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Abstract: Periodontitis is a chronic inflammatory 
disease caused by specific bacteria and viruses. 
Local, systemic, and environmental factors affect 
the rate of disease progression. Immune responses to 
bacterial products, and the subsequent production 
of inflammatory cytokines, are crucial in the destruc-
tion of periodontal tissue. MicroRNAs (miRNAs) 
are a class of small RNAs that control various cell 
processes by negatively regulating protein-coding 
genes. In this study, we compared miRNA expression 
in inflamed and noninflamed gingival tissues from 
Japanese dental patients. Total RNAs were isolated 
from inflamed and noninflamed gingival tissues. 
miRNA expression profiles were examined by an 
miRNA microarray, and the data were analyzed by 
GeneSpring GX, Ingenuity Pathways Analysis, and 
the TargetScan databases. Observed miRNA expres-
sion levels in inflamed gingiva were confirmed by 
real-time PCR. The three most overexpressed (by 
>2.72-fold) miRNAs were hsa-miR-150, hsa-miR-223, 
and hsa-miR-200b, and the three most underex-
pressed (by <0.39-fold) miRNAs were hsa-miR-379, 
hsa-miR-199a-5p, and hsa-miR-214. In IPA analysis, 
hsa-miR-150, hsa-miR-223, and hsa-miR-200b were 
associated with inflammatory disease, organismal 
injury, abnormalities, urological disease, and cancer. 

The present findings suggest that miRNAs are associ-
ated with chronic periodontitis lesions in Japanese.
(J Oral Sci 56, 253-260, 2014)
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Introduction
Periodontitis is an inflammatory disease of the tissues 
that support the teeth. It is caused by specific bacteria 
and viruses and results in progressive destruction of the 
periodontal ligament and alveolar bone, with pocket 
formation (1,2). The rate of disease progression may be 
increased by local, systemic, and environmental factors 
that influence normal host-bacteria interaction. Immune 
responses to bacterial products, and the subsequent 
production of inflammatory cytokines, are of particular 
importance in the destruction of periodontal tissue (1,3). 

MicroRNAs (miRNAs) are single-stranded, small 
noncoding RNA molecules comprising approximately 22 
nucleotides (4). Over 1,000 miRNAs have been identified 
in the human genome. They bind to the 3’-untranslated 
region (3’-UTR) of specific target genes and regulate 
expression of those genes by promoting degradation of 
transcribed mRNAs or inhibiting their translation (4,5). 
Several studies indicate that miRNAs are key regula-
tors of cell growth and differentiation, carcinogenesis, 
rheumatoid arthritis (RA), and inflammation (6-9). Three 
recent studies compared miRNA profiles in healthy and 
periodontitis gingival tissues (10-12). Other studies 
found that comorbidity of periodontitis with obesity 
was associated with locally upregulated expression of 
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several miRNAs that share inflammatory and metabolic 
mRNA targets (13). For example, miRNA-146 inhibits 
proinflammatory cytokine secretion through IL-1 
receptor-associated kinase 1 in human gingival fibro-
blasts (14).

We used miRNA microarray analysis to compare 
miRNA expression profiles in healthy and periodontitis 
gingival tissues. In addition, we analyzed key miRNAs 
to identify candidate miRNA targets in inflamed gingival 
tissues of Japanese dental patients.

Materials and Methods
Reagents
Dulbecco’s modified Eagle’s medium (DMEM) was 
purchased from Wako (Tokyo, Japan). Fetal calf serum 
(FCS), penicillin, streptomycin, and TrypLE Express 
were obtained from Invitrogen (Carlsbad, CA, USA). 
The miRNeasy Mini Kit was purchased from Qiagen 
(Valencia, CA, USA). The Mir-X miRNA First-Strand 
Synthesis Kit and SYBR Advantage qPCR Premix were 
purchased from Clontech (Mountain View, CA, USA). 
All chemicals used were of analytical grade.

