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中 文 摘 要 ： 口腔黏膜纖維化(oral submucous fibrosis)為一種口腔癌發

生之癌前病變，主要與檳榔嚼食習慣相關，然而口腔黏膜纖

維化症之致病分子機轉尚未清楚。S100A4 鈣結合蛋白在黏膜

纖維化中扮演著非常重要的角色，鮮少有研究探討 S100A4 

與口腔黏膜纖維化間的關聯性。實驗首次發現臨床口腔黏膜

下纖維化母組織 S100A4 會過度表現。正常頰黏膜纖維母細胞

在處理不同 arecoline 處理下會增強 S100A4 的表現，加入

mTOR， ERK，或 NF-ΚB 抑制劑會抑制 arecoline 所誘發之

S100A4 表現。利用 shRNAi 抑制 S100A4 會降低 arecoline 促

進之膠原蛋白收縮力。本研究成果能希望利用 S100A4 傳遞路

徑當作口腔黏膜下纖維化治療標靶。 

中文關鍵詞： 口腔黏膜纖維化, S100A4 

英 文 摘 要 ： S100A4, a member of calcium-binding proteins (CBPs), 

is dramatically elevated involved in a variety of 

fibrotic diseases. Areca nut chewing is the most 

important etiological factor in the pathogenesis of 

oral submucous fibrosis (OSF). OSF has been 

considered as pre-cancerous condition of oral mucosa. 

The aim of this study was to determine the critical 

role of S100A4 expression in the pathogenesis of OSF 

in vitro and in vivo. Initially, S100A4 expression 

was higher expression in areca quid chewing-

associated OSF specimens than that of normal buccal 

mucosa fibroblasts (BMF) specimens (p=0.001). 

Arecoline, a major areca nut alkaloid, led to dose- 

and time-dependent elevation S100A4 expression in BMF 

cells (p<0.05). The additions of pharmacological 

agents including rapamycin (mTOR inhibitor), PD98059 

(ERK inhibitor), and Bay117082 (NF-ΚB inhibitor) 

were found to inhibit the arecoline-induced S100A4 

expression (p < 0.05) in BMF cells. These results 

suggest that S100A4 expression is significantly up-

regulated in OSF specimens. Arecoline-induced S100A4 

expression was down-regulated by Rapamycin, PD98059, 

and Bay117082 treatment. Targeting S100A4 might be a 

potential therapeutic target for OSF. 

英文關鍵詞： Oral submucous fibrosis, S100A4 
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Introduction
Oral submucous fibrosis (OSF) is a chronic progressive scarring disease which characterized by the

submucosal accumulation of dense fibrous connective tissue with inflammatory cell infiltration and epithelial
atrophy and has been considered as pre-cancerous condition of oral mucosa [1]. The fibro-elastic changes are
almost entirely due to abnormal accumulation of collagen in the subepithelial layers, resulting in dense fibrous
bands in the mouth [2]. A number of epidemiological evidence, case-series reports, large sized cross sectional
surveys, case-control studies, cohort and intervention studies provide over whelming evidence that areca nut
is the main etiological factor for OSF [3].

Arecoline, a major areca nut alkaloid, was found to stimulate human (buccal mucosa fibroblasts) BMF
proliferation and collagen synthesis in vitro [4]. Up-regulation of vimentin [5], cyclooxygenase-2 [6], tissue
inhibitor metalloproteinase-1 (TIMP1)[7], plasminogen activator inhibitor-1[8], interleukin-6 [9], keratinocyte
growth factor-1[10], insulin-like growth factor-1, nuclear factor-kappa B [11], cystatin C [12], and heme
oxygenase-1[13], may contribute to the extracellular components accumulation in OSF, but the pathologic
mechanism(s) of OSF needs to be further clarified.

S100A4, a member belongs to S100 super family of calcium-binding proteins (CPB), is associated with
the onset and progression of fibrosis in many human tissues, such as liver fibrosis, kidney fibrosis, pulmonary
fibrosisc, and cardiac fibrosis [6, 14-16]. S100A4 is consistently and dramatically upregulated expression in
carbon tetrachloride (CCl4)-induced hepatic fibrosis and functions as a marker of primary biliary cirrhosis
[14]. Up-regulation of S100A4-positive cells is associated with kidney fibrosis [15]. TGF-β, an inducer of
endothelial–mesenchymal transition, induced S100A4 expression in cardiac fibrosis mouse model [6].
Nevertheless, the S100A4 mediated molecular mechanisms in regulating OSF pathogenesis is still unclear.

