
ABSTRACT

Purpose: The aim of this study was to compare microRNA (miRNA) gene expression in saliva 
using miRNA polymerase chain reaction (PCR) arrays in healthy and aggressive periodontitis 
(AP) patients.
Methods: PCR arrays of 84 miRNAs related to the human inflammatory response and 
autoimmunity from the saliva samples of 4 patients with AP and 4 healthy controls were 
performed. The functions and diseases related to the miRNAs were obtained using TAM 
2.0. Experimentally validated targets of differentially expressed miRNAs were obtained from 
mirTarBase. Gene ontology terms and pathways were analyzed using ConsensusPathDB.
Results: Four downregulated miRNAs (hsa-let-7a-5p, hsa-let-7f-5p, hsa-miR-181b-5p, and 
hsa-miR-23b-3p) were identified in patients with AP. These miRNAs are associated with cell 
death and innate immunity, and they target genes associated with osteoclast development 
and function.
Conclusions: This study is the first analysis of miRNAs in the saliva of patients with AP. 
Identifying discriminatory human salivary miRNA biomarkers reflective of periodontal 
disease in a non-invasive screening assay is crucial for the development of salivary 
diagnostics. These data provide a first step towards the discovery of key salivary miRNA 
biomarkers for AP.
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INTRODUCTION

MicroRNAs (miRNAs) are noncoding RNAs that are approximately 22 nucleotides long and 
can act as key regulators of diverse biological processes by mediating translational repression 
or messenger RNA (mRNA) degradation of their target genes [1-4]. The seed sequence of 
miRNAs specifically binds to the 3′ untranslated region of target mRNAs to exert its action 
[5,6]. Many studies have documented that miRNAs play a key role in certain infectious 
diseases [7], autoimmune diseases [8], chronic inflammatory diseases [9], cardiovascular 
diseases [10], cancers [11], and other diseases [12]. Furthermore, recent studies have 
reported that miRNAs have great potential as biomarkers for these diseases [13-15]. However, 
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most of those studies analyzed miRNA levels in subjects' serum or plasma, which requires 
invasive collection methods. To overcome this drawback, some recent studies have attempted 
to analyze miRNAs collected noninvasively from saliva, reporting promise for detecting 
pancreatic cancer [16], oral cancer [17], Sjögren syndrome [18], and esophageal cancer [19].

Periodontal remodeling and inflammation are regulated by miRNAs. Several studies have 
demonstrated that miRNAs play a role in osteogenesis by regulating bone morphogenic 
protein 7 (BMP-7); runt-related transcription factor 2 (RUNX2); osterix; and osteocalcin; in 
osteoclastogenesis by regulating protein inhibitor of activated STAT3 (PIAS3); nuclear factor 
of activated T-cells, cytoplasmic, calcineurin-dependent 1 (NFATc1); nuclear factor kappa B 
(NF-κB); and receptor activator of NF-κB ligand (RANKL); and in the inflammatory process 
by regulating inflammatory mediators such as interleukin-1β (IL-1β); IL-6; IL-8; tumor 
necrosis factor-α (TNF-α); and prostaglandin E2 (PGE2) [5].

Other studies have found that miRNAs were differentially expressed in healthy and diseased 
human gingival tissues [20-25]. Xie et al. [20], Stoecklin-Wasmer et al. [21], and Ogata et 
al. [22] found differentially expressed miRNAs in chronic periodontitis (CP) tissue using 
microarrays. Lee et al. [23], Perri et al. [24], and Na et al. [25] identified differentially 
expressed miRNAs in CP tissue using quantitative polymerase chain reaction (PCR) arrays.

