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Preface 

This article is based on a main reference paper, “IL-1β and TNF-α regulate mouse 

amelotin gene transcription in gingival epithelial cells’’ in the Journal of Oral Science, 

and a reference paper, “TGFβ1-induced Amelotin gene expression is downregulated by 

Bax expression in mouse gingival epithelial cells’’ in the Journal of Oral Science. 

 

Abstract 

Amelotin (AMTN) is an enamel protein expressed in maturation stage ameloblasts and 

junctional epithelium. In the first study, to elucidate the transcriptional regulation of 

AMTN gene by interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α), we 

conducted real-time PCR, Western blotting, transient transfection analyses with 

luciferase constructs including the various length of mouse AMTN gene promoter, gel 

shift and chromatin immunoprecipitation assays using mouse gingival epithelial GE1 

cells. AMTN mRNA and protein levels were increased after 6 h stimulation by IL-1β (1 

ng/ml) and TNF-α (10 ng/ml) in GE1 cells. IL-1β and TNF-α induced luciferase 

activities of the constructs between -116AMTN to -800AMTN of mouse AMTN gene 

promoter. Transcriptional activation by IL-1β and TNF-α were partially inhibited by 

3-bp mutations inserted in the CCAAT-enhancer-binding protein 1 (C/EBP1), C/EBP2 



3 
 

and Yin Yang 1 (YY1) elements in the -460AMTN. Transcriptional activities induced by 

IL-1β and TNF-α were inhibited by tyrosine kinase, MEK1/2 and PI3-kinase inhibitors. 

Results of ChIP assays showed that IL-1β and TNF-α increased C/EBPβ and YY1 

binding to C/EBP1, C/EBP2 and YY1 elements.  

In the second study, we investigated the transcriptional downregulation of 

TGFβ1-induced AMTN gene expression in GE1 cells in a progressed apoptosis phase. 

To examine the effects of TGFβ1 on AMTN, Smad3 and Bax mRNA levels in mouse 

gingival epithelial GE1 cells, real-time PCR analyses were performed. And then, 

transient transfection analyses were completed using the several lengths of mouse 

AMTN gene promoter constructs including Smad response elements with or without 

TGFβ1. Overexpression of Bax dramatically downregulated TGFβ1-induced AMTN 

mRNA levels and transcriptional activities of AMTN gene.  

In conclusion, in the first study, we demonstrated that IL-1β and TNF-α increased 

AMTN gene transcription via C/EBP1, C/EBP2 and YY1 elements in the mouse AMTN 

gene promoter. In the second study, we showed that TGFβ1-induced AMTN mRNA 

levels were downregulated by Bax overexpression in the mouse gingival epithelium 

cells. These results suggest that AMTN could be involved in the defense mechanism of 

periodontal tissue.  
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Introduction 

Junctional epithelium (JE) is composed of confluence of the oral epithelium and the 

reduced enamel epithelium during teeth eruption. JE is located on the internal part of the 

marginal gingiva with its firmly attachment to the enamel surface (1). JE cells exhibit 

rapid turnover, which contributes to the host-parasite equilibrium and rapid repair of 

gingival damage such as inflammation and trauma (2). 

Amelotin (AMTN) is a secreted enamel protein, expressed by maturation stage 

ameloblasts and internal basal lamina of JE. Localization of AMTN suggests its 

function as an adhesin for JE cells to the tooth surface (3-7). AMTN expressed in the JE 

at the erupted molars of mice similar to odontogenic ameloblast-associated protein 

(ODAM) (5). AMTN transgenic mice under the amelogenin gene promoter have thinner 

and irregular enamel (6). AMTN-deficient mice revealed hypomineralized inner enamel 

and structure defects in the outer enamel due to the delayed kallikrein-4 expression (8). 

During JE regeneration following gingivectomy, ODAM was expressed first at the 

leading wound edge and AMTN appeared later, suggesting ODAM and AMTN have a 

task at the cell-tooth interface (9). AMTN can promote hydroxyapatite mineralization 

(10). 
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Chronic periodontitis is an inflammatory disease caused by periodontopathic bacteria 

and viruses. That will cause alveolar bone resorption, gum swelling, bleeding, tooth 

mobility, occasional pain and tooth loss (11, 12). The immune response to bacteria and 

its produced substances, such as lipopolysaccharide (LPS) and proteolytic enzymes, and 

succeeding production of inflammatory cytokines and other inflammatory mediators, 

play an important role in destruction of periodontium (13, 14). Interleukin-1β (IL-1β) is 

a notable inflammatory mediator responsive to cell proliferation, differentiation, 

apoptosis, and in the pathophysiology of periodontal disease (15). IL-1β concentrations 

in the gingival crevicular fluid could reflect severity of symptoms associated with 

periodontal disease and the values indicate inflammation levels more sensitive than 

clinical parameters of periodontal disease such as probing pocket depth and bleeding on 

probing as markers of gingival inflammation (16). Tumor necrosis factor-α (TNF-α) is 

an important cytokine of both acute and chronic inflammatory responses in many 

diseases, such as postmenopausal osteoporosis, rheumatoid arthritis (RA), and 

periodontitis (17).  

Several of proapoptotic factors which translocate to the outer mitochondrial 

membrane and oligomerizes following its activation, such as Bim (18), Bik (19) and 

Bax (20), play a dependent role in important regulatory step in promoting apoptosis in 
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gingival epithelium by making the membrane permeable to cytochrome c (21). Some 

reports showed relationship between apoptosis and periodontitis. For example, 

Aggregatibacter actinomycetemcomitans which highly detected in periodontal pockets 

with aggressive periodontitis induces apoptosis of gingival epithelium cells associated 

with phosphorylation of Smad2 and inhibition of Bcl2 (22, 23). 