More specifically, we have therefore measured the relative levels of S100A4 in OSF compared with
normal buccal mucosa and the effects of arecoline, a major areca nut alkaloid, on S100A4 in normal human
buccal mucosa fibroblasts (BMFs) in vitro. Ultimately, we demonstrated the significance of S100A4-mediated
signaling on OSF process.

Purpose
The aim of this study was to determine the critical role of S100A4 expression in the pathogenesis of OSF in
vitro and in vivo

Materials and Methods
OSF patient subjects and immunohistochemistry
This research follows the tenets of the Declaration of Helsinki and all samples were obtained after informed
consent from the patients. OSF patients’ tissue samples with different stages of oral cancer were spotted on
glass slides for immunohistochemical stainings. After deparaffinization and rehydration, the tissue sections
were processed with antigen retrieval by1X Trilogy diluted in H2O (Biogenics) and heat. The slides were
immersed in 3% H2O2 for 10 minutes and washed with PBS 3 times. The tissue sections were then blocked
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with serum (Vestastain Elite ABC kit, Vector Laboratories, Burlingame, CA) for 30 minutes, and followed by
incubating with the primary antibody and anti-S100A4 (code no. A5114; Dako) in PBS solution at room
temperature for 2 hours in a container. Tissue slides were washed with PBS and incubated with biotin-labeled
secondary antibody for 30 minutes and then incubated with streptavidin-horse radish peroxidase conjugates
for 30 minutes and washed with PBS 3 times. Afterwards, the tissue sections were immersed with chromogen
3-3’-diaminobenzidine plus H2O2 substrate solution (Vector® DBA/Ni substrate kit, SK-4100, Vector
Laboratories, Burlingame, CA) for 10 minutes. Hematoxylin was applied for counter-staining (Sigma
Chemical Co., USA). Finally, the tumor sections were mounted with a cover slide with Gurr® (BDH
Laboratory Supplies, U.K.) and examined under a microscope. Pathologists scoring the
immunohistochemistry were blinded to the clinical data. The interpretation was done in five high-power views
for each slide, and 100 cells per view were counted for analysis.

Reagents
Arecoline was purchased from Sigma (St Louis, MO, USA). Rapamycin, PD98059, or Bay117082 were
obtained from Merck (Merck Biosciences, Darmstadt, Germany). All pharmacologic agents were first
dissolved in dimethyl sulfoxide and then diluted with the culture medium. The final concentration of solvent
in the medium did not exceed 0.25% (v⁄v). At these concentrations the solvents used were not cytotoxic to
BMFs. The final concentrations of Rapamycin, PD98059, or Bay117082 used in this study were 100 nM, 10
μM, and 1 μM, respectively.

Cell cultivation of BMFs
BMFs were cultured by using an explant technique as described previously. Two healthy individuals were
selected from the crown lengthening procedure for this study. The normal buccal mucosa tissue samples were
minced using sterile techniques and washed twice in phosphate buffer saline (PBS) supplemented with
antibiotics (100 U/ml penicillin, 100 µg/ml streptomycin and 0.25 µg/ml of fungizone). Explants were placed
into 60 mm Petri dishes and maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco 
Laboratories, Grand Island, NY, USA) supplemented with 10 % fetal calf serum (FCS) (Gibco Laboratories,
Grand Island, NY, USA) and antibiotics as described above. Cell cultures between the third and eighth
passages were used in this study.

Quantitative real-time reverse-transcriptase (RT)-PCR
Total RNA was prepared from cells or tissues using Trizol reagent according to the manufacturer’s protocol 
(Invitrogen). qRT–PCRs of mRNAs were reverse-transcribed using the Superscript III first-strand synthesis
system for RT–PCR (Invitrogen). qRT-PCR reactions on resulting cDNAs were performed on an ABI
StepOne™ Real-Time PCR Systems (Applied Biosystems). Primer sequences are listed in Table 1.

