
Citation: Samad S, Akram KM, Forsyth NR and Spiteri MA. Mesenchymal Stem Cell Conditioned Media (MSC-
CM) Suppress Wnt-3a and TGF-β1 - Induced Myofibroblastic Differentiation. J Stem Cells Res, Rev & Rep. 
2014;1(3): 1015.

J Stem Cells Res, Rev & Rep - Volume 1 Issue 3 - 2014
ISSN : 2381-9073 | www.austinpublishinggroup.com 
Samad et al. © All rights are reserved

Journal of Stem Cells Research, Reviews & 
Reports

Open Access

Abstract

Hypothesis: Idiopathic Pulmonary Fibrosis (IPF) remains an incurable 
fibrotic lung disease. A human Mesenchymal Stem Cell (MSC)-mediated 
regenerative approach has been proposed; MSC-mediated anti- fibrotic 
effects have been demonstrated in animal lung-fibrosis models. However 
the mechanism of action and effect on myofibroblastic differentiation are 
unknown. The Wnt family member, Wnt-3a, has been implicated as an inducer 
of myofibroblastic differentiation in fibroblast cell models. This study explores 
the influence of MSC secreted factors on Wnt-3a and TGF-β1-induced lung 
myofibroblastic differentiation.

Method: Human normal lung (CCD-8Lu) and IPF (LL29) fibroblasts 
were differentiated with Wnt-3a for 72-hours and TGF-β1 for 24-hours. MSC-
mediated differentiation inhibition was assessed by co-incubation of fibroblasts 
with MSC-CM and either Wnt-3a for 72-hours or TGF-β1 for 24-hours. TGF-
β1-induced myofibroblastic differentiation reversal was explored with MSC-CM 
incubation for 24, 48 and 72-hours. Myofibroblast differentiation was assessed 
by immunocytochemical detection of α-smooth muscle actin expression.

Results: Myofibroblastic differentiation following TGF-β1 treatment 
was achieved in 86.27±2.57% CCD-8Lu cells and 86.69±2.51% LL29 cells 
respectively. Similar, though reduced, levels of myofibroblastic differentiation 
were achieved in 52.9±0.20% CCD-8Lu and 55.60±5.90% LL29 cells 
respectively following Wnt-3a treatment.

In contrast, a percentage reduction in myofibroblastic differentiation was 
achieved in CCD-8Lu 31.40±1.44% and LL29 35.69±7.47% cells following 
exposure to TGF-β1 in the presence of MSC-CM versus TGF-β1 alone (p<0.001). 
Similarly, we observed a striking percentage reduction in myofibroblastic 
differentiation following co-incubation with Wnt-3a and MSC-CM versus Wnt-
3a alone (p<0.001); 80.76±3.64% of CCD-8Lu and 79.67±3.94% of LL29 cells.

A reversal of myofibroblastic differentiation was observed in TGF-β1-
induced myofibroblasts following 72-hours administration of MSC-CM compared 
to serum-free culture media (p<0.001). Interestingly, we observed a MSC-
CM exposure duration effect on the total myofibroblast percentage present in 
both CCD8-Lu and LL29 cells; 81.70+0.43% and 73.26+0.70% respectively 
at 24-hours, 72.15+0.81% and 60.57+4.27% at 48-hours, 57.63+4.54% and 
60.65+4.90% at 72-hours.

Conclusion: MSC-CM appears to inhibit fibroblast to myofibroblast 
differentiation, over-riding the pro-differentiation effects of Wnt-3a and 
TGF-β1. Whilst both TGF-β1 and Wnt-3a have emerged as key players in IPF 
pathogenesis, we are the first to demonstrate that MSC-CM may be crucial in 
modulating their pro-fibrogenic effects. These actions of MSC-CM demonstrate 
exploitative potential for future anti-IPF therapeutic strategies.

