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ABSTRACT 
Introduction: Pro-fibrotic and anti-fibrotic cytokines and other proteins control the normal 

wound healing. Transforming growth factor-β (TGF-β) and connective tissue growth factor 

(CTGF) are pro-fibrotic factors, whereas interleukin-1α (IL-1α) is a putative anti-fibrotic factor. 

Our research group has previously shown, using quantitative proteomics of dermal fibroblasts, 

that TGF-β upregulates CTGF, Sema7A, and collagen V, as well as downregulates lumican and 

that these TGF-β-regulated protein expressions were antagonized by IL-1α. 

Objective: The aim of this study was to further analyze the effect of TGF-β and IL-1α on 

Sema7A, lumican, collagen V and CTGF expression using western blot and quantitative 

polymerase chain reaction (Q-PCR). 

Method: Dermal fibroblasts from four individuals were seeded and incubated with different 

concentrations of TGF-β and/or IL-1α. Protein and mRNA expression levels of CTGF, Sema7A, 

lumican and collagen V were measured using Western blot and Q-PCR.  

Results: There was no significant change in the protein expression of CTGF, whereas lumican 

and collagen V were weakly regulated by TGF-β. Sema7A expression was upregulated on 

protein level, and inhibited by addition of IL-1α.  CTGF, Sema7A and collagen V were 

upregulated and lumican downregulated at mRNA levels.  

Conclusion: Our results confirmed that TGF-β stimulates expression of CTGF, Sema7A and 

collagen V but inhibits lumican at mRNA levels. However, these effects could only partly be 

repeated on protein level using Western blotting. Other anti-CTGF antibodies and other 

techniques are needed to further study the effect of TGF-β at protein levels. 

 

 

 

 

 

 

 



Abbreviations 
α-SMA  α-smooth muscle actin  

BCA Bicinchoninic acid 
BSA Bovine Serum Albumin 
CTGF Connective tissue growth factor 

ECL Enhanced Chemiluminescence 

ECM  Extracellular matrix 

EDTA  Ethylenediaminetetraacetic acid 
FBS  Fetal bovine serum  
GAG  Glycosaminoglycan  
GAPDH Glyceraldehyde-3-phosphate dehydrogenase 

GS-box Gly/Ser-rich box 
HRP  Horseradish peroxidase  
IL-1α  Interleukin-1α  

IL-1RAcP  IL-1 receptor accessory protein  

LTBP Latent TGF-β bind protein 

MMP  Matrix metalloproteinases  
MW Molecule weight 

NFκB Nuclear factor kappa B 

PBS  Phosphate buffered saline  

PVDF Polyvinylidene fluoride  

qMS Quantitative mass spectrometry 
SEMA Semaphorin 
SLRP  Small leucine-rich proteoglycan  
TGF-β  Transforming growth factor-β 

TGS  Tris-glycine/SDS 

TIMP Tissue inhibitor of metalloproteinases 

TIR  Toll- and IL-1R-like  
USÖ Örebro University Hospital 
VSMC  Vascular smooth muscle cells  
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1. Introduction 

1.1 Fibrosis  
Fibrosis is a part of the tissue reparation process where normal tissue is replaced by an excessive 

amount of extracellular matrix (ECM) components [1].  In pathological conditions, fibrosis leads 

to distortion of the organ architecture and impairment of the organ’s function [2], which can 

result in end-stage organ failure. During normal tissue repair, the myofibroblasts, that deposit the 

ECM components, are removed after the tissue repair is completed, either through apoptosis or 

through reversion back to fibroblasts. However, in pathological fibrosis, the myofibroblasts are 

more persistent and therefore result in accumulation of ECM [3]. 

 

Fibroblasts are cells that can be found in connective tissues. They constitute a large part of the 

dermis, where they play a major role in tissue repair [4]. In case of injury, the mesenchymal 

fibroblasts are activated by signals from the extracellular matrix (ECM) and cytokines from other 

cells. They differentiate into myofibroblasts that can act as both fibroblasts and smooth muscle 

cells. The myofibroblasts express high levels of α-smooth muscle actin (α-SMA) and can 

therefore lead to contraction of the ECM, which is important for the wound to close. Pro-fibrotic 

and anti-fibrotic factors control the normal wound healing. Transforming growth factor-β (TGF-

β) and connective tissue growth factor (CTGF/CCN2) are pro-fibrotic factors, whereas 

interleukin-1α (IL-1α) is a putative anti-fibrotic factor. TGF-β stimulates the fibroblasts to 

produce high levels of  CTGF and matrix proteins, such as collagen and fibronectin, and to close 

the wound by contracting the ECM [5].  