We have previously demonstrated that AMTN gene expression significantly 

increased in inflamed gingiva (24, 25). AMTN gene expression is temporarily increased 

at the initiation of apoptosis induced by transforming growth factor beta1 (TGF-β1) via 

Smad3 signaling pathways in gingival epithelium in gingival epithelial cells (26). These 

reports suggest AMTN might play a critical role in development and maintaining 

homeostasis of JE. However, there is no report of regulation AMTN gene transcription 

by inflammatory cytokines in the gingival epithelial cells. In this study, we have 

analyzed the effects of IL-1β and TNF-α on the expression of AMTN gene in mouse 

gingival epithelial cells. Furthermore, to present evidence that TGFβ1-induced AMTN 

gene expression was inhibited during the progression of apoptosis in mouse gingival 

epithelial cells, we examined that overexpression of Bax influences the change of 

AMTN gene expression.  
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Materials and Methods 

Reagents 

Alpha-minimum essential medium (α-MEM), IL-1β, TNF-α and Apoptosis in situ 

Detection Kit were purchased from Wako (Tokyo, Japan). SFM-101 was purchased 

from Nissui (Tokyo, Japan). Recombinant Human Transforming growth factor β1 

(TGFβ1) were purchased from R&D Systems, Inc. (240-B-010, Minneapolis, MN, 

USA). Fetal calf serum (FCS), Lipofectamine 2000, penicillin and streptomycin, and 

TrypLE Express were purchased from Invitrogen (Carlsbad, CA, USA). pGL3-basic 

luciferase plasmid, pSV-β-galactosidase (β-Gal) control plasmid, mitogen-activated 

protein kinase kinase (MAPKK or MEK1/2) inhibitor U0126 and pCMV5 control 

vector were obtained from Promega (Madison, WI, USA). The protein kinase A (PKA) 

inhibitor KT5720, the tyrosine kinase inhibitor herbimycin A (HA), 

phenylmethylsulfonyl fluoride (PMSF, serine protease inhibitor) and BAX Inhibiting 

Peptide V5 (BIPV5; B1436) were purchased from Sigma-Aldrich Japan (Tokyo, Japan). 

The PKC inhibitor H7 was obtained from Seikagaku Corporation (Tokyo, Japan), and 

the phosphatidylinositol 3-kinase (PI3K) inhibitor LY249002 was purchased from 

Calbiochem (San Diego, CA, USA). Smad3 (MGC Mouse Smad3 cDNA, clone Id: 

30432720) and pCMV-SPORT6.0 Bax (MGC Mouse Bax cDNA, clone Id: 6489475) 



8 
 

were purchased from Thermo Fisher Scientific Biosciences Corp. (Lafayette, USA and 

Kanagawa, Japan). The PrimeScript RT reagent kit and SYBR Premix Ex Taq™ II were 

obtained from Takara-bio (Tokyo, Japan). Protein A agarose/Salmon sperm DNA was 

purchased from Millipore (Temecula, CA, USA). ELC plus Western Blotting Detection 

Reagents and Hybond 0.2 µm PVDF membrane were purchased from GE Healthcare 

(Pittsburgh, PA, USA). Quikchange Site-directed Mutagenesis Kit was obtained from 

Stratagene (La Jolla, CA, USA). All chemicals used were of analytical grade.  

 

Cell culture 

Mouse gingival epithelial GE1 cell (RCB1709) was purchased from RIKEN BRC 

(Ibaraki, Japan), and cultured at 33 °C in 5% CO2 and 95% air in α-MEM or SFM-101 

containing 1% FCS, 10 ng/ml EGF, 1% penicillin and streptomycin. Cells were grown 

to confluence in 60 mm culture dishes, then cultured for 12 h in α-MEM or SFM-101 

without FCS, and stimulated with IL-1β (1 ng/ml), TNF-α (10 ng/ml) or TGFβ1 (10 

ng/ml) . Total RNA was purified from triplicate cultures at 3, 6, 12, and 24 h after 

stimulation and analyzed for genes that were stimulated by IL-1β and TNF-α. Then GE1 

cells were incubated in SFM-101 with or without TGFβ1 (10 ng/ml) by time dependent 

or for 24 h. Bax and Smad3 expression vectors at concentration of 2, 4 and 6 μg/ml in 
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the medium were used dose dependent overexpression of Bax (pCMV-SPORT6.0 Bax) 

and Smad3 (pCMV-SPORT6.0 Smad3). Forty-eight hours after plating to 60 mm dishes, 

cells at approximately 50-70% confluence were transfected using a lipofectamine 2000. 

pCMV5 vector was used as a control. 

 

Real-time polymerase chain reaction (PCR) 

Total RNA (1 μg) was used as a template for cDNA synthesis. cDNA was prepared 

using the PrimeScript RT reagent kit. Quantitative real-time PCR was performed using 

the SYBR Premix Ex Taq II in a TP800 thermal cycler dice real-time system 

(Takara-Bio, Tokyo, Japan) and the following primer sets: mouse AMTN For; 

5'-CTGTCAACCAGGGAACCACT-3'; mouse AMTN Rev; 

5'-TGTGATGCGGTTTAGCTGAG-3', mouse Smad3 For; 

5'-AGGGGCTCCCTCACGTTATC-3'; mouse Smad3 Rev;  

5'-CATGGCCCGTAATTCATGGTG-3', mouse Bax For;  

5'-CCGGCGAATTGGAGATGAACTG-3'; mouse Bax Rev;  

5'-AGCTGCCACCCGGAAGAAGACCT-3' and mouse glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) For; 5'- AAATGGTGAAGGTCGGTGTG-3'; mouse GAPDH 

Rev; 5'-TGAAGGGGTCGTTGATGG-3'. The PCR reactions were performed in a total 
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volume of 25 µl, 2x SYBR Premix Ex Taq II (12.5 μl), 10 μM forward and reverse 

primers and 50 ng cDNA for AMTN and 10 ng cDNA for GAPDH. PCR premixes 

containing all reagents except for cDNA were prepared and aliquoted into 0.2 mL PCR 

tubes. The conditions for thermal cycling were 10 s at 95°C, and 40 cycles of 5 s at 

95°C and 30 s at 60°C. Post-PCR melting curves confirmed the specificity of 

single-target amplification, and the expression of AMTN relative to GAPDH was 

determined in triplicate. 

