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Abstract 
Periodontal diseases are chronic inflammation caused by particular types of 
bacteria and have been recognized as a cause of tooth loss in adults. These 
bacteria which invade periodontal tissue are phagocytosed mainly by mono-
cytes and macrophages in this immune response, and will be presented to 
lymphocytes. Recently, therapies for regenerating periodontal tissues have 
been used extensively to treat periodontal disease, and in particular, enamel 
matrix derivative (EMD) is commonly used for such therapies in Japan. 
Amelogenin is a type of the extracellular matrix protein that accounts for 90% 
of the constituents of EMD. In this study, we carried out a detailed microarray 
analysis in order to evaluate a gene group involved in amelogenin stimuli in 
the human monocytic cell line U-937. Microarray analysis revealed that statis-
tically significant changes were apparent in 273 genes (163 up-regulated and 
110 down-regulated) subsequent to 4 h of amelogenin stimulation. The most 
highly enriched categories included “cell cycle”, “DNA replication”, and 
“DNA repair” in up-regulated annotation terms. On the other hand, “type I 
diabetes mellitus”, “allograft rejection”, and “graft versus host disease” were 
observed in down-regulated annotation terms. Specifically, the gene expres-
sion of major to compatibility complex (MHC) class I/II and CD80/86 was 
impaired in U937 cells after stimulation with amelogenin. In addition, the re-
sults of heat-map showed that the gene expression of inflammatory cytokine 
such as tumor necrosis factor (TFN), interleukin-18 (IL-18), and CXCL16 was 
markedly decreased after stimulation of monocytes with amelogenin. In con-
clusion, the findings of our study showed that by inducing monocyte growth 
through the suppression of the antigen-presenting ability of U937 cells, ame-
logenin may affect the immune responses of periodontal tissues originating 
from monocytes. Examining the effects of amelogenin on the transformation 
of macrophages differentiating from monocytes may establish a molecular ba-

How to cite this paper: Sanui, T., Fukuda, 
T., Yamamichi, K., Toyoda, K., Tanaka, U., 
Yotsumoto, K., Taketomi, T. and Nishimura, 
F. (2017) Microarray Analysis of the Effects 
of Amelogenin on U937 Monocytic Cells. 
American Journal of Molecular Biology, 7, 
107-122. 
https://doi.org/10.4236/ajmb.2017.72009  
 
Received: February 23, 2017 
Accepted: April 27, 2017 
Published: April 30, 2017 
 
Copyright © 2017 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

   
Open Access

http://www.scirp.org/journal/ajmb
https://doi.org/10.4236/ajmb.2017.72009
http://www.scirp.org
https://doi.org/10.4236/ajmb.2017.72009
http://creativecommons.org/licenses/by/4.0/


T. Sanui et al. 
 

108 

sis for the anti-inflammatory effect of amelogenin in periodontal tissues. 
 

Keywords 
Human Monocyte, Periodontal Disease, Amelogenin, Microarray, Heat-Map 

 

1. Introduction 

Periodontal diseases are chronic inflammation caused by particular types of pe-
riodontal disease-causing bacteria. Because they cause resorption of the alveolar 
bone, they have been recognized as a cause of tooth loss in adults aged 40 years 
or older [1]. Teeth are supported by surrounding tissues known as periodontal 
tissues and are composed of four types of tissues: gingival soft tissue; periodontal 
ligament around the dental root; cementum, comprising the hard tissue at the 
surface of the dental root; and alveolar bone [2]. Treatment of periodontal dis-
ease has mainly consisted of removing the causative lesion, such as tooth-bru- 
shing instruction aimed at improving the condition of the oral cavity through 
cleaning, or removal of subgingival calculi by periodontal scaling and root plan-
ing or flap surgery. The main purpose of these treatments is to suppress the pro-
gression of periodontal disease [3]. However, recently developed regenerative 
therapies aimed at regenerating periodontal tissues have been used extensively to 
treat periodontal disease, and some success has been achieved [4]. In Japan, 
enamel matrix derivative (EMD) extracted from the tooth germs of young pigs is 
commonly used for such therapies. EMD has been commercialized under the 
name Emdogain® gel [5]. Among periodontal tissue regeneration materials that 
contain bioactive proteins such as growth factors, Emdogain® gel is currently the 
only treatment approved by the Japanese Ministry of Health, Labour and Wel-
fare. However, although numerous studies have attempted to determine the 
mechanism of action of EMD, the molecular aspects of periodontal tissue rege-
neration at the signal transduction level remain unclear. Additionally, periodon-
tal surgical treatment using EMD has been empirically shown to promote heal-
ing and is associated with reduced pain and swelling [6]. Previous reports have 
shown that amelogenin had an anti-inflammatory effect from the perspective of 
pro-inflammatory and anti-inflammatory cytokine production [7]. 

