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Abstract: Objectives: The primary aim of this study was to investigate the role of CD14 and TLR4 in type I, type III 
collagen expression, synthesis and secretion in LPS-induced normal human skin fibroblasts. The secondary aim was 
to provide theoretical basis for the molecular mechanisms of scar formation induced by LPS. Methods: The normal 
skin fibroblasts cultured in vitro were randomly divided into four groups: 0.1 µg/mL LPS reference group, CD14 pre-
treatment + LPS, TLR4 pretreatment + LPS, CD14 and TLR4 pretreatment + LPS. The collagen DNA synthesis was 
assessed by 3H-proline incorporation method. Real-time Quantitative PCR was used to detect type I, type III collagen 
mRNA expression. Results: Similar results were revealed for mRNA expression levels. The immunofluorescence 
staining suggested that type I and type III collagen were expressed in all investigated groups and that the expres-
sion was differentially downregulated in groups B, C, D. ELISA demonstrated markedly decreased levels in secreting 
type I, type III collagens and hydroxyproline in groups B, C, D (P<0.05), and the lowest level was detected in group 
D (P<0.01). Conclusion: Pretreatment with CD14 or TLR4 alone or their combination can significantly reduce the 
levels of type I and type III collagen expression, synthesis and secretion, with the most notable reduction detected 
in case of CD14 and TLR4 combined. We could thus conclude that both CD14 and TLR4 are involved in type I and 
type III collagen expression, synthesis and secretion in LPS-induced skin fibroblasts.

Keywords: Toll-like receptor 4, CD14, lipopolysaccharide, fibroblasts, collagen

Introduction

Hypertrophic scar histologically characterized 
by fibroblasts hyperplasia and excessive extra-
cellular matrix accumulation is a result of the 
changes in some biological characteristics of 
fibroblasts [1, 2], and it is the gram negative 
bacteria and the endotoxin they contained, 
namely the lipopolysaccharide (LPS), are major 
causes of these changes [3, 4]. We have previ-
ously reported that LPS significantly promotes 
normal human skin fibroblasts in proliferation, 
synthesizing and secreting type I, III collagens; 
we also demonstrated that alternations in 
these biological characteristics are consistent 
with the biological behaviors of fibroblasts of 
hypertrophic scar tissues [3, 5, 6]. As yet, the 
mechanisms that underlie scar hyperplasia 
induced by severe trauma remain unclear. On 
the basis of our previous findings, we herein 
attempted to explore the molecular mecha-

nisms by which LPS-induced normal human 
skin fibroblasts synthesizes and secretes 
collagens.

Toll like receptor 4 (TLR4) is expressed in all 
types of cell lines [7]. LPS combines with serum 
factor LPS binding protein (LBP) to form com-
pounds, binds with membranous CD14 on the 
surface of monocyte and macrophage, and 
interacts with TLR4 to trigger downstream sig-
naling pathways [8]. Despite the deficiency of 
membranous CD14 on fibroblasts, soluble 
CD14 could be used to activate the TLR4 path-
way, as previously reported in multiple studies 
[9, 10]. In the present work, we used CD14 and 
TLR4 in separation or in combination to treat 
normal human skin fibroblasts which were sub-
sequently stimulated by LPS in an effort to 
observe the changes in collagen expression, 
synthesis and secretion, explore the role of 
CD14 and TLR4 in collagen expression, synthe-
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sis and secretion in LPS-stimulated skin fibro-
blasts, provide theoretical basis for the molecu-
lar mechanisms of scar formation induced by 
LPS.

Materials and methods

Reagents and instruments

Reagents included RPMI 1640 basic medium, 
FBS, trypsin-EDTA (Gibco company, USA), green 
chain double antigen (PAA company, USA), nor-
mal human skin fibroblast cell lines (provided 
by Burn Research Institute at First Hospital 
Affiliated to General Hospital of PLA), 
2,5-Diphenyloxazole (PPO), 1,4-Bis (5-phenyl-
2-oxazolyl) benzene (POPOP), LPS (Sigma, 
3H-USA), 3H-proline (China Institute of Atomic 
Energy), Trizol reagent box, type I, type III colla-
gens and hydroxyproline ELISA Kit (Invitrogen 
company, American), M-MLV reverse transcrip-
tion Kit (Takara Co., Japan), Real-time PCR 
amplification kit (Beijing Zhongyuan Co., China), 
and other chemical reagents, all made in China. 

