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Abstract: Objective: To explore the significance of microRNA-155 (miR-155) and microRNA-46a (miR-46a) in the 
diagnosis of periodontitis (PD). Methods: A total of 41 patients with PD admitted to our hospital between September 
2017 and August 2019 were enrolled into an observation group (obs group), and 35 healthy individuals during the 
same period were enrolled into a control group (con group). A qRT-PCR assay was carried out to quantify miR-155 
and miR-146a expression, and the relationship between the expression of miR-155 and miR-146a and severity 
and clinical indicators of PD was analyzed. Results: The obs group showed significantly higher expression of saliva 
miR-155 and miR-146a than the con group (P<0.05), and the expression of them was positively correlated with the 
severity of their PD. It was also positively correlated with gingival index (GI), attachment loss (AL), plaque index (PLI), 
probing depth (PD), and bleeding on probing (BOP) of them. Additionally, according to the receiver operating charac-
teristic (ROC) curves, the area under the curve (AUC), specificity, and sensitivity of miR-155 in diagnosing PD were 
0.887, 78%, and 97.14%, respectively, and those of miR-146a in diagnosing PD were 0.745, 58.54%, and 88.57%, 
respectively. Conclusion: MiR-155 and miR-146a were both highly expressed in the saliva of patients with PD, and 
the expression of them was positively correlated with the severity and clinical indexes of PD, so miR-155 and miR-
146a might be involved in the development and progression of PD. 
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Introduction

Periodontitis (PD) is the most common chronic 
inflammatory disease in the oral cavity and is 
also one main cause of tooth loss among adults 
[1]. According to recent research results, PD 
can not only damage oral cavity, but also give 
rise to systemic microinflammation of patients. 
Studies have confirmed that PD is closely relat-
ed to systemic diseases such as atherosclero-
sis, diabetes mellitus, lung diseases, digestive 
tract diseases, adverse pregnancy outcomes, 
cardiovascular and cerebrovascular diseases, 
chronic kidney diseases, and Alzheimer’s dis-
ease [2-4]. Currently, PD can be intervened with 
basic treatment, drug treatment, surgical treat-
ment, relatively advanced laser treatment, and 
immunosuppressive treatment, but those treat-
ments cannot achieve ideal bone tissue regen-
eration [5].

MiRNAs, as natural gene regulatory factors, 
regulate target genes at the post-transcription-
al level and widely participate in various biologi-
cal behaviors including cell metabolism, pro- 
liferation, differentiation, and apoptosis. They 
also play a regulatory role in the development of 
chronic inflammatory diseases [6-8]. MiR-155, 
as one of the members of the microRNA (miR) 
family, participates in various biological pro-
cesses including cell proliferation, immunity, 
inflammation, as well as tumor and plays a role 
in inflammatory reactions and autoimmune dis-
eases [9, 10]. Recent studies have verified that 
abnormal expression of miR-155 takes a crucial 
part in the periodontal pathologic damage, and 
acts as an important part in the pathological 
mechanism of periodontal diseases [11]. As a 
miRNA closely related to inflammation, miRNA-
146a has been verified to take a crucial part in 
immunity, tumor, and inflammation, and is high-
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ly expressed in various immune and inflamma-
tory cells such as T lymphocytes, monocytes, 
and macrophages [12, 13]. One study has 
found that miRNA-146a is highly expressed in 
synovioblasts and synovial tissues of cases 
with rheumatoid arthritis, which aggravates in- 
flammatory response [14]. In contrast, miRNA-
146a is lowly expressed in cases with systemic 
lupus erythematosus, which alleviates the im- 
mune inflammatory response [15]. There is lit-
tle research on the expression of miR-155 and 
miRNA-146a in the saliva of patients with PD.

Therefore, this study determined and compared 
the expression of saliva miR-155 and miR-146a 
between patients with PD and healthy individu-
als, and analyzed the correlation between the 
expression of them and the severity and clini- 
cal indexes of PD, with the goal of exploring the 
clinical value of saliva miR-155 and miR-146a. 