Cell culture
Primary human gingival fibroblasts (HGF) were estab-
lished from patient gingival connective tissue explants, 
as previously described (15). Cells were cultured at 37°C 
in a 5% CO2/95% air atmosphere in DMEM containing 
10% FCS. HGF were grown to confluence in 100-mm 
tissue culture dishes. The media were then changed to 
DMEM containing 1% FCS for 12 h, and HGF were 
incubated in this media with or without IL-1β (1 ng/mL) 
and TNF-α (10 ng/mL) for 24 h, as previously described 
(16-18). Total RNA was isolated from triplicate cultures 
and analyzed for expressions of miRNAs and U6 snRNA 
by real-time PCR, as described below.

RNA preparation and the miRNA microarray
Gingival tissues (containing both epithelial and connec-
tive tissues) obtained during periodontal flap surgery 
(inflamed gingiva from three chronic periodontitis 
patients) or dental implant surgery (noninflamed gingiva 
from three edentulous residual ridges) were used in 
this study. The Institutional Internal Review and Ethics 
Board of Nihon University School of Dentistry at 
Matsudo approved the study (EC03-016, EC03-041, 
EC10-040). Written informed consent was obtained 
from all participants after all procedures had been fully 
explained. Periodontal status was assessed using probing 
pocket depth (PPD), clinical attachment level (CAL), 
and bleeding on probing (BOP). PPD and CAL were 

measured with a PCP-11 probe (Hu-Friedy, Chicago, IL, 
USA). Chronic periodontitis was defined as the presence 
of at least two sites with a PPD of 6 mm or greater and a 
CAL of more than 6 mm. The average PPD and CAL (n 
= 3) among patients with chronic periodontitis was 7.33 
± 1.53 mm and 9.33 ± 1.15 mm, respectively. BOP was 
detected at all three sites.

Total RNA was isolated using the miRNeasy Mini Kit, 
and RNA quality was assessed using an Agilent 2100 
bioanalyzer (Agilent Technologies, Santa Clara, CA, 
USA). miRNA expression profiling of RNA samples was 
performed using a human miRNA microarray 8 × 15k 
kit (Agilent Technologies). RNA preparation and hybrid-
ization were performed according to the Agilent user 
manual, and the data were imported into the GeneSpring 
GX software (Agilent Technologies), to identify induced 
and repressed genes. IPA software (Ingenuity, CA, USA) 
was used to analyze the results of the microarray. The 
identified genes were mapped to genetic networks in the 
IPA database and ranked by score. A detailed description 
of IPA can be found at www.ingenuity.com. miRNA 
targets were identified by IPA and the TargetScan data-
bases.

Real-time PCR
Total RNA was used as a template for cDNA synthe-
sis with a Mir-X miRNA First-Strand Synthesis Kit 
(Clontech). Quantitative real-time PCR was performed 
using the following primer sets: hsa-mir-150 forward, 
5’-TCTCCCAACCCTTGTACCAGTG-3’; hsa-mir-223 
forward, 5’-TGTCAGTTTGTCAAATACCCCA-3’; 
hsa-mir-200b forward, 5’-TAATACTGCCTGGTAAT-
GATGA-3’; hsa-mir-144* forward, 5’-GGATATCAT-
CATATACTGTAAG-3’; hsa-mir-379 forward, 5’-TGG-
TAGACTATGGAACGTAGG-3’; hsa-mir-222 forward, 
5’-AGCTACATCTGGCTACTGGGT-3’; mRQ 3’ re-
verse primer; U6 forward primer; and U6 reverse primer, 
including the Mir-X miRNA First-Strand Synthesis Kit 
using SYBR Advantage qPCR Premix (Clontech) in 
a TP800 Thermal Cycler Dice Real Time System (Ta-
KaRa, Tokyo, Japan). The amplification reactions were 
performed in 25 µL of the final reaction mixture contain-
ing 2 × SYBR Advantage qPCR Premix (12.5 µL), 10 
μM forward and reverse primers (final concentration, 0.2 
μM), and 25 ng (2.0 µL) cDNA. To reduce variability 
between replicates, PCR premixes, which contained all 
reagents except for cDNA, were prepared and aliquoted 
into 0.2-mL Hi-8-tubes. The thermal cycling condition 
was 10 s at 95ºC with 40 cycles of 5 s at 95ºC and 20 s 
at 60ºC. Post-PCR melting curves confirmed the speci-
ficity of single-target amplification. The initial amount 
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Fig. 1   A: Scatterplot of the results of miRNA microarray analysis of inflamed and noninflamed gingiva shows the hybridization signal 
pattern of miRNAs. In inflamed gingiva, 17 miRNAs were overexpressed and 22 were underexpressed. B-G: Expressions of miR-150 
(B), miR-200b (C), miR-223 (D), miR-144* (E), miR-379 (F), and miR-222 (G) and U6 snRNA in three samples each of inflamed and 
noninflamed gingiva were measured by real-time PCR. Quantitative analyses of the datasets are shown with standard errors. *P < 0.01, 
significant difference versus control
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of RNA was quantified using a standard curve, and fold 
expressions of miRNA relative to U6 were determined in 
quadruplicate (Fig. 1) or triplicate (Fig. 2).

