of protein were sub ected to electrophoresis on polyacrylamide gels and 
transferred to nitrocellulose membranes and subse uently analy ed for proteins of 
interest using speci c primary antibodies and horseradish peroxidase ( P)-con ugated 
secondary antibodies. lyceraldehyde 3-phospate dehydrogenase ( APD ) was used as a 
loading control. By using enhanced chemiluminescence reagents, bands were recorded in 
the BO  iChemi gel documentation system e uipped with eneSnap image ac uisition 
software (Syngene, Cambridge, ). Band intensities were uanti ed by densitometry 
using analysis software Image Studio  ite ( I-CO  Biosciences, incoln, E, SA).

Immunocytochemistry on smooth muscle α-actin
C-5 human lung broblasts were grown to confluence on ab-Tek  borosilicate 

chamber slides and changed to supplemented medium with 0.5  (v/v) FBS for 24 hours 
prior to stimulation. Cells were stimulated for 48 hours with recombinant T-5B with 
or without prior addition of decorin, xed for 15 minutes at room temperature ( T) in 
cytoskeletal buffer (CB  composition  10 m  ES, 150 m  aCl, 5 m  E TA, 5 m  

gCl  and 5 m  glucose  p  .1) containing 3  paraformaldehyde (PFA). Cells were then 
permeabili ed by incubation for 5 minutes at T in CB containing 3  PFA and 0.3  Triton 

-100. Fixed cells were blocked for 2 hours at T in Cyto-TBS buffer (20 m  Tris base, 154 
m  aCl, 2.0 m  E TA and 2.0 m  gCl  p  7.2) containing 1  bovine serum albumin 
(BSA) and 2  normal donkey serum and subse uently incubation overnight at 4 C with 
primary antibody (mouse anti-smooth muscle(sm)- -actin, diluted 1 100) in Cyto-TBS 
containing 0.1  Tween 20 (Cyto-TBST). Incubation with Cy3-con ugated secondary 
antibody (donkey anti-mouse, diluted 1 100) was done for 2 hours at T in Cyto-TBST. 

uclei were stained with oechst 33342. After staining, coverslips were mounted using 
Pro ong old antifade reagent (Invitrogen, Paisley, ) and analy ed using an Olympus 
A 70 microscope e uipped with digital image capture system (ColorView Soft System 
with Olympus  C AD2 lens).
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Binding experiment
Protein A/  beads were coated overnight at 4 C with decorin from bovine articular 
cartilage (10 g) or 1  BSA. Subse uently, beads were blocked with 1  BSA in plain am s 
F12 at 4 C for one hour, after which increasing concentrations of recombinant T-5B 
was added to either decorin-coated beads or BSA-coated control beads. The beads were 
incubated at 4 C overnight. ext day, medium was collected and 20 l loading buffer was 
added to the beads. The beads were heated to 95 C for 10 minutes to release bound 
protein and subse uently centrifuged. Fifteen l of the supernatant was then sub ected 
to electrophoresis on polyacrylamide gels and transferred to nitrocellulose membranes 
and subse uently analy ed for T-5B protein expression as described for estern Blot 
analysis.

Materials
ecombinant human T F-β1, recombinant human/mouse T-5A and recombinant 

human T-5B were obtained from nD Systems ( inneapolis, , SA). uman/
mouse anti- T-5B (1 250  ab93134) was purchased from Abcam (Cambridge, ). Anti-
human -sm-actin mouse monoclonal antibody (1 1000  A2547), horseradish-peroxidase 
( P)-con ugated secondary antibodies goat anti-rabbit (1 2000  A0545), rabbit anti-
mouse (1 2000  A9044) and rabbit anti-goat (1 10000  A8919) were purchased from 
Sigma (St. ouis, O, SA). Anti-human decorin ( -80) rabbit polyclonal Ig  (1 200  
sc-22753), anti-human bronectin (C20) goat polyclonal Ig  (1 500  sc- 952) and anti-
human APD  mouse monoclonal Ig 1 (1 1000  sc-47724) were obtained from Santa 
Cru  Biotechnology (Santa Cru , CA, SA). All other chemicals used were of analytical 

uality.

Statistical analysis
All eal-Time PC  data were log transformed before statistical analysis. For comparison 
between two conditions, a two-tailed Student s t-test was used. For comparisons 
between multiple conditions, two-way A OVA was used, followed by a post hoc analysis 
using the Student- ewman- euls multiple comparisons test. For the binding experiment, 
a ilcoxon Signed ank test was used. P  0.05 was considered signi cant.

