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Abstract
Background: It has been stated that microRNA (miRNA) plays an important role in 
development, homeostasis, and immune functions, and abnormal miRNA expression 
may cause faster disease progression.
Objective: The aim of this study was to determine miR-203, miR-142-3p, miR-146a, 
miR-146b, miR-155, and miR-29b gene expressions in the saliva of smokers and non-
smokers with the periodontal disease before and after non-surgical periodontal ther-
apy (NSPT).
Methods: A total of 90 individuals, 30 with periodontitis, 30 with gingivitis, and 30 
periodontally healthy (control group), were included. These three groups were di-
vided into subgroups as smoking and non-smoking individuals, with 15 people in each 
group. NSPT was applied to patients with periodontitis and gingivitis. Saliva samples 
and clinical parameters were obtained at baseline and repeated 6 weeks after NSPT.
Results: Saliva miR-203, miR-142-3p, miR-146a, miR-146b, and miR-155 gene expres-
sions were significantly upregulated in patients with periodontal disease compared 
to the control group both in smokers and non-smokers, and also these miRNAs' gene 
expressions were significantly higher in the periodontitis group than in the gingivitis 
group at baseline (p < .05). A significant increase in saliva miR-142-3p expression was 
detected in all groups of smokers compared to non-smokers (p < .05). Although there 
was a decrease in salivary miRNAs gene expressions with the treatment, it was not 
statistically significant (p > .05).
Conclusions: These results suggest that salivary miR-146a, miR-146b, miR142-3p, 
miR-155, and miR-203 gene expressions increased with the progression of periodon-
tal disease, but unchanged after periodontal treatment. Moreover, smoking may con-
tribute to an increase in the levels of salivary miR-142-3p in the periodontal health 
and disease.
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1  |  INTRODUC TION

Periodontal disease is a chronic and multifactorial inflammatory 
disease that develops with the interactions between the dysbiotic 
dental plaque biofilm and the host immuno-inflammatory response.1 
Early diagnosis of periodontal diseases will prevent irreversible loss 
of periodontal tissues as well as teeth.2 Recently, molecular ap-
proaches identifying genetic and epigenetic conditions will clarify 
which state of inflammatory condition is present and determine who 
is at risk for future destruction of the periodontium.3 One of the 
approaches in this area has been micro-RNA (miRNA).4

MiRNA is a type of single-stranded small non-coding RNA mol-
ecule with a length of approximately 22 nucleotides.5,6 It has been 
reported that miRNAs affect important cellular biological functions 
such as proliferation, migration, invasion, signal transduction, auto-
phagy, and apoptosis.7 Different miRNA expression has been shown 
to regulate cell growth and function in cells involved in innate and 
acquired immunity.8 MiRNAs have been shown to play an important 
role in development, homeostasis, and immune functions, including 
diseases such as cancer, developmental abnormalities, neuromuscu-
lar disorders, and cardiovascular diseases.4 It has been stated that 
abnormal miRNA expression may cause more severe and faster dis-
ease progression.9

A review reported the potential roles of miRNAs in periodontal in-
flammation.10 Xie et al.9 examined miRNA profiles, which they thought 
to be associated with periodontal disease, in the inflamed and healthy 
gingival tissue and determined that expressions 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 expressions of hsa-miR-155 and hsa-miR-205 decreased. On the 
other hand, with the understanding of the importance of analysis of 
saliva miRNAs in oral cancers for non-invasive diagnostic purposes,11 
a review indicated that miRNAs may serve as saliva markers for peri-
odontitis.2 It has been suggested that there may be early diagnoses 
in periodontitis with saliva miRNA analysis, which may help prevent 
bone and tooth loss.2 Moreover, Schmalz et al.2 stated that miR-203, 
miR-142-3p, miR-146a, miR-155, and miR-29b play a role in oral can-
cers and their roles in periodontal disease should be investigated.