 

Western blotting 

For the Western blotting, cell lysates of GE1 cells were separated in 12% sodium 

dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred 

to a PVDF membrane. The membrane was then incubated for 3 h with anti-amelotin 

polyclonal antibody (ab122312; Abcam, Cambridge, UK), anti-Bax (1:1000; ab7977, 

Abcam), anti-Smad3 (1:3000; ab28379, Abcam), anti-phosphorylated Smad3 (pSmad3, 

phospho S423 + S425, 1:2000; ab52903, Abcam), anti-cdk2 (1:1000; sc163, Santa Cruz 

Biotechnology), anti-β-Actin antibodies (1:1000; sc1616, Santa Cruz biotechnology). 

and anti-α tubulin monoclonal antibody (sc-5286; Santa Cruz Biotechnology, Paso 

Robles, CA, USA). Peroxidase conjugated anti-rabbit and mouse IgG antibodies 
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(Sigma-Aldrich, St. Louis, MO, USA) and anti-goat IgG (1:5000; HRP-conjugate, 

12-348, Millipore) antibodies were used as the secondary antibodies. 

Immunoreactivities were detected using ECL plus Western Blotting Detection Reagents. 

 

Luciferase assays 

To study the IL-1β and TNF-α response regions in the mouse AMTN gene promoter, we 

prepared chimeric constructs by ligating mouse AMTN gene promoters into luciferase 

reporter plasmid. Different lengths of mouse AMTN gene promoter fragments 

(-116AMTN; -116~+60, -238AMTN; -238~+60, -460AMTN; -460~+60, -705AMTN; 

-705~+60, -800AMTN; -800~+60) were prepared by PCR amplification. These 

promoter DNAs were cloned into the Sac I site of the pGL-3basic multi-cloning site. 

Mutation luciferase constructs, mutation CCAAT enhancer binding protein 1 

(mC/EBP1), mutation C/EBP2 (mC/EBP2), double mutations in C/EBP1 and C/EBP2 

(mC/EBP1+mC/EBP2) and mutation Ying Yang 1 (mYY1) were made using the 

Quikchange Site-directed Mutagenesis Kit within the context of the homologous 

-460AMTN promoter fragments. All constructs were sequenced as described previously 

to verify the fidelity of the mutagenesis.  

Gingival epithelial GE1 cells were used for transient transfection assays. Twenty-four 
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hours after plating, cells at 60-70% confluence were transfected using Lipofectamine 

2000. The transfection mixture included 1 μg of the respective luciferase (LUC) 

construct and 2 μg β-Gal vector as an internal control. β-Gal activities were determined 

separately to normalize the values. Two days after transfection, the cells were cultured 

in α-MEM without FCS for 12 h, and then stimulated with 1 ng/ml IL-1β or 10 ng/ml 

TNF-α for 12 h prior to harvest. The luciferase activities were measured in accordance 

with the supplier’s protocol using a luminescence reader (AcuuFlex Lumi 400; Aloka, 

Tokyo, Japan). The PKC inhibitor H7 (5 μM), PKA inhibitor KT5702 (100 nM), 

tyrosine kinase inhibitor HA (1 µM), MEK1/2 inhibitor U0126 (5 μM) and PI3K 

inhibitor LY249002 (10 μM) were used for protein kinase inhibitors. GE1 cells were 

also used for transfection assays using TGFβ1 (10 ng/ml). The transfection mixture 

included 2 μg of the respective LUC construct (-1651AMTN, -1651~+65), 1 μg β-Gal 

vector as an internal control, pCMV5 vector or Bax overexpression plasmid (6 μg/60 

mm dish). Two days after transfection, cells were deprived of FCS and EGF for 12 h, 

and TGFβ1 (10 ng/ml) in no-serum SFM-101 media (10 ng/ml) were added for 24 h 

prior to harvesting. 

 

Gel shift assays 
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Confluent GE1 cells stimulated by IL-1β (1 ng/ml) or TNF-α (10 ng/ml) for 0, 3, 6 and 

12 h in α-MEM without FCS were used to prepare the nuclear extracts. Double-stranded 

oligonucleotides encompassing the 5’-Cy5-labeled C/EBP1, C/EBP2 and YY1 

sequences in the mouse AMTN promoter were prepared. Nuclear proteins (3 μg) were 

incubated for 20 min at room temperature (RT) with 2 pM Cy5-labeled double-stranded 

oligonucleotide in buffer containing 50 mM KCl, 0.5 mM EDTA, 10 mM Tris-HCl (pH 

7.9), 1 mM dithiothreitol, 0.04% Nonidet P-40, 5% glycerol and 1 μg of poly(dI/dC). 

After incubation, the DNA-protein complexes were separated by electrophoresis in 6% 

non-denaturing acrylamide gels run at 200 V at RT. After electrophoresis, the gels were 

scanned using a Typhoon TRIO+ Variable Mode Imager (GE Healthcare). For 

competition experiments, 40-fold molar unlabeled oligonucleotides of C/EBP1, C/EBP2 

and YY1 were used. The double-stranded oligonucleotide sequences were: C/EBP1 (nts. 

-117 to -108, For; 5'-CCCTAATGAAGTGTTGGGAAATGAAACCA-3', Rev; 

5’-GGATTACTTCACAACCCTTTACTTTGGGT-3'); C/EBP2 (nts. -163 to -151, For; 

5'-CCTCGTAGACATTGGGTAATACAATGTCA-3', Rev; 

5’-GAGCATCTGTAACCCATTATGTTACAGT-3') and YY1 (nts. -228 to -212, For; 

5'-CCTTTTCTGTCTGTCTGCACTTTTTTAAAATTA-3', Rev; 

5’-GAAAAGACAGACGTGAAAAAATTTTAAT-3’). 



14 
 

 

Chromatin immunoprecipitation (ChIP) assays 

To determine the interaction between specific transcription factors and DNA in vivo in 

the mouse AMTN gene promoter, ChIP assays were performed using GE1 cells. 