 

1.2 The TGF-β superfamily  

The transforming growth factor-β superfamily comprises multiple proteins involved in the 

regulation of a range of physiological processes, including embryonic development, wound 

healing, stem cell renewal and cancer development [5,6]. The TGF-β superfamily consists of 

three types; TGF-β 1, 2 and 3. TGF-β 1, 2 and 3 are produced as precursors forming a complex 

with latent TGF-β binding proteins (LTBP-1, -3 and -4). Activation occurs when the disulfide 

linkage between TGF-β and LTBP is cleaved, enabling the binding of TGF-β to its receptor.  
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TGF-β signals through transmembrane serine/threonine kinases. The receptors can be divided 

into two types; type I (TβRI) and type II (TβRII) receptors. TβRI can be distinguished from 

TβRII by its conserved Gly/Ser-rich (GS-box) upstream the kinase domain. TβRI and II are 

located in the plasma membrane as homodimers. Upon ligand binding TβRII binds to TβRI and 

phosphorylates it. The activated TβRI phosphorylates receptor-associated Smads (R-Smads; 

Smad1, 2, 3, 5 and 8) and attracts Co-Smad (Smad 4). This results in the formation of the R-

Smad/Co-Smad complexes. The complexes are then translocated into the nucleus where they act 

as transcription factors for ECM proteins. Smad 6 and Smad 7 function as inhibitors of the TGF-

β signaling pathway. They bind to the activated TβRI thus hindering R-Smads from binding. 

They also target TβRI for degradation by recruiting E3-ubiquitin ligases [7]. 

 

1.2.1 TGF-β and fibrosis 

TGF-β is secreted by various cells in cases of cutaneous injury. In addition to TGF-β’s ECM 

stimulating effect it also aids in the recruitment of neutrophils, macrophages and fibroblasts. 

These in turn lead to a higher secretion rate of TGF-β [5]. TGF-β also upregulates tissue inhibitor 

of metalloproteinases (TIMP) to inhibit degradation of ECM by matrix metalloproteinases 

(MMP) [8]. TGF-β has been reported to be overexpressed, together with CTGF, in nearly all 

fibrotic diseases [9].  

 

1.3 Connective tissue growth factor 
CTGF/CCN2, a member of the CCN family, is a matricellular protein. CTGF mRNA is 

synthesized by fibroblasts, endothelial cells, vascular smooth muscle cells, epithelial cells and 

chondrocytes [10]. CTGF induces angiogenesis and production of connective tissue during 

development [11]. The production of CTGF mRNA is stimulated by TGF-β in mesenchymal 

cells and human chondrocytes through the Smad signaling pathway [10]. Upon phosphorylation 

of the type I TGF-β receptor, Smad 3 is activated, which in turn attracts Smad 4. Smad 3 and 4 

form a complex that is translocated to the nucleus, where it then induces CTGF gene expression. 

Smad 7 inhibits the Smad 3 pathway [12]. CTGF was earlier thought to be a downstream 

mediator of TGF-β, but it has been shown to be a co-factor for TGF-β that enhances the effect of 

TGF-β [13]. CTGF/CCN2 attracts pericyte-like cells to the wounded area and differentiates them 
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into myofibroblasts [14]. CTGF expression has also been shown to be elevated in fibrotic tissue 

[15]. 