Microarray techniques have been used widely to profile miRNAs. The expression levels of 
thousands of miRNAs can be determined simultaneously in a single microarray experiment. 
However, the unique characteristics of miRNAs, such as their short length, differing melting 
temperatures, and the highly similar sequences between miRNA family members, make the 
design of microarray probes difficult [26]. Furthermore, a large amount of miRNAs are needed 
for microarray techniques [27], while PCR-based techniques can detect nanograms of miRNA 
with high sensitivity and specificity. Furthermore, more recently developed quantitative PCR-
based arrays combine the high sensitivity of PCR-based techniques and the ability of microarray 
techniques to profile a large number of miRNA samples in a single experiment [27,28].

The studies discussed above used gingival biopsies, which are very invasive. To the best of 
our knowledge, only 1 study has evaluated the feasibility of using salivary miRNAs as a non-
invasive diagnostic tool for CP [29].

Aggressive periodontitis (AP) is the most destructive type of periodontal disease [30]. While 
there are more genetic risk factors for AP than for CP, few studies have evaluated miRNA 
expression profiles in AP. Amaral et al. compared the expression patterns of miRNAs 
between CP and AP using gingival biopsies and PCR arrays [31], and Ghotloo et al. [32] 
compared expression levels of hsa-miR-146a between AP patients and healthy controls using 
gingival biopsies and real-time PCR. To our best knowledge, no study has utilized salivary 
miRNAs to identify AP. The aim of this study was to compare the miRNA gene expression 
profile in saliva using miRNA PCR arrays in healthy and AP patients.

MATERIALS AND METHODS

Study design
Eight subjects who visited the Department of Periodontics at Asan Medical Center between 
March and August 2012 were enrolled in this study. The test group for this study consisted of 
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4 patients who were diagnosed with AP, and the control group consisted of 4 patients with 
healthy periodontia. The inclusion criteria for the test group were as follows: 1) subjects 
who were younger than 40 years old and 2) subjects who were diagnosed with AP before 35 
years of age in accordance with the classification system defined by the American Academy 
of Periodontology [33]. The inclusion criteria for the control group were as follows: 1) 
subjects who were younger than 40-years old and 2) subjects who had a healthy periodontium 
and who were not diagnosed with AP (had more than 20 permanent teeth, all probing 
pocket depths were 4 mm or less, and all clinical attachment levels were 2 mm or less). 
The exclusion criteria for both the control and test groups were as follows: 1) subjects who 
received periodontal treatment or antibiotic treatment within 3 months prior to participating 
in this study, 2) subjects who regularly received medication known to affect periodontal 
status, 3) subjects who required prophylactic antibiotics, 4) subjects who were pregnant or 
breastfeeding, 5) subjects who were alcoholics or who had a history of drug abuse, and 6) 
subjects with systemic diseases. This study was approved by the Institutional Review Board of 
Asan Medical Center (IRB No. 2012-0120). Informed consent was obtained from all subjects 
before they enrolled in the study.

Saliva collection
Unstimulated saliva samples were collected using a previously defined protocol [34]. Briefly, 
subjects were asked not to consume any food or water for at least 1 hour prior to saliva 
collection, and they were asked to rinse their mouth with sterile water for a minute. After 5 
minutes, the subjects were asked to sit upright, and 2–3 mL of unstimulated whole saliva was 
collected in plastic tubes from each subject in the control and test groups. The whole saliva 
samples were stored at −70°C until use.

MicroRNA PCR array experiment
The miRNAs were isolated from 400-µL saliva samples using an Ambion mirVana miRNA 
isolation kit (Life Technologies, Carlsbad, CA, USA) according to the manufacturer's 
instruction. Complementary DNA (cDNA) was synthesized with a miScript II RT kit 
(Qiagen, Hilden, Germany) according to the manufacturer's instructions. Finally, PCR array 
experiments were performed using a miScript miRNA PCR Array for Human Inflammatory 
Response and Autoimmunity and miScript SYBR Green PCR kit (Qiagen). The miScript 
miRNA PCR Array for Human Inflammatory Response and Autoimmunity identifies 84 
miRNAs related to inflammatory response and autoimmunity. A total volume of 1,100 µL 
of PCR reaction mix was prepared (550 µL of 2× QuantiTect SYBR Green PCR master mix, 
110 µL of 10× miScript universal primer, 340 µL of RNase-free water and 100 µL of template 
cDNA) before addition of 10 µL of reaction mix to each well of the miScript miRNA PCR 
Array. Optical adhesive film was then sealed onto the array. The array was centrifuged for 1 
minute at 1,000 ×g at room temperature to remove bubbles. The PCR real-time cycler was 
programmed as follows: the initial activation step was carried out for 15 minutes at 95°C, 
followed by 40 cycles of denaturation (15 seconds, 94°C), annealing (30 seconds, 55°C), and 
extension (30 seconds, 70°C).