Confluent GE1 cells in 100 mm culture dishes were stimulated by IL-1β (1 ng/ml) or 

TNF-α (10 ng/ml) for 0, 6, 12, and 24 h, and then the cells were fixed with 160 μl 

formaldehyde for 10 min to crosslinking the DNA-protein complexes. The fixed cells 

were rinsed two times by a wash buffer [1 mM phenylmethylsulfonyl fluoride (PMSF) 

and complete protease inhibitor cocktail (Sigma-Aldrich) in the PBS (-)] on ice, 

collected by scraper and centrifuged for 5 min at 4 °C. After the cells were resuspended 

by a SDS buffer (1% SDS, 0.01 M EDTA, 0.05 M Tris-HCl, pH 8.1), lysates were 

sonicated to shear the DNA-protein complexes. Sonicated cell supernatants were diluted 

in a 10-fold ChIP buffer (0.01% SDS, 1.1% Triton X-100, 1.2 μM EDTA, 16.7 mM 

Tris-HCl, pH8.9, 16.7 mM NaCl, 1 mM PMSF and complete protease inhibitor cocktail). 

The diluted supernatants were assigned Input as a control which included non-specific 

DNA-protein complexes, and pre-cleared with 80 μl salmon sperm DNA/Protein 

A-agarose (50% Slurry) for 30 min at 4 °C with gentle agitation. For the 

immunoprecipitation of DNA-protein complexes, 2 μg of appropriate antibody [C/EBPβ 
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(⊿198; sc-746; Santa Cruz Biotechnology) and anti-YY1 antibody (ab38422; abcam)] 

were used for 100 μl of precleared supernatant, incubated overnight at 4 °C with 

constant rotation. Sixty μl of salmon sperm DNA/Protein A-agarose (50% Slurry) was 

added for 1 h at 4 °C with rotation to collect the antibody/histone complexes and pellet 

agarose by gentle centrifugation (1,000 rpm for 1 min). After removing the supernatant 

that contained unbound chromatin, the pellet was washed with 1 ml each of Low Salt 

buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, pH 8.1, 150 mM 

NaCl), High Salt buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, 

pH 8.1, 500 mM NaCl), LiCl buffer (0.25 M LiCl, 0.1% NP-40, 1% deoxycholate, 0.5 

mM EDTA, 0.01 M Tris-HCl, pH 8.1), and 1 ml of TE buffer (10 mM Tris-HCl, pH 8.1, 

1 mM EDTA) twice. After the TE buffer was removed, Protein 

A-agarose/antibody/chromatin complexes were resuspended in a 250 μl elution buffer 

(1% SDS and 0.1 M NaHCO3) and incubated at RT for 15 min with gentle rotation. 

After the spin down of the agarose beads, 20 μl 5 M NaCl was added to the supernatant 

for reverse cross-links, and 10 μl 0.5 M EDTA, 20 μl 1 M Tris-HCl, pH 6.5, and 1 μl 10 

mg/ml proteinase K were added to the degradate of the antibodies and proteins. DNA 

was recovered by phenol/chloroform/isoamylalcohol extraction and ethanol 

precipitation. The purified DNA was subjected to PCR amplification (1 cycle of 3 min 
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at 95°C, 35 cycles of 15 s at 95°C, 15 s at 55 or 56°C, 1 min at 72°C, and 1 cycle of 1 

min at 72°C) for the C/EBP1, C/EBP2 and YY1 sites within the mouse AMTN 

promoter using C/EBP1 For, 5’-CAATGTCTGCAGCTAATAAC-3’; C/EBP1 Rev, 

5’-GACAGACAACCTGAGAGACC-3’; C/EBP2 For, 

AAAATTATATAGGCATGTCTCCC-3’; C/EBP2 Rev, 

TTCATTAGGAGGGTTATTAGC-3’; YY1 For, 

5’-GCAAAAGAGTTGAAAGTAAAG-3’; YY1 Rev, 

CTACGATCTGACTAGAGGGT-3’; primer. KAPA TaqTM Extra HotStart was utilized 

for the PCR analyses. Furthermore, to investigate whether Bax overexpression 

abrogated the Smad3 specific bindings to Smad binding elements (SBEs) in vivo in the 

mouse AMTN gene promoter, ChIP assays were performed in GE1 cells. Bax (2 or 6 

μg) overexpression plasmids were transfected by using a lipofectamine 2000 into 

approximately 50-70% confluent GE1 cells. pCMV5 vector was used as a control. Two 

μg of the rabbit polyclonal anti-Smad3 antibody (ab28379, Abcam) and the appropriate 

unconjugated normal rabbit anti-IgG antibody (sc-2027, Santa Cruz, Inc.) were used for 

the immunoprecipitation of protein-DNA complexes per one sample.  

 

Apoptosis analysis 
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To evaluate the apoptosis in situ by Bax overexpression, TUNEL staining was carried 

out using an Apoptosis in situ Detection Kit (Wako, Osaka, Japan). GE1 cells were 

plated on culture slides (Falcon® CultureSlides, Corning® BioCoatTM) and transfected 

Bax expression vector (2, 4 and 6 μg/ml) in SFM-101 media. Two days post transfection, 

cells were deprived of serum for 24 h. The cells were fixed by 4% paraformaldehyde 

(PFA) for 10 min at RT, prior to following the procedure in accordance with the 

manufacturer’s protocol. 

 

Statistical analysis 

In each experiment, triplicate samples were analyzed and experiments were replicated to 

ensure the consistency of the responses to the cytokines. Significant differences between 

the control and treatment groups were determined using the one-way ANOVA. 

 

Results 

Effects of IL-1β or TNF-α on mouse AMTN mRNA and protein levels in GE1 cells 

To investigate the effects of IL-1β or TNF-α on AMTN transcription, we used GE1 cells 

which express AMTN mRNA constitutively. At first, the dose-response effects of IL-1β 

and TNF-α on the AMTN mRNA levels were evaluated by treating the cells with 
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different concentrations of IL-1β or TNF-α for 12 h. IL-1β increased AMTN mRNA 

levels maximal at 1 and 10 ng/ml (Fig. 1A). TNF-α induced AMTN mRNA levels 

maximal at 10 and 50 ng/ml (Fig. 1C). Treatment of GE1 cells with IL-1β (1 ng/ml) 

increased AMTN mRNA levels at 6 h, reached maximum at 12 and 24 h (Fig. 1B). 