Keywords: Mesenchymal stem cells; Idiopathic pulmonary fibrosis; Wnt-
3a; TGF-1; Fibrosis; Mesenchymal stem cell conditioned media; Alpha smooth 
muscle actin; Myofibroblast differentiation

fibrotic disease with a very poor median life expectancy of 3-5 years 
[1-3]. The current hypothesis of the pathophysiology of IPF dictates 
that the mechanisms responsible comprise of repeated alveolar 
epithelial injury and an aberrant fibrotic process with fibroblast to 
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myofibroblast differentiation and formation of the fibroblastic foci 
playing a significant role in the development of the IPF. It is postulated 
that the aberrant wound repair and fibrotic processes are regulated by 
a plethora of growth factors and cytokines [1,2,4-6].

Several new growth factors have been implicated as having a 
potentially significant influence on IPF pathogenesis. TGF-β1 has 
been documented to have key pro-fibrotic properties and influence 
fibroblast to myofibroblast differentiation [7-10]. Alongside TGF-β1, 
more recently the Wnt family of growth factors has been postulated 
to also influence fibrosis and IPF [11-14]. The secreted glycoprotein 
Wnt is recognised in the literature for its substantial influence in the 
development of colorectal cancer and also during embryogenesis and 
organogenesis [15-17]. In addition to these well-known functions, 
Wnt-3a, other members of the Wnt family and TGF-β1 have also 
been shown to effect several aspects of IPF pathogenesis including 
fibroblast to myofibroblast differentiation and the Epithelial To 
Mesenchymal Transition (EMT) [11,13]. Furthermore, in vitro studies 
have now determined that Wnt-3a can induce murine fibroblast to 
myofibroblast differentiation as confirmed through demonstrating 
the presence of α-SMA expression [18,19]. Therefore if this effect 
of Wnt-3a on fibroblast to myofibroblast differentiation could be 
replicated in human IPF lung fibroblasts, this would provide further 
evidence that Wnt-3a may have a significant involvement in the key 
process of myofibroblast differentiation, thereby playing a possible 
role in the formation of the fibroblastic foci in IPF. Thus if the actions 
of Wnt-3a and TGF-β1 could be suppressed then this may provide an 
avenue at which future therapeutic agents could be targeted.

Mesenchymal stem cells are multipotent stem cells capable 
of differentiation into cells of the chondrogenic, adipogenic and 
osteogenic lineages and have been studied as a potential therapeutic 
agent for the treatment of IPF and fibrotic diseases [20-23]. In addition 
to their differentiation potential, MSC also secrete a plethora of 
growth factors and cytokines which have been shown to demonstrate 
paracrine mediated anti-inflammatory and anti-fibrotic effects in 
vitro and in vivo [24-28]. Therefore MSC-CM, which contains the 
secretory proteins of the MSC, may have a therapeutic role in the 
treatment of IPF.

Current evidence has demonstrated that TGF-β1 has a 
significant influence in the development of IPF; in addition studies 
have also demonstrated that Wnt-3a has a potential involvement 
in IPF pathogenesis and may regulate fibroblast to myofibroblast 
differentiation. Furthermore, MSC have been shown to attenuate 
fibrosis possibly through paracrine mechanisms; however the exact 
mechanism as to how MSC achieve this anti-fibrotic effect is as yet 
unclear and the effect of MSC-CM on Wnt-3a and TGF-β1 induced 
fibrosis has yet to be explored.

Through our in vitro fibroblast differentiation model, we first 
induced human lung fibroblast to myofibroblast differentiation with 
Wnt-3a and TGF-β1, then we ascertained that MSC-CM could inhibit 
this key differentiation process and additionally we also determined 
that MSC-CM could de-differentiate TGF-β1 induced myofibroblasts 
back to fibroblasts. The results of this study provide further insight 
into the possible paracrine mediated anti-fibrotic effects of MSC and 
further support the possible use of MSC-CM as a potential therapeutic 
agent in the treatment of IPF.

Method
Fibroblast culture

Normal human lung fibroblast (CCD-8Lu) and IPF lung fibroblast 
(LL29) were purchased from ATCC, Rockville USA, maintained in 
continuous culture with DMEM supplemented with 10% FBS, 1% 
L-glutamine and 1% Non-Essential Amino Acid (NEAA) (Lonza, 
Belgium) and utilised between passages 7-14 and passages 8-16 
respectively for all experiments. 