Results

Growth factors reduce decorin expression in human lung fibroblasts
e rst investigated the effect of T-5A and T-5B on decorin expression in C-

5 human lung broblasts, using T F-β1 as a positive control. e observed that T F-β1, 
T-5B and to a lesser extent T-5A were able to reduce decorin m A and protein 

expression ( gures 1A-E). The reduction of decorin m A expression had an EC50 for 
T F-β1 of 0.0  ng/ml and a maximal response at 2 ng/ml (0.48  0.059 fold decrease  

gure 1C), an EC50 for T-5A of 9.47 ng/ml and a maximal response at 300 ng/ml 
(0. 0  0.17 fold decrease  gure 1D) and an EC50 for T-5B of 8.70 ng/ml and a 
maximal response at 500 ng/ml (0.54  0.08 fold decrease  gure 1E). 
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Chapter 3
Figure 1

Figure 1: TGF-β1, WNT-5A and WNT-5B decrease 
decorin expression. C-5 human lung broblasts were 
treated for 24 hours (m A) or 48 hours (protein) with 
recombinant T F-β1, T-5A or T-5B as described 
in the methods section. (A) Decorin m A expression in 

C-5 human lung broblasts after 24 hours of stimulation 
with T F-β1, T-5A or T-5B. Data represent mean 

 s.e.m. of 5-11 independent experiments. (B) Decorin 
protein expression in C-5 human lung broblasts 
after 48 hours of stimulation with T F-β1, T-5A or 

T-5B. Data represent mean  s.e.m. of 4 independent 
experiments. (C) Concentration dependent decrease 
of decorin m A expression in C-5 human lung 

broblasts after 24 hours of stimulation with increasing 
concentrations of T F-β1 (EC50  0.0  ng/ml). Data represent mean  s.e.m. of 10 independent experiments. 
(D) Concentration dependent decrease of decorin m A expression with increasing concentrations of T-
5A (EC50  9.47 ng/ml). Data represent mean  s.e.m. of 4-7 independent experiments. (E) Concentration 
dependent decrease of decorin m A expression with increasing concentrations of T-5B (EC50  8.70 ng/
ml). Data represent mean  s.e.m. of 4-9 independent experiments.  p  0.01  p  0.05 compared to basal 
conditions using a two-tailed Student s t-test.
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NT- -induced ro last acti ation is reduced in t e resence of decorin
Decorin is able to bind TGF-β [16], thereby reducing its activity. We have previously shown 
that WNT-5B but not WNT-5A can mimic TGF-β-induced fibroblast activation [chapter 2]. 
We hypothesized that decorin could also bind WNT-5B and reduce its effect on fibroblast 
activation. We observed that after 48 hours of stimulation, WNT-5B-induced fibronectin 
and sm-α-actin protein expression was attenuated in the presence of decorin (figures 
2A-C). After 4 hours of stimulation with WNT-5B, sm-α-actin mRNA did not yet show an 
induction. Sm-α-actin mRNA expression was induced after 8, 16 and 24 hours of WNT-5B 
stimulation and not attenuated in the presence of decorin (figure 2D). Fibronectin mRNA 
expression did not yet show a clear induction after 4 and 8 hours of stimulation with 
WNT-5B. Fibronectin mRNA expression was induced after 16 and 24 hours of stimulation 
with WNT-5B and not attenuated by addition of decorin (figure 2E). These data indicate 
that WNT-5B-induced fibroblast activation is reduced in the presence of decorin; however 
regulation of protein expression does not correlate with mRNA expression.
 
Decorin is able to bind recombinant WNT-5B
We next investigated via which mechanism decorin can inhibit effects of WNT-5B 
on fibronectin and sm-α-actin protein levels. Based on the structure of WNT-5B, we 
hypothesized that decorin is able to bind to WNT-5B. We therefore performed a pull-
down with protein A/G beads and showed that beads coated with decorin captured more 
WNT-5B than control beads coated with BSA (figures 3A-B). This indicates that decorin 
can directly bind to WNT-5B.