 

1.4 Semaphorin 7A 
The semaphorins (SEMAs) are a family of membrane-bound proteins. The family consists of 8 

classes that are based on sequences and structures.  The different classes can be found in 

vertebrates, invertebrates and also in some viruses. The SEMAs play a role in both the immune 

and nervous system. Sema7A is expressed by a number of different cells, including epidermal 

keratinocytes, endothelial cells and fibroblasts. Sema7A has a role in axonal growth, immunity 

and inflammation. It signals through its two receptors β1-integrin and plexin C1, both 

transmembrane receptors [16]. A link between Sema7A and TGF-β has been implicated in 

several studies. This was seen in mice infected with the West Nile virus where both Sema7A and 

TGF-β levels are elevated. Conversely, in Sema7A knockout mice there was low or no 

expression of TGF-β [17]. 

 

1.5 Lumican 
Lumican is part of the small leucine-rich proteoglycan (SLRP) family [18]. The core protein 

consists of 6-10 leucine-rich repeats and one or more glycosaminoglycan (GAG) chains [19, 20].  

Lumican can be found in the basement membrane of epithelial cells [21]. It partly controls the 

collagen fibril assembly in tissues such as cornea, tendon and skin. A study on lumican’s effect 

on cardiac fibroblasts showed that it increases the expression of TGF-β1 and phosphorylation of 

SMAD3, thus affecting the ECM-quality. It has also been shown to decrease the activity of 

matrix metalloproteinase-9 (MMP-9), thereby leading to ECM-accumulation [19]. However, 

another study indicated that lumican is downregulated in scar formation.  It also showed that 

lumican is downregulated by TGF-β [22]. 

 

1.6 Collagen V 
Collagen type V is classified as a fibrillar collagen. In non-cartilaginous tissues, collagen V is a 

constituent of collagen type I fibrils. It has numerous isoforms that differ in chain type. Collagen 
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V has been associated with Ehler-Danlos syndrome [23] Collagen V overexpression has also 

been linked to fibrosis [24].  

 

1.7 Interleukin-1α 
The interleukin-1 family is a group of 11 members (IL-1F1 – IL1F11). These cytokines play an 

important role in the immune system [25]. IL-1 also has an effect on both ECM turnover and 

reepithelization in wound healing. IL-1 is primarily synthesized by monocytes and macrophages, 

but can also be produced by dendritic cells, epithelial cells and fibroblasts [26]. IL-1α and IL-1β 

(IL-1F1 and IL1-F2) are the most studied cytokines in the IL-1 family. The members of the IL-1 

family, except for the IL-1 receptor antagonist (IL-1Ra/IL-1F3), are produced as precursors. The 

precursor of IL-1α (pro-IL-1α) can initiate signal transduction, but for IL-1β to be active, it has to 

be cleaved by either extracellular neutrophilic proteases or intracellular caspase-1 [25]. 

 

IL-1α has two functions; it has an effect on transcription in the nucleus and also extracellular 

receptor-mediated effects as a cytokine [27]. Both IL-1α and IL-1β signal through the IL-1 

receptor I (IL-1RI). When the ligand binds to the receptor, it recruits the co-receptor IL-1 

receptor accessory protein (IL-1RAcP) and forms a heterodimeric complex. The Toll- and IL-1R-

like (TIR) domains of the receptor complex then attract the adaptor proteins, myeloid 

differentiation primary response gene 88 (MyD88), which in turn phosphorylates IL-1R–

associated kinases (IRAKs) leading to signaling to the nucleus [25].  In addition to its pro-

inflammatory effect, IL-1α has been found to inhibit CTGF expression in fibroblasts. Co-cultures 

between keratinocytes and fibroblasts where IL-1α was released by keratinocytes, showed that 

IL-1α suppressed CTGF expression [28]. This was further investigated in another study where 

IL-1α’s effect on unstimulated and TGF-β stimulated fibroblasts was studied. It was concluded 

that IL-1α had a suppressing effect on CTGF gene expression [12]. 

 

Our research group has conducted a study were quantitative proteomics of dermal fibroblasts 

showed that TGF-β upregulates CTGF, Sema7A, and collagen V. The study also indicated that 

TGF-β suppressed lumican and that these TGF-β-regulated protein expressions were antagonized 

by IL-1α (unpublished results). Therefore, we wanted to confirm these results using other 

techniques. 
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2. Aim 
The aim of this study was to further analyze the effect of TGF-β and IL-1α on Sema7A, lumican, 

collagen V and CTGF expression, using Western blot and quantitative polymerase chain reaction 

(Q-PCR). 