Smoking is a major risk factor for periodontal diseases and it is 
known that smoking affects the occurrence, severity, and recovery 
of periodontal diseases after periodontal treatment.12 A recent re-
view suggested that smoking can modulate the expression of miR-
NAs by various signaling pathways such as apoptosis, angiogenesis, 
and inflammatory pathways.13 An experimental study revealed that 
miRNA expression in oral fibroblasts and oral keratinocytes was 
dysregulated by exposure to tobacco condensate.14 Additionally, 
smoking has been reported to reduce miR-203a expression in rec-
tal cancer.15 Another study reported that smoking has an effect on 
downregulation of miR-200b and miR-92a expressions on oral mu-
cosa and there was a negative correlation between the number of 
cigarettes and the expression level of miR-203a.16 Because of this 
knowledge, this study hypothesized that smoking can dysregulate 
miRNA expression profiles in periodontal disease.

Recently, interest in studies investigating the relationship be-
tween periodontal disease and miRNA has been increasing. To date, 
few studies have examined various miRNA gene expression analyses 
in various body fluids and gingival tissues for periodontitis,2,17,18 but 
no studies have evaluated the effects of smoking on miRNA levels in 
the individuals with periodontal disease before and after periodontal 
treatment. The authors theorize that expressions of these miRNAs 
would increase with exacerbation of periodontal disease, then peri-
odontal therapy might improve these levels, and that smoking might 
also raise the expression of these miRNAs. The objectives of this 
study were (1) to identify the levels of miR-203, miR-142-3p, miR-
146a, miR-146b, miR-155, and miR-29b gene expressions in the sa-
liva of the patients with periodontal health and disease, (2) to assess 
the impact of smoking on saliva miR-203, miR-142-3p, miR-146a, 
miR-146b, miR-155, and miR-29b gene expressions in smokers and 
non-smokers with periodontal disease and health, and (3) to explore 
the effect of non-surgical periodontal treatment on saliva miR-203, 
miR-142-3p, miR-146a, miR-146b, miR-155, and miR-29b gene ex-
pressions in smokers and non-smokers with periodontal disease.

2  |  MATERIAL AND METHODS

2.1  |  Study population and study design

Participants of the present study were recruited from the Department 
of Periodontology, Ordu University between September 2019 and 
November 2020 to the study. The study protocol was confirmed by 
the Clinical Research Ethics Committee of Ordu University, Ordu, 
Turkey, according to the Helsinki Declaration of 1975, as revised 
in 2008 (Protocol ID: 2018\212, Clinical Trial. org-NCT05046678). 
Informed consent was provided by individuals included in the study.

At the beginning of the study, the periodontal conditions of all 
participants were defined according to the 2017 World Workshop 
on the Classification of Periodontal and Peri-Implant Diseases and 
Conditions.19 Periodontal healthy groups included individuals with 
clinically gingival health on an intact periodontium who had bleeding 
on probing (BOP) < 10% and probing depth (PD) ≤ 3 mm, no attach-
ment, and alveolar bone loss, and no history of periodontitis. Gingivitis 
groups included patients without attachment and alveolar bone loss 
who had gingival inflammation, PD ≤ 3 mm, and BOP > 30% in the entire 
mouth. Periodontitis patients consisted of generalized stage 3-grade B 
and were selected from subjects who had interdental clinical attach-
ment levels (CAL) ≥ 5 mm, PD≥6 mm on at least two non-adjacent teeth, 
and radiographic bone loss extending to the middle or apical third of 
the root. These patients had attachment and bone loss at ≥30% of the 
teeth and loss of ≤4 teeth due to periodontitis. Periodontitis grade 
has been determined by radiographic bone loss/age.20 Accordingly, 
patients between 0.25-1.00 were categorized as Grade B. In addition, 
participants were included as smokers if they had smoked ≥10 ciga-
rettes/day for ≥5 years21 and smokers with periodontitis were catego-
rized as Grade C, whereas participants were included as non-smokers if 
they had no previous history of smoking. Additionally, the participants 
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were excluded who have any systemic disease, pregnancy or lactation, 
history of radiotherapy or chemotherapy, had received antibiotic or any 
anti-inflammatory drug, or any periodontal treatment within the past 
6 months. Individuals with at least 20 teeth (excluding third molars) and 
older than 18 years were evaluated clinically and radiographically.