Amelogenin is a type of the extracellular matrix protein that accounts for 90% 
of the constituents of EMD and is a primary molecule in periodontal tissue re-
generation using EMD [8]. In the field of medicine, extracellular matrix has been 
applied to wound healing and regenerative therapy, and amelogenin has been 
used to treat refractory pressure ulcers under the trade name Xelma® [9]. The 
practical application of amelogenin in periodontal tissue regeneration was de-
veloped based on the biological imitation of the dental development environ-
ment [10]. Amelogenin is secreted by ameloblasts during the formation of tooth 
germs and is thought to be involved in periodontal tissue formation, beginning 
with cementum which is deposited in the dentin [11]. Amelogenin-knockout 
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mice exhibited cementum hypoplasia and abnormal differentiation of osteoclasts 
in their oral cavity [12]. Recombinant amelogenin has been reported to cause 
periodontal tissue regeneration in laboratory animals [13]. In periodontal liga-
ment cells and osteoblasts, which are important for periodontal tissue regenera-
tion, amelogenin-associated molecules should be identified in order to establish 
the molecular basis of their effects. By proteomic analysis focusing on ameloge-
nin, which is a major protein in EMD, we identified a new group of ameloge-
nin-associated molecules such as Grp78 in osteoblasts [14]. In addition, the 
association between amelogenin (rM180) and Grp78 has been reported to be 
involved in the cellular migratory capacity of periodontal ligament stem cells 
[15]. 

When periodontal disease-causing bacteria invade periodontal tissues, oral 
bacteria are phagocytosed by neutrophils in a non-specific manner in order to 
confer protection to the host. However, if this is the only protection and if it is 
insufficient, the organism will develop a full immune response. In this immune 
response, antigens are phagocytosed mainly by monocytes and macrophages and 
will be presented to lymphocytes (antigen-presenting reaction). This explains 
why monocytes are considered the basis of the immune responses. In our study, 
we examined the effects of amelogenin on immune responses. We carried out a 
detailed microarray analysis in order to evaluate a gene group involved in ame-
logenin stimuli in the human monocytic cell line U-937. 

2. Materials and Methods 
2.1. Cell Culture 

U937 human monocytic cell line was purchased from RIKEN BioResouce Center 
(Ibaraki, Japan). U937 cells were cultured in RPMI-1640medium containing 10% 
heat-inactivated fetal bovine serum (FBS), penicillin, and streptomycin at 37˚C 
in a 5% CO2 incubator. Cells were sub-cultured every 48 - 72 h, inoculum being 5 
× 105/ml and cell viability (>95%) was confirmed by trypan blue exclusion. 

2.2. Recombinant Protein 

Cloning and expression of a glutathione S-transferase (GST) full-length re-
combinant amelogeninfusion (GST-rM180), and the purification of rM180 
were previously described [14]. Removal of endotoxin from rM180 was con-
firmed by Limulus Amebocyte Lysate Assay (Endotoxin Level: 10 μg of rM180 
< 0.03 EU). U937 cells were stimulated with rM180 (10 μg/mL) for 4 h, 8 h, 12 
h, and 24 h. 

