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Comparison of microRNA profiles of human periodontal
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MicroRNAs (miRNAs) have been demonstrated to play an important role in regulation of the immuno-
inflammatory response; however, the function of miRNAs in periodontal inflammation has not been investigated.
The objective of this study was to explore the properties of miRNAs in periodontal inflammation by comparing
miRNA profiles of inflamed and healthy gingival tissues. Gingival tissues were obtained from 10 periodontitis
patients and 10 healthy subjects. After RNA extraction, miRNA profiles were analyzed by microarray, and
expression levels of selected miRNAs were confirmed by real-time quantitative reverse transcription polymerase
chain reaction (RT-PCR). Analyses using two computational methods, Targetscan and MicroRNA.org, were
combined to identify common targets of these miRNAs. Finally, the individual miRNA expression levels of three
toll-like receptor (TLR)-related miRNAs from inflamed and healthy gingival tissues were evaluated by
RT-PCR. Ninety-one miRNAs were found to be upregulated and thirty-four downregulated over two-fold in
inflamed gingival tissue compared with those in healthy gingival tissue. Twelve selected inflammatory-related
miRNAs, hsa-miR-126%, hsa-miR-20a, hsa-miR-142-3p, hsa-miR-19a, hsa-let-7f, hsa-miR-203, hsa-miR-17,
hsa-miR-223, hsa-miR-146b, hsa-miR-146a, hsa-miR-155, and hsa-miR-205 showed comparable expression
levels by microarray and real-time quantitative RT-PCR analyses. In addition, the putative inflammation
targets of these miRNAs were predicted, and three that were tested (hsa-miRNA-146a, hsa-miRNA-146b, and
hsa-miRNA-155), showed significant differences between inflamed and healthy gingiva. This remarkable
difference in miRNA profiles between periodontal diseased and healthy gingiva implicates a probable close
relationship between miRNAs and periodontal inflammation. The data also suggest that the regulation of TLRs
in periodontal inflammation may involve miRNA pathways.
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Introduction

MicroRNAs (miRNAs) are small non-coding ribonu-
cleic acid (RNA) molecules that are, on average, 22
nucleotides long. These molecules function as post-
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transcriptional regulators that bind to complementary
sequences in the three prime untranslated regions of target
messenger RNA transcripts (mRNAs), usually resulting
in gene silencing [1]. It has been suggested human genome
may encode over 1 000 miRNAs that are differentially
expressed at high dynamic range in developmental stages,
cell types, tissues, and diseases. In addition, by affecting
gene regulation, miRNAs are likely to be involved in
most biological processes, such as embryogenesis, diffe-
rentiation, and carcinogenesis [2-4]. Recently, studies
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have begun to focus on the regulatory role of miRNAs in
the inflammatory response [5-15]. Following polyribo-
cytidylic acid or cytokine interferon-f stimulation, miR-
155 was substantially up-regulated through activation of
c-Jun N-terminal kinases pathway [9]. These studies of
the roles of miRNAs in inflammatory processes can
provide not only an in-depth understanding of immune
homeostasis but also a novel therapeutic approach in the
treatment of inflammatory disease.

Periodontitis is a complex chronic inflammatory disease
of the periodontium, which results in a loss of con-
nective tissue and bone support for the teeth. It is well
known that bacteria-induced inflammatory responses are
involved periodontal tissue damage, and the severity of
chronic periodontitis is somewhat dependent on the
dynamic equilibrium of interactions between the micro-
bial challenge and the host immuno-inflammatory res-
ponses [16]. The local balance is tipped toward perio-
dontal breakdown by excessive production of inflam-
matory cytokines and enzymes, such as interleukin (IL)
-1, -6, tumor necrosis factor (TNF)-a, prostaglandin E2,
and matrix metalloproteinases. Other mediators, such as
IL-4, IL-10, IL-1 receptor antagonist, and tissue inhi-
bitors of metalloproteinases, can tip the balance toward
periodontal stability. However, the exact regulatory me-
chanisms of the host immuno-inflammatory responses in
chronic periodontitis remain obscure, and there are no
reports regarding the role of miRNA in periodontal
diseases. Therefore, in this study we used microarray
analysis to compare global miRNA expression in gin-
gival tissues between periodontitis patients and healthy
subjects. Twelve differentially expressed inflammation-
related miRNAs were validated by real-time quantitative
reverse transcription polymerase chain reaction (RT-
PCR) [17]. In addition, potential targets and functions of
these inflammation-related miRNAs that may be involved
in the regulation of local inflammation and connective
tissue destruction were predicted and analyzed through
computational methods. Moreover, three toll-like receptor
(TLR)-related miRNAs from inflamed and healthy gin-
giva were evaluated by quantitative RT-PCR. Taken
together, the objective of this study was to explore the
properties of miRNAs in periodontal inflammation by
comparing miRNA profiles of inflamed and healthy
gingival tissues.