MSC isolation, culture and conditioned media preparation
MSCs were isolated from human bone-marrow, propagated 

and characterized following previously described methodology [28] 
with little modification. Briefly, human whole bone marrow aspirate 
(collected from iliac crest) (Lonza, USA) was seeded at a density of 
105 mononuclear cells/cm2 on 10 ng/ml Fibronectin-coated (Cat. 
No. F0895, Sigma) T-75 tissue culture flasks in 20 ml of DMEM 
supplemented with 5% FBS, 1% L-glutamine, 1% NEAA and 1% PSA 
(Penicillin-Streptomycin- Amphotericin B). Cells were maintained 
in continuous culture for three weeks in a humidified incubator at 
37°C in the presence of 5% CO2 and 95% air. After 7 days, media 
was replaced with antibiotic-free medium as described above. Media 
was replenished after a further week. At the end of third week, the 
adherent hMSC population was harvested with trypsin and passaged 
subsequently using 1:4 split ratios for expansion. Isolated human 
MSCs (passage 1) were placed on 24-well plates and grown to 80-
90% confluency for Immunophenotyping. Cells were fixed with 4% 
paraformaldehyde, blocked with 3% BSA (Bovine serum albumin), 
and characterised using the human MSC characterisation kit 
containing anti-human mouse anti-CD44, anti-CD90, anti-CD146, 
anti-CD14, anti-CD19 and anti-STRO-1 primary antibodies at 1:500 
dilution (Cat. No. SCR067, Millipore). Cells were incubated with 
primary antibodies at 4°C overnight. Secondary antibodies were anti-
mouse IgG-NL557 for all except STRO-1 and anti-mouse IgM-NL493 
for STRO-1 (both at 1:200 dilutions) (R & D System). For functional 
characterisation, isolated MSCs were differentiated into osteogenesis, 
adipogenesis and chondrogenesis lineages using StemPro® hMSC 
differentiation kits following the manufacturer’s instructions (Gibco, 
Invitrogen, USA) as per previously described methodology [28]. 
Osteogenesis, adipogenesis and chondrogenesis were confirmed by 
traditional validated cytological staining with Alizarin Red, Oil Red O 
and Alcian Blue as well as by immunostaining with anti-osteocalcin, 
anti-FABP-4 and anti-aggrecan antibodies respectively following 
manufacturer’s protocol (Human MSC Functional Identification 
Kit, Cat. No- SC006, R & D System). For visualisation, secondary 
antibodies were used; anti-mouse IgG-NL557 for osteocalcin and 
anti-goat IgG-NL493 for FABP-4 and aggrecan (both at 1:200 
dilutions) (NorthernLights, R & D System). DAPI was used for 
nuclear staining in all immunocytochemistry assays. Images were 
acquired by a fluorescent microscope (Nikon Eclipse Ti-ST, Japan). 
MSC-CM was prepared following previously described methodology 
[28]. Briefly, MSCs (passage 1–3) were grown to 80-90% confluency 
in T75 tissue culture flasks using 5% FBS supplemented complete 
DMEM media. Cells were washed once with PBS and twice with 
serum-free DMEM (SF-DMEM) to remove any serum. MSCs were 
conditioned by exposing SF-DMEM on 80-90% confluent MSC for 
24 hours in standard culture condition. SF-MSC CM was collected, 
centrifuged to remove any cell debris and stored at -80°C and sterile 
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filtered prior to use. Through immunophenotyping the cells were 
confirmed to be 100% MSC.

TGF-β1 and Wnt-3a induced fibroblast to myofibroblast 
differentiation

The in vitro differentiation of fibroblast to myofibroblast was 
achieved using treatment with TGF-β1 and Wnt-3a. Initially CCD-
8Lu and LL29 cells were cultured in complete growth media on a 48-
well plate for 24 hours then incubated for a further 24 hours in SF-
DMEM. Following this, the cells were treated with 600μl of 5ng/ml of 
TGF-β1 in SF-DMEM for 24 hours and 600μl of 300ng/ml of Wnt-3a 
in SF-DMEM for 72 hours. To detect myofibroblast differentiation 
following treatment with TGF-β1 and Wnt-3a, immunocytochemical 
analysis to detect the presence of the myofibroblast marker α-SMA 
was performed using the FITC-conjugated α-SMA antibody 
stain (Sigma Aldrich UK) at a concentration of 1:500. DAPI at a 
concentration of 1:500 was utilised for nuclear staining and TRITC-
conjugated phalloidin antibody stain at a concentration of 1:500 was 
utilised to detect F-Actin. Subsequent images were captured using 
an Eclipse Ti-S immunofluorescence microscope (Nikon Japan) 
and, NIS elements 3.2 (Nikon Japan) image capture software. The 
images were then merged using Photoshop CS4 (Adobe USA) 
image editing software to allow image analysis. Subsequent cell 
counting was performed on the images to determine the percentage 
of fibroblasts that had differentiated into myofibroblasts.