After clinical evaluation, a total of 90 subjects (47 males and 43 
females, mean age: 42.86 ± 7.49) including individuals with periodon-
titis (n = 30), gingivitis (n = 30), and periodontal healthy (n = 30) were 
enrolled in this study. All groups were divided into smokers and non-
smokers. Study participants were classified into six groups as follows: 
(1) smokers with periodontitis (SP, n = 15, 8 males and 7 females; age: 
42.87 ± 10.04 years); (2) non-smokers with periodontitis (NP, n = 15, 
8 males and 7 females; age: 45.60 ± 6.87 years); (3) smokers with gin-
givitis (SG, n = 15, 8 males and 7 females; age: 42.33 ± 7.18 years); (4) 
non-smokers with gingivitis (NG, n = 15, 8 males and 7 females; age: 
44.73 ± 7.00 years); (5) smokers with periodontal healthy (SH, n = 15, 
8 males and 7 females; age: 38.33 ± 5.53 years); and (6) non-smokers 
with periodontal healthy (NH, n = 15, 7 males and 8 females; age: 
43.27 ± 6.61 years).

2.2  |  Clinical measurements and intra-examiner 
reproducibility

The periodontal status of each individual was examined with full 
mouth plaque index (PI),22 gingival index (GI),23 BOP,24 PD, CAL, 
and radiographical evaluation. All measurements were recorded at 
six sites around each tooth with a Williams periodontal probe (Hu-
Friedy, Chicago, IL) by a single calibrated examiner who was blinded 
to the whole study (ET). Before the actual measurements, 10 ran-
domly selected participants were used to calibrate the researcher. 
Each clinical parameter was measured by the investigator at two si-
multaneous intervals 48 h apart. If there was >90% similarity at the 
millimeter level between the two measurements, the calibration of 
the investigator was recorded as acceptable.25

2.3  |  Periodontal treatment

Mechanical plaque control (instructions on tooth brushing and the 
use of interdental cleaning tools (interproximal brushes or/and den-
tal floss)) was given to all individuals participating in the study. Non-
surgical periodontal treatment (NSPT) was applied to patients with 
periodontitis and gingivitis by the same investigator (ET). The treat-
ment of periodontitis patients was accomplished within 2 weeks, 
depending on the periodontal status of each patient. Subgingival in-
strumentation [debridement, scaling, and root planning (SRP)] using 
manual scalers, curettes, and ultrasonic instruments was performed 
on all 4 quadrants of patients with periodontitis and maintenance 
and a repeat of oral hygiene. The treatment of gingivitis patients 
was performed with only scaling by using scalers or ultrasonic in-
struments. Clinical measurements were repeated from both groups 
(gingivitis and periodontitis) 6 weeks after NSPT.26,27

2.4  |  Saliva sampling

The samples were collected at baseline from all groups and 6 weeks 
after NSPT from gingivitis and periodontitis groups. Saliva sampling 
was performed 1  day after clinical periodontal measurements, in 
the morning after 10–12 h of fasting because the complex struc-
ture of saliva can be affected by any situation. Unstimulated saliva 
samples were collected. Each individual was instructed to rinse with 
tap water to remove the deposits in the mouth. Then saliva samples 
were collected by instructing the individuals to spit every 60 s for 
5 min. The samples were put into 50-ml CELLSTAR tubes (#227261, 
Greiner Bio-One, Kremsmünster, Austria) by spitting and were kept 
on ice. The volume of saliva was recorded and the saliva flow rate 
was calculated which was expressed as ml/min.28 Immediately after 
saliva collection, samples were pretreated with sonication for the 
experiment as described in Iwai et al.29 The agitated saliva samples 
were then centrifuged at 5000 rpm for 15 min at 4°C to precipitate 
the cell debris. The supernatant part of the samples was removed 
and the remaining part was frozen in liquid nitrogen and stored in 
−80°C.