TNF-α (10 ng/ml) up-regulated AMTN mRNA levels at 6 h, and reached maximum at 

12 and 24 h (Fig. 1D). IL-1β (1 ng/ml) and TNF-α (10 ng/ml) increased AMTN protein 

expressions at 6 h and reached them maximum at 12 and 24 h (Fig. 2). 

 

Luciferase analyses of mouse AMTN gene promoter constructs 

To elucidate the site of IL-1β and TNF-α regulated transcription in the 5’-flanking 

region of the mouse AMTN gene, various-sized promoter DNAs ligated to a luciferase 

plasmid were transiently transfected into GE1 cells and their transcriptional activities 

were measured in the presence or absence of IL-1β or TNF-α. The luciferase activity of 

-116AMTN, which encompasses nucleotides from -116 to +60, was increased after 12 h 

treatment with IL-1β (1 ng/ml) or TNF-α (10 ng/ml) in GE1 cells (Fig. 3). IL-1β and 

TNF-α also up-regulated the luciferase activities of -238AMTN (-238~+60), -460AMTN 

(-460~+60), -705AMTN (-705~+60) and -800AMTN (-800~+60) (Fig. 3). Within the 

DNA sequence that is unique in the AMTN gene promoter, an inverted CCAAT box 
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(ATTGG; nts -66 to -62), a Sex-determining region Y (SRY, AAACCAA; nts -99 to -93), 

a C/EBP1 (GTGTTGGGAAA; nts -112 to -102), an Oct-1 (CTCCTAATGAAGT; nts 

-123 to -111), a C/EBP2 (ACATTGGGTAATA; nts -157 to -144) and a YY1 

(TGTCTGCACTTTTTT; nts -221 to -207) elements (Fig. 4). Next, we introduced 3-bp 

mutations within the -460AMTN constructs in the C/EBP1, C/EBP2 and YY1 elements. 

Transcriptional inductions by IL-1β and TNF-α were partially inhibited by 3-bp 

mutations inserted in the C/EBP1, C/EBP2 and YY1, and almost completely inhibited 

by double mutations in the C/EBP1 and C/EBP2 (Fig. 5). IL-1β and TNF-α-induced 

luciferase activities (-460AMTN) were inhibited by HA, U0126 and LY294002, but not 

inhibited by H7 and KT5720, suggesting involvement of tyrosine kinase, MEK1/2 and 

PI3K in the signaling pathways (Fig. 6). 

 

Gel mobility shift assays 

To determine nuclear proteins that bind to the C/EBP1, C/EBP2 and YY1, and mediate 

IL-1β and TNF-α effects on transcription, Cy5 labeled double-stranded oligonucleotides 

were incubated with nuclear proteins (3 μg) extracted from GE1 cells that were either 

not treated (Control) or treated with IL-1β (1 ng/ml) or TNF-α (10 ng/ml) for 3, 6, and 

12 h. Using nuclear extract from confluent GE1 cells without stimulation (Control), 
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shifts of C/EBP1-, C/EBP2- and YY1-protein complexes were evident (Fig. 7A and B, 

lanes 1, 5 and 9). After stimulation by IL-1β (1 ng/ml) or TNF-α (10 ng/ml), 

C/EBP1-protein complexes were increased at 12 h (Fig. 7A and B, lane 4). 

C/EBP2-protein complexes were increased at 3 h, which retain the same condition until 

12 h (Fig. 7A and B, lanes 6, 7 and 8). YY1-protein complex were increased at 6 and 12 

h (Fig. 7A and B, lanes 11 and 12). Specificity of DNA-protein complexes were 

confirmed by competition gel shifts in a 40-fold molar excess of non-labeled C/EBP1, 

C/EBP2 and YY1 to reduce DNA-protein complex formations (Fig. 8A and B, lanes 3, 7 

and 11). Whereas the C/EBP2 did not compete with YY1-protein complex formations 

(Fig. 8A and B, lane 12), C/EBP2 and C/EBP1 partially competed with the C/EBP1 and 

C/EBP2-protein complex formations (Fig. 8A and B, lanes 4 and 8). 

 

ChIP assays 

ChIP assays were performed to clarify whether transcription factors are able to interact 

directly with the mouse AMTN gene promoter and how IL-1β and TNF-α influence the 

interactions of these transcription factors with C/EBP1, C/EBP2 and YY1 elements in 

the GE1 cells. C/EBPβ binding to C/EBP1 was increased by IL-1β and TNF-α at 12 h, 

and decreased at 24 h. L-1β and TNF-α increased C/EBPβ binding to C/EBP2 at 3 h, 
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reached maximum at 12 h, and decreased at 24 h. YY1 binding to YY1 element was 

increased by IL-1β at 12 h, and decreased at 24 h. TNF-α increased YY1 binding to 

YY1 element at 6 h and reached maximum at 12 and 24 h (Fig. 9A and B). Next we 

investigated which signaling pathways can regulate C/EBPβ and YY1 bindings to 

C/EBP1, C/EBP2 and YY1 after stimulation with IL-1β and TNF-α, KT5720 (PKA 

inhibitor), HA (tyrosine kinase inhibitor), U0126 (MEK1/2 inhibitor) and LY294002 

(PI3K inhibitor) were used with or without IL-1β or TNF-α treatment. When GE1 cells 

were stimulated with IL-1β or TNF-α for 12h, C/EBPβ and YY1 binding to C/EBP1, 

C/EBP2 and YY1 elements were almost completely inhibited by HA, U0126 and 

LY294002. However, KT5720 could not (Fig. 10A and B). 