2.3. Gene Expression Profiling by Microarray 

Total RNA was isolated with Isogen 2 (Nippon Gene, Tokyo, Japan) and purified 
from U937 cells using an RNeasy Mini Kit (Qiagen, Valencia, CA). Subsequent 
hybridization and microarray analysis were conducted at the Research Support 
Center, Kyushu University Graduate School of Medical Sciences according to 
the manufacture’s recommended protocols. Briefly, RNA integrity was verified 
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using BioRad Experion (Bio-Rad Laboratories, Hercules, CA) by measuring the 
ratio of band intensity between the 28 S and 18 S rRNA. The RNA integrity 
number (PRN) was close to 10 for all samples. Total RNA (200 ng) was con-
verted to biotinylated cRNA using an Illumina TotalPrep RNA Amplification Kit 
(Life Technologies, Foster City, CA, USA). Next, a total of 750 ng of biotiny-
lated-cRNA was overlaid onto individual array spots of the HumanHT-12 v4 
BeadChip (Illumina, San Diego, CA, USA). The chip was hybridized at 58˚C for 
18 h, washed, stained with fluorescent reagents, and scanned using a BeadArray 
Reader (Illumina). Relative hybridization intensities and background hybridiza-
tion values were calculated using Genome Studio v1.8 (Illumina). Using proce-
dures recommended by Illumina, the raw signal intensities of five samples were 
normalized using quantile algorithms from the “lumi” [16] and “preprocess 
Core” library packages [17] on the Bioconductor software [18]. Probes flagged as 
“Detection P-value < 0.05” in at least one sample were selected for analysis. To 
identify genes that were up regulated or down regulated, we calculated the in-
tensity-based Z-scores [19] and the ratios (non-log scaled fold-change) of the 
normalized signal intensities for each probe, comparing the control and experi-
ment samples. Next, we established criteria for differentially expressed genes 
(DIGs): upregulated genes, Z-score ≥ 2.0 and ratio ≥ 1.5-fold; down regulated 
genes, Z-score ≤ −2.0 and ratio ≤0.66. 

2.4. Microarray Analysis 

To determine the cellular effects of these DIGs and significant pathway enrich-
ment, we used the Database for Annotation, Visualization and Integrated Dis-
covery (DAVID) software (http://david.abcc.ncifcrf.gov/home.jsp) [20]. To cha-
racterize the biological processes affected by DIGs, we used Gene Ontology (GO) 
and the functional annotation-clustering feature of DAVID. The functional an-
notation clustering tool measures the similarities between GO terms based on 
the extent of their associated genes, and assembles similar and redundant GO 
terms into annotation clusters. Each clustered GO term is assigned a Fisher Ex-
act P-value representing the degree of enrichment of the GO term within the 
DIGs. Each cluster is assigned an enrichment score signifying its biological sig-
nificance. A biologically significant cluster (high enrichment score) is generated 
only when the majority of the GO term members have significant enrichment 
values. Functional annotation clusters with an enrichment-score of >1.3 were 
considered significant [21], and the resulting clusters were further filtered to re-
tain only those GO terms with P values of <0.05. Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis was also performed to analyze the sig-
nificance of biological functions identified in large-scale transcriptome data. In 
addition, we generated a heat-map using Multi Experiment Viewer (MeV) soft-
ware (http://www.tm4.org/mev.html) [22] and a hierarchical clustering (HCL) 
method for gene sorting. The inflammation-associated genes were identified as 
GO terms containing “inflammatory response”. Color indicates the distance 
from the median of each column. “Pearson correlation” and “average linkage 

http://david.abcc.ncifcrf.gov/home.jsp
http://www.tm4.org/mev.html
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clustering” were used to determine distance and linkage, respectively. Microar-
ray data analysis was supported by Cell Innovator  
(http://www.cell-innovator.com/). 