Statistical analysis
Significant differences between noninflamed and 
inflamed gingival tissues were analyzed using one-way 
ANOVA.

Results
Differences in miRNA expression in inflamed and 
noninflamed gingiva
A scatterplot of the miRNA microarray results for 
inflamed and noninflamed gingiva is shown in Fig. 1A. In 
inflamed gingiva, we identified 17 overexpressed (>3.20- 
to 1.63-fold) miRNAs and 22 underexpressed (<0.36- to 
0.65-fold) miRNAs (Table 1). The three most overex-
pressed miRNAs were hsa-miR-150, hsa-miR-223, and 
hsa-miR-200b, and the three most underexpressed 
miRNAs were hsa-miR-379, hsa-miR-199a-5p, and 
hsa-miR-214 in inflamed gingiva. Next, we used 
TargetScanHuman (6.2) and IPA of these miRNAs to 
analyze the number of predicted miRNA targets (Table 
2).

Real-time PCR analysis
To confirm the results of miRNA microarray analysis, 
we selected 6 miRNAs for real-time PCR analysis. 

The results showed that expressions of hsa-miR-150, 
hsa-miR-200b, hsa-miR-223, and hsa-miR-144* were 
significantly increased in inflamed gingiva (Fig. 1B, 
C, D, E). In contrast, expressions of hsa-miR-379 and 
hsa-miR-222 were significantly decreased in inflamed 
gingiva (Fig. 1F, G). 

Next, we used a cell culture system using HGF to 
determine which miRNA expressions were increased in 
inflamed gingiva. When we stimulated HGF by inflamma-
tory cytokines (IL-1β and TNF-α) for 24 h, hsa-miR-150 
expression was significantly increased in HGF (Fig. 2). 

Network, disease, and biofunctional analyses
IPA identified two networks associated with overexpres-
sion of hsa-miR-150, hsa-miR-223, and hsa-miR-200b 
(Table 3A). One network is involved in Argonaute 2 
(AGO2), miR-150-5p, and miR-223-3p gene expression 
and is related to cancer, endocrine system disorders, and 
gastrointestinal disease. Another network is involved in 
the B-cell receptor (BCR complex), cell division cycle 
25C (CDC25C), cyclin-dependent kinase inhibitor 1B 
(CDKN1B), formin homology 2 domain containing 1 
(FHOD1), jagged 1 (JAG1), myristoylated alanine-rich 
C-kinase substrate (MARCKS), c-Myc (MYC), poly-
cystin-1 (PKD1), phospholipase C-gamma 1 (PLCG1), 
peroxisome proliferator-activated receptor alpha (PPAR-
alpha, PPARA), protein phosphatase 1F (PPM1F), 
tyrosine-protein phosphatase non-receptor type 13 