Instruments included CO2 incubator (SANYO 
company, Japan), inverted fluorescence micro-
scope (Leica company, Germany), voltage and 
current stabilizing electrophoresis, Bio-Rad 
450 microplate reader system (Bio-Rad com-
pany, America), Tri-carb 2300TR liquid scintilla-
tion counter (Packard company, America), flow 
cytometry (Becton Dickinson, USA), and Real-
Time PCR instrument (ABI 7500, America).

Grouping 

The frozen normal human skin fibroblasts cell 
lines were first resuscitated, and then cultured 
in RPMI 1640 medium containing 10% FBS at 
37°C in a 5% CO2 atmosphere. 0.25% trypsin 
was used for cell digestion and passage. The 
third to the tenth generation cells were select-
ed for experiments and divided into four groups: 
0.1 g/mL LPS reference group (group A), CD14 
pretreatment + LPS group (group B), TLR4 pre-
treatment + LPS group (group C), CD14 com-
bined with TLR4 pretreatment + LPS group 
(group D).

End points

DNA synthesis of collagens

Cells at the concentration of 1.5 × 104/mL were 
inoculated in 96-well culture plate, with each 
well containing 0.2 mL cells and each group 

composed of 8 wells. After 24 h, all cells were 
cultured with 0.2 mL pretreatment liquid for 6 
h, and then with 0.1 µg/mL LPS for 48 h. 
Subsequently, cells were cultured for another 6 
h in the presence of 0.1 µg/mL LPS and 
3H-proline (1 μCi/well). Then, the cells were 
conventionally digested, collected on the glass 
fiber filter paper, and sequentially washed with 
Duchenne phosphate buffer solution (D-PBS), 
5% three chloro acetic acid and ethanol 3 
times. After drying the glass fiber filter paper, 
the spotted paper was cut off and placed in the 
scintillation fluid. Counts per minute (CPM) in 
each hole were done using liquid scintillation 
counter.

Type I, III collagen mRNA expression

Cells at the concentration of 5 × 104/mL were 
inoculated in 6-well culture plate, with each 
well containing 3 mL cells and each group con-
sisting of 4 wells. 24 h later, all cells were cul-
tured with 3 mL pretreatment liquid for 6 h, 
followed by 0.1 g/mL LPS for 48 h. mRNA 
extraction was undertaken using 1 ml Trizol. 
Nucleic acid ultraviolet spectrophotometric 
was used to determine the purity and the con-
centration of RNAs. The RNAs in each group 
were reversely transcripted into cDNA accord-
ing to the instructions of M-MLV kit, followed by 
Real-Time PCR amplification complying with the 
manufacture’s recommendations. Primers for 
type I collagen (388bp) were 5’-AGACTGGCA- 
ACCTCAAGAAG-3’ and 5’-TTCGGTTGGTCAAAG- 
ATAAA-3’. The reaction conditions were: 32 
cycles of 95°C for 5 min, 94°C for 30 s, anneal-
ing at 60°C for 1 min, followed by 72°C for 10 
min. Primers for type III collagen (120bp) were 
5’-ATGGTTGCACGAAACACACT-3’, and 5’-CTTG- 
ATCAGGACCACCAATG-3’. The reaction condi-
tions were: 40 cycles of 95°C for 15 min, 94°C 
for 8 s, annealing at 60°C for 34 s, followed by 
72°C for 10 min. Primers for Beta-actin (143bp) 
included 5’-GGGTGTGAACCATGAGAAGT-3’, and 
5’-GGCATGGACTGTGGTCATGA-3’.