 

3. Material and methods 

3.1 Cell culturing and stimulation with TGF-β 

Normal skin fibroblasts from four patients (F001, F002, F003, 217), passage 10-13, were seeded 

in 175 cm2 cell culture flasks. The cells were incubated at 37o C and 5 % CO2. The medium was 

removed from the flask. To ensure the removal of medium residues the cells were then washed 

with phosphate buffered saline (PBS). 2 ml 0,25 % trypsin and 1mM ethylenediaminetetraacetic 

acid (EDTA) was added and the cells were incubated at 37o C for 5 minutes to detach the cells 

from the flask. 10 % fetal bovine serum (FBS) diluted in medium was then added to inactivate 

the trypsin. The solution was transferred to a tube and centrifuged at 230 xg for 5 minutes. The 

resulting supernatant was removed and the pellet was resuspended in 10 % FBS diluted in 8 ml 

medium. 10 µl of the cell suspension was transferred to hemocytometer to determine the cell 

count. The suspension was then divided into wells on 6-well plates. 200 000 cells were seeded in 

each well. The plates were incubated overnight at 37 o C. Serum free medium was added and the 

cells were serum starved for 24 hours. TGF-β was added to cultures at different concentrations 

and time periods as indicated (Fig. 1). 
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Control 

 

TGF-β 

 

Figure 1. Outline of six-well plate for protein and RNA extraction after TGF-β stimulation (10 

ng/ml) for various times. One plate was prepared for each time-point and only 4 wells per plate 

were used. 

 

3.2 Western blotting 

3.2.1 Determination of protein concentration  

Pierce bicinchoninic acid (BCA) Protein Assay (Thermo Scientific) was used to determine the 

protein concentration in the samples. Working reagent (WR) was prepared by mixing BCA A and 

BCA B (1:50). 10µl of each sample (1-10) was transferred to wells on a 96-well plate. The WR 

was then added to each well. BSA of different concentrations (0, 0.0625, 0.125, 0.25, 0.5, 1 and 2 

ng/ml) was also transferred to the plate. The plate was then incubated at 37o C for 30 minutes. 

The concentrations were determined using a spectrophotometer at 562nm.  

 

3.2.2 Denaturation of proteins 

12 µg of each sample was mixed with RIPA lysis buffer ( 25mM Tris•HCl pH 7.6, 150mM NaCl, 

1% NP-40, 1% sodium deoxycholate, 0.1% SDS) (Thermo Scientific). 4x Laemmeli Sample 

Buffer (62.5 mM Tris-HCl, pH 6.8, 10% glycerol, 1% LDS 0.005% Bromophenol 

Blue)(BioRad) was then added to the samples. The samples were then boiled at 95o C for 5 

minutes and chilled on ice.  

 

3.2.3 Electrophoresis 

Criterion TGX Stain-Free 12+2 gel (Bio-RAD) was used. The gel was placed in an 

electrophoresis tank. The tank was then filled with 10x running buffer Tris-glycine/SDS (TGS). 
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The first and last well were loaded with prestained molecule weight (MW)-ladder (Pageruler 

Plus, ThermoFisherScientific). The following wells were loaded with each sample. The voltage 

was set at 80 V and the electrophoresis was run for 3 hours.  

 

3.2.4 Visualization of total proteins in the gels 

After electrophoresis was completed the gel was transferred to a UV-tray. Using Gel Doc EZ 

(Bio-RAD) gel imaging instrument the protein bands were visualized. The pre-UV exposure time 

was set at 5 minutes, and detection at auto for optimal resolution (around 4 sec).  

 

3.2.5 Transfer 

A transfer sandwich was assembled using color-coded cassettes (black and red), a polyvinylidene 

fluoride (PVDF) membrane, sponges and filter papers. The PVDF membrane, the sponges and 

the filter papers were equilibrated in transfer buffer. The PVDF membrane was also prewet in 

100 % methanol. The sandwich was assembled in this order: positive cassette (black), sponge, 

filter paper, gel, PVDF membrane, filter paper, sponge and negative cassette (red). The sandwich 

was placed in a transfer tank which was then filled with transfer buffer. The transfer was done 

overnight at 20V (90mA).  