Data analysis
Normalized gene expression values and fold changes between the test and control groups 
for each miRNA were calculated using the ΔΔCt method with the data from the PCR array. 
The Student t-test was used to evaluate the significance of differences in normalized 
gene expression levels between the test and control groups. Differences were considered 
significant when P<0.05. The enriched miRNA clusters, families, miRNA-associated diseases, 
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and functions of the differentially expressed miRNAs were determined using TAM 2.0 [35]. 
Experimentally validated target mRNAs were obtained from miRTarBase [36]. Finally, gene 
ontology (GO) terms and pathways were analyzed with ConsensusPathDB [37] using the 
selected target genes obtained from miRTarBase.

RESULTS

The demographic data for the control and test groups are summarized in Table 1.

We identified 4 significantly downregulated miRNAs in subjects with AP compared to healthy 
subjects (Fig. 1). The 4 miRNAs were hsa-let-7a-5p, hsa-let-7f-5p, hsa-miR-181b-5p, and hsa-
miR-23b-3p. The fold change of those miRNAs was −3.81, −3.40, −5.91, and −3.66, respectively.

The enriched miRNA clusters, families, miRNA-associated diseases, and functions for 
these 4 miRNAs were determined by TAM 2.0. Table 2 shows a total of 26 miRNA categories 
enriched by the 4 differentially expressed miRNAs (both adjusted P values less than 0.05 
after adjustment for multiple testing by the Bonferroni and false discovery rate methods). 
Interestingly, 8 family members (hsa-let-7a-1, hsa-let-7a-2, hsa-let-7a-3, hsa-let-7f-1, hsa-let-
7f-2, hsa-mir-181b-1, hsa-mir-181b-2, and hsa-mir-23b) of all differentially expressed miRNAs 
(hsa-let-7a-5p, hsa-let-7f-5p, hsa-miR181b-5p, and hsa-miR-23b-3p) were associated with 
the cell death function, and 6 family members (hsa-let-7a-1, hsa-let-7a-2, hsa-let-7f-1, hsa-
let-7f-2, hsa-mir-181b-1, and hsa-mir-181b-2) of 3 miRNAs (hsa-let-7a-5p, hsa-let-7f-5p, and 
hsa-miR181b-5p) were associated with innate immunity. There were no enriched disease 
categories known to be either directly or indirectly related to AP except diabetes mellitus.
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Table 1. Demographic data
Characteristics Control group (n=4) Test group (n=4)
Age (years) 31.3±3.8 29.5±3.1
Sex (M/F) 2/2 2/2
PPD (mm) 2.47±0.15 4.55±1.01
Diagnosis (GAP/LAP) -/- 2/2
Smoking history 0% 25%
PPD: probing pocket depth, GAP: generalized aggressive periodontitis, LAP: localized aggressive periodontitis.