2.5  |  RNA preparation and the miRNA isolation

Prior to miRNA isolation, the frozen saliva samples were thawed on 
ice and total RNA was firstly extracted using a protocol described 
in the Oragene®•RNA Self-Collection Kit (DNA Genotek). In brief, 
saliva samples were mixed with 300 μl of Oragene®•RNA solution. 
The mix was incubated for 1  h at 50°C, then heated at 90°C for 
15 min and allowed to cool to room temperature. Afterward, 48 μl 
of the Oragene®•RNA Neutralizer solution was added. Samples 
were mixed, incubated on ice for 10  min, and then centrifuged at 
10000 × g for 3 min at room temperature. The supernatant was col-
lected and the isolation of total RNA was completed after its quan-
tification on NanoDrop® ND-1000 spectrophotometer (Thermo 
Scientific, Wilmington, DE). An Agilent 2100 Bioanalyzer (Santa 
Clara, CA) was used to detect the size distribution of total RNA, 
as well as determine the quality of the RNA. miRNA isolation was 
performed using the microRNA Purification Kit (NORGEN Biotek 
Corporation, Thorold, ON, Canada) according to the manufacturer's 
instructions. The isolation was started with the addition of 250 μl 
of frozen saliva samples into Buffer PBS (150 μl) included in the 
kit. Then the solution was vortexed and 400 μl of 96% ethanol was 
added. After vortexing, 600 μl of the solution was transferred into 
the spin column and centrifuged at 14 000 rpm for 1 min. The resid-
ual solution was taken into the collection tube and an equal amount 
of ethanol was added. After the vortex, the solution was loaded 
into a microRNA enrichment column for binding the small RNA mol-
ecules to the silica from flow-through. Centrifugation enabled the 
washing solution to pass through the column and the same process 
was repeated two more times. To obtain RNA molecules bound to 
the column, 50 μl of ES-A solution was lastly added to the column 
and centrifugation enabled the RNA molecules to be available in the 
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tube. Quantification and quality of RNA in the samples were deter-
mined using the NanoDrop 2000 spectrophotometer (Thermo Fisher 
Scientific, Waltham, Massachusetts, ABD). The integrity of the RNA 
samples was tested with 2100 Bioanalyzer (Agilent Technologies) 
using the small RNA assay. All the RNA samples were then stored at 
-80°C until they were used in expression analysis.

2.6  |  Real-time quantitative PCR analysis of 
miRNAs for gene expression

RT-qPCR-based miRNA gene expression analyses were made with 
2-Step qRT-PCR Kits (MyBioSource, San Diego, California). This kit 
includes miRNA and U6 high specific reverse transcribe (RT) and 
PCR primer set and contains SYBR Green dye for gene expression 
quantification. In the study, miRNA samples were firstly converted 
to cDNA using 54 mer RT primers as recommended by the manufac-
turer. The 48-mer region of these primers forms a stem-loop struc-
ture, while the 6-mer region was designed according to the targeted 
miRNA (Table 1). The reaction was carried out in 20 μl solution con-
taining 4 μl 5X RT Master Mix, 0.75 μl dNTP (10 mM), 1.20 miR-RT 
Primers Mix (1 μM), 0.2 μl MMLV Reverse Transcriptase (200 U/μl), 
and ~ 2 ng RNA sample. The remaining part of the solution was com-
pleted to 20 μl with nuclease-free sterile water. The reverse tran-
scription was run at 25°C for 30 min, at 42°C for 30 min, and finally 
5  min at 85°C in a Thermocycler (Applied Bio-systems, Waltham, 
Massachusetts) to obtain cDNAs.