 

3.2.6 Detection 

The membranes were blocked overnight at + 4oC using blocking buffer consisting of 1 % bovine 

serum albumin (BSA) diluted in phosphate-buffered saline containing 0,05% Tween20® (PBS-T). 

Following incubation, the membranes were washed with PBS-T (3x5 minutes). The membranes 

were then incubated for 1 hour with the antibodies; 0.5 µg/ml collagen V (1:2000) (ab112551 

Abcam), 0.5 µg/ml Sema7A (1:400) (ab90242 Abcam/ sc374432 Santa Cruz), 0.5 µg/ml lumican 

(1:2000) (ab168348 Abcam) and 1 µg/ml CTGF (1:200) (ab135812 Abcam) diluted in blocking 

buffer. The washing was repeated as before. Blocking buffer was added to each membrane and 

0.5 µg/ml Pierce Goat anti-Rabbit IgG Secondary Antibody Horseradish Peroxidase (HRP) 

(Thermo Fisher) was diluted in the blocking buffer (1:3000). The antibody was purchased from 

Thermofisher. The membranes were then incubated for another hour and washed as above.  
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SuperSignalTM West Pico PLUS Chemiluminescent Substrate (ThermoFisher) was used to 

prepare enhanced chemiluminescence (ECL) detection solution to detect the horseradish 

peroxidase (HRP) on the membranes. SupersignalTM West Pico PLUS luminol/ enhancer solution 

and stable peroxidase (Thermo Fisher) solution was mixed. The membranes were placed on 

plastic films and incubated for 5 minutes at room temperature covered by the detection solution.  

The solution was then removed and the plastic films were folded over each membrane. 

Chemiluminescent detection on an Odyssey imaging system (Li-Cor Biosciences) was then used 

to analyze the membranes. 

 

3.2.7 Stripping of the membranes and detection of GAPDH protein (loading control) 

Stripping solution to remove previous antibodies was prepared by mixing β-mercaptoethanol, 10 

% SDS, 1M Tris 6,7 and distilled water. The membranes were covered with the stripping solution 

and incubated for 30 minutes at 50o C. They were then blocked for 5 hours at +4 oC.  HRP-

conjugated glyceraldehydhyde-3- phosphate dehydrogenase (GAPDH) antibody (Thermo Fisher) 

was then diluted in blocking buffer (1:20000) and incubated overnight. Washing and ECL 

detection was performed as above. 

 

3.3 Quantitative polymerase chain reaction (Q-PCR) 

3.3.1 RNA extraction 

The RNA extraction was done by using RNeasy Plus Micro Kit (Qiagen). 350µl of Buffer RLT 

Plus was added to lyse the cells and store them at -20o C (described above). The lysate was 

thawed and homogenized by passing it through a 23-gauge needle (0,6 mm diameter) and 

transferred to a gDNA Eliminator spin column placed in a 2ml collection tube. It was centrifuged 

for 30s at 13,000rpm. The column was removed and 300µl of 70 % ethanol was added to the 

flow-through. After mixing, it was transferred to an RNeasy MinElute spin column and was 

centrifuged for 15s. The flow-through was removed. 700µl Buffer RW1 was added to the column 

and it was then centrifuged for 15s. 500µl Buffer RPE was added and the column was centrifuged 

again for 15s. 500µl 80 % ethanol was added and centrifuged for 2 min. The flow-through was 

then discarded and the RNeasy MinElute spin column was attached to a new 2 ml collection tube 

and centrifuged for 5 min. The collection tube was removed. The column was then placed in a 1.5 
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ml tube and 14 µl RNase-free water was added. It was centrifuged for 1 min. The RNase 

MinElute spin column was removed and the eluate’s concentration and purity was measured 

using ThermoScientific NanoDrop spectrophotometer. The samples were then stored at -20o C. 

 

3.3.2 cDNA synthesis 

High Capacity cDNA Reverse Transcription kit (Thermo Fisher) was used to synthesize cDNA. 