N
or

m
al

iz
ed

 g
en

e 
ex

pr
es

si
on

0

0.6

0.8

0.4

0.2

1.0

hsa-let-7a-5p hsa-let-7f-5p hsa-miR-181b-5p

Test group
Control group

FC=−3.81
P=0.018

FC=−3.40
P=0.021

FC=−5.91
P=0.041

FC=−3.66
P=0.018

hsa-miR-23b-3p

Figure 1. Differentially expressed miRNAs. FC of statistically significantly downregulated miRNAs in subjects with 
aggressive periodontitis (P<0.05). 
miRNA: microRNA, FC: fold changes.
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Experimentally validated target mRNAs were obtained from miRTarBase (Table 3). A total of 
46 target genes that were targeted by more than 2 differentially expressed miRNAs and whose 
adjusted P values were lower than 0.05 were identified. Table 3 shows target genes that had 
adjusted P values lower than 0.02. CCNB2, SNRPC, TAB2, EIF3C, HNRNPUL1, and E2F1 were 
targeted by 3 differentially expressed miRNAs.

GO terms and pathways were identified with ConsensusPathDB using the 46 selected target 
genes from the above miRTarBase results (Tables 4 and 5).
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Table 2. Identified enriched miRNA clusters, families, miRNA-associated diseases, and functions (both adjusted P<0.05)
Variables Factor # of miRNAs % P value Adj. P (Bonferroni) Adj. P (FDR)
Cluster hsa-let-7a-1 cluster 2 66.7 <0.001 0.016 0.005
Family let-7 family 5 41.7 <0.001 <0.001 <0.001
Function Cell death 8 10.3 <0.001 <0.001 <0.001

Innate immunity 6 14.3 <0.001 <0.001 <0.001
Adipocyte differentiation 5 12.2 <0.001 <0.001 <0.001
Neural stem cell differentiation 3 50.0 <0.001 <0.001 <0.001
Cell differentiation 5 8.9 0.014 0.002 0.001
Aging 5 7.9 0.003 0.003 0.002
Folliculogenesis 3 27.3 <0.001 0.005 0.002
Cell division 3 17.6 <0.001 0.020 0.006
Cardiac regeneration 3 13.6 <0.001 0.044 0.014

Disease Vascular hypertrophy 5 23.8 <0.001 <0.001 <0.001
Psoriasis 5 15.2 <0.001 <0.001 <0.001
Diabetes mellitus 6 8.1 <0.001 <0.001 <0.001
Asthma 5 12.2 <0.001 <0.001 <0.001
Hepatitis B virus infection 5 7.5 <0.001 0.005 0.002
ACTH-secreting pituitary adenoma 3 27.3 <0.001 0.005 0.002
Human papilloma virus infection 4 11.8 <0.001 0.006 0.003
Autoimmune diseases 4 11.1 <0.001 0.008 0.003
Spinal cord injuries 3 23.1 <0.001 0.008 0.003
Macular degeneration 3 21.4 <0.001 0.011 0.004
Dengue virus infection 3 20.0 <0.001 0.013 0.005
Diabetes mellitus, type 2 6 4.1 <0.001 0.016 0.005
Alzheimer's disease 5 5.0 <0.001 0.032 0.010
Hirschsprung's disease 3 13.6 <0.001 0.044 0.014
Liver cirrhosis 4 7.0 <0.001 0.048 0.014

miRNA: microRNA, FDR: false discovery rate.

Table 3. Experimentally validated target mRNAs using miRTarBase (adjusted P<0.02)
Gene symbol Gene name # of miRNAs P value Adj. P (FDR)
CCNB2 Cyclin B2 3 <0.001 <0.001
SNRPC Small nuclear ribonucleoprotein polypeptide C 3 <0.001 0.002
TAB2 TGF-beta activated kinase 1/MAP3K7 binding protein 2 3 <0.001 0.002
NUDT4 Nudix (nucleoside diphosphate linked moiety X)-type motif 4 2 <0.001 0.005
EIF3C Eukaryotic translation initiation factor 3, subunit C 3 <0.001 0.013
HNRNPUL1 Heterogeneous nuclear ribonucleoprotein U-like 1 3 <0.001 0.014
E2F1 E2F transcription factor 1 3 <0.001 0.014
ALDH7A1 Aldehyde dehydrogenase 7 family, member A1 2 <0.001 0.014
WWP2 WW domain containing E3 ubiquitin protein ligase 2 2 <0.001 0.014
GBF1 Golgi brefeldin A resistant guanine nucleotide exchange factor 1 2 <0.001 0.017
UBAP2 Ubiquitin associated protein 2 2 <0.001 0.017
CEP170B Centrosomal protein 170B 2 <0.001 0.017
mRNA: messenger RNA, miRNA: microRNA, FDR: false discovery rate.
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DISCUSSION