Table 1   List of the top differentially expressed miRNAs in inflamed and noninflamed gingival tissues

miRNAs overexpressed in inflamed gingiva Fold change miRNAs underexpressed in inflamed gingiva Fold change

hsa-miR-150
hsa-miR-223
hsa-miR-200b
hsa-miR-429
hsa-miR-95
hsa-miR-200a
hsa-miR-142-3p
hsa-miR-625
hsa-miR-96
hsa-miR-144*
hsa-miR-513c
hsa-miR-203
hsa-miR-671-5p
hsa-miR-135b
hsa-miR-371-5p
hsa-miR-766
hsa-miR-663

3.20
2.73
2.72
2.68
2.48
2.36
2.33
2.17
2.09
2.08
2.04
2.02
2.00
1.90
1.76
1.70
1.63

hsa-miR-379
hsa-miR-199a-5p
hsa-miR-214
hsa-miR-30a
hsa-miR-886-3p
hsa-miR-125b-2*
hsa-miR-222
hsa-miR-26a
hsa-miR-193a-3p
hsa-miR-127-3p
hsa-miR-381
hsa-miR-154
hsa-miR-30a*
hsa-miR-181a
hsa-miR-34a
hsa-miR-376c
hsa-miR-376a
hsa-miR-125b
hsa-miR-100
hsa-miR-218
hsa-miR-99a
hsa-let-7c

0.36
0.38
0.39
0.41
0.43
0.43
0.44
0.45
0.47
0.47
0.47
0.48
0.48
0.50
0.51
0.52
0.53
0.55
0.57
0.57
0.60
0.65
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(PTPN13), retinoblastoma 1 (RB1), retinoblastoma-like 
1 (RBL1), retinoblastoma-like 2 (RBL2), vimentin 
(VIM), zinc finger E-box-binding homeobox 1 (ZEB1), 
and miR-200b-3p gene expressions and is related to the 
cell cycle, connective tissue development and function, 
and cellular movement.

Next, we identified the diseases and biofunctions asso-
ciated with overexpression of hsa-miR-150, hsa-miR-223, 
and hsa-miR-200b (Table 3B). miR-223-3p is involved 
in the inflammatory response (interstitial pneumonia, 
granulocyte activation, and leukocyte hyperactivation) 
and connective tissue disorders (interstitial pneu-
monia); miR-150-5p, miR-200b-3p, and miR-223-3p 
are related to another inflammatory response (lupus 
nephritis). miR-150-5p is involved in infectious disease 
(sepsis), immunological disease (nasal natural killer cell 
lymphoma), and metabolic disease (pituitary ACTH 
hypersecretion); miR-150-5p, miR-200b-3p, and miR-
223-3p are related to another metabolic disease (diabetes 
mellitus). miR-200b-3p is involved in cellular function 
and maintenance (formation of actin stress fibers).

Discussion
In this study, we compared miRNA expression profiles 
in inflamed and noninflamed gingiva from Japanese 
and found 17 overexpressed and 22 underexpressed 
miRNAs. In inflamed gingiva, the three most overex-
pressed miRNAs were hsa-miR-150, hsa-miR-223, and 
hsa-miR-200b (>2.72-fold), and the three most underex-
pressed miRNAs were hsa-miR-379, hsa-miR-199a-5p, 
and hsa-miR-214 (<0.39-fold). 