Material and Methods

Subjects and sample collection

This study population consisted of 20 subjects (10
periodontitis patients and 10 healthy control subjects),
referred to Ninth People’s Hospital, Shanghai Jiao Tong

University School of Medicine. Inflamed gingival tissues
were collected from the active periodontal inflammation
site of 10 chronic periodontitis subjects (4 males and 6
females, 28 to 63 years old) during periodontal flap
surgery with inclusion criteria as follows: gingival index
(GI) > 1, at least 5 sites with probing depth (PD) =
5 mm, clinical attachment loss (CAL) = 3 mm, and
extensive radiographic bone loss in the surgery quadrant
while sampling. The periodontitis subjects had completed
initial periodontal therapy before flap surgery. Healthy
gingival tissues were collected from 10 periodontal
healthy subjects (4 males and 6 females, 22 to 51 years
old) during crown-lengthening procedures with PD <
3mm, CAL<1mm, and no radiographic evidence of
alveolar bone loss in the entire dentition. All subjects were
non-smokers, systemically healthy and did not receive any
drug therapy within six months prior to tissue collection.
Age and gender were matched in both groups. The
purpose and procedures of the study were explained and
informed consent obtained from each subject. The pro-
tocol followed in this study was approved by the ethics
committee of Shanghai Ninth People’s Hospital Affiliated
Shanghai Jiao Tong University School of Medicine.

RNA extraction

Gingival tissue was immediately snap-frozen in liquid
nitrogen and was ground to a fine powder in a mortar
that was pre-cooled with liquid nitrogen to avoid RNA
degradation. Total RNA was isolated using Trizol reagent
(Invitrogen, CA, USA) according to the manufacturer’s
protocol and stored at -80 ‘C until further use. RNA
from either inflamed or healthy gingival tissues was
pooled together and analyzed by commercial miRNA
microarray (Kangchen Bio-Tech, Shanghai, China), while
RNA from individual subjects was used for quantitative
RT-PCR analysis.

miRNA microarray analysis

Briefly, miRNA in the RNA samples was labeled with
fluorescent Hy3 using the miRCURYTM array-labeling
kit (Exiqon, Denmark). The labeled miRNA was detected
by hybridization to a miRNA microarray containing 1 769
capture probes (miRCURYTM array microarray kit, v.11.0,
Exiqon, Denmark) on Bioarray LifterSlip coverslip slides
(Genetimes Technology, Shanghai, China). After being
washed and dried by centrifugation, the slides were
scanned using a microarray scanner Genepix 4000B with
a 635nm laser (Molecular Devices, CA, USA). The
fluorescent density data in the images were analyzed
using Genepix Pro 6.0 software (Molecular Devices, CA,
USA) and are presented as the n-fold change (increase, [;
decrease, D) of fluorescent density in inflamed gingiva
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(IG) after normalization to that in healthy gingiva (HG)
as follows:
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The median normalization method was used to obtain
“Normalized Data”:

Foreground — Background

Normalized Data = -
median

in which the median is equal to 50% of the microRNA
intensity larger than 50 in all samples following back-
ground correction.

Real-time quantitative RT-PCR

Total RNA was treated with RNase-free DNase (Epi-
centre, Madison, USA) and then reverse transcribed to
create cDNA using the MMLV Reverse Transcriptase
First Strand cDNA Synthesis Kit (Epicentre, Madison,
USA). The 54-mer RT primers were designed to include a
48-mer stem-loop fragment, 5'-GTCGTATCCAGTGCGT-
GTCGTGGAGTCGGCAATTGCACTGGATACGAC-3',
to six oligonucleotides of the 3' portion of the target
miRNA. Each reaction mixture of the reverse trans-
cription contained 2 pg of DNase-treated total RNA,
50 nmol-L" RT primer, 1x reaction buffer, 0.25 mmol-L™
of each dNTP, 200 U MMLV Reverse Transcriptase,
20 U ScriptGuard™ RNase Inhibitor, and nuclease-free
water (Epicentre, Madison, USA) to a total volume of
20 puL. The reaction was performed at 16 ‘C for 30 min,
42 °C for 30 min, followed by 85 °C for 5 min in an
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Applied Biosystems 9700 Thermocycler (Applied Bio-
systems, USA). RNA samples from the 10 healthy and
10 periodontitis subjects were pooled for this analysis.
We selected 12 miRNAs that were differently expressed
in inflamed and healthy gingival tissues for further
validation of the data obtained from microarray analysis
using real-time quantitative RT-PCR.