Materials and methods

Research objects

A total of 41 patients with PD in Beijing 
Stomatological Hospital, Capital Medical Uni- 
versity from September 2017 to August 2019 
were enrolled and assigned to the observation 
group (obs group), including 25 males and 16 
females, with a mean age of 29.78±6.91 years. 
In addition, 35 healthy individuals in our hospi-
tal over the same period were enrolled and 
assigned to a control group (con group), includ-
ing 18 males and 17 females, with a mean age 
of 28.59±6.81 years. The inclusion criteria of 
the patients: Patients meeting the diagnostic 
criteria of PD, and patients with complete clini-
cal data. The study was approved by the Ethics 
Committee of Beijing Stomatological Hospi- 
tal, Capital Medical University. All patients and 
their families agreed to participate in the study 
after being informed of the study, and signed 
informed consent forms. The exclusion criteria 
of the patients: Women during pregnancy, lac-
tation or menstruation; patients with comorbid 
infectious diseases; patients with comorbid 
systemic diseases; patients who had taken an- 
tibacterial agents or immunomodulatory drugs 
within six months before being enrolled; pa- 
tients who had received periodontal therapy 
within 3 months before being enrolled; patients 
with less than 15 retained teeth or missing full 
dentition; patients with a history of smoking or 
drinking; patients who had received periodon-

tal treatment; patients who had undergone sur-
gery or suffered from trauma in the past 3 
months; and those with renal insufficiency, 
severe hypertension, respiratory tract disease, 
peripheral angiopathy or thrombotic diseases.

Quantification of miR-155 and miR-146a in 
saliva through qRT-PCR assay

Cotton swabs stained with citric acid were used 
to stimulate the oral cavity of each patient in 
the morning before treatment and at 3 months 
after treatment, and the patient was required 
to spit out saliva 2 min later. The saliva was 
stored in 10 ml centrifuge tubes without RNA 
enzyme to collect saliva specimens. Total RNA 
was obtained from the saliva in accordance 
with the procedure of a mirVana kit (Thermo 
Fisher Scientific), and miRNA was reversely 
transcribed into cDNA in accordance with pro-
cedures of PrimeScriptRTreagent reverse tran-
scription kit (TakaRa), followed by an immedi-
ate fluorescence quantitative PCR in 7500 PCR 
instrument (Life Technologies). The conditions 
were as follows: 95°C for 2 min, followed by 35 
cycles of 95°C for 5 s, 62°C for 10 s, and 72°C 
for 30 s, and then 95°C for 1 min, 62°C for 1 
min, and 95°C for 15 s. Standardization was 
carried out using endogenous U6 small nuclear 
RNA (U6). Primers were all designed by Shang- 
hai Sangon Biotech Co., Ltd. The experimental 
data were analyzed by 2-ΔΔCT method. The se- 
quences of PCR primers are presented in Table 
1.

Outcome measures

The PD severity of patients in the obs group 
was graded according to the indexes recom-
mended by the Centers for Disease Control/
American Academy of Periodontology (CDC/
AAP): Mild: There were two adjacent sites with 
clinical attachment level (CAL) ≥3 mm or more 
on different teeth or two adjacent sites with 
probing depth (PD) ≥4 mm or more on different 
teeth, or there was one site on one tooth with 
PD ≥5 mm; Moderate: There were two adjacent 
sites with CAL ≥4 mm or more on different teeth 
or two adjacent sites with PD ≥5 mm or more 
on different teeth; Severe: There were two adja-
cent sites with CAL ≥6 mm or more on different 
teeth or there was one adjacent site with PD ≥5 
mm or more. Patients with mild or moderate PD 
were enrolled into the same group. The same 
physician was arranged to examine and record 
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Table 2. General data of the two groups

Factor The observation 
group (n=41)

The control group 
(n=35) T/χ2 value P-value

Sex 0.701 0.403
    Male 25 (86.21) 18 (75)
    Female 16 (55.17) 17 (70.83)
Age (Y) 29.78±6.91 28.59±6.81 0.753 0.454
BMI (Kg/m) 23.87±2.81 23.69±2.72 0.283 0.778
RBC (×1012/L) 4.98±0.23 5.09±0.57 1.133 0.261
PLT (×109/L) 154.35±14.69 155.45±13.98 0.333 0.740
Systolic blood pressure (mmHg) 118.41±10.34 121.35±11.31 1.183 0.241
Diastolic blood pressure (mmHg) 76.89±12.43 77.78±12.14 0.312 0.754
Hb (g/dl) 14.46±0.87 14.72±0.82 1.333 0.187
ALT (U/L) 21.89±8.16 22.03±9.28 0.070 0.944
AST (U/L) 17.78±7.45 18.09±7.43 0.181 0.857