In this study, 4 differentially expressed miRNAs were identified in saliva samples of patients 
with AP using PCR arrays. Common characteristics of the differentially expressed miRNAs, 
such as related functions, diseases, and their potential target genes, were analyzed using 
TAM 2.0 and mirTarBase. Based on the target genes, GO terms and pathways were further 

https://doi.org/10.5051/jpis.2000120006

Salivary microRNAs in aggressive periodontitis

https://jpis.org 286

Table 4. GO terms with ConsensusPathDB (category BP level 4) (adjusted P<0.02)
GO term Set size Candidates contained P value Adj. P (FDR)
GO:0090304 Nucleic acid metabolic process 5,174 24 (0.5%) <0.001 0.005
GO:0034645 Cellular macromolecule biosynthetic process 4,867 23 (0.5%) <0.001 0.005
GO:0009889 Regulation of biosynthetic process 4,246 21 (0.5%) <0.001 0.005
GO:0009059 Macromolecule biosynthetic process 5,010 23 (0.5%) <0.001 0.005
GO:0044271 Cellular nitrogen compound biosynthetic process 4,906 22 (0.5%) <0.001 0.009
GO:0072359 Circulatory system development 1,033 9 (0.9%) <0.001 0.011
GO:0010467 Gene expression 5,440 23 (0.4%) <0.001 0.011
GO:0043902 Positive regulation of multi-organism process 161 4 (2.5%) <0.001 0.011
GO:0006338 Chromatin remodeling 167 4 (2.4%) <0.001 0.011
GO:0051851 Modification by host of symbiont morphology or physiology 75 3 (4.0%) <0.001 0.011
GO:0016569 Covalent chromatin modification 480 6 (1.2%) <0.001 0.011
GO:0044772 Mitotic cell cycle phase transition 495 6 (1.2%) <0.001 0.012
GO:0034654 Nucleobase-containing compound biosynthetic process 4,222 19 (0.5%) <0.001 0.013
GO:0016032 Viral process 721 7 (1.0%) <0.001 0.013
GO:0018130 Heterocycle biosynthetic process 4,285 19 (0.4%) 0.001 0.013
GO:0019438 Aromatic compound biosynthetic process 4,296 19 (0.4%) 0.001 0.013
GO:0043903 Regulation of symbiosis, encompassing mutualism through parasitism 206 4 (1.9%) 0.001 0.013
GO:0051276 Chromosome organization 1,211 9 (0.7%) 0.001 0.013
GO:0051171 Regulation of nitrogen compound metabolic process 5,904 23 (0.4%) 0.001 0.014
GO:1901362 Organic cyclic compound biosynthetic process 4,434 19 (0.4%) 0.002 0.016
GO:0044774 Mitotic DNA integrity checkpoint 106 3 (2.8%) 0.002 0.016
GO:0051817 Modification of morphology or physiology of other organism involved in 

symbiotic interaction
111 3 (2.7%) 0.002 0.017

GO:0080090 Regulation of primary metabolic process 6,071 23 (0.4%) 0.002 0.018
GO:0044843 Cell cycle G1/S phase transition 252 4 (1.6%) 0.002 0.018
GO:0071826 Ribonucleoprotein complex subunit organization 253 4 (1.6%) 0.002 0.018
GO:0031323 Regulation of cellular metabolic process 6,130 23 (0.4%) 0.002 0.018
GO:0006974 Cellular response to DNA damage stimulus 850 7 (0.8%) 0.003 0.018
GO:0060255 Regulation of macromolecule metabolic process 6,156 23 (0.4%) 0.003 0.018
GO:0051101 Regulation of DNA binding 127 3 (2.4%) 0.003 0.019
GO: gene ontology, BP: blood pressure, FDR: false discovery rate.