3. Results 
3.1. Amelogenin Up-Regulates the Expression Profiles of Cell  

Proliferation-Associated Genes in U937 Cells 

To characterize the biological effects of amelogenin in monocytes, we performed 
transcriptional profiling of U937 cells using microarray analysis. Samples of 
U937 cells were stimulated with rM180 for 4 h, 8h, 12h, or 24 h. U937 cells in the 
absence of rM180 stimulation were used as the control sample (unstimulated). 
Scatter plot analyses of global gene expression compared with the control (un-
stimulated) demonstrated that 4 h of rM180 stimulation (unstimulated vs. rM- 
1804h) resulted in greater changes to gene expression than 24 h of stimulation 
(unstimulated vs. rM18024h) (Figure 1). Although amelogenin induced rela-
tively early changes in transcriptional regulation, most of these were dissipated 
after 24 h. Statistically significant changes were apparent in 273 DIGs (163 up- 
regulated and 110 down-regulated) subsequent to 4 h of rM180 stimulation. We 
performed functional annotation clustering of the DIGs following 4 h, 8 h, 12h, 
and 24h of amelogenin treatment to identify significantly up-regulated annota-
tion terms (Table 1 and Figure 2). The most highly enriched categories included 
“cell cycle”, “DNA replication”, “DNA repair”, and “ribosome”. These results 
indicate that amelogenin induces the expression levels of genes encoding cell 
proliferation in U937 cells. 

3.2. Amelogenin down-Regulates the Expression Profiles of  
Antigen Presentation-Associated Genes in U937 Cells 

On the other hand, we also performed functional annotation clustering of the 
DIGs following 4, 8, 12 h, and 24 h of rM180 treatment to identify significant 
down-regulated annotation terms (Table 2 and Figure 3). The most highly 
enriched categories included “type I diabetes mellitus”, “allograft rejection”, and 
“graft versus host disease”. Specifically, the gene expression of major his to com- 
patibility complex (MHC)class I/II and CD80/86 were impaired in U937 cells 
after stimulation with rM180 (Figure 3). 

Our results showed that amelogenin inhibits the expression levels of genes 
encoding antigen presentation in U937 cells. 

3.3. Amelogenin Down-Regulates the Expression Profiles of  
Inflammation-Associated Genes in U937 Cells 

Since amelogenin plays an inhibitory role in the antigen presentation of U937 
cells, we analyzed the effects of rM180 on the transcriptional profiles of inflam-
mation-related genes. Five samples of U937 cells were categorized according to 
the period of rM180 stimulation (0 h, 4 h, 8 h, 12 h, and 24 h); and a clustered 
heat-map of the 106 inflammation-related genes was generated (Figure4(a)).  

http://www.cell-innovator.com/
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(a)                                                      (b) 

 
(c)                                                      (d) 

Figure 1. Scatter plots comparing global gene expression profiles confirming the effects of amelogenin treatment in U937 cells. 
(a)-(d) U937 cells were stimulated with rM180 (10 g/mL) for4 h (a); 8h (b), 12h (c); or 24h (d). The X-axis indicates the relative 
normalized log2-signal intensity of the unstimulated, and the Y-axis indicates the normalized log2-signal intensity of rM180 sti-
mulated. Red dots denote upregulated genes (Z-score ≥ 2.0 and ratio ≥ 1.5-fold), and blue dots indicate downregulated 
genes(Z-score ≤ −2.0 and ratio ≤ 0.66). 

 
Subsequently, the 20 genes exhibiting a >2-fold difference between the four pa-
rameters at 4 h, 8 h, 12 h, and 24 h were validated (Figure 4(b)). The gene ex-
pression of inflammatory cytokine and chemokine such as tumor necrosis factor 
(TFN), interleukin-18 (IL-18), and CXCL16 was markedly decreased at 4 h and 8 
h after stimulation of monocytic cells with amelogenin. On the other hand, the 
gene expression of IL-8 peaked 4 h after the addition of rM180 and then gradu-
ally decreased in U937 cells. These findings indicated that amelogenin enhances 
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the expression levels of genes encoding anti-inflammatory response in U937 
cells. 
 