Type I, type III collagen expression

Normal human skin fibroblasts were inoculated 
in 24-well plate with coverslips at the concen-
tration of 5 × 104/mL. Each well contained 1 
mL cells and each group had 4 wells. After incu-
bation for 24 h, all cells were incubated in 1 mL 
pretreatment liquid for 6 h, followed by 0.1 g/
mL LPS for another 48 h. The coverslips were 
removed out and fixed by 4% paraformaldehyde 
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for 40 min, followed by paraformaldehyde 
removal, PBS washing (3 times, each washing 5 
min), addition of 0.3% Triton transparent film 
for 30 min, PBS washing, normal goat serum 
closed for 30 min, and washing with PBS 3 
times. 100 L rabbit anti human I type, type III 
collagen monoclonal antibodies were dropped 
on each coverslip and incubated at 4°C over-
night. After washing 3 times with PBS, fluores-
cein isothiocyanate (FITC) was added to label 
goat anti rabbit second antibody, with the final 
step of lightless reaction at 37°C for 30 min. 
The inverted fluorescence microscope was 
used to take photos.

Type I, III collagen and hydroxyproline secre-
tion

The cells were treated in the same way as 
described in 1. 3. 1. 8 holes were prepared for 
each group. Cell counting was conducted after 
0.4% trypan blue staining. The secretion of type 
I, III collagens and hydroxyproline present in 
supernatant was detected by ELISA. The con-
tent of type I, III collagen and hydroxyproline 
was determined based on the standard curve 
drawn according to the detected OD450 val-
ues, and converted into the secretion of 1 × 
106 cells.

Statistical analysis

Experiments were carried out in a minimum of 
three times. Statistical analyses were done 
using SPSS16.0 software. Data were expressed 
as mean ± standard deviation. Between-group 
difference was assessed with one-way analysis 
of variance (ANOVA). Pairwise comparisons 
were carried out using Student-Newman-
Keuls-q test (SNK-q). Kruskal-Wallis H test was 

performed in case of heterogeneity of variance. 
The significance threshold was fixed at P<0.05.

Results

Collagen DNA synthesis

The collagen DNA synthesis in normal skin 
fibroblasts was detected by [3H]-proline incor-
poration method. The results showed that the 
synthesis levels were significantly reduced in 
groups B, C, D compared with group A, with 
group D showing the lowest level (P<0.01) (see 
Figure 1).

mRNA expression of type I, type III collagens

Real-time Quantitative PCR showed a signifi-
cant reduction in mRNA expression of type I, 
type III collagens in groups B, C, D as compared 
to group A (P<0.05). The lowest level was 
detected in group D (P<0.01) (see Figure 2).

Intracellular expression of type I, type III col-
lagens

The obtained results of immunofluorescence 
staining revealed that type I, type III collagens 
were expressed in all groups being investigat-
ed. The results also revealed different degrees 
of reduction in groups B, C, D as compared to 
group A (see Figure 3).

Secretion of type I, type III collagens and hy-
droxyproline

Secretion of type I, type III collagens and 
hydroxyproline in normal human skin fibro-
blasts was detected using the ELISA assay. We 
found that the content was significantly less in 
groups B, C, D than in group A (P<0.05), with 
the group D showing the lowest levels (P<0.01) 
(see Table 1).

Discussion

Fibroblasts are the known effector cells of 
hyperplastic scar which usually appears after 
deep burns and severe infections. Results of 
our previous research showed that LPS signifi-
cantly enhances normal human skin fibroblasts 
in collagen expression, synthesizing and secret-
ing collagens; it also substantially reduces the 
amount of collagenase, and thereby reduces 
the degradation of collagen fibers; the alterna-
tions in biological characteristics are in line 
with the behaviors of hypertrophic scar tissues 
[5]. Previous work has provided evidence that 

Figure 1. The levels of collagen DNA synthesis of hu-
man normal skin fibroblasts in different groups.
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LPS significantly promotes proliferation of lung 
fibroblasts through the TLR4 signaling mecha-
nism [11]. In addition, LPS activates various 
proteins within fibroblasts, including protein 
tyrosine kinase, monocyte chemoattractant 
protein-1 (MCP-1), nuclear transcription factor 
(NF-kappaB), activated protein-1 (AP-1), IL-1 
receptor associated kinase (IRAK) and extra-
cellular signal regulated kinase 1, protein 
kinase 2. The aforementioned activations are 
clearly linked with cell migration, proliferation 
and inflammatory responses [12-17].