Table 5. Pathway analysis with ConsensusPathDB (adjusted P<0.02)
Pathway Source Percentage P value Adj. P (FDR)
Direct p53 effectors PID 6 (4.2%) <0.001 <0.001
E2F transcription factor network PID 4 (5.3%) <0.001 0.002
Regulation of TP53 expression and degradation Wikipathways 2 (50.0%) <0.001 0.002
FOXM1 transcription factor network PID 3 (7.1%) <0.001 0.006
HATs acetylate histones Reactome 4 (2.8%) <0.001 0.014
Integrated breast cancer pathway Wikipathways 3 (4.5%) <0.001 0.016
Polo-like kinase mediated events Reactome 2 (12.5%) <0.001 0.016
Herpes simplex infection - Homo sapiens (human) KEGG 4 (2.2%) 0.001 0.018
Cellular senescence Reactome 4 (2.1%) 0.001 0.018
C-MYB transcription factor network PID 3 (3.5%) 0.001 0.018
miRNA regulation of DNA damage response Wikipathways 3 (3.4%) 0.001 0.018
Cellular responses to stress Reactome 5 (1.5%) 0.002 0.018
B-WICH complex positively regulates rRNA expression Reactome 3 (3.2%) 0.002 0.018
Formation of the beta-catenin: TCF transactivating complex Reactome 3 (3.2%) 0.002 0.018
FDR: false discovery rate, PID: Pathway Interaction Database, KEGG: Kyoto Encyclopedia of Genes and Genomes.
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analyzed using ConsensusPathDB. To the best of our knowledge, this is the first study to 
identify differentially expressed miRNAs in AP using saliva samples.

The 4 miRNAs (hsa-let-7a-5p, hsa-let-7f-5p, hsa-miR-181b-5p, and hsa-miR-23b-3p), which play 
a role in cell death and innate immunity by targeting CCNB2, SNRPC, TAB2, EIF3C, HNRNPUL1, 
and E2F1, were found to be significantly downregulated in AP in this study. Among these genes, 
the TAB2 gene encodes the activator of MAP3K7/TAK1, which is required for IL-1 induced 
activation of NF-κB and MAPK8/JNK. This protein participates in the signal transduction 
induced by RANKL through the activation of RANK, which regulates the development and 
function of osteoclasts [38]. Thus, the differentially expressed miRNAs in this study may play a 
role in the development of AP by regulating osteoclast development and function.

Some studies have identified differentially expressed miRNAs in healthy and diseased human 
gingival tissue. Xie et al. [20] found that hsa-miR-126, hsa-miR-20a, hsa-miR-142-3p, hsa-miR-
19-a, hsa-let-7f, hsa-miR-203, hsa-miR-17, hsa-miR-223, hsa-miR-146b, and hsa-miR-146a were 
upregulated more than 2-fold, and hsa-miR-155 and hsa-miR-205 were downregulated more 
than 2-fold in CP tissue compared to healthy gingiva using a microarray. Stoecklin-Wasmer et 
al. [21] found that that hsa-miR-451, hsa-miR-223, hsa-miR-486-5p, and hsa-miR-3917 were 
upregulated, and hsa-miR-1246, hsa-miR-1260, hsa-miR-141, hsa-miR-1260b, hsa-miR-203, 
hsa-miR-210, and hsa-miR-205 were downregulated more than 2-fold in CP tissue using a 
microarray. Ogata et al. [22] reported that hsa-miR-150, hsa-miR-223, and hsa-miR-200b were 
upregulated, and that hsa-miR-379, hsa-miR-199a-5p, and hsa-miR-214 were downregulated in 
CP tissue using a microarray. Lee et al. [23] showed that hsa-let-7a, hsa-let-7c, hsa-miR-130a, 
hsa-miR-301a, hsa-miR-520d, and hsa-miR-548a were upregulated more than 8-fold in CP 
tissue compared to healthy gingiva using a PCR array. Perri et al. [24] showed hsa-miR-30e and 
hsa-miR-106b were upregulated in periodontitis tissue. Finally, Na et al. [25] showed that has-
miR-128, has-miR-34a, and has-miR-381 were upregulated, and that has-miR-15b, has-miR-211, 
hsa-miR-372 and has-miR-656 were downregulated in periodontitis tissue.