Three previous studies compared miRNA expression 
in periodontitis and healthy gingival tissues (10-12). A 
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Fig. 2   Inflammatory cytokines induced miR-150 expression 
in HGF. Expressions of miR-150 and U6 snRNA in HGF after 
stimulation by IL-1β (1 ng/mL) and TNF-α (10 ng/mL) for 24 
h were measured by real-time PCR. Quantitative analyses of the 
datasets are shown with standard errors. *P < 0.01, significant 
difference versus control

Table 2   Number of predicted miRNA targets of the top differentially expressed miRNAs in inflamed and noninflamed 
gingival tissues

miRNAs overexpressed in 
inflamed gingiva

Number of predicted 
miRNA targets

miRNAs underexpressed in 
inflamed gingiva

Number of predicted 
miRNA targets

hsa-miR-150
hsa-miR-223
hsa-miR-200b
hsa-miR-429
hsa-miR-95
hsa-miR-200a
hsa-miR-142-3p
hsa-miR-625
hsa-miR-96
hsa-miR-144*
hsa-miR-513c
hsa-miR-203
hsa-miR-671-5p
hsa-miR-135b
hsa-miR-371-5p
hsa-miR-766
hsa-miR-663

275
311
789
236

6
84

331
119
434
878
256
868
339
67

350
356
32

hsa-miR-379
hsa-miR-199a-5p
hsa-miR-214
hsa-miR-30a
hsa-miR-886-3p
hsa-miR-125b-2*
hsa-miR-222
hsa-miR-26a
hsa-miR-193a-3p
hsa-miR-127-3p
hsa-miR-381
hsa-miR-154
hsa-miR-30a*
hsa-miR-181a
hsa-miR-34a
hsa-miR-376c
hsa-miR-376a
hsa-miR-125b
hsa-miR-100
hsa-miR-218
hsa-miR-99a
hsa-let-7c

37
408
301
536

0
0

210
184
207
13

233
129
536
626
387
254
199
229
28

931
19
12
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study of Chinese found that five miRNAs (hsa-miR-
126*, hsa-miR-190, hsa-miR-20a, hsa-miR-32, and 
hsa-miR-362-3p) were greatly upregulated (>5-fold) 
in inflamed gingival tissues, as compared with healthy 
gingival tissues; 86 miRNAs were slightly upregulated 
(2- to 5-fold) (10). A study of Koreans noted that six 
miRNAs (hsa-let-7a, hsa-let-7c, hsa-miR-130a, hsa-
miR-301a, hsa-miR-520d, and hsa-miR-548a) were 
upregulated by more than 8-fold in periodontitis tissue 
as compared with healthy gingiva, and the expression of 
22 miRNAs was upregulated by more than 4-fold (11). A 
study of Americans found 25 miRNAs that were upregu-
lated (>2.63- to 1.48-fold) in inflamed gingiva. The 
three most overexpressed miRNAs were hsa-miR-451, 
hsa-miR-223, and hsa-miR-486-5p (12). Surprisingly, 
these three reports yielded completely different results, 
probably because of differences in ethnicity and 
experimental conditions. However, hsa-miR-223 was 
overexpressed in inflamed gingiva in both this study and 
the American study (12). miR-223 is involved in many 
types of cancer, inflammatory diseases, autoimmune 
diseases, and in pathological processes such as leukemia, 
RA, and cardiovascular disease (19-23). miR-223 is 
overexpressed in the T-lymphocytes of persons with RA, 
is involved in obesity-associated adipose tissue inflam-
mation, and is a key factor in osteoclast differentiation 
(19,21,23). Platelet-secreted miR-223 promotes endo-

thelial cell apoptosis induced by advanced glycation end 
products via targeting of the insulin-like growth factor 
1 receptor (24). Activated platelets can deliver mRNA 
regulatory AGO2-miR223 complexes to endothelial cells 
via microparticles (25).

We identified two other miRNAs (hsa-miR-150 and 
hsa-miR-200b) that were overexpressed in inflamed 
gingiva. miR-150 overexpression in hematopoietic 
progenitor cells significantly reduced the number of 
mature B cells in circulation, the spleen, and lymph nodes, 
with little or no change in population levels of T cells and 
myeloid cells (26). Diminished serum miR-150 levels 
are associated with unfavorable outcomes in patients 
with critical illnesses, independent of the presence of 
sepsis (27). miR-150 promotes development of natural 
killer (NK) cells. However, miR-150 overexpression 
reduces the number of invariant NK T (iNKT) cells in the 
thymus and peripheral lymphoid organs (28). miR-150 
differentially controls development of NK and iNKT 
cell lineages by targeting c-Myb transcription factor 
(28). In this study, miR-150 expression was significantly 
increased in HGF after stimulation by the inflammatory 
cytokines IL-1β and TNF-α for 24 h (Fig. 2). Diminished 
numbers of iNKT cells in peripheral blood lymphocytes 
were found in persons with autoimmune diseases such 
as RA, systemic lupus erythematosus, systemic sclerosis, 
and Sjogren’s syndrome (29). Therefore, miR-150 might 