Table 1. Primer sequences of miR-155 and miR-146a for qRT-PCR assay
Item Forward primer Reverse primer
MiR-155 5’-GGGCCTTCCCTGGAACAGGAGTCT-3’ 5’-GGGAGATTCATGGTATCAAGCACCC-4’
MiR-146a 5’-GTGCAGGGTCCGAGGT-3’ 5’-CAACACCAGTCGATGGGCTGT-4’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’

the periodontal histological indexes of all re- 
mained teeth in each patient before interven-
tion and at 3 months after intervention, includ-
ing gingival index (GI), plaque index (PLI), prob-
ing depth (PD), as well as attachment loss (AL), 
and the readings of PD, AL, and bleeding on 
probing (BOP) were all obtained at six sites for 
every tooth, distobuccal (DB), midbuccal (B), 
mesiobuccal (MB), distolingual (DL), midlingual 
(L) as well as mesiolingual (ML) sites, and aver-
aged as final results.

Statistical analyses

The obtained data were analyzed statistically 
with SPSS22.0. Measurement data were ex- 
pressed as the mean ± standard deviation (

_
x  ± 

sd), and compared with the t test. Enumeration 
data were expressed as rate, and analyzed 
using the χ2 test. In addition, Spearman’s rank 
correlation coefficient was adopted to evaluate 
the correlation between the expression of miR-
155 and miR-146a and disease severity. P< 
0.05 indicates a significant difference.

Results

Comparison of general data

Comparison of general data between the obs 
group and the con group showed that there was 

no significant difference between them in gen-
eral data such as red blood cell (RBC), body 
mass index (BMI), sex, age, primed lymphocyte 
typing (PLT), systolic blood pressure, diastolic 
blood pressure, Hb, alanine aminotransferase 
(ALT), and aspartate aminotransferase (AST) 
(all P>0.05) (Table 2).

Comparison of clinical indexes of patients in 
the two groups

Comparison of clinical indexes between the two 
groups showed that the levels of PLI, GI, PD, 
and AL in patients with PD from the obs group 
were all significantly higher than those in 
healthy individuals from the con group (all 
P<0.001, Table 3).

Comparison of the expression of saliva miR-
155 and miR-146a

Comparison of the expression of saliva miR-
155 and miR-146a between the obs group and 
the con group showed that the expression of 
them in the obs group was significantly higher 
than that in the con group (P<0.001, Table 4).

Correlation between the expression of saliva 
miR-155 and miR-146a and the severity of PD

According to the severity of PD in patients from 
the obs group, the mild PD, moderate PD, and 
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Table 4. Comparison of the expression of saliva 
miR-155 and miR-146a
Item MiR-155 MiR-146a
The observation group (n=41) 1.73±0.54 2.24±0.53
The control group (n=35) 0.93±0.32 1.83±0.26
t/χ2 value 7.784 4.166
P <0.001 <0.001

Table 3. Comparison of clinical indexes of patients in the two groups
Item PLI PD (mm) AL (mm) GI
The observation group (n=41) 0.93±0.05 6.41±0.15 6.46±0.55 3.35±0.51
The control group (n=35) 0.56±0.08 2.23±0.11 0.23±0.04 1.79±0.37
t/χ2 value 24.540 136.400 66.800 15.030
P <0.001 <0.001 <0.001 <0.001

Table 5. Correlation between the expression 
of miR-155 and miR-146a and the periodon-
titis severity

r 95% CI P
MiR-155 0.657 0.439-0.803 <0.001
MiR-146a 0.763 0.595-0.867 <0.001

severe PD were labeled as 1, 2, and 3, respec-
tively, and then Spearman’s rank correlation 
coefficient was used for the analysis of the cor-
relation between the PD severity and the ex- 
pression of miR-155 and miR-146a. It came  
out that the expression of saliva miR-155 and 
miR-146a in patients with PD was positively 
correlated with the PD severity (r=0.657, 0.763, 
P<0.05) (Table 5 and Figure 1).

Correlation between the expression of saliva 
miR-155 and miR-146a and clinical indexes 
of PD

According to Spearman’s rank correlation coef-
ficient on the relation between the expression 
of saliva miR-155 and miR-146a and clinical 
indexes of PD, the expression of them in pa- 
tients with PD was positively correlated with 
PLI, GI, PD, and AL (Figure 2).