Co-administration of MSC-CM and TGF-β1 on fibroblasts
To evaluate the effect MSC-CM has on the TGF-β1 induced 

fibroblast to myofibroblast differentiation process, co-administration 
of MSC-CM with TGF-β1 was performed on CCD-8Lu and LL29 
fibroblasts. Administration of TGF-β1 alone and administration of 
SF-DMEM alone were utilised as the positive and negative controls 
respectively. The fibroblasts were cultured in a 48-well plate for 24 
hours; the cells were then incubated in SF-DMEM for a further 24 
hours. TGF-β1 was diluted in MSC-CM to a concentration of 5ng/
ml. TGF-β1 was also diluted in SF-DMEM to a concentration of 5ng/
ml. 600μl of TGF-β1 in MSC-CM per well, 600μl of TGF-β1 in SF-
DMEM per well and 600μl of SF-DMEM alone per well were added 
to the fibroblasts. Following addition of the solutions, the cells were 
returned to the incubator for 24 hours to allow cell differentiation 
to occur. Upon completion of the 24 hours, immunocytochemical 
analysis was performed and the percentage of differentiated 
myofibroblasts quantified as described previously.

Co-administration of MSC-CM and Wnt-3a on fibroblasts
To assess the effect that MSC-CM has on the Wnt-3a- induced 

fibroblast to myofibroblast differentiation process, Wnt-3a and MSC-
CM were co-administered on CCD-8Lu and LL29 fibroblasts for 72 
hours. Treatment with Wnt-3a alone and treatment with SF-DMEM 
were utilised as the positive and negative controls respectively. The 
fibroblasts were cultured in a 48-well plate for 24 hours then incubated 
in SF-DMEM for a further 24 hours. Following this 600μl of 300ng/
ml Wnt-3a with MSC-CM were added, 600μl of 300ng/ml Wnt-3a 
in SF-DMEM and 600μl of SF-DMEM were also added to the wells. 
The plates were incubated for a further 72 hours to allow fibroblast 
to myofibroblast differentiation to occur. Upon completion of the 
24 hours, immunocytochemical analysis was performed and the 
percentage of differentiated myofibroblasts quantified as described 
previously.

Administration of MSC-CM to TGF-β1 differentiated 
myofibroblasts

Following the exploration of the effects of MSC-CM on the 
fibroblast to myofibroblast differentiation process, the next step 
was to determine the effect that administration of MSC-CM has 
on myofibroblasts. To evaluate this, SF-DMEM alone were added 
to the undifferentiated fibroblasts to act as a negative control, the 
CCD-8Lu and LL29 fibroblasts were subsequently differentiated 
into myofibroblasts with 600μl of 5ng/ml of TGF-β1. Following this, 
immunofluorescence analysis was conducted to detect the presence of 
α-SMA expression and thus confirm that the cells had differentiated 
into myofibroblasts. This stage where the cells were now confirmed 
to be myofibroblasts was designated as baseline. At baseline, 500µl 
of MSC-CM per well were added to the myofibroblasts. 500µl of SF-
DMEM per well were also added to the myofibroblasts to determine 
if there was any natural de-differentiation of the myofibroblasts and 
thus acted as a positive control. Twenty-four, 48 and 72 hours after 
administration of MSC-CM, the plates were fixed and stained with 
the immunofluorescence antibody stains and the number of cells 
expressing α-SMA was quantified as described previously.