 
(a) 

 
(b) 

Figure 2. Representative KEGG Pathway Maps of cell cycle (a) and DNA replication (b) signaling which include up-regulated 
genes after stimulation of amelogenin for 4 h. The grid with the round edge represents another pathway; the pink-marked nodes 
are associated with up-regulated genes (Z-score ≥ 2.0 and ratio ≥ 1.5-fold); the green nodes have no significance. 
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Table 1. Functional annotation clustering predicted to be up-regulated after stimulation 
of rM180. 

Stimulation Time (h) Term Gene count P-Value 

4 Cell cycle 11 5.4E−7 

 
DNA replication 7 1.6E−6 

 
Spliceosome 7 2.0E−3 

 
Mismatch repair 3 2.4E−2 

 
Base excision repair 3 5.3E−2 

 
Nucleotide excision repair 3 7.9E−2 

 
Proteasome 3 8.8E−2 

8 Spliceosome 3 2.1E−3 

 
Cell cycle 4 1.8E−2 

12 Non-small cell lung cancer 3 4.5E−3 

 
Cell cycle 5 3.5E−2 

24 Ribosome 3 1.7E−2 

DAVID v6.7 functional annotation bioinformatics microarray analysis software was used to obtain the 
functional annotation clustering. Only GO pathway terms that showed statistically significantly differences 
in the amount of genes (compared unstimulated vs. rM180 4h, 8h, 12h, and 24h) are shown (P-value ≤ 
0.05). 

4. Discussion 

When considering the onset of periodontal diseases, it may appear that oral bac-
teria act as antigens and initiate an inflammation reaction; however, the consti-
tuents of oral bacteria, namely their outer membrane proteins, pili, and lipopo-
lysaccharides, have a diverse range of antigenicity [23]. In addition, they activate 
living cells through various receptors in the cells. When oral bacteria invade the 
periodontal tissue, neutrophils protect the host organism by nonspecific phago-
cytosis of the oral bacteria; when this does not confer sufficient protection, a 
full-fledged immune response develops. In the immune response, the antigens 
are mainly phagocytosed by monocytes and macrophages, followed by antigen 
presentation to lymphocytes. Thus, monocytes are considered the origin of im-
mune responses. Additionally, the lipopolysaccharides of gram-negative bacteria 
have a strong activating effect on monocytes [24] and are important for deter-
mining the etiopathology of periodontal diseases involving inflammation and 
infection due to gram-negative bacteria. The amelogenin used in this study was a 
recombinant protein from Escherichia coli, but because Triton X was used in the 
purification process, the level of endotoxin was confirmed to be 0.03 EU/L or 
lower when 10 mg amelogenin was used; therefore, the stimulatory effect of 
amelogenin on monocytes with lipopolysaccharides from E. coli was negligible. 

In scatter plot analysis aimed at confirming the temporal changes in gene ex-
pression caused by amelogenin stimuli, our findings showed that unlike cyto-
kines, amelogenin did not induce notable variations in gene expression; our 
findings also confirmed that the effects of amelogenin generally developed at a  
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(a) 

 
(b) 

 
(c) 

Figure 3. Representative KEGG Pathway Maps of type 1 diabetes mellitus (a), allograft rejection (b), and graft versus host disease 
(c) signaling which include down-regulated genes after stimulation of amelogenin for 4 h. The grid with the round edge represents 
another pathway; the blue-marked nodes are associated with downregulated genes (Z-score ≤ −2.0 and ratio ≤ 0.66); the green 
nodes have no significance. 
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(a) 
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(b) 