T e T rece tor is not in ol ed in decorin-induced e ects in uman lun  ro lasts
Next, we investigated whether other mechanisms may contribute to the inhibitory role of 
decorin on WNT-5B-induced effects is inactivation via binding. In addition to its regulatory 
role in capturing cytokines and growth factors, decorin can also antagonize cell surface 
receptors. One of these is the receptor tyrosine kinase MET [34]. The only known ligand 
of this oncogenic receptor is HGF. We observed that the mRNA of the MET receptor is 
expressed in MRC-5 human lung fibroblasts with an average Ct-value of 26.8 ± 0.45 (n 
= 3). We stimulated MRC-5 human lung fibroblasts with HGF and the combination of 
HGF and WNT-5B to investigate whether this receptor plays a role in WNT-5B-induced 
effects on fibroblast activation. HGF alone did not have an effect on fibronectin protein 
expression and the combination of HGF and WNT-5B had the same effect as WNT-5B 
alone (figure 3C). These data show that the MET receptor is not involved in WNT-5B-
induced effects on fibroblast activation.
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Figure 2

control

WNT-5B DCN + WNT-5B

DCN

Figure 2: Decorin inhibits WNT-5B function. C-5 human lung broblasts were stimulated with decorin, 
T-5B or their combination for different time points as described in the methods section. (A) The effect 

of decorin, T-5B or their combination after 48 hours of stimulation on bronectin protein expression 
C-5 human lung broblasts. Data represent mean  s.e.m. of 4 independent experiments. (B) The effect 

of decorin, T-5B or their combination after 48 hours of stimulation on sm- -actin protein expression in 
C-5 human lung broblasts. Data represent mean  s.e.m. of 4 independent experiments. (C) The effect 

of decorin, T-5B or their combination after 48 hours of stimulation on sm- -actin stress ber formation 
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in C-5 human lung broblasts. Cells were stained for sm- -actin (red) and D A ( oechst 33342  blue). 
Pictures were taken at 100  magni cation. (D) The effect of decorin, T-5B or their combination after 
4, 8, 1  or 24 hours of stimulation on bronectin m A expression in C-5 human lung broblasts. 
Data represent mean  s.e.m. of 4 independent experiments. (E) The effect of decorin, T-5B or their 
combination after 4, 8, 1  or 24 hours of stimulation on sm- -actin m A expression in C-5 human 
lung broblasts. Data represent mean  s.e.m. of 4 independent experiments.  p  0.001  p  0.01 
compared to basal conditions,  p  0.001  p  0.05 compared to the stimulated control,  p  0.001 

 p  0.01 compared to inhibited control (one-way repeated measures A OVA with Student- ewman- euls 
multiple comparisons test  data is tested per time point  gures D-E). Abbreviations in gure  DC , decorin.

Figure 3

Figure 3: Decorin is able to bind WNT-5B. Pull-down with protein A/  beads was performed as described 
in the methods section. (A) epresentative blot of increasing concentrations of T-5B protein expression 
after pull-down with BSA-coated or decorin-coated beads. (B) uanti cation of T-5B protein expression 
after pull-down of 500 ng/ml T-5B with BSA-coated or decorin-coated beads. Data represent  s.e.m. of 
4 independent experiments.  p  0.05 compared to BSA-coated beads with T-5B ( ilcoxon Signed ank 
test). C-5 human lung broblasts were stimulated with decorin, T-5B or F for 48 hours as described 
in the methods section. (C) Fibronectin protein expression after 48 hours of stimulation with decorin, T-5B, 

F or different combinations.  p  0.001  p  0.01 compared to basal conditions,  p  0.05 compared 
to the stimulated control,  p  0.01 compared to inhibited control (one-way repeated measures A OVA with 
Student- ewman- euls multiple comparisons test). Abbreviations in gure  DC , decorin.
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Discussion 

This study shows for the first time an intricate interaction between the proteoglycan 
decorin and the growth factor WNT-5B. WNT-5B has negative e ects on remodelling by 
activating fibroblasts and decorin is able to reduce WNT-5B-induced fibroblast activation. 
We propose that this occurs via direct binding to WNT-5B. Furthermore  both TGF-β and 
WNT-5B reduced decorin m NA and protein expression in human lung fibroblasts. ence  
a similar negative feedback loop occurs as we previously observed for decorin and TGF-β 
14 and figure 4 . 