miRNA gene expression analyses were performed according to 
the MyBioSource SYBR-based RT-qPCR protocol (MyBioSource, 
San Diego, California). In the study, U6 small nuclear RNA included 
in miRNA kits was used as an internal control. Each reaction was 
carried out in 20 μl solution constitutes from 10  μl 2X Real-time 
PCR Master Mix, 0.4 μl miRNA specific Primer set (10 μM), 0.4 μl 
ROX reference dye, 1 μl PCR enhancer, 0.2 μl Taq DNA polymerase 
(5  U/μl), 2  μl miRNA RT product, and 6  μl dd H2O. ROX dye was 
provided as an internal passive reference for the SYBR Green sig-
nal normalization during data analysis to correct well-to-well fluo-
rescent fluctuations. RT-qPCR analyses were performed using the 
Applied Biosystems 7900HT Sequence Detection System (Applied 
Bio-systems, Waltham, Massachusetts). The reaction was carried 
out under 95°C for 3 minutes hold, 40 cycles at 95°C, and at 62°C 

for 12 s. SYBR and ROX signal was selected in the analysis program 
for the gene detection and reference, respectively. To confirm the 
specificity of amplification, the samples were subjected to melt 
curve analysis, which involved a ramp step that ranged between 60 
and 95°C with an initial hold for 90 s followed by a rise of 1°C at each 
step with a 5 s hold to enable the melting process. Analysis of melt 
curve showed distinct peak intensities for each of the miRNAs be-
tween 75 and 85°C. Relative expression levels of each miRNA were 
calculated using the 2⁻△△Ct method.

2.7  |  Statistical analysis

The primary outcome variable (change in miR-146a expressions 
between periodontitis and healthy groups before periodontal 
treatment) was used to decide the sample size calculation.30 We es-
timated that a sample size of 13 patients in each group would allow 
for a type II error level of β = 0.95 (95% power) and a type I error 
level of α = 0.05 (5% probability). To protect from possible dropouts, 
the sample size was increased to 15 patients in each group.

Statistical analysis was carried out using the statistical package 
software (SPSS 20.0  V, SPSS Inc., Chicago, IL). The data obtained 
from the study were first evaluated with Levene's test to check 
whether the homogeneity of variances was assumed or not, and with 
the Shapiro-Wilks test to check whether it satisfies the assumption 
of normality. The descriptive statistical analyzes of the data were 
evaluated with one-way ANOVA and the mean and standard devia-
tion values of the groups were calculated. Multiple comparisons of 
the mean values of the groups were performed using Tukey HSD, 
and intragroup comparisons before and after treatment were per-
formed using the paired t-test. Statistically significant differences 
were considered at p < .05 for all analyses.

3  |  RESULTS

3.1  |  Clinical findings

Clinical periodontal findings of the study groups are shown in 
Table 2. There were no significant differences in the age and gender 
distribution among groups (p > .05).

TA B L E  1  Oligonucleotide sequences of target mature miRNAs and specific forward PCR primers (5′–3')

Target miRNA Mature miRNA sequence PCR Primer

hsa-miR-142-3p TGTAGTGTTTCCTACTTTATGGA GGGGTGTAGTGTTTCCTACT

hsa-miR-203 GTGAAATGTTTAGGACCACTAG GGGGTGAAATGTTTAGGAC

hsa-miR-146b TGAGAACTGAATTCCATAGGCT GGGTGAGAACTGAATTCCA

hsa-miR-146a TGAGAACTGAATTCCATGGGTT GGGTGAGAACTGAATTCCA

hsa-miR-155 TTAATGCTAATCGTGATAGGGGT GGGTTAATGCTAATCGTGAT

hsa-miR-29b TTTAGATTTAAATAGTGATTGTCT GGGGGTTCTTGTGACTAAAG

U6 small nuclear RNA U6-forward
5’-GCTTCGGCAGCACATATACTAAAAT-3’

U6-reverse
5′-CGCTTCACGAATTTGCGTGTCAT-3’