Figure 4. The expression profiles of amelogenin-induced cell function genes in U937 cells. (a) The clustering diagram and heat- 
map of gene trees were generated using MeV software. Five samples of U934 cells were categorized according to the period of 
amelo-genin stimulation (0h, 4h, 8h, 12h and 24h). Hierarchical clustering (HCL) was employed to sort the genes (using “Pearson 
correlation”, and “average linkage clustering”). Each row represents a sample and each column represents a gene. Inflam-ma- 
tion-associated genes were extracted using a Gene Ontology (GO) term containing “inflammatory response”. The color gradient 
indicates the distance from the median of each column. Red blocks represent high expression, and green blocks, low expression 
relative to the unstimulated sample; black blocks indicate similar expression; (b) Heatmap illustrating the expression of selected 
genes in the four U937 cell groups. Discernible genes (|logFC| ≥ 0.5) were extracted by converting the ratio of inflam-mation- 
related genes. A red band indicates high relative expression and a green band indicates low relative expression. 

 
relatively early stage (4h) (Figure 1). We previously reported that the growth of 
osteoblasts and the migration of periodontal ligament stem cells were enhanced 
by amelogenin [14] [15]. In other studies, amelogenin was reported to enhance 
the differentiation of cementoblasts as well as that of periodontal ligament cells; 
however, the results of the present study suggest that amelogenin promotes cell 
growth mainly by enhancing the gene expression of proliferating cell nuclear an-
tigen, CycE, and Cdc45 in monocytes (Figure 2). Amelogenin has been reported 
to exert various effects depending on the cell type and stage of differentiation; in 
addition, Emdogain Gel has been reported to enhance the growth and differen-
tiation of osteoblasts, cementoblasts, and periodontal ligament cells, and to inhi-
bit the in growth of gingival epithelial cells toward bony defects [25]. The U-937 
cells used in this study were monocytic cells; the effects after differentiation of 
these cells into macrophages should be examined in future studies. Previous 
clinical reports have shown that while the periodontal tissue regeneration effect 
of Emdogain persisted over a few years, the microarray analyses results revealed 
that the stimulatory effect of amelogenin on monocytes was limited to the early 
stages. This is thought to be because monocytes were floating cells and that 
amelogenin was not affected as a scaffold for the extracellular matrix. 
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Table 2. Functional annotation clustering predicted to be down-regulated after stimula-
tion of rM180. 

Stimulationtime (h) Term Gene count P-Value 

4 Type I diabetes mellitus 5 3.0E−4 

 
Ribosome 6 5.4E−4 

 
Viral myocarditis 5 2.2E−3 

 
Allograft rejection 4 2.7E−3 

 
Graft-versus-host disease 4 3.4E−3 

 
Autoimmune thyroid disease 4 7.2E−2 

 
Cell adhesion molecules 5 1.9E−2 

 
Intestinal immune network for IgA production 3 5.6E−2 

 Natural killer cell modified cytotoxicity 4 8.6E−2 

8 Terpenoid backbone biosynthesis 2 3.2E−2 

 Allograft rejection 2 7.5E−2 

 
Graft-versus-host disease 2 8.1E−2 

 Type I diabetes mellitus 2 8.7E−2 

12 Ribosome 4 1.4E−3 

 
Valine, leucine and isoleucine degradation 3 2.7E−2 

 Terpenoid backbone biosynthesis 2 8.5E−2 

24 n.p - - 

DAVID v6.7 functional annotation bioinformatics microarray analysis software was used to obtain the 
functional annotation clustering. Only GO pathway terms that showed statistically significantly differences 
in the amount of genes (compared unstimulated vs. rM180 4h, 8h, 12h, and 24h) are shown (P-value ≤ 
0.05). 