Table 3B   Diseases and biofunctions identified by Ingenuity Pathway Analysis

Category  Disease or function annotation P value Molecules

Inflammatory response

Cellular function and maintenance
Infectious disease
Connective tissue disorders
Immunological disease
Metabolic disease

Interstitial pneumonia
Activation of granulocytes
Hyperactivation of leukocytes
Lupus nephritis
Formation of actin stress fibers
Sepsis
Interstitial pneumonia
Nasal natural killer cell lymphoma
Pituitary ACTH hypersecretion
Diabetes mellitus

2.46E-02
1.29E-02
2.42E-02
6.06E-07
4.50E-02
2.96E-02
2.46E-02
8.77E-03
3.74E-03
8.67E-04

⬆miR-223-3p
⬆miR-223-3p
⬆miR-223-3p
⬆miR-150-5p, miR-200b-3p, miR-223-3p
⬆miR-200b-3p
⬆miR-150-5p
⬆miR-223-3p
⬆miR-150-5p
⬆miR-150-5p
⬆miR-150-5p, miR-200b-3p, miR-223-3p

Table 3A   Main networks identified by Ingenuity Pathway Analysis
ID Molecules in network Score a Focus molecular b Main diseases and functions
1

2

AGO2,⬆miR-150-5p, ⬆miR-223-3p

BCR (complex), CDC25C, CDKN1B, FHOD1, 
JAG1, MARCKS, ⬆miR-200b-3p, MYC, 
PKD1, PLCG1, PPARA, PPM1F, PTPN13, 
RB1, RBL1, RBL2, VIM, ZEB1

7

2

2

1

Cancer, endocrine system disorders, 
gastrointestinal disease

Cell cycle, connective tissue develop-
ment and function, cellular movement

a Score is a measure of how accurately the focus genes are matched. Assessment is based on the number of focus genes and network size. 
b Number of focus genes in network
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induce autoimmune disease.
miR-200b stimulates tumor growth in TGFBR2-null 

colorectal cancer by negatively regulating CDKN1B 
(p27/kip1) (30). Tamoxifen inhibits miR-200 expression 
and promotes epithelial-to-mesenchymal transition by 
upregulating c-Myc in endometrial cancer cells (31).

IPA analysis of the main networks, diseases, and 
biofunctions related to miR-150, miR-223, and miR-
200b showed associations with cancer, endocrine 
system disorders, gastrointestinal disease, the cell 
cycle, connective tissue development and function, and 
cellular movement (Table 3A), and with inflammation, 
infectious disease, immunological disease, metabolic 
disease, connective tissue disorders, and cellular func-
tion and maintenance (Table 3B). The results suggest 
that these networks, diseases, and biofunctions regulate 
the cell cycle and cellular movement of inflammatory 
and immune cells in gingival tissues. The expressions of 
specific miRNAs in inflamed gingival tissue and obesity 
may share inflammatory metabolic mRNA targets (13). 
These findings offer insight regarding the mechanisms of 
periodontal inflammation. 

In this study, we used miRNA microarray profiling and 
real-time PCR analysis to compare miRNA expression 
profiles in inflamed and noninflamed gingival tissues 
from Japanese dental patients. In addition, we used IPA 
to identify important relations to networks, diseases, 
and biofunctions. The findings suggest a relationship 
between miRNAs and periodontitis in periodontal tissue 
destruction. 
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