Results
MSC-CM inhibits TGF-β1 induced fibroblast to 
myofibroblast differentiation

First, MSC-CM was prepared using isolated human bone 
marrow MSC which were immunophenotypically CD44+, CD90+, 
CD146+ , STRO-1+, CD14- , and CD19- (Figure 1) and underwent  
differentiation into osteogenesis, adipogenesis and chondrogenesis 
lineages (Figure 1). To evaluate the effect of MSC-CM on the 

Figure 1: Immunophenotyping of MSCs isolated from human bone marrow 
aspirates display positive staining for mesenchymal stem cell markers 
CD44, STRO-1, CD90 and CD146 (A,B,C,D); and negative staining 
for haematopoietic markers CD14 and CD19 (E,F). MSC tri-lineage 
differentiation: osteogenesis (G,J), adipogenesis (H,K) and chondrogenesis 
(I,L) were confirmed by cytochemical/immunocytochemistry staining with 
Alizarin Red/anti-Osteocalcin, Oil Red O/anti-FABP-4 and Alcian Blue/anti-
Aggrecan respectively. Cells were confirmed to be 100% MSC. Scale bars, 
100 μm.
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TGF-β1 induced CCD-8Lu and LL29 fibroblast to myofibroblast 
differentiation process; MSC-CM was co-administered with TGF-β1 
on cultured CCD-8Lu and LL29 cells for 24 hours. These results 
demonstrate that 24 hours treatment with TGF-β1 resulted in 
significant (p<0.001) fibroblast to myofibroblast differentiation as 
confirmed through the presence of α-SMA expression compared 
to control (SF-DMEM) in both CCD-8Lu and LL29 cells (Figure 
2). However the results clearly demonstrate that 24 hours co-
administration of MSC-CM with TGF-β1 resulted in a significant 
reduction (p<0.001) in the percentage of CCD-8Lu cells expressing 
α-SMA in comparison to TGF-β1 treatment alone. The addition of 
MSC-CM resulted in a 31.40±1.44% reduction when compared with 
the TGF-β1 only treated sample (MSC-CM+TGF-β1 54.2±1.8%, 
TGF-β1 78.90±2.80%) (Figure 2 A/C). The results for the LL29 cells 
are reflective of the CCD-8Lu cells and illustrate that 24 hours co-
administration of MSC-CM with TGF-β1 resulted in a significant 
reduction (p<0.001) in the percentage of cells expressing α-SMA in 
comparison to TGF-β1 treatment alone (Figure 2). The addition of 
MSC-CM resulted in a 35.69±7.47% reduction when compared with 
the TGF-β1 only treated sample (MSC-CM + TGF-β1 51.8±3.0%, 
TGF-β1 80.90±5.60%) (Figure 2 A/B). Therefore, the results conclude 
that MSC-CM abrogates TGF-β1 induced fibroblast to myofibroblast 
differentiation. Furthermore, this suppressive effect of MSC-CM is 
more pronounced on LL29 cells than CCD-8Lu cells by 1.13-fold.

MSC-CM inhibits Wnt-3a induced fibroblast to 
myofibroblast differentiation

To evaluate the effect of MSC-CM on the Wnt-3a-induced CCD-
8Lu and LL29 fibroblast to myofibroblast differentiation process; 
MSC-CM was co-administered with Wnt-3a for 72 hours. The results 
illustrate that 72 hours incubation with Wnt-3a resulted in significant 
(p<0.001) fibroblast to myofibroblast differentiation as confirmed 
through the presence of α-SMA expression in comparison to control 
(SF-DMEM) in both CCD-8Lu and LL29 cells (Figure 3). However, 
the results clearly demonstrate that co-administration of Wnt-3a and 
MSC-CM for 72 hours resulted in a significant reduction (p<0.001) 
in the percentage of CCD-8Lu cells expressing α-SMA in comparison 
to Wnt-3a treatment alone. The addition of MSC-CM to Wnt-3a 
resulted in an 80.80±3.60% reduction when compared to the Wnt-
3a only treated sample (MSC-CM+Wnt-3a 10.20±1.90%, Wnt-3a 
52.90±0.20%) (Figure 3A/C). As observed with TGF-β1, the results for 
the LL29 cells are reflective of the CCD-8Lu cells. The results illustrate 
that co-administration of Wnt-3a and MSC-CM to LL29 cells for 72 
hours resulted in a significant reduction (p<0.001) in the percentage 
of cells expressing α-SMA in comparison to Wnt-3a treatment alone. 
The addition of MSC-CM to Wnt-3a resulted in a 79.70±3.90% 
reduction when compared to the Wnt-3a only treated sample (MSC-
CM+Wnt-3a 11.30±2.20%, Wnt-3a 55.60±5.90%) (Figure 3A/B). 
Therefore, MSC-CM has a significant suppressive effect on the 