Diagnostic value of saliva miR-155 and miR-
146a for PD

The receiver operating characteristic (ROC) 
curves of the expression of miR-155 and miR-
146a in diagnosing PD showed that the area 
under the curve (AUC) of miR-155 in saliva  
in the diagnosis was 0.887 (95% CI: 0.804-

0.970), and the specificity, sensitivity, and cut-
off value of it were 78%, 97.14%, and 1.602, 
respectively, while the AUC of miR-146a in sali-
va in the diagnosis was 0.745 (95% CI: 0.633-
0.858), and the specificity, sensitivity, and cut-
off value of it were 58.54%, 88.57%, and 2.151, 
respectively (Table 6 and Figure 3).

Discussion

PD is a specific chronic inflammatory disease. 
Plaque and tartar in the mouth of patients with 
gingivitis or PD press and stimulate gingival  
tissue for a long time, which can give rise to 
inflammatory edema in different degrees in 
periodontal supporting tissue and compromise 
the health of periodontal tissue in patients [16, 
17].

Although the predisposing factor of PD is the 
destruction of periodontal tissue by pathogenic 
microorganisms, the immune mechanism of 
inflammation in patients plays an essential role 
in the development of PD. Under the long-term 
repeated stimulation of pathogenic microor-
ganisms, periodontal tissue and cells will gen-
erate excessive reactive oxygen species, thus 
forming oxidative stress. Such a mechanism 
can eventually damage periodontal tissue th- 
rough release of massive inflammatory factors 
and hydrolases and cause direct destruction to 
tissue biomacromolecules [18, 19]. In addition, 
inflammation affects the function of stem cells 
in bone regeneration, which is the main diffi-
culty in the treatment of periodontal diseases. 
MiRNA not only regulates cell metabolism, pro-
liferation, differentiation, and apoptosis, but 
also regulates inflammatory response [20], so 
research on miRNA provides a good direction 
for understanding this pathological process 
[21]. In the present study, we quantified miR-
155 and miR-146a in the saliva of patients wi- 
th PD and healthy individuals, finding that the 
expression of them in the obs group was signifi-
cantly higher than that in the con group. Earlier 
studies have also shown that miR-155 and miR-
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Figure 1. Correlation between the expression of miR-155 and miR-146a in the saliva of patients and the severity 
of their periodontitis. Analysis of the correlation between the expression of miR-155 in the saliva of patients and 
the severity of periodontitis. A: The expression of miR-155 in the saliva of patients was positively correlated with 
the severity of periodontitis (r=0.657, P<0.001). Analysis of the correlation between the expression of miR-146a in 
the saliva of patients and the severity of periodontitis. B: The expression of miR-146a in the saliva of patients was 
positively correlated with the severity of periodontitis (r=0.763, P<0.001).

Figure 2. Correlation between the expression of miR-155 and miR-146a in the saliva of patients and the clinical 
indexes of periodontitis. Analysis of the correlation between the expression of miR-155 in the saliva of patients with 
periodontitis and PLI. A: The expression of miR-155 in the saliva of patients with periodontitis was positively cor-
related with PLI (r=0.748, P<0.001). Analysis of the correlation between the expression of miR-155 in the saliva of 
patients with periodontitis and PD. B: The expression of miR-155 in the saliva of patients with periodontitis was posi-
tively correlated with PD (r=0.846, P<0.001). Analysis of the correlation between the expression of miR-155 in the 
saliva of patients with periodontitis and AL. C: The expression of miR-155 in the saliva of patients with periodontitis 
was positively correlated with AL (r=0.667, P<0.001). Analysis of the correlation between the expression of miR-155 
in the saliva of patients with periodontitis and GI. D: The expression of miR-155 in the saliva of patients with peri-
odontitis was positively correlated with GI (r=0.617, P<0.001). Analysis of the correlation between the expression of 
miR-146a in the saliva of patients with periodontitis and PLI. E: The expression of miR-146a in the saliva of patients 
with periodontitis was positively correlated with PLI (r=0.864, P<0.001). Analysis of the correlation between the 
expression of miR-146a in the saliva of patients with periodontitis and PD. F: The expression of miR-146a in the 
saliva of patients with periodontitis was positively correlated with PD (r=0.798, P<0.001). Analysis of the correlation 
between the expression of miR-146a in the saliva of patients with periodontitis and AL. G: The expression ofmiR-
146a in the saliva of patients with periodontitis was positively correlated with AL (r=0.641, P<0.001). Analysis of 
correlation between the expression of miR-146a in the saliva of patients with periodontitis and GI. H: The expression 
of miR-146a in the saliva of patients with periodontitis was positively correlated with GI (r=0.610, P<0.001).