We have previously demonstrated that the 
expression, synthesis and secretion of type I, 
type III collagen of normal human skin fibro-
blasts stimulated by 0.1 g/mL LPS are similar 
to those of hypertrophic scar fibroblasts derived 
from the same individual [5]. Therefore, we 
selected 0.1 g/mL LPS to culture normal human 
skin fibroblasts. The results of this study sug-
gested that the DNA synthesis levels, type I, 
type III collagen mRNA expression, as well as 
type I, type III collagen and hydroxyproline 
secretion were remarkably reduced after pre-

Figure 2. The levels of collagen type I and type III mRNA of human normal skin fibroblasts in different groups.

Figure 3. The expression levels of collagen type I and type III of human normal skin fibroblasts in different groups. 
A: Collagen type I in group A; B: Collagen type I in group B; C: Collagen type I in group C; D: Collagen type I in group 
D; E: Collagen type III in group A; F: Collagen type III in group B; G: Collagen type III in group C; H: Collagen type III 
in group D.
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treatment with CD14 and TLR4 either in isola-
tion or in combination, with the lowest levels 
detected in the skin fibroblasts pretreated with 
CD14 and TLR4 combined. These data seem to 
suggest that both CD14 and TLR4 are involved 
in type I, type III collagen expression, synthesis 
and secretion in LPS-stimulated human normal 
skin fibroblasts.

As proline is an important amino acid of the 
molecule collagen peptide with stable content 
and the content is especially low in other tis-
sues, we selected 3H-proline incorporation 
assay to detect the collagen DNA synthesis. 
Hydroxyproline is a major component of the 
structural macromolecules collagen peptide. 
Therefore, the content of hydroxyproline can 
well reflect the skin collagen synthesis [18]. 
Results of the present work have shown that 
both use of CD14 and TLR4 in separation and 
use of CD14 and TLR4 in combination result in 
significant reductions in collagen DNA and col-
lagen synthesis, with the sharpest reduction 
ascribed to the latter pretreatment.

In summary, the obtained results suggest that 
both CD14 and TLR4 are involved in the colla-
gen expression, synthesis and secretion in 
LPS-induced normal human skin fibroblasts. 
Our findings may shed light on the signaling 
mechanisms underlying scar formation induced 
by LPS.

Acknowledgements

This work was supported by the National 
Natural Science Foundation of China (8137- 
2053).

Disclosure of conflict of interest

None.

Address correspondence to: Hongming Yang, De- 
partment of Burn and Plastic Surgery, The First 
Hospital Affiliated to General Hospital of PLA, Beijing 

100048, China. E-mail: xiex-
iaxihua@163.com

References

[1]	 Berman B and Flores F. 
The treatment of hyper-
trophic scars and ke-
loids. Eur J Dermatol 
1998; 8: 591-595.

[2]	 Tuan TL and Nichter LS. 
The molecular basis of 

Table 1. The levels of collagen type I, collagen type III and hydroxypro-
line secretion of human normal skin fibroblasts in different groups
group quantity (n) collagen type I ollagen type III hydroxyproline
A 8 285.37±31.64 590.41±21.24 803.31±26.34
B 8 235.42±20.91* 532.54±23.95* 695.27±19.23**
C 8 155.37±11.18** 429.08±38.01** 463.82±13.19**
D 8 128.06±18.55** 389.90±18.94** 415.04±23.79**
Compared with group A, *P<0.05, **P<0.01.

keloid and hypertrophic scar formation. Mol 
Med Today 1998; 4: 19-24.

[3]	 Yang H, Hu C, Li F, Liang L and Liu L. Effect of 
lipopolysaccharide on the biological character-
istics of human skin fibroblasts and hypertro-
phic scar tissue formation. IUBMB Life 2013; 
65: 526-532.

[4]	 Niessen FB, Spauwen PH, Schalkwijk J and 
Kon M. On the nature of hypertrophic scars 
and keloids: a review. Plast Reconstr Surg 
1999; 104: 1435-1458.

[5]	 Yang H, Kaneko M, He C, Hughes MA and 
Cherry GW. Effect of a lipopolysaccharide from 
E. coli on the proliferation of fibroblasts and 
keratinocytes in vitro. Phytother Res 2002; 16: 
43-47.