Figure 2: The effect of MSC-CM on TGF-β1 induced fibroblast to myofibroblast 
differentiation (CCD-8Lu and LL29). (A) Immunofluorescence images of 
fibroblasts following 24 hours treatment with MSC-CM and TGF-β1. Scale 
Bar = 100µm. (B) Percentage of LL29 cells expressing α-SMA after 24 hours 
treatment. Percentage of cells expressing α-SMA after treatment with SF-
DMEM in the absence of TGF-β1 (grey bar), percentage of cells expressing 
α-SMA after treatment with TGF-β1 5ng/ml (black bar), percentage of cells 
expressing α-SMA following co-administration of MSC-CM and TGF-β1 
(white bar) (n=3 per group, ***p<0.001). (C) Percentage of CCD-8Lu cells 
expressing α-SMA after 24 hours treatment. Percentage of cells expressing 
α-SMA after treatment with SF-DMEM in the absence of TGF-β1 (grey bar), 
percentage of cells expressing α-SMA after treatment with TGF-β1 5ng/ml 
(black bar), percentage of cells expressing α-SMA following co-administration 
of MSC-CM and TGF-β1 5ng/ml (white bar) (n=3 per group, ***p<0.001).

Figure 3: The effect of MSC-CM on Wnt-3a induced fibroblast to myofibroblast 
differentiation (CCD-8Lu and LL29). (A) Immunofluorescence images of 
fibroblasts following 72 hours treatment with MSC-CM and Wnt-3a. Scale 
Bar = 100µm. (B) Percentage of LL29 cells expressing α-SMA after 72 hours 
treatment. Percentage of cells expressing α-SMA after treatment with SF-
DMEM in the absence of Wnt-3a (grey bar), percentage of cells expressing 
α-SMA after treatment with Wnt-3a 300ng/ml (black bar), percentage of 
cells expressing α-SMA following co-administration of MSC-CM and Wnt-3a 
(white bar) (n=3 per group, ***p<0.001). (C) Percentage of CCD-8Lu cells 
expressing α-SMA after 72 hours treatment. Percentage of cells expressing 
α-SMA after treatment with SF-DMEM in the absence of Wnt-3a (grey bar), 
percentage of cells expressing α-SMA after treatment with Wnt-3a 300ng/ml 
(black bar), percentage of cells expressing α-SMA following co-administration 
of MSC-CM and Wnt-3a 300ng/ml (white bar) (n=3 per group, ***p<0.001.
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Wnt-3a induced fibroblast to myofibroblast differentiation process. 
Furthermore, this suppressive effect of MSC-CM appears to be very 
similar between CCD-8Lu and LL29 cells.

MSC-CM de-differentiates CCD-8Lu and LL29 derived 
myofibroblasts

CCD-8Lu and LL29 fibroblasts were differentiated into 
myofibroblasts with 24 hours TGF-β1 treatment; this stage where 
the cells were now myofibroblasts was designated as baseline. 
Fibroblasts were also treated in parallel with SF-DMEM alone 
as a negative control and showed negligible α-SMA expression 
throughout (Figure 4). Prior to MSC-CM administration at baseline, 
there was no significant difference in the percentage of CCD-8Lu 
cells expressing α-SMA between the MSC-CM treated and control 
group (SF-DMEM) (Figure 4C/D). Furthermore, MSC-CM did not 
show any effect on the percentage of cells expressing α-SMA after 
24 hours treatment in comparison to control (SF-DMEM) (Figure 
4C/D). As observed previously the LL29 cells follow a similar pattern 
to that of the CCD-8Lu cells. Prior to MSC-CM administration at 
baseline, there was no significant difference in the percentage of 
LL29 cells expressing α-SMA between the MSC-CM treated and their 