2X Reverse Transcription (RT) master mix was prepared for the RNA samples according to the 

protocol. 150 ng of each sample was then transferred to 0.2 ml tubes. RNase-free water was 

added to each tube so that the volume of RNA was 10 µl. The prepared sample was then mixed 

with 10 µl of the 2X RT master mix. The tubes were placed in Biometra TGradient thermal 

cycler (Biorad). The RNA was then converted into cDNA by incubation at 25°C for 10 min, 37 

°C for 120 minutes, 85 °C for 5 seconds and 4°C. The cDNA was then stored at -20o C. 

  

3.3.3 Q-PCR 

7000 Fast Real-Time PCR System reagents (Applied Biosystems) was used to perform Q-PCR. 

PCR reaction mixes were prepared consisting of TaqMan Gene Expression Master Mix, 

fluorescent probes, either CTGF, Sema7A, collagen V, lumican or the housekeeping gene 

GAPDH (TaqMan Gene Expression Assay), and water. Each reaction mix was then transferred 

into wells on a 96-well plate. 15ng (2µl) of each cDNA sample was transferred to the wells and 

the last well for each gene was used as control, only consisting of water. Crossing threshold (ct) 

values were calculated by the 7000 Fast Real-Time PCR System. 

 

3.4 Ethical considerations 
This project was approved by the Regional Ethical Review Board in Uppsala (Dno 2011/451). 

Discarded material from the plastic surgery department at Örebro University Hospital (USÖ) was 

used. Patient identity is anonymized and is not revealed at any point in this study. 
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4. Results 
4.1 Effect of TGF-β and IL-1α on protein levels 

Fibroblasts from three individuals (F001, F002 and F003) were seeded and subjected to TGF-β 

and IL-1α treatment. Five samples from each patient were prepped with 0, 1.0 ng/ml TGF-β, 1.0 

ng/ml TGF-β + 0.2 ng/ml IL-1α, 10 ng/ml TGF-β and 10 ng/ml TGF-β + 0.2 ng/ml IL-1α 

respectively. The cells were then incubated for 16 hours. Western blotting was used to analyze 

expression of CTGF, Sema7A, collagen V and lumican proteins (Fig. 2). 

 

Figure 2. Western blots of CTGF, Sema7A, lumican, collagen V and GAPDH proteins after 

incubation of fibroblasts from 3 individuals for 16 h with 0, 1.0 ng/ml TGF-β, 1.0 ng/ml TGF-β + 

0.2 ng/ml IL-1α, 10 ng/ml TGF-β and 10 ng/ml TGF-β + 0.2 ng/ml IL-1α. 

 

CTGF protein expression was increased by TGF-β only in F001 cells, and only at the highest 

concentration. This stimulation was not counteracted by IL-1α. On the other hand, Sema7A was 

strongly upregulated by TGF-β and this was inhibited by IL-1α for all three cell lines. Lumican 

was not downregulated in the cell lines F001 and F002. A small decrease could be seen in F003, 

which was counteracted by IL-1α. TGF-β had little effect on collagen V in the three cell cultures. 

Normalized expression results from chemiluminescent detection compared to GAPDH are 

summarized in Fig. 3. 
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Figure 3. Normalized protein expression of CTGF, Sema7A, lumican and collagen V after TGF-β 

and IL-1α stimulation in fibroblasts from 3 individuals as in Fig. 2 for 16 h measured by 

chemiluminescent detection. 

 

 

4.2 Effect of TGF-β on protein and mRNA levels over time 

Fibroblasts (F001) were seeded and cultured for 24 hours. The cells were serum starved for 24 

hours. They were then incubated in presence or absence of 10 ng/ml TGF-β. Western blotting 

was used to analyze the protein expression of CTGF, Sema7A, lumican and collagen V after 

stimulation with TGF-β. GAPDH was detected as loading control after stripping of the 

membranes (Fig. 4). 
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Figure 4. Protein expression of Sema7A, CTGF, collagen V, lumican and GAPDH over a 32 h 

incubation time of fibroblasts from one individual (F001) in presence or absence of 10 ng/ml 

TGF-β. 

 

The protein bands were then further analyzed by quantifying the volume (intensity) of each band. 

The band intensity was calculated with the help of Image studio 5.0 (Li-Cor). A ratio between the 

intensity of each protein and GAPDH was calculated.  