146a are abnormally expressed in patients 
with PD. For instance, Xie et al. [22] detected 

miRNA in patients with PD and healthy individu-
als through RT-PCR, and found that miR-146a 
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Table 6. Diagnostic value of saliva miR-155 and miR-146a 
for PD

Index AUC 95% CI Specificity 
(%)

Sensitivity 
(%) Cut-off

MiR-155 0.887 0.804-0.970 78.00 97.14 1.602
miR-146a 0.745 0.633-0.858 58.54 88.57 2.151

Figure 3. Diagnostic value of miR-155 and miR-146a 
in the saliva for periodontitis. The AUC of miR-155 for 
diagnosing periodontitis was 0.887 (95% CI: 0.804-
0.970), and the specificity, sensitivity, and cut-off val-
ue of it were 78%, 97.14%, and 1.602, respectively, 
while the AUC of miR-146a in saliva in diagnosing 
periodontitis was 0.745 (95% CI: 0.633-0.858), and 
the specificity, sensitivity, and cut-off value of it were 
58.54%, 88.57%, and 2.151, respectively.

expression in the two kinds of individuals was 
significantly different, and it was up-regulated 
in patients with PD. Moreover, Sipert et al. [23] 
have quantified miR-146a and miR-155 in the 
dental pulp, gingiva, and periodontal membr- 
ane fibers of the same individual, and revealed 
that under the stimulation of lipopolysaccha-
ride, miR146a and miR155 in gingival fibers 
increased significantly compared with peri-
odontal membrane fibers. However, the num-
ber of samples they studied was small and the 
expression of saliva miR-146a and miR-155 
was not analyzed.

In the present study, we analyzed the correla-
tion between the expression of saliva miR-155 
and miR-146a in patients with PD and the se- 
verity of their PD, finding that the expression of 
saliva miR-155 in the patients was positively 
correlated with the severity of their PD to a cer-

tain extent (r=0.657), but the correla-
tion was weaker than that between 
the expression of saliva miR-146a and 
the severity of PD (r=0.763), which 
implies that the expression of saliva 
miR-155 and miR-146a in patients 
with PD may be closely related to the 
severity of PD. In recent years, there is 

little research on the relationship between the 
expression of miR-155 and miR-146a and PD. 
Motedayyen et al. [24] studied 20 patients with 
PD and 10 healthy individuals, and found that 
the expression of miR-146a in gingival tissue 
specimens from patients with PD was signifi-
cantly higher than that in gingival tissue speci-
mens from healthy individuals, and the expres-
sion was related to clinical indexes such as PD 
and AL and inflammatory factors. According to 
our Pearson correlation analysis on the relation 
between the expression of saliva miR-155 and 
miR-146a and clinical indexes of PD, the ex- 
pression of them in patients with PD was posi-
tively correlated with PLI, PI, PD, and AL, which 
suggests that up-regulated miR-155 and miR-
146a in oral local secretions may also be one 
of the mechanisms of PD progression.

The diagnosis level of early PD is relatively poor, 
because the majority of patients do not have 
obvious clinical symptoms in the early clinical 
stage, and the diagnosis of it is relatively diffi-
cult due to costly examination including oral 
endoscopy [25, 26]. Detection of saliva indexes 
takes an important part in the diagnosis of 
infectious diseases. The detection is relatively 
convenient, economical, and highly operable, 
so it is easy to popularize. At the end of the 
study, according to the ROC curves of miR-155 
and miR-146a expression in the diagnosis of 
PD, the AUC, specificity, and sensitivity of miR-
155 in diagnosing PD were 0.887, 78%, and 
97.14%, respectively, and those of miR-146a  
in diagnosing PD were 0.745, 58.54%, and 
88.57%, respectively, which suggests that both 
of them have certain value in the diagnosis of 
PD.

This study has provided clues for the roles of 
miR-155 and miR-146a in PD lesions by com-
paratively analyzing the expression of saliva 
miR-155 and miR-146a in PD patients and 
healthy individuals and exploring its correlation 
with severity and clinical indexes of PD, as well 
as the diagnostic value of them for PD. However, 
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the specific mechanism is still unclear, and 
miR-155 and miR-146a in other types of speci-
mens from PD patients have not been studi- 
ed. It is hoped that these deficiencies can be 
addressed in future research.

In conclusion, miR-155 and miR-146 were both 
highly expressed in the saliva of cases with PD, 
and the expression of them was positively cor-
related with the severity and clinical indexes of 
PD, somiR-155 and miR-146 might participate 
in the development and progression of PD.
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