[6]	 Yang H, Li F and Chai J. [Influence of lipopoly-
saccharide on the biological characteristics of 
skin fibroblasts and its potential role in wound 
healing]. Zhongguo Xiu Fu Chong Jian Wai Ke 
Za Zhi 2006; 20: 873-876.

[7]	 Ren W, Wang Z, Hua F and Zhu L. Plasminogen 
Activator Inhibitor-1 Regulates LPS-Induced 
TLR4/MD-2 Pathway Activation and 
Inflammation in Alveolar Macrophages. 
Inflammation 2015; 38: 384-93.

[8]	 Plociennikowska A, Hromada-Judycka A, 
Borzecka K and Kwiatkowska K. Co-operation 
of TLR4 and raft proteins in LPS-induced pro-
inflammatory signaling. Cell Mol Life Sci 2015; 
72: 557-81. 

[9]	 Paape MJ, Bannerman DD, Zhao X and Lee JW. 
The bovine neutrophil: Structure and function 
in blood and milk. Vet Res 2003; 34: 597-627.

[10]	 Watanabe S, Kumazawa Y and Inoue J. 
Liposomal lipopolysaccharide initiates TRIF-
dependent signaling pathway independent of 
CD14. PLoS One 2013; 8: e60078.

[11]	 He Z, Gao Y, Deng Y, Li W, Chen Y, Xing S, Zhao 
X, Ding J and Wang X. Lipopolysaccharide in-
duces lung fibroblast proliferation through Toll-
like receptor 4 signaling and the phos-
phoinositide3-kinase-Akt pathway. PLoS One 
2012; 7: e35926.

[12]	 Wang PL and Ohura K. Porphyromonas gingiva-
lis lipopolysaccharide signaling in gingival fi-
broblasts-CD14 and Toll-like receptors. Crit 
Rev Oral Biol Med 2002; 13: 132-142.

mailto:xiexiaxihua@163.com
mailto:xiexiaxihua@163.com


CD14 and TLR4 in LPS-induced skin ibroblasts

2434	 Int J Clin Exp Med 2015;8(2):2429-2434

[13]	 Bhat UG, Ilievski V, Unterman TG and Watanabe 
K. Porphyromonas Gingivalis Lipopolysac- 
charide (LPS) Upregulates Insulin Secretion 
From Pancreatic Beta Cell Line MIN6. J 
Periodontol 2014; 1-14.

[14]	 Hung MH, Jian YR, Tsao CC, Lin SW and Chuang 
YH. Enhanced LPS-induced peritonitis in mice 
deficiency of cullin 4B in macrophages. Genes 
Immun 2014; 15: 404-412.

[15]	 Gross JJ, van Dorland HA, Wellnitz O and 
Bruckmaier RM. Glucose transport and milk 
secretion during manipulated plasma insulin 
and glucose concentrations and during LPS-
induced mastitis in dairy cows. J Anim Physiol 
Anim Nutr (Berl) 2014; [Epub ahead of print] 

[16]	 Risitano R, Curro M, Cirmi S, Ferlazzo N, 
Campiglia P, Caccamo D, Ientile R and Navarra 
M. Flavonoid Fraction of Bergamot Juice 
Reduces LPS-Induced Inflammatory Response 
through SIRT1-Mediated NF-kappaB Inhibition 
in THP-1 Monocytes. PLoS One 2014; 9: 
e107431.

[17]	 Vizzini A, Falco FD, Parrinello D, Sanfratello 
MA, Mazzarella C, Parrinello N and Cammarata 
M. Ciona intestinalis interleukin 17-like genes 
expression is upregulated by LPS challenge. 
Dev Comp Immunol 2015; 48: 129-37.

[18]	 Shigemura Y, Iwai K, Morimatsu F, Iwamoto T, 
Mori T, Oda C, Taira T, Park EY, Nakamura Y 
and Sato K. Effect of Prolyl-hydroxyproline (Pro-
Hyp), a food-derived collagen peptide in hu-
man blood, on growth of fibroblasts from 
mouse skin. J Agric Food Chem 2009; 57: 444-
449.