RT-PCR was performed following a standard SYBR
Green PCR protocol using RT SYBR® Green qPCR
Master Mixes (PA-112, SAbiosciences, Qiagen) on an
Applied Biosystems 7900HT Sequence Detection System
(Applied Biosystems, USA). The U6 small nuclear RNA
(NR _003027) was used as an internal control. Each
reaction contained 5 pL of RT SYBR® Green qPCR
Master Mixes, 1.5 umol-L'1 of a gene-specific forward
PCR primer that bound to the 5'-portions of target
miRNA, 0.7 pumol-L™" of a universal reverse PCR primer
that bound to the sequence located in the stem-loop
structure, and nuclease-free water to a total volume of
10 pL. Triplicate reactions were performed at 95 °C for
10 min, followed by 40 cycles of 95 'C for 15, 60 C
for 15s, 72 'C for 15s, and 55 °C for 15 s. All reactions
were repeated twice. The sequences of target mature
miRNAs and specific forward PCR primers are listed in
Table 1. The universal reverse PCR primer sequence is
5'-CAGTGCGTGTCGTGGAGT-3', and the primer pairs
used for the U6 small nuclear RNA are U6-forward
5'-GCTTCGGCAGCACATATACTAAAAT-3' and U6-
reverse 5'-CGCTTCACGAATTTGCGTGTCAT-3".

The relative expression of miRNA as compared with
U6 was calculated using the 2~ ““T method [18], where

Table 1 Oligonucleotide sequences of target mature miRNAs and specific forward PCR primers (5' to 3)

Target miRNA Mature miRNA sequence” Specific forward PCR primer®
hsa-miR-126* ¢ CATTATTACTTTTGGTACGCG GGGGCATTATTACTTTTGG
hsa-miR-20a TAAAGTGCTTATAGTGCAGGTAG GGGGTAAAGTGCTTATAGTGC
hsa-miR-142-3p TGTAGTGTTTCCTACTTTATGGA GGGGTGTAGTGTTTCCTACT
hsa-miR-19a TGTGCAAATCTATGCAAAACTGA GGGTGTGCAAATCTATGCA
hsa-let-7f TGAGGTAGTAGATTGTATAGTT GGGGTGAGGTAGTAGATTGT
hsa-miR-203 GTGAAATGTTTAGGACCACTAG GGGGTGAAATGTTTAGGAC
hsa-miR-17 CAAAGTGCTTACAGTGCAGGTAG CCCAAAGTGCTTACAGTGC
hsa-miR-223 TGTCAGTTTGTCAAATACCCCA GGGGTGTCAGTTTGTCAAAT
hsa-miR-146b-5p TGAGAACTGAATTCCATAGGCT GGGTGAGAACTGAATTCCA
hsa-miR-146a TGAGAACTGAATTCCATGGGTT GGGTGAGAACTGAATTCCA
hsa-miR-155 TTAATGCTAATCGTGATAGGGGT GGGTTAATGCTAATCGTGAT
hsa-miR-205 TCCTTCATTCCACCGGAGTCTG GGTCCTTCATTCCACCG

*Mature miRNAs shown were obtained from www.mirbase.org. Underlined letters represent the complementary sequences

within the 3'-portion of the stem-loop RT primers.
®Italic letters represent the sequences that specifically bind the 5'-portion of the cDNA from the target mature miRNA.

“The asterisks (*) refer to different products from the same pre-miRNA.
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ACT,

samplel

ACT = ACT,

sample2

ACTampie2 and ACTgumpier are the Ct values for the
sample 2 and sample 1, respectively, normalized to an
endogenous housekeeping gene.

Computational predication of miRNA targets

To further analyze the functions of miRNAs identified,
we used two computational approaches, MicroRNA.org
(www.microrna.org) and targetscan (www.targetscan.
org), to predict common targets of the miRNAs and
differentially expressed miRNAs corresponding to puta-
tive genes [19-20]. The mirSVR algorithm tool from
MicroRNA.org was used to evaluate many features of
the miRNA targets identified, including both secondary
structure-based accessibility of the target site and
conservation without introducing a large number of
spurious predictions [20]. Targets that were predicted by

both modules and acceptable mirSVR down-regulation
scores were selected for additional studies.

Statistical analysis

Statistical analysis was performed using an unpaired
Student’s ¢ test. Differences were considered significant
when the probability value was less than 5% (P<0.05).

Results

miRNA profiles of gingival tissues from periodontitis
patients and healthy subjects

As listed in Table 2, 91 miRNAs were upregulated as
compared with controls, and five of these miRNAs
showed more than a five-fold change. In addition, there
were 85 miRNAs upregulated two-to-five fold, and 34
miRNAs down-regulated two-to-five fold.