Effect of arecoline on S100A4 expression in BMFs by Western blot
Cells arrested in G0 by serum deprivation (0.5 % fetal calf serum; 48 h) were used in the experiments. Nearly
confluent monolayers of BMFs were washed with serum-free Dulbecco’s modified Eagle’s medium and
immediately thereafter exposed to various concentrations (0, 5, 15, and 20 μg/mL) of arecoline (Sigma, St
Louis, MO, USA) after 24 h incubation period. Cells were solubilized with sodium dodecyl
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sulfate-solubilization buffer (5 mM EDTA, 1 mM MgCl2, 50 mM Tris–HCl, pH 7.5 and 0.5 % Trition X-100,
2 mM phenylmethylsulfonyl fluoride, and 1 mM N-ethylmaleimide) for 30 min on ice. Then, cell lysates were
centrifuged at 12,000 g at 4 °C and the protein concentrations determined with Bradford reagent using bovine
serum albumin as standards. Equivalent amounts of total protein per sample of cell extracts were run on a 10
% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immediately transferred to nitrocellulose
membranes. The membranes were blocked with phosphate-buffered saline containing 3 % bovine serum
albumin for 2 h, rinsed, and then incubated with primary antibodies anti-S100A4 (1:500) in
phosphate-buffered saline containing 0.05 % Tween 20 for 2 h. After three washes with Tween 20 for 10 min,
the membranes were incubated for 1 h with biotinylated secondary antibody diluted 1:1000 in the same buffer,
washed again as described above and treated with 1:1000 streptavidin-peroxidase solution for 30 min. After a
series of washing steps, protein expression was detected by chemiluminescence using an ECL detection kit
(Amersham Biosciences UK Limited, England), and relative photographic density was quantitated by
scanning the photographic negatives on a gel documentation and analysis system (AlphaImager 2000, Alpha
Innotech Corp., San Leandro, CA). Each densitometric value was expressed as the mean ± standard deviation
(SD).

S100A4 knockdown in arecoline-treated BMF cells by Lentiviral-mediated shRNAi
The pLV-RNAi vector was purchased from Biosettia Inc. (Biosettia, San Diego, CA). The method of cloning
the double-stranded shRNA sequence is described in the manufacturer’s protocol. Lentiviral vectors
expressing short hairpin RNA (shRNA) that targets human S100A4 (oligonucleotide sequence:
Sh-S100A4-1:5’-AAAAGGTGTCCACCTTCCACAAGTATTGGATCCAATACTTGTGGAAGGTGGACAC
C-3’;Sh-S100A4-2:5’-AAAAGAAGCTGATGAGCAACTTGGATTGGATCCAATCCAAGTTGCTCATCAG
CTTC-3’) were synthesized and cloned into pLVRNAi to generate a lentiviral expression vector. Lentivirus
production was performed by transfection of plasmid DNA mixture with lentivector plus helper plasmids
(VSVG and Gag-Pol) into 293T cells using Lipofectamine 2000 (Invitrogen, Calsbad, CA). Supernatants were
collected 48 hours after transfection and then were filtered; the viral titers were then determined by FACS at
48 hours post-transduction. Subconfluent cells were infected with lentivirus in the presence of 8 μg/ml 
polybrene (Sigma-Aldrich). The red fluorescence protein (RFP), which was co-expressed in lentiviral-infected
cells, was served as a selection marker to indicate the successfully infected cells.

Collagen gel contraction assays
The bioactivity of myofibroblast function will be performed by collagen contraction assay kit (Cell BioLabs,
Inc., San Diego, CA, USA). Cells will be prepared as 2×105 cells /ml and mixed with cold collagen solution at

ratio of 1:4. Cell/collagen mixture will be loaded into wells of 24-well-plate at 0.5ml/well and cover with 1ml
of cell culture medium after polymerization of collagen. To initiate contraction, collagen gels will be gently
released from the sides of the culture dishes with a sterile spatula. The collagen gel size change (contraction
index) will be pictured at various times and quantified by IamgeJ software.

Statistical analysis
Statistical Package of Social Sciences software (version 13.0) (SPSS, Inc., Chicago, IL) was used for
statistical analysis. Student’s t test was used to determine statistical significance of the differences between 
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experimental groups; p values less than 0.05 were considered statistically significant. The level of statistical
significance was set at 0.05 for all tests.

Results

Figure 1. S100A4 is significant up-regulated of in OSF specimens

Figure 2. Arecoline dose-dependently and time-dependently increased S100A4 in BMF cells

Figure 3. Arecoline time-dependently increased S100A4 in BMF cells

Figure 3. NF-KB, ERK, or mTOR signaling pathway is involved in arecoline-induced S100A4

up-regulation
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Figure 4. Knockdown of S100A4 repressed arecoline-induced collagen gel contraction
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