corresponding control group (SF-DMEM) (Figure 4A/B). However 
24, 48 and 72 hours treatment with MSC-CM did show a significant 
reduction (p<0.001) in the percentage of cells expressing α-SMA 
which were 15.10±5.60%, 25.60±3.30%, 24.70±8.10% respectively, in 
comparison to their corresponding control (SF-DMEM) (MSC-CM 
24 hours 73.30±0.70%, 48 hours 60.70±3.00%, 72 hours 60.40±3.50%, 
SF-DMEM 24 hours 86.50±5.00%, 48 hours 81.50±1.20%, 72 hours 
80.60±4.10%) (Figure 4A/B). The observations from this experiment 
suggest that MSC-CM de-differentiates myofibroblasts back to 
fibroblasts in a duration exposure-dependent manner. Furthermore, 
it appears that the effect of MSC-CM on the de-differentiation of 
myofibroblasts occurs earlier within LL29 at 24 hours, in comparison 
to CCD-8Lu at 48 hours after MSC-CM administration.

Discussion
Idiopathic pulmonary fibrosis is a complex disease about which 

there is much we still do not yet understand. However through 
continuing research, we have developed our knowledge of IPF 
pathogenesis and have now ascertained that the fibroblastic foci 
are a focal point of the fibrogenesis in IPF [1,5,29,30]. The major 
cell population within the fibroblastic foci are the myofibroblasts; 
thus a key contributor to the development of the fibroblastic foci is 
fibroblast to myofibroblast differentiation with a resultant increase 
in the myofibroblast population [1,30-32]. Consequently any 
explorative approach attempting to suppress or limit this fibroblast 
to myofibroblast differentiation may potentially help to reduce the 
activated myofibroblast population and attenuate the active pro-
fibrotic processes from occurring in IPF. It is currently postulated 
that in IPF, myofibroblast differentiation is under the regulation 
of growth factors, the best documented of which is TGF-β [31-34]. 
However recent evidence has also suggested that this process may be 
under the influence of further growth factors, the most prominent of 
which is Wnt-3a [13,18,19,35]. Further evidence of the Wnt signalling 
pathway having a pro-fibrotic influence has been documented in 
cardiac [36], hepatic [37] and renal [38] fibrosis.

Presently there are no effective pharmaceutical therapies effective 
at halting the fibrotic process in IPF. Due to this lack of therapeutic 
options, research into a regenerative therapeutic approach utilising 
MSC has been strongly considered as a potential treatment modality 
[20,39]. Mesenchymal stem cells have been demonstrated to 
ameliorate fibrosis within renal, cardiac and hepatic animal models 
of fibrosis [36,40-45]. Additional evidence that MSC may possess a 
therapeutic role in IPF has been presented through the conduction 
of in vitro studies, which have demonstrated that MSC and MSC-CM 
can attenuate fibrosis within animal models of IPF [21-23,46,47]. In 
addition to the current literature, our results have provided further 
evidence that MSC-CM has anti-fibrotic effects with the ability to 
modulate the fibroblast to myofibroblast differentiation process.

We have demonstrated for the first time that Wnt-3a can induce 
fibroblast to myofibroblast differentiation in adult human normal 
and IPF lung fibroblasts; thus providing further evidence for the 
potential involvement of Wnt-3a in IPF. More importantly, we have 
determined for the first time that MSC-CM significantly suppresses 
the Wnt-3a-induced fibroblast to myofibroblast differentiation 
process in human and IPF lung fibroblasts. However, the mechanism 
of action as to how MSC-CM exerted its effects on Wnt-3a-induced 