 

The protein expression results are summarized in Fig. 5.  CTGF was unchanged by TGF-β over 

2-8 hours. At 16-32 hours first a drop and then a modest increase was seen. Both Sema7A and 

collagen V were slightly upregulated by TGF-β over the 32-hour period. Lumican was 

downregulated after 2, 4 and 8 hours. The effect ceased after 16 hours of incubation. 
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 Figure 5. Normalized expression of CTGF, Sema7A, lumican and collagen V over a 32-hour 

incubation time in presence or absence of 10 ng/ml TGF-β in fibroblasts from one individual 

(F001) as in Fig. 4 measured by chemiluminescent detection. * Intensity estimated by 

extrapolation  

 

To monitor changes in mRNA levels after TGF-β stimulation, Q-PCR was performed on such 

samples containing unstimulated and TGF-β stimulated F001 fibroblasts. The samples were 

incubated for 2, 4, 8, 16 or 32 hours before Q-PCR. A ratio between the mRNA expression levels 

of the different putative TGF-β markers and GAPDH was calculated. The results showed an 

increase in CTGF, Sema7A, collagen V mRNA over the 32-hour period. Lumican mRNA 

decreased at 4-32 hours (Fig. 6).  

 

 

 

 

 

 

    * 

* 
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Figure 6. Normalized mRNA expression of CTGF, Sema7A, collagen V and lumican over a 32-

hour time period in presence or absence of 10 ng/ml TGF-β in fibroblasts from one individual 

(F001) as in Figures 4 and 5. 

 

 

4.3 Effect of different concentrations of TGF-β on mRNA levels 

Q-PCR was also performed on F001 and 217 fibroblasts in presence of different concentrations 

of TGF-β.  Fibroblasts were stimulated with 0, 0.1, 1, 10 and 100 ng/ml TGF-β for 5 hours and 

mRNA expression determined (Fig. 7). F001 cells increased their gene expression of CTGF, 

Sema7A and collagen V already after 0.1 ng/ml of TGF-β stimulation, but lumican mRNA did 

not respond to TGF-β at all (Fig. 7). 217 cells were less sensitive to TGF-β regarding CTGF, 

Sema7A and collagen V. Indeed, the latter protein did not respond at all to this cytokine. On the 

other hand, 217 cells suppressed their lumican mRNA more prominent by TGF-β, compared to 

F001 cells (Fig. 7).  217 shows an increase of CTGF and Sema7A and a decrease of lumican and 

collagen V. 

 

 



 15 

Figure 7. Normalized mRNA expression of CTGF, Sema7A, lumican and collagen V after 

stimulation with or without TGF-β at different concentrations for 5h in fibroblasts from 2 

individuals (F001 and 217). 
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5. Discussion 
This study was based on the results from a previous study where quantitative proteomics was 

performed on unstimulated and TGF-β stimulated dermal fibroblasts (unpublished results). The 

aim of this study was to analyze the effect of TGF-β and IL-1α on Sema7A, lumican, collagen V 

and CTGF as putative TGF-β and IL-1α responsive markers. 

 

The protein expression of CTGF, Sema7A, lumican and collagen V in response to TGF-β and IL-

1α was examined using Western blotting. The results were not in accordance with what we 

expected. Only Sema7A responded in the expected pattern. Above all we expected a more 

defined CTGF regulation, since it is well known that TGF-β stimulates production of CTGF 

[5,10]. However, CTGF expression was not stimulated by TGF-β nor suppressed by IL-1α. TGF-

β and IL-1α had little effect on both collagen V and lumican (Fig. 3).   

 

Since the first western blotting did not provide the anticipated results, an effort to better examine 

TGF-β effects was done. Thus, time- and concentration curves of TGF-β effects were performed. 

CTGF protein expression did not change as a result of TGF-β exposure, possibly with exception 

for a modest increase after 32 h. To further investigate this, Q-PCR was performed on the same 

fibroblasts to unravel gene expression effects. This confirmed an effect of TGF-β on CTGF gene 

expression. An increase in Sema7A and collagen V mRNA was also seen. Lumican was 

downregulated (Fig. 6).  