 

Effects of TGFβ1 on mouse AMTN, Smad3 and Bax mRNA and AMTN protein 

levels in GE1 cells 

We showed that TGFβ1-induced AMTN gene expression was gradually reduced in time 

dependent course. AMTN mRNA levels were temporally increased at 24 h treatment of 

TGFβ1 (10 ng/ml), and gradually decreased at 48 and 72 h treatment of TGFβ1 (Fig. 

11A). Similarly, AMTN expression were increased by TGFβ1 (10 ng/ml) and reached at 

maximal levels by 48 h treatment of TGFβ1, then greatly reduced at 72 h. Actin 
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expression were not changed as controls (Fig. 11B). Smad3 and Bax mRNA levels were 

increased by TGFβ1 (10 ng/ml) time dependently, and continue to be induced at least at 

72 h treatment of TGFβ1 (Fig. 11C, D).  

 

Overexpression of Bax influences the change of AMTN gene expression. 

Dose dependent overexpression of Bax induced apoptosis of GE1 cells, positive cells by 

TUNEL staining were detected mainly at overexpression of Bax (4 and 6 μg) (Fig. 12A). 

The apoptosis induced by Bax overexpression (6 μg) were represented by positive 

detection in GE1 cells in the absence of BIPV5 peptide, and Bax-mediated cell death in 

GE1 cells was slightly decreased by incubation with BIPV5 peptide (200 μM) for 72 h. 

In the presence of higher concentrations of BIPV5 peptide, the apoptotic cells by Bax 

overexpression were hardly detected. These results suggested that Bax overexpression 

was specifically induced apoptosis without cytotoxicity in GE1 cells (Fig. 12B). We 

next investigated if Bax expression suppresses AMTN mRNA levels induced by TGFβ1. 

Treatment of TGFβ1 (10 ng/ml) for 24 h upregulated AMTN mRNA levels. 

Transfection of Bax inhibited the TGFβ1-induced AMTN mRNA levels in 

dose-dependent manner (Fig.13A). The transcriptional activities of the AMTN promoter 

constructs, -1651AMTN (-1651~+65) including SBEs, were increased by TGFβ1 (10 
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ng/ml) for 24 h in agreement with previous study. Overexpression of Bax (6 μg) 

abrogated the basal and TGFβ1-induced transcriptional activities of AMTN gene 

promoter (Fig.13B). These results suggested that Bax overexpression silenced the 

TGFβ1-induced transcriptional upregulation of AMTN gene.  

 

The mechanism that TGFβ1-upregulated AMTN mRNA levels were prevented by 

Bax overexpression 

Smad3 expression in nuclear and cytosol were increased by treatment of TGFβ1 for 24 

h, and Smad3 expression in nuclear were also slightly increased by overexpression of 

Bax (2 and 6 μg) in dose dependent (Fig. 14A). Phosphorylated Smad3 (pSmad3) 

expression were also increased by treatment of TGFβ1 for 24 h, and Bax overexpression 

did not influence to phosphorylation of Smad3. While, Bax expression was not detected 

in nuclear. TGFβ1-induced Smad3 and Bax expression in cytosol were slightly 

upregulated in the presence of Bax overexpression, compared with those in absence of 

Bax overexpression. These findings could imply that Bax expression was not involved 

in directly down-regulation of Smad3 expression and the phosphorylation of Smad3 in 

nuclear. On the contrary, Bax expression induced Smad3 protein expression levels in 

nuclear and cytosol, although Bax reduced the effect of TGFβ1-stimulation on the 
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upregulation of Smad3 and Bax. (Fig. 14A). We suspected that the overexpression of 

Bax blocked Smad3 bindings to SBEs in the AMTN gene promoter without reduction of 

Smad3 expression in nuclear. Smad3 bindings to the SBEs, which including SBE3-8, 

were upregulated by TGFβ1 (10 ng/ml) treatment and reached maximal at 24 h. 

Overexpression of 2 μg/ml Bax did not affect the Smad3 binding to the SBEs, however 

overexpression of 6 μg/ml Bax completely inhibited Smad3 bindings to the SBEs (Fig. 

14B). 

 

Discussion 

In the first study, we have shown that IL-1β and TNF-α increased AMTN gene 

transcription in gingival epithelial GE1 cells targeting C/EBP1, C/EBP2 and YY1 

elements in the mouse AMTN gene promoter. IL-1β and TNF-α increased C/EBPβ 

binding to C/EBP1 and C/EBP2 elements, and YY1 binds to YY1 element in the 

proximal promoter of the mouse AMTN gene. Various cells produce cytokines which 

are strong local mediators of inflammation. IL-1β and TNF-α are major cytokines that 

play a large role in the periodontal inflammation process (27). IL-1β and LPS induced 

macrophage inflammatory protein-1α (MIP-1α) which is a cysteine-cysteine chemokine 

in gingival epithelial cells. In the inflamed periodontium, MIP-1α positive cells are 
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more abundant than other chemokine-positive cells and the expression is increased in a 

number of diseases characterized by inflammation induced bone loss (28). TNF-α, 

TNF receptor type 1 (TNFR1) and receptor activator of nuclear factor kappa-B (NF-κB) 

ligand (RANKL) were coexpressed in JE. TNF-α induced RANKL expression mediated 

through TNFR1 and PKA signaling pathways (29). Ohno et al. reported a novel cascade 

comprising sequential LPS, angiopoietin-like protein 2, integrin α5β1 and inflammatory 

cytokine induction which could be responsible for inducing periodontal disorganization 

in gingival epithelial cells (30). C/EBPβ and NF-κB are involved in the regulation of 

gene expressions which fill the role in inflammation, immunity and malignant processes 

(31). Inflammatory lipid sphingosine-1-phosphate increases C-reactive protein via 

C/EBPβ and promotes breast cancer progression (32). C/EBPβ is implicated in 

inflammatory lung disorders as well as in β-adrenergic receptor signaling (33). Presence 

of a C allele at the -31 position of IL-1β gene promoter leads to decreased expression of 

the IL-1β gene due to a specific binding of YY1 in lung epithelial cells (34). YY1 

positively regulates IL-6 transcription and is a key molecule involved in 

the inflammation process of RA (35). Expression of microRNA-10a was decreased in 

the fibroblast-like synoviocytes from RA patients compared with osteoarthritis patients, 

and the downregulation was triggered by TNF-α and IL-1β in an NF-κB-dependent 
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manner through promoting the expression of YY1 (36). These data suggest that C/EBPβ 

and YY1 are crucial transcription factors in inflammatory condition. 