Table 2 Differential expression of miRNAs in inflamed and healthy gingival tissues®

Range of fold change® Number

miRNA

5-10 (I) 5
2-5() 86

hsa-miR-126*°, hsa-miR-190, hsa-miR-20a, hsa-miR-32, hsa-miR-362-3p
hsa-let-7a, hsa-let-7f, hsa-let-7g*, hsa-miR-101, hsa-miR-101*, hsa-miR-105, hsa-miR-106a,

hsa-miR-10b, hsa-miR-1207-5p, hsa-miR-122* hsa-miR-1225-3p, hsa-miR-1257,
hsa-miR-1259, hsa-miR-126, hsa-miR-1266, hsa-miR-1297, hsa-miR-130a, hsa-miR-130a*,
hsa-miR-130b*, hsa-miR-132*, hsa-miR-136*, hsa-miR-140-5p, hsa-miR-141%,
hsa-miR-142-3p, hsa-miR-144*, hsa-miR-17, hsa-miR-181c, hsa-miR-18b, hsa-miR-194,
hsa-miR-195, hsa-miR-19a, hsa-miR-203, hsa-miR-20a*, hsa-miR-218, hsa-miR-219-5p,
hsa-miR-221%*, hsa-miR-26b, hsa-miR-27a, hsa-miR-27b, hsa-miR-29b-2*, hsa-miR-301a,
hsa-miR-302b, hsa-miR-302d, hsa-miR-30b, hsa-miR-30e, hsa-miR-30e*, hsa-miR-31%*,
hsa-miR-335, hsa-miR-338-3p, hsa-miR-33a, hsa-miR-34c-5p, hsa-miR-363%*,
hsa-miR-369-5p, hsa-miR-374a, hsa-miR-374a*, hsa-miR-374b*, hsa-miR-379, hsa-miR-411,
hsa-miR-411*, hsa-miR-424, hsa-miR-450b-5p, hsa-miR-452*, hsa-miR-455-3p,
hsa-miR-488, hsa-miR-507, hsa-miR-514, hsa-miR-518c, hsa-miR-520a-5p, hsa-miR-520b,
hsa-miR-523, hsa-miR-524-5p, hsa-miR-532-3p, hsa-miR-582-5p, hsa-miR-587,
hsa-miR-590-5p, hsa-miR-592, hsa-miR-593*, hsa-miR-609, hsa-miR-644, hsa-miR-648,
hsa-miR-769-3p, hsa-miR-886-5p, hsa-miR-889, hsa-miR-9*, hsa-miR-922, hsa-miR-95

5--2 (D) 34

hsa-miR-1181, hsa-miR-1205, hsa-miR-1274b, hsa-miR-1275, hsa-miR-1277,

hsa-miR-138-2*, hsa-miR-182*, hsa-miR-187, hsa-miR-188-3p, hsa-miR-200a*,
hsa-miR-204, hsa-miR-208b, hsa-miR-214*, hsa-miR-299-3p, hsa-miR-302a, hsa-miR-302c,
hsa-miR-30c-1*, hsa-miR-323-5p, hsa-miR-33b, hsa-miR-431, hsa-miR-451,
hsa-miR-485-5p, hsa-miR-487a, hsa-miR-488*, hsa-miR-502-5p, hsa-miR-513c,
hsa-miR-542-5p, hsa-miR-543, hsa-miR-548e, hsa-miR-571, hsa-miR-589*, hsa-miR-597,
hsa-miR-605, hsa-miR-92a-2*

?Data were calculated based on fluorescent density quantitated from microarray images analyzed using Genepix Pro 6.0 software.
®Fold change (increase, I; decrease, D) represent that of fluorescent density in inflamed gingiva (IG) after normalization to that in healthy

gingiva (HG) as follows: I = IG/HG; D = -HG/IG.

“The asterisks (*) refer to different products from the same pre-miRNA.
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Real-time quantitative RT-PCR for miRNA precursors
Of the 12 miRNAs examined, seven showed an increa-
sed expression of more than two-fold, and 5 miRNAs
showed either an increased or decreased expression of
1.5- to two-fold in inflamed gingival tissue as compared
to controls. Specifically, the expression of hsa-miR-126%*,
hsa-miR-20a, hsa-miR-142-3p, hsa-miR-19a, hsa-let-7f,
hsa-miR-203, hsa-miR-17, hsa-miR-223, hsa-miR-146b,
and hsa-miR-146a increased and the expression of
hsa-miR-155 and hsa-miR-205 decreased in inflamed

Fold changes relative to healthy control

has-miR-126*
has-miR-20a
has-miR-142-3p
has-miR-19a
has-let-7f

has-miR-203
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periodontal tissues relative to healthy tissues.