 
The pathways inhibited by amelogenin may include antigen presentation 

pathways such as MHC class I/II and CD80/86 (Figure 3). Generally, the process 
of cell growth and differentiation includes a number of conflicting issues, and 
our findings showed that because of the proliferative effect of amelogenin on 
monocytes, amelogenin may have inhibited the latter’s differentiation into ma-
crophages responsible for antigen presentation. In addition, candidate pathways 
for the stimulation of monocytes by amelogenin include intracellular uptake 
through phagocytosis and endocytosis and receptor-mediated signal transduc-
tion. However, because of the impaired antigen-presenting ability, the phagocyt-
ic pathway is highly likely to be excluded. We previously reported that GRP78 
on the cell membrane of periodontal ligament stem cells served as a receptor for 
amelogenin [15]. GRP78 is a ubiquitous chaperone protein present mainly in the 
endoplasmic reticulum [26], but in undifferentiated stem cells, it is also ex-
pressed on the cell membrane [27] and has been reported to function as a re-
ceptor for Cript [28] and DMP1 [29]. GRP78 is also thought to be expressed in 
the U-937 cell line composed of monocytes, but no previous studies have eva-
luated the expression of GRP78 on the cell membrane during the differentiation 
process. Amelogenin is likely phagocytosed by macrophages; however, further 
studies are needed to examine the expression of GRP78 on the cellular mem-
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brane of monocytes and other cells involved in immune responses, as well as the 
possibility that GRP78may be a receptor for amelogenin. 

Clinical reports of the use of Emdogain suggested that amelogenin has an an-
ti-inflammatory effect [7] [30]; however, whether the inhibitory effect of amelo-
genin on the antigen-presenting ability of monocytes is directly linked to its 
immunosuppressive effect remain unclear. The clustered heat-map assay revea- 
led that the inflammation-related gene expression of IL-8 was enhanced and that 
of TNF-α was reduced at the early stage (4 h) after amelogenin stimulation 
(Figure 4(b)). It is interesting that inflammatory cytokine TNF-α was sup-
pressed by amelogenin in U937 cells whileIL-8 was also known as neutrophil 
chemotactic factor. The early stages of the inflammatory process are essential for 
tissue repair and regeneration; if the subsequent series of events, including the 
resolution of the inflammation, does not occur, the condition will persist as 
chronic inflammation. Because amelogenin exerted a growth-enhancing effect 
and chemotaxis/angiogenesis induced by IL-8 on monocytes [31], an increasing 
number of macrophages leaked out of blood vessels and accumulated in tissues; 
thus, shortening the period until the resolution of inflammation with the inhibi-
tion of TNF-α should be examined. Additionally, we found that amelogenin 
stimulation suppressed the expression of interleukin-18 (IL-18) [32] which in-
duces the production of interferon-γ (IFN-γ) at an early stage (4h). IL-18 inhibi-
tionmay be involved in the down-regulation of MHC class II by amelogenin 
stimuli since the expression of MHC class II is induced by IFN-γ [33]. The ef-
fects of amelogenin on the transformation and functions of macrophages require 
further analysis because monocytic cell lines before differentiation were used in 
this study. In addition, gingival fibroblasts are host cells involved in the con-
struction of periodontal connective tissues, but around monocytes, they control 
the environment of periodontal tissues. Therefore, while the extracellular matrix 
is produced in healthy periodontal tissues, the matrix produces substrate-de- 
grading enzymes such as collagenases while regulating its own synthesis and de-
gradation, thereby constantly restructuring the gingival tissues [34]. However, 
when an inflammatory substance spreads in the connective tissues and causes 
periodontal disease, gingival fibroblasts become the target cells of various cyto-
kines produced by immunocompetent cells such as monocytes [35] [36]. In ad-
dition, gingival fibroblasts produce various cytokines and play a role in some 
cytokine networks [37]. Thus, at the site of the inflammation in the connective 
tissue, gingival fibroblasts control and regulate the periodontal tissue environ-
ment to efficiently establish immune responses. 

In conclusion, the findings of our study showed that by inducing monocyte 
growth through the suppression of the antigen-presenting ability of these cells, 
amelogenin may affect the immune responses of periodontal tissues originating 
from monocytes. Examining the effects of amelogenin on the transformation of 
macrophages differentiating from monocytes, as well as on gingival fibroblasts, 
may establish a molecular basis for the anti-inflammatory effect of amelogenin 
in periodontal tissues. 
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