  AMTN is expressed by maturation stage ameloblasts and internal basal lamina of JE, 

and the localization suggests that AMTN could play an active role in dentogingival 

attachment and maintain the integrity of periodontium. Higher levels of gene expression 

for AMTN and ODAM were found in the inflamed gingiva from periodontitis patients 

(24, 25). IL-1β and TNF-α increased AMTN mRNA and protein levels in GE1 cells (Fig. 

1 and 2). We initially located the IL-1β and TNF-α response region to the proximal 

promoter (-116AMTN; -116 to +60) of the mouse AMTN gene (Fig. 3), which 

encompasses inverted CCAAT, SRY and C/EBP1 elements (Fig. 4). When we used 

longer construct (-238AMTN; -238 to +60) which including C/EBP2 and YY1 elements 

in the promoter sequence for luciferase assays, IL-1β and TNF-α further increased 

luciferase activities (Fig. 3). Transcriptional inductions by IL-1β and TNF-α were 

partially abrogated when we introduced 3-bp mutations within the C/EBP1, C/EBP2 

and YY1 elements and almost completely inhibited when C/EBP1 and C/EBP2 were 

double mutated in -460AMTN construct (Fig. 5). The involvement of C/EBP1, C/EBP2 

and YY1 elements is further supported by gel shift assays in which nuclear proteins that 

formed complexes with C/EBP1, C/EBP2 and YY1 were increased by IL-1β and TNF-α 
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in GE1 cells (Fig. 7). Results of ChIP assays suggest that IL-1β and TNF-α induced 

AMTN transcription through C/EBPβ and YY1 targeting C/EBP1, C/EBP2 and YY1 

elements in the mouse AMTN gene promoter (Fig. 9). The tyrosine kinase inhibitor HA, 

the MEK1/2 inhibitor U0126 and the PI3K inhibitor LY294002 abrogated the effects 

IL-1β and TNF-α on AMTN transcription, suggesting that tyrosine kinase, MEK1/2 and 

PI3K signaling pathways are crucial for IL-1β and TNF-α effect on AMTN gene 

transcription.  

In the second study, we have demonstrated that AMTN mRNA levels were 

temporally induced by TGFβ1 for a short time, and down-regulated by TGFβ1-induced 

Bax expression or Bax overexpression in gingival epithelium cells. TGFβ1 possesses a 

wide range of biological function, such as suppression of proliferation of gingival 

epithelium cells (37, 38), early embryogenesis (39) and hematopoiesis (40), apoptosis of 

gingival epithelium cells, and important mechanism to form junctional epithelium (41). 

Bax overexpression also apparently induced the apoptosis by independent pathway due 

to Bax expression. ChIP assays utilizing Bax overexpression with/without treatment of 

TGFβ1 showed that the removal of Smad3 binding to SBEs in AMTN gene promoter. 

These results consistent with the decreased AMTN mRNA levels by Bax expression. 

In conclusion, we have characterized the mouse AMTN gene promoter which is 
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necessary for IL-1β and TNF-α induced AMTN gene transcription. This promoter 

region contains C/EBP1, C/EBP2 and YY1 elements which are essential for the IL-1β 

and TNF-α response. IL-1β and TNF-α induced AMTN gene transcription was inhibited 

by tyrosine kinase, MEK1/2 and PI3K inhibitors. Furthermore, C/EBPβ and YY1 

transcription factors could be key regulators of IL-1β and TNF-α effect on AMTN gene 

transcription. Additionally, we have demonstrated that TGFβ1- and Smad3-induced 

AMTN mRNA levels were inhibited by Bax overexpression. These results suggest that 

the presence of crosstalk between Smad3 and Bax during progression of apoptosis 

which involved in an indirect interaction between them. Therefore Smad3 may play an 

important role in TGFβ1 regulation of AMTN gene expression at the apoptosis phase in 

gingival epithelium. These elucidation suggested that AMTN may be involved in the 

defense mechanism of periodontal tissue. 
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Fig. 1 Effects of IL-1β and TNF-α on AMTN mRNA expressions in mouse gingival 

epithelial GE1 cells. (A) Dose-response effects of IL-1β (0.1, 1, 10, 50 ng/ml) on 

AMTN mRNA levels in GE1 cells treated for 12 h. (B) GE1 cells were treated with or 

without IL-1β (1 ng/ml) for 3, 6, 12, and 24 h. (C) Dose-response effects of TNF-α (0.1, 

1, 10, 50 ng/ml) on AMTN mRNA levels in GE1 cells treated for 12 h. (D) GE1 cells 

were treated with or without TNF-α (10 ng/ml) for 3, 6, 12, and 24 h. The expressions 

of AMTN and GAPDH mRNA in GE1 cells were measured by real-time PCR. The 

experiments were performed in triplicate for each data point. Quantitative analyses of 

the data sets are shown with standard errors (SE). Significantly different from control, 

*P < 0.05, **P < 0.01.  
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Fig. 2 The expression of AMTN protein in GE1 cells was analyzed by Western blotting 

using an anti-AMTN antibody. Anti-α tubulin antibody was used as a loading control. 
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Fig. 3 IL-1β and TNF-α upregulates mouse AMTN promoter activities. Transcriptional 

activities of -116AMTN, -238AMTN, -460AMTN, -705AMTN and -800AMTN were 

increased after 12 h treatment with IL-1β (1 ng/ml) and TNF-α (10 ng/ml) in GE1 cells. 