Primers containing a stem-loop were designed for
reverse transcription cDNA synthesis, and gene-specific
PCR primers were used for real-time quantitative PCR.
As shown in Figure 1, all 12 of the miRNAs tested
showed comparable expression levels by microarray and
real-time PCR analysis, further confirming that these
inflammation-related miRNAs may participate in perio-
dontal infection.

B MicroRNA microarray
@ Real-time quantitative RT-PCR

has-miR-17
has-miR-223
has-miR-146b
has-miR-146a
has-miR-155
has-miR-205

Figure 1 Relative expression levels of 12 selected miRNAs in periodontal inflamed and healthy gingival tissues
analyzed by microRNA microarray and real-time quantitative RT-PCR. The 12 inflammation-related miRNAs are
listed on the horizontal ordinate. The vertical ordinate refers to fold changes of the relative expression levels
between inflamed gingiva and healthy gingiva. Black bars refer to microarray results, and grey bars refer to the

real-time quantitative RT-PCR results.

Putative miRNA target gene prediction

Because the functions of most miRNAs are unknown,
we used MicroRNA.org (August 2010 Release, www.
microrna.org) and targetscan (www.targetscan.org) to iden-
tify potential common targets of the miRNAs identified.

As expected, miRNA target prediction showed that
these 12 selected miRNAs functioned in inflammatory
processes, including inflammation-related signaling (hsa-
miR-146a, hsa-miR-146b, hsa-miR-19a, hsa-miR-20a,
hsa-miR-142-3p, hsa-miR-155 and hsa-miR-203), leuko-
cyte adherence and vessel hyperplasty in inflammation
(hsa-miR-126%*), cell proliferation and differentiation of
fibroblasts (hsa-miR-205, hsa-miR-223 and hsa-miR-155),
apoptosis (hsa-let-7f, hsa-miR-19a, hsa-miR-20a, hsa-
miR-203 and hsa-miR-223), and bone resorption caused
by inflammation (hsa-miR-17 and hsa-miR-20a). These
results suggest that one target can be either upregulated
or downregulated by a group of miRNAs that share a

www.ijos.org.cn | International Journal of Oral Science

common regulatory mechanism and function as a bio-
logical network. The predictive inflammatory response
targets and mirSVR downregulation scores of these
miRNAs are listed in Table 3.

Expression of TLR-related miRNAs in individual tissues

According to the target gene prediction algorithm,
three microRNAs, hsa-miR-146a, hsa-miR-146b, and
hsa-miR-155, have a functional role in TLR-related
regulation in inflammatory diseases. The expression
levels of these three miRNAs in seven individual samples
from each group were further analyzed by quantitative
RT-PCR. As expected, hsa-miR-146a and hsa-miR-146b
expression levels were significantly higher in inflamed
tissues as compared with healthy tissues, while hsa-
miR-155 expression was significantly lower in inflamed
tissues as compared with healthy controls (P<0.05), as
shown in Figure 2.
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Table 3 Putative inflammation-related targets of selected miRNAs

miRNA Putative targets®®
hsa-miR-126* ¢ VCAM—ld, SPRED-1°¢
hsa-miR-20a RANKL (TNFSF-11) (-1.041 2%, STAT-3 (-0.740 1), FGF-7 (-0.675 6), BCL-11B (-0.670 6), MAPK-9 (-0.307 5),

BMPR-2 (-0.162 7)
hsa-miR-142-3p

STAM (-1.296 1), TGFBR-1 (-0.519 3), IRAK1 (-0.185 1)

hsa-miR-19a SOCS3 (-1.210 2), COL-1A2 (-1.144 2), BCL-2-L11 (-0.554 0), IL-1R1 (-0.465 2), BMPR-2 (-0.198 1),
SOCSI1 (-0.103 2)

hsa-let-7f COL-1A2 (-1.272 7), TGFBR-1 (-0.446 5), BCL-2-L1 (-0.237 3)

hsa-miR-203 SOCS-3 (-1.268 2), BCL-2-L2 (-0.994 4), TLR-4 (-0.885 7), BCL-11B (-0.482 5), BCL-2 (-0.124 3)

hsa-miR-17 RANKL (TNFSF-11) (-1.038 5), BMPR-2 (-0.162 7), STAT-3 (-0.162 7)

hsa-miR-223 FGFR-2 (-0.806 0), NFIB (-0.501 0), FGF-2 (-0.328 2)

hsa-miR-146b  TRAF-6(-1.121 6), IRAK-1 (-0.882 1), TLR4 (-0.123 4)

hsa-miR-146a TRAF-6 (-1.121 6), IRAK-1 (-0.882 1), TLR4 (-0.123 4)

hsa-miR-155 SOCS-5 (-1.161 8), SOCS-1 (-1.147 2), FGF-7 (-0.935 0), IKKp, IKKe, FADD, Ripk1®

hsa-miR-205

VEGFA (-0.904 9), NFIB (-0.752 8), IL-1R1 (-0.660 2), BCL-2 (-0.300 0), FGFR-1 (-0.197 3), FGF1 (-0.179 6)