 

Several factors could have affected the outcome. Regarding CTGF, the antibodies might not have 

worked as anticipated. Sema7A was detected using antibodies from Abcam in the first 

experiment, and antibodies from Santa Cruz in the following, which may have influenced the 

results. Regarding lumican and collagen V, these proteins were only weakly regulated by TGF-β 

in the proteomics assay.  Therefore, if the resolution of the Western blotting method was lower 

than qMS, TGF-β response of these proteins in the latter experiments might not have been 

discerned.  
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mRNA levels of the putative TGF-β markers were more distinctly regulated. Lack of 

correspondence to protein levels could be due to several factors. These could be truly biological 

or due to limitations in the detection methods. Indeed, regarding the former, it should not be 

anticipated that the protein levels always correspond to mRNA level, although it is a general 

assumption. For example, proteins go through post-translational regulation, such as rapid 

degradation and regulation of secretion. Detection of specific proteins is also more complex than 

detection of mRNA levels. For Western blotting, a number of factors can contribute to difficulties 

to detect accurate amounts of specific protein. These include solubility of proteins during 

preparation of lysates, determination of protein concentration, electrophoresis loading procedure, 

transfer efficiency, and specificity and sensitivity of primary antibodies in the detection step. 

Different antibodies also require that proteins are pre-treated differently before detection; some 

bind native proteins best, some denatured, and yet others require reduced conditions to work best.  

 

Another limitation in these type of studies is that cells taken from different individuals, or used at 

different passages, may have different properties. In this study, more specifically, these factors 

may have influenced how the cells responded to TGF-β. Sensitivity to TGF-β could be different, 

in turn due to e.g. receptor number, or efficiency of signaling pathways down-stream of these. 

Moreover, the cells accessibility to TGF-β could be limited due to the fact that the cells produce 

their own matrix, leading to accumulation on the cell surface, making the receptor less accessible 

to TGF-β. Thus, there are a multitude of factors that could influence the results, and these must 

be taken in consideration when interpreting the results.  

 

Interestingly, Sema7A was the only marker that responded in accordance with what we expected 

(on both protein and mRNA levels). Sema7A has been shown to play an important role in TGF-β 

mediated fibrosis. Observations on Sema7A deficient mice showed reduced fibrosis, even after 

stimulation with TGF-β, thus confirming a Sema7A role in fibrosis [16]. It has also been 

indicated that TGF-β leads to fibrocyte accumulation with through a Sema7A dependent pathway 

[29]. Consequently, more knowledge on signaling pathways through which IL-1α inhibits the 

Sema7A upregulating effect of TGF-β could possibly provide ways to reduce fibrosis.  
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However, the effect of IL-1α on CTGF, collagen V and lumican remains elusive. It has been 

suggested that IL-1α has direct anti fibrotic effects. By increasing the expression of NFκB, it 

leads to decreased phosphorylation of Smad, thereby inhibiting TGF-β signaling [30]. 

Better knowledge of how IL-1α affects these fibrotic markers could potentially provide new 

therapeutic tools. This would be beneficial in the treatment of different fibrotic diseases and also 

of skin damage due to, for example, burns. Therefore, it would be interesting to investigate the 

effect of both TGF-β and IL-1α, and the link between them more thoroughly.  

6. Conclusion 
In conclusion, the study shows that TGF-β, at mRNA level, upregulates CTGF, Sema7A, 

collagen V and downregulates lumican in human skin fibroblasts. However, these effects could 

only partly be repeated on the protein level using Western blotting. Thus, while Sema7A 

responded in accordance with an earlier proteomics assay on TGF-β and IL-1α responses, the 

other three proteins did not, or only partly. Since CTGF normally is a robust responder to TGF-β, 

we believe that the antibody used for the Western blotting did not work properly. For lumican 

and collagen V, a hypothesis is that limitation in the Western blotting method did not allow the 

relatively small changes in TGF-β response for these proteins suggested by the qMS data. Further 

studies, using other antibodies, or monitoring more precisely the fate of the proteins processed in 

the cells, or secreted from the cells, is warranted to better determine effects of TGF-β and IL-1α 

on CTGF, lumican and collagen V. 
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