The transcriptional activities determined from three separate transfections with 

constructs, pGL3 basic and -116AMTN to -800AMTN, have been combined, and the 

values expressed with SE. Significant differences from control: *P < 0.05, **P < 0.01. 
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Fig. 4 Regulatory elements in the proximal promoter of the mouse AMTN gene. Upper 

panel: The positions of inverted TATA and CCAAT boxes, SRY, C/EBP1, Oct-1, 

C/EBP2, and YY1 are shown. The numbering of nucleotides is relative to the 

transcription start site (+1). Lower panel: Nucleotide sequences of the mouse AMTN 

gene proximal promoter is shown from -253 to +24. An inverted TATA box, inverted 

CCAAT box, SRY, C/EBP1, Oct-1, C/EBP2 and YY1 are present. 
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Fig. 5 Site-specific mutation analyses of luciferase activities. After introducing 3-bp 

mutations, transcriptional induction by IL-1β and TNF-α was partially inhibited in the 

mC/EBP1, mC/EBP2 and mYY1. Double mutation in C/EBP1 and C/EBP2 (mC/EBP1 

+ mC/EBP2) completely abolished the effect of IL-1β and TNF-α. The results of 

transcriptional activities obtained from three separate transfections with constructs were 

combined and values expressed with SE. Significantly different from control, *P < 0.05, 

**P < 0.01. 
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Fig. 6 Effects of kinase inhibitors on transcriptional activation by IL-1β and TNF-α. 

IL-1β (1 ng/ml) and TNF-α (10 ng/ml) induced -460AMTN activation was inhibited by 

tyrosine kinase (HA), ERK 1/2 (U0126) and PI3K (LY294002) inhibitors, and no 

effects were observed for PKC (H7) and PKA (KT5720) inhibitors. The results of 

transcriptional activities obtained from three separate transfections with constructs were 

combined and the values were expressed with SE. Significant differences from control: 

*P < 0.05, **P < 0.01. 
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Fig. 7 Gel mobility shift assays using C/EBP1, C/EBP2 and YY1. After stimulation by 

IL-1β (1 ng/ml; 3, 6 and 12 h) or TNF-α (10 ng/ml; 3, 6, and 12 h), C/EBP1–protein 

complex was increased at 12 h (lanes 1-4), C/EBP2–protein complex was increased at 3, 

6 and 12 h (lanes 5-8), YY1–protein complex was increased at 6 h and 12 h (lanes 9-12). 

DNA-protein complexes were separated in a 6 % polyacrylamide gel with a low ionic 

strength Tris-borate buffer, and quantitation using an imaging analyzer. 
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Fig. 8 Specific binding of nuclear proteins to C/EBP1, C/EBP2 and YY1. A 40-fold 

molar excess of C/EBP1, C/EBP2 and YY1 reduced DNA-protein complexes formation 

(lanes 3, 4, 7, 8, 11 and 12).  
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Fig. 9 ChIP analyses of transcription factors binding to C/EBP1, C/EBP2 and YY1 sites 

in the mouse AMTN promoter in GE1 cells. The PCR bands amplified and 

corresponding to DNA-protein complexes immunoprecipitated with antibody revealed 

that C/EBPβ interacted with a chromatin fragment containing the C/EBP1 and C/EBP2 

were increased in GE1 cells. YY1 interacted with a chromatin fragment containing the 

YY1 was increased in GE1 cells after stimulation by IL-1β (1 ng/ml) and TNF-α (10 

ng/ml).  
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Fig. 10 Effects of kinase inhibitors on DNA-protein complex formations after IL-1β and 

TNF-stimulation. ChIP assays were performed using various kinase inhibitors. C/EBPβ 

binding to the C/EBP1 and C/EBP2, and YY1 binding to YY1 were inhibited by HA, 

U0126 and LY294002, but not inhibited by H7 and KT5720. 
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Fig. 11 AMTN mRNA levels were temporally induced by TGFβ1 in GE1 cells. (A) 

AMTN mRNA levels were increased by TGFβ1 (10 ng/ml) treatment and reached 

maximal at 24 h, then immediately decreased. (B) AMTN protein expression increased 

in agreement with the change of their mRNA levels. (C, D) Smad3 and Bax mRNA 

levels were upregulated by TGFβ1 (10 ng/ml) in GE1 cells. Significant differences from 

control: *P < 0.05, **P < 0.01. 
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Fig. 12 Bax overexpression induced apoptosis in GE1 cells. (A) Apoptosis in situ 

detection was evaluated by overexpression of Bax (2, 4 and 6 μg) by using TUNEL 

staining, Bax overexpressions induced apoptosis in dose dependent. Cell detachment 

was partialy detected by overexpression of Bax (6 μg). (B) The addition of dose 

dependent BIPV5 peptide resulted in the repression of apoptosis induced by Bax 

overexpression (6 μg).  
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Fig. 13 (A) AMTN gene expression induced by TGFβ1 (10 ng/ml) were down-regulated 

by the dose dependent overexpression of Bax in GE1 cells. Not only AMTN mRNA 

levels induced by treatment of TGFβ1, but also controls were inhibited by dose 

dependent overexpression of Bax. (B) Luciferase activities of -1651AMTN constructs 

(-1651 to +60) were significantly increased by TGFβ1 (10 ng/ml, 24 h). Basal and 

TGFβ1 induced luciferase activities were inhibited by Bax overexpression (6 μg). 

Significant differences from control: *P < 0.05, **P < 0.01. 
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Fig. 14 Smad3 bindings to SBEs were blocked by Bax overexpression in GE1 cells. (A) 

Smad3 and pSmad3 expression that induced by TGFβ1 (10 ng/ml, 24 h) were not 

inhibited by overexpression of Bax (2 and 6 μg) in nuclear extracts and cytosol in GE1 

cells. Cdk2 and Actin expressions were not changed by 24 h treatment of TGFβ1 and 

overexpression of Bax. And also overexpression of Bax in cytosol were confirmed. (B) 

Smad3 bindings to SBE#1 and #2 were increased by TGFβ1 (10 ng/ml) at 24 h and 

decreased at 48 h in expression of pCMV5 control plasmids. Smad3 bindings to SBE#1 

and #2 induced by TGFβ1 were inhibited almost completely by Bax (6 μg) 

overexpression, but not by Bax (2 μg).  

 