Putative targets were predicted by MicroRNA.org (http://www. microrna.org) and targetscan (http://www.targetscan.org) .
Abbreviations: BCL-11B: B-cell lymphoma-11B; BCL-2: B-cell lymphoma-2; BCL-2-L1: BCL2-like-1; BCL-2-L2: BCL2-like 2;
BCL-2-L11: BCL2-like 11; BMPR-2: bone morphogenetic protein receptor, type II; COL-1A2: collagen, type I, alpha 2; FADD:
Fas-associated death domain; FGF-1: fibroblast growth factor-1; FGF-2: fibroblast growth factor 2 (basic); FGF-7: fibroblast growth
factor-7; FGFR-1: fibroblast growth factor receptor-1; FGFR-2: fibroblast growth factor receptor-2; IKK: IkB kinase B; IKKe: IkB
kinase f; IL1-R1: interleukin-1 receptor, type I; IRAK-1: interleukin-1 receptor-associated kinase-1; MAPK-9: mitogen-activated
protein kinase-9; NFIB: nuclear factor I/B; RANKL: receptor activator of NF-kB ligand; Ripkl: receptor-interacting serine/threonine-
protein kinase 1; SOCS-1: suppressor of cytokine signaling 1; SOCS-3: suppressor of cytokine signaling-3; SOCS-5: suppressor of
cytokine signaling-5; SPREDI1: sprouty-related EVH1 domain containing 1; STAM: signal transducing adaptor molecule; STAT-3:
signal transducer and activator of transcription-3; TGFBR-1: transforming growth factor, beta receptor I; TLR-4: toll-like receptor-4;
TNFSF-11: tumor necrosis factor (ligand) superfamily, member-11; TRAF-6: TNF receptor-associated factor-6; VEGFA: vascular
endothelial growth factor A; VCAM-1: vascular cell adhesion molecule 1.

“The asterisks (*) refer to different products from the same pre-miRNA.

drefer to [15].
¢ refer to [35].

" mirSVR scores by www.microrna.org.
refer to [33].

m Healthy gingiva

qé>4 = |nflammatory gingiva
g3 * *

E 2

2 -

o has-miR-146a has-miR-146b has-miR-155

Figure 2 Relative fold changes of hsa-miR-146a, hsa-
miR-146b, and hsa-miR-155 in periodontal inflamed
and healthy gingiva evaluated by quantitative RT-PCR.
hsa-miR-146a and hsa-miR-146b were upregulated,
while hsa-miR-155 was downregulated in periodontal
inflamed gingival tissue compared with those in healthy
gingival tissue. Values and error bars represent the
means and SDs of seven individual subjects, *P<0.05
versus healthy controls.

Discussion

Periodontal inflammation is initiated by a set of
consecutive events, including an immune response, cell
apoptosis, cell proliferation, differentiation, and inflam-
matory cell adhesion and migration. According to sam-
pled survey data from the third national oral health
survey, the prevalence and severity of periodontal
disease is increased during aging. The rate of complete
periodontal health was only 14.5% in 35-to-45-year old
people. The inflammatory gingival tissues analyzed in
our study were collected from 10 periodontitis subjects
(4 males and 6 females who were 28 to 63 years old with
an average age of 40.6 years), and the results of this
study reflect an accurate assessment of miRNA expre-
ssion levels in healthy and inflamed gingival tissues.
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In this study, we compared miRNA profiles of
inflamed gingival tissues with healthy gingival tissues
and found 125 microRNAs to be either upregulated or
downregulated over two-fold. Among the 91 upregulated
miRNAs, 5 miRNAs were upregulated more than five-
fold in inflamed periodontal tissues (Table 2). These
differentially expressed miRNAs were originally found
to be expressed in a variety of organs and tissues,
including airway epithelial cells (hsa-miR-126) and skin
(hsa-miR-203), and have been implicated to have roles
in other diseases and biological processes [7, 21].