Although genetics play a more important role in AP than CP [30], only a few studies have 
demonstrated associations between miRNA expression and AP, mostly using gingival biopsies. 
Amaral et al. [31] compared the expression patterns of 754 miRNAs between CP and AP, finding 
that hsa-miR-1274b, hsa-let-7b-5p, hsa-miR-24-3p, hsa-miR-19b-3p, hsa-miR-720, hsa-miR-126-
3p, hsa-miR-17-3p, and hsa-miR-21-3p were upregulated in both groups, suggesting that there 
were no significant differences in miRNA expression patterns between CP and AP. Ghotloo et 
al. [32] found an association between hsa-miR-146a and generalized aggressive periodontitis 
(GAP) and suggested that hsa-miR-146a may serve as an indicator of disease activity.

Recently, Fujimori et al. [29] performed the only previous study that utilized saliva samples 
as a non-invasive diagnostic tool for CP. They found that salivary hsa-miR-381-3p was 
upregulated in patients with severe periodontitis when compared to those with no or mild 
periodontitis and that it was positively correlated with the mean probing pocket depth.

The studies mentioned above tried to distinguish miRNA expression profiles between 
patients with periodontitis and healthy patients. However, their results are not substantially 
consistent with each other or with our findings. Among these studies, hsa-miR-223 [20,21] 
and hsa-miR-381 [25,29] were found to be upregulated in periodontitis in only 2 studies, 
respectively, while hsa-miR-205 [20,21] was found to be downregulated in periodontitis 
in only 2 studies. These inconsistencies among studies may result from variation in the 
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inclusion criteria and differences in experimental designs. It is strongly recommended 
that genome-wide investigations using miRNAs in the future should be performed using 
standardized experimental designs and protocols.

The current pilot study has some limitations. The sample size of each group was small, so that 
the reliability of our study may be limited. The results of this study should be confirmed with 
a larger number of subjects in the future. The test group consisted of patients with GAP and 
localized aggressive periodontitis (LAP). In fact, 2 of the 4 test subjects were diagnosed with 
GAP, while the others were diagnosed with LAP. In patients with LAP, the miRNAs differentially 
expressed in AP in the whole saliva sample may be diluted by the miRNAs from healthy regions 
of the periodontium. The contents of the saliva samples might be affected by food or water 
intake, even though we instructed subjects not to consume any food or water for at least 1 hour 
prior to saliva collection. The effect of fasting time duration on salivary contents should be 
further investigated. Smoking history was not controlled, which might affect the results of this 
study. The correlation of smoking history and miRNA expression levels should be confirmed 
in the near future. Furthermore, few miRNA studies have been conducted in the field of dental 
research, so the databases utilized in this study (TAM 2.0, mirTarBase, and ConsensusPathDB) 
were biased towards medical terms, especially for pathological terms. In the future, dental 
research focusing on miRNAs should be performed, so that the databases can be gradually 
supplemented with dental terms. Finally, the results from saliva samples should be compared 
with those from other methods, such as gingival biopsies or gingival crevicular fluid, to show 
whether salivary diagnostics of AP could be a reliable method.

This study is the first analysis of miRNAs in the saliva of patients with AP. Identifying 
discriminatory human salivary miRNA biomarkers reflective of periodontal disease in a non-
invasive screening assay is crucial for the development of salivary diagnostics. These data 
provide a first step towards the discovery of key salivary miRNA biomarkers for AP.
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