 emodelling of the small airways contributes importantly to C D 
pathophysiology. Fibroblasts produce ECM proteins such as fibronectin  collagens  
proteoglycans  laminins  and elastins  thereby contributing to the repair process in healthy 
tissue. Many studies have suggested that intrinsic dysfunctions/defects in fibroblasts from 
patients with C D lead to abnormal remodelling 14  20 . TGF-β and WNT-5B are key 
players in structural airway changes such as myofibroblast di erentiation and aberrant 
production of ECM proteins 7  12  13  35  chapter 2  and both are increased in C D 
1  20  24 . Whereas TGF-β increases the expression of the ECM protein fibronectin and 

myofibroblast di erentiation marker sm- -actin  TGF-β is known to reduce the expression 
of the ECM proteoglycan decorin 14  35 . Decorin has a protective function in C D  as it 
reduces remodelling by inhibiting growth factors such as TGF-β via direct binding 16  18 . 
n this way  decorin in the ECM can function as a depot for growth factors. Thus  TGF-β 

and decorin also form a negative loop  inhibiting each other s expression and function. We 
have previously shown that WNT-5B is able to mimic TGF-β-induced fibroblast activation 
chapter 2 . ere we show that WNT-5B is also able to reduce decorin expression. n 

addition  decorin is able to inhibit WNT-5B-induced fibroblast activation  indicating a 
similar negative feedback loop as previously seen with TGF-β. nterestingly  WNT-5B is a 
TGF-β target gene in lung fibroblasts 24  further contributing to this interaction. This is 
an important finding  as it suggests that restoring decorin levels to normal or preventing 
its downregulation can be protective against remodelling processes in C D.
 Next to the structural role of decorin in the ECM and its regulatory role in capturing 
cytokines and growth factors  decorin is also able to antagonize cell surface receptors  
notably the MET receptor 34 . We investigated whether this receptor contributes to 
fibroblast activation in our model. ur results show that activation of the MET receptor 
does not play a role in (WNT-5B-induced) fibroblast activation  indicating that the main 
mechanism contributing to the inhibitory role of decorin on WNT-5B-induced e ects is 
inactivation via binding.
 WNT-5A and WNT-5B are both known to regulate remodelling processes in 
the airways. We observed a more profound e ect of WNT-5B compared to WNT-5A on 
decorin expression  which is in line with previous results  where we found that WNT-5B  
but not WNT-5A is able to mimic TGF-β-induced fibroblast activation chapter 2 . 
 Whereas we clearly observed that decorin inhibits WNT-5B function in fibroblasts 
as demonstrated by a reduction in fibronectin and sm- -actin protein expression  
the results for m NA expression of the fibronectin and sm- -actin genes were less 
straigh orward. A mechanism that could explain these observed di erences between the 
regulation of WNT-5B function on m NA and protein level is receptor internalization of 
the F D8 receptor. t is known that decorin itself is able to inhibit signalling e ects by 
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stimulating internali ation of receptors as is shown by hu et al. for the epidermal growth 
factor receptor (E F ) [37]. pon internali ation, the downstream effects of the activated 
E F  are rst ampli ed, followed by a reduction of these effects. e previously showed 
that T-5B has its effect on broblast activation via de F D8 receptor [chapter 2]. One 
possible explanation for the difference between the effect of decorin on bronectin 
and -smooth muscle actin m A versus protein expression could therefore be that 
decorin bound to T-5B can bind to the F D8 receptor, upon which the whole complex 
is internali ed. If this mechanism functions in the same manner as hu et al. Show for 
the E F , this would explain the initial increase in m A expression, while the ultimate 
protein expression is decreased. The exact mechanism that underlies the discrepancy 
between m A and protein expression and whether receptor internali ation plays a role 
herein needs to be further investigated.

ext to its role in remodelling, T-5B also has an important pro-inflammatory 
role, as this growth factor can induce interleukin (I )-  and chemokine ligand (C C )8 
secretion by human lung broblasts [31]. It is not clear yet whether decorin is also able 
to inhibit these T-5B-induced inflammatory effects and this needs to be further 
investigated.

Summari ing, we show that decorin reduces T-5B-induced broblast 
activation, presumably via direct binding of T-5B to decorin although additional 
mechanisms may also play a role. Since decorin production is reduced in COPD, insu cient 
binding of T-5B to decorin might lead to hyperactivation of EC  production. In 
addition, T-5B expression is increased in COPD patients, further augmenting EC  
production. This implies that restoration of decorin levels to normal in COPD patients will 
reduce growth factor signalling and thereby halt the EC  overproduction. 

Figure 4: proposed interaction between the ECM proteoglycan decorin and WNT-5B-induced fibroblast 
activation. Decorin is able to reduce T F-β-induced effects [1 ]. e show that decorin is able to reduce T-
5B-induced effects on broblast actication. Illustrated are two possible mechanisms via which this reduction 
could be established.
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