Abnormal miRNA expression may lead to more rapid
disease progression. Previous studies have implicated
miRNAs in human diseases such as cancer [22-24],
developmental abnormalities [25], muscular diseases [26]
and cardiovascular disorders [27-28]. The importance of
miRNA has also been recognized in several inflam-
matory diseases [5-7, 10-11]; however, the potential role
of miRNAs in periodontal inflammatory regulation has
remained unknown. This study is the first to analyze
miRNA profiles from inflamed and healthy periodontal
tissues and to consequently reveal the disparities in
miRNA expression levels between diseased and healthy
subjects. These data provide potential candidates for
further investigation of how miRNAs contribute to
disease mechanisms and for possible therapeutic treat-
ment by specifically targeting the host immuno-inflam-
matory response in periodontal diseases.

Primers containing a stem-loop were designed for
cDNA synthesis, and gene-specific PCR primers were
used for real-time quantitative PCR. This strategy was
more efficient and specific than conventional methods
used for real-time quantitative RT-PCR for miRNA
amplification described in previous reports and therefore
was employed in this study [29]. We selected 12 inflam-
mation-related miRNAs to validate their expression
level with real-time quantitative RT-PCR (Figure 1).
The quantitative RT-PCR data correlated well with
microarray analysis and demonstrated the reliability of
microarray assay. mRNA target prediction of these
miRNAs showed that they may function in inflamma-
tion-related signaling, leukocyte adherence, vessel hyper-
plasty in inflammation, cell proliferation and differen-
tiation of fibroblasts, and bone resorption caused by
inflammation (Table 3).

Based on the target gene prediction results, we
selected three microRNAs that are functionally asso-
ciated with TLR-related regulation in inflammatory
diseases, hsa-miR-146a, hsa-miR-146b, and hsa-miR-155,
for expression level analysis in individual samples. The
expression of hsa-miR-146a and hsa-miR-146b were
both significantly higher, while the expression of hsa-
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miR-155 was significantly lower in inflamed tissues as
compared with healthy control tissues (Figure 2). These
data suggest that these microRNAs may play a role in
periodontal inflammation via regulation of or interaction
with TLR-related pathways.

hsa-miR-146a is located in the second exon of the
LOC285628 gene on human chromosome 5, and hsa-
miR-146b resides on chromosome 10. These two
miRNAs have been confirmed to be involved in
inflammatory diseases such as rheumatoid arthritis and
psoriasis [5-7, 12]. Taganov et al. [14] found that hsa-
miR-146a/b expression could be induced by many
proinflammatory stimuli including TLR ligands (TLR2,
TLR4, and TLRS) and cytokines, such as TNF-a and
IL-1B, in a nuclear factor kB (NF-kB)-dependent manner.
The direct targets of hsa-miR-146a include IL-1 receptor
associated kinase (IRAK1) and TNF receptor-associated
factor-6 (TRAF6), which are key components in the
TLR4 signaling pathway. However, increased hsa-miR-
146a expression negatively regulated the release of IL-8
and regulated upon activation normal T cell expressed
and secreted (RANTES), and inhibitors of hsa-miR-146
resulted in increased IL-8 and RANTES [13]. In addition,
Hung et al. [30] found that immortalized periodontal
ligament (I-PDL) cells that expressed exogenous hsa-
miR-146a showed higher mRNA levels of alkaline
phosphatase, osteocalcin, and osteopontin, as well as an
attenuation of NF-kB activity, suggesting a possible
pathway of hsa-miR-146a in the regulation of perio-
dontal cells. Nahid ef al. [31] investigated the expression
of miRNAs in maxilla (periodontium) isolated from
ApoE (-/-) mice infected with periodontal pathogens and
found that miR-146a expression was negatively correlated
with TNF-a secretion in vitro, causing reduced levels of
IRAK-1 and TRAF6 adaptor kinases. Thus, hsa-miR-146
may be involved in a negative feedback mechanism to
regulate TLR signaling in response to bacterial products.
In this study, the expression of hsa-miR-146a/b increased
in inflamed gingival tissues as compared with healthy
gingival tissues, suggesting that increased hsa-miR-146
expression may protect gingival tissue from suffering
excess inflammatory damage.

Mature hsa-miR-155 is generated from a precursor
form known as BIC RNA, which is encoded by the bic
gene [32], and is known to be linked to a number of
human neoplastic disorders and inflammatory diseases.
Previous studies have reported that the expression of
miR-155 was upregulated in splenocytes, monocytes and
macrophages of mice treated with LPS or lipoprotein,
which stimulate TLR-4 or TLR-2, respectively [9, 14, 33].
In contrast to miR-146 expression, which was primarily
regulated by bacterial envelope products, miR-155 was
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shown to be regulated by viral- and bacterial-derived
nucleotides including poly(I:C) and CpG via TLR-3 and
TLR-9, respectively [9, 14]. Interestingly, miR-155 may
be involved in both positive and negative regulation of
target intercellular mediators, such as IkB kinase B, IkB
kinase €, Fas-associated death domain (FADD), receptor
interacting serine-threonine kinase 1 (Ripkl), and other
NF-kB signaling proteins [33]. By enhancing TNF-a
translation, miR-155 may regulate the LPS/TNF-a path-
way during host immune responses.