Figure 4: The effect of MSC-CM on myofibroblasts (CCD-8Lu and LL29). 
(A) Immunofluorescence images of myofibroblasts (LL29) after 72 hours 
treatment with MSC-CM. (B) Percentage of myofibroblasts (LL29) expressing 
α-SMA after 72 treatments with MSC-CM. Percentage of cells expressing 
α-SMA with SF-DMEM in the absence of TGF-β1 and MSC-CM (grey bars). 
Percentage of cells expressing α-SMA follows TGF-β1 treatment alone (black 
bars). Percentage of cells expressing α-SMA follows treatment with MSC-
CM (white bars). (n=3 per group, ***p-<0.001). (C) Immunofluorescence 
images of myofibroblasts (CCD-8Lu) after 72 hours treatment with MSC-
CM. (D) Percentage of myofibroblasts (CCD-8Lu) expressing α-SMA after 
72 treatments with MSC-CM. Percentage of cells expressing α-SMA with 
SF-DMEM in the absence of TGF-β1 and MSC-CM (grey bars). Percentage 
of cells expressing α-SMA follows TGF-β1 treatment alone (black bars). 
Percentage of cells expressing α-SMA follows treatment with MSC-CM (white 
bars). (n=3 per group, **p<0.01, ***p-<0.001).
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myofibroblast differentiation requires further exploration. Wnt-3a is 
a secreted glycoprotein that binds to frizzled receptors resulting in 
the intracellular release of cytoplasmic β-catenin from the GSK3β 
complex. β-catenin then migrates to the nucleus, binds to its nuclear 
LEF/TCF receptor and exerts its biological effect [13,14,35]. Therefore, 
due to the complex mechanism of Wnt signalling, there may be several 
molecules in the Wnt signalling pathway which could be prone to 
inhibitory modulation. Studies have determined that FGF can inhibit 
the canonical Wnt signalling pathway [48] through inhibiting the 
formation of the -catenin LEF/TCF complex. Furthermore, up-
regulating Dickopf-1 an inhibitor of Wnt-3a signalling has not 
only been shown to inhibit but also reverse bleomycin induced 
lung fibrosis [13]. Although these above studies did not utilise MSC 
or MSC-CM specifically, they all demonstrate that not only is the 
inhibition of Wnt signalling possible, but also that inhibition of this 
signalling pathway can inhibit cell differentiation. Our work has not 
only provided further support for the involvement of Wnt-3a in IPF 
but also demonstrated that MSC-CM has the ability to inhibit Wnt-3a 
induced differentiation, possibly through the mechanisms discussed 
above.

In accordance with current literature [8-10] our work has 
demonstrated that TGF-β1 can induce human normal and IPF 
lung fibroblast to myofibroblast differentiation. Additionally, for 
the first time we have demonstrated that MSC-CM can inhibit this 
TGF-β1 induced differentiation process and also de-differentiate 
myofibroblasts. However the question remains as to the mechanism 
of action that is responsible for this observed MSC-CM suppression 
of myofibroblastic differentiation and de-differentiation. Although 
this study is the first to demonstrate that MSC-CM can supress 
TGF-β1-induced myofibroblast differentiation, several previous 
studies have aimed to isolate and inhibit specific components of 
the TGF-β1 signalling pathway in an attempt to disrupt its pro-
fibrotic actions with some promising results. Prostaglandin E2 [49], 
interleukin 7 [50], FGF [51,52]  have been demonstrated to inhibit 
TGF-β1 and subsequent fibroblast differentiation through Smad 
dependent and independent pathways. Furthermore following 
fibroblast to myofibroblast differentiation, it was postulated that the 
myofibroblast was a terminally differentiated cell and in the process 
of normal wound repair, a reduction in the myofibroblast population 
occurred through myofibroblast apoptosis [1,19,53,54]. This theory 
has been challenged and it is now postulated that myofibroblast de-
differentiation may occur. PDGF [55] and FGF-1 and FGF-2 have 
been shown to cause de-differentiation of myofibroblasts [56]. The 
results of our study further support the de-differentiation potential 
of myofibroblasts. Furthermore MSC have been shown to secrete 
both FGF and PGE and PDGF [6]. Therefore it is possible that these 
growth factors were evident within our MSC-CM and responsible for 
the suppressive effects and de-differentiate effects that were observed.

Conclusion
Fibroblast to myofibroblast differentiation is believed to be a 

key mechanism in the pathogenesis of IPF. Although MSC-CM has 
been shown to exert anti-inflammatory and anti-fibrotic effects, the 
underlying mechanism of action has yet to be fully elucidated. Our 
data provides further evidence for the involvement of TGF-β1 and 
Wnt-3a in IPF and for the first time provides a potential mechanism 
of action through which MSC-CM may exert its anti-fibrotic effects.
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