Stanczyk et al. [11] reported upregulation of miR-155
resulting from stimulation with TLR ligands that
appeared to be a common response of fibroblasts and
monocytes in theumatoid arthritis patients. In contrast,
Nakasa et al. [8] observed strong induction of miR-146a
following TNFa stimulation and did not observe up-
regulation of miR-155 in rheumatoid arthritis synovial
fibroblasts. In this study, hsa-miR-155 expression de-
creased in inflamed gingival tissue, which is inconsistent
with previous rheumatoid arthritis study. This contra-
dictory result may be due to differences in the tissue and
cell types studied, especially considering that gingiva is
complex tissue composed of many cell types, including
gingival fibroblasts, epithelial cells, nerves and blood
vessels, which adds significant complexity to the
regulation progress. Future studies are necessary to
determine the cell components and mechanisms that led
to these changes in miRNA expression levels due to
periodontal inflammation.

Apart from the three TLR-related miRNAs, other
inflammation-related miRNAs may also play important
roles in the regulation of periodontal inflammation. As
shown in Table 3, their targets include suppressor of
cytokine signaling (SOCS) (hsa-miR-155, hsa-miR-19a
and hsa-miR-203), vascular cell adhesion molecule
(VCAM)-1 (hsa-miR-126), sprouty-related EVH1 domain
containing 1 (SPRED-1) (hsa-miR-126), fibroblast growth
factors (FGFs) and their receptors (hsa-miR-20a,
hsa-miR-223, hsa-miR-205 and hsa-miR-155), B-cell
lymphoma (Bcl) family members (hsa-miR-19a, hsa-
miR-20a, hsa-let-7f, hsa-miR-203 and hsa-miR-205),
and receptor activator of NF-xB ligand (RANKL)
(hsa-miR-17 and hsa-miR-20a). These targets have been
reported to be involved in a wide range of inflammatory
pathways. For example, SOCS serves as a negative
regulator of the STAT3 pathway [34]. VCAM-1 is a key
regulator in leukocyte trafficking to sites of inflam-
mation [15], and SPRED-1 is associated with vessel
formation [35]. FGFs and fibroblast growth factor
receptors (FGFRs) are key players in the processes of
fibroblast proliferation and differentiation of gingival
tissues [36-38]. Bcl family members act as anti- or

pro-apoptotic regulators, which are involved in a wide
variety of cellular activities [39-40]. RANKL is a critical
factor required in the processing of alveolar bone
resorption [41]. The precise effect of these miRNAs on
their target genes remains to be investigated.

Conclusions

In conclusion, we explored miRNA expression patterns
in inflamed gingival tissue. Using microarray assay
analysis, we examined miRNA expression in inflamed
and healthy gingival tissues, and 125 miRNAs were
identified as differentially expressed more than two-fold.
To elucidate the role of these miRNAs in the inflam-
matory response, we selected 12 miRNAs whose expre-
ssion levels significantly changed in inflamed gingival
tissue as compared with healthy tissue and conformed
their expression pattern in the inflamed gingival tissue
by real-time quantitative RT-PCR. Although this study
did not determine the location and the putative target
levels of these miRNAs in periodontal tissues and cell
components, the present data provide candidates for
further analysis of miRNAs in periodontal infection and
for the development of potential biomarkers and thera-
peutic targets for periodontitis.

In future studies, we will investigate the mechanisms
that lead to these interesting changes in miRNA expre-
ssion and continue to explore the roles of miRNAs in
periodontal inflammation.
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Being named as the new director of the National Institute of Dental and Craniofacial Research (NIDCR),
National Institutes of Health, Professor Martha J. Somerman recently followed the NIH regulations and
resigned her editorial position in International Journal of Oral Science. According to the NIDCR
announcement, her appointment will be effective on August 29, 2011. Prof. Somerman has been recognized
as a leading scientist and researcher in oral and maxillofacial development and regeneration, with numerous
honors and awards. She is also an internationally well-known educator, serving as the Dean of the School of
Dentistry, University of Washington for the past 9 years. International Journal of Oral Science
congratulates Prof. Somerman for her new assignment and appreciates her generous contribution to our
journal.

Photo above: Prof. Somerman (L) with Prof. Zhou Xuedong (R), the editor-in-chief of International Journal of
Oral Science

NIDCR news links:
http://www.nidcr.nih.gov/INewsAndFeatures/Announcements/Somerman.htm
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