RT primer 5′-GTCGTATCCAGTGCGT- GTCGTGGAGTCGGCAATTGCACTGGATACGAC-3
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For both smokers and non-smokers, PI, GI, and BOP values were 
statistically significantly higher in all groups with periodontal disease 
(NG, NP, SG, SP) than in periodontal healthy groups at baseline (NH, 
SH) (p < .05) and a significant reduction was observed after the NSPT 
(p < .001). GI and BOP values in patients with periodontal disease 
were found to be significantly lower in smokers than in non-smokers 
(p < .001). PD and CAL scores in periodontitis groups with smokers 

and non-smokers were significantly higher than gingivitis and peri-
odontal healthy groups with smokers and non-smokers at baseline 
(p < .05), but there was no statistically significant difference between 
periodontitis groups in the PD and CAL (p > .05). When PD and CAL 
values were examined after NSPT in periodontitis and gingivitis 
groups, there was a statistically significant decrease in PD only in 
the periodontitis groups with smokers and non-smokers (p < .001). In 

TA B L E  2  Clinical periodontal findings of the study groups before (T0) and after periodontal treatment (Tt)

Control Gingivitis Periodontitis

Non-smokers 
(n = 15)

Smokers 
(n = 15)

Non-smokers 
(n = 15)

Smokers 
(n = 15)

Non-smokers 
(n = 15) Smokers (n = 15)

PI T0 0.28 ± 0.06 0.27 ± 0.07 1.87 ± 0.57†,‡ 1.79 ± 0.47†,‡ 1.72 ± 0.47†,‡ 1.99 ± 0.47†,‡

Tt 0.28 ± 0.11 0.21 ± 0.08 0.58 ± 0.30 0.64 ± 0.27

p <.001 <.001 <.001 <.001

GI T0 0.12 ± 0.17 0.06 ± 0.08 1.54 ± 2.03†,‡ 0.60 ± 0.95†,‡,§ 1.36 ± 1.83†,‡,¶ 0.94 ± 1.23† ,‡,§,††

Tt 0.66 ± 0.34 0.19 ± 0.08 0.56 ± 0.32 0.20 ± 0.20

p <.001 <.001 <.001 <.001

BOP (%) T0 0.00 ± 0.00 0.00 ± 0.00 57.22 ± 16.67†,‡ 28.57 ± 8.16†,‡,§ 64.68 ± 19.99†,‡,¶ 38.02 ± 10,78†,‡,§,††

Tt 18.35 ± 7.39 10.88 ± 2.24 18.15 ± 11.52 13.14 ± 2.92

p <.001 <.001 <.001 <.001

PD (mm) T0 1.25 ± 0.06 1.39 ± 0.13 1.73 ± 0.46 1.80 ± 0.44 3.22 ± 0.54†,‡,§,¶ 3.09 ± 0.43†,‡,§,¶

Tt 1.49 ± 0.40 1.65 ± 0.46 2.23 ± 0.48 2.45 ± 0.43

p =.147 =.397 <.001 <.001

% sites PD
4–5 mm

T0
Tt
p

—
—
—

—
—
—

—
—
—

—
—
—

42.6 ± 12.6
24.6 ± 10.8
<.001

46.3 ± 8.52
29.5 ± 8.41
<.001

% sites PD ≥ 6 mm T0
Tt
p

—
—
—

—
—
—

—
—
—

—
—
—

21.7 ± 6.24
19.4 ± 5.82
=.068

26.4 ± 5.38
24.8 ± 6.89
=.052

CAL (mm) T0 1.25 ± 0.06 1.39 ± 0.13 1.73 ± 0.46 1.80 ± 0.44 5.04 ± 0.92†,‡,§,¶ 4.57 ± 0.99†,‡,§,¶

Tt 1.49 ± 0.40 1.65 ± 0.46 4.38 ± 0.93 3.90 ± 0.79

p =.147 =.397 =.062 =.054

% sites CAL 4–5 mm T0
Tt
p

—
—
—

—
—
—

—
—
—

—
—
—

47.4 ± 0.89
40.5 ± 6.82
<.001

45.62 ± 13.4
39.4 ± 7.23
<.001

% sites CAL ≥ 6 mm T0
Tt
p

—
—
—

—
—
—

—
—
—

—
—
—

25.1 ± 5.51
22.9 ± 6.73
=.083

24.9 ± 4.71
21.5 ± 4.69
=.071

SFR
(ml/min)

T0 3.00 ± 0.86 2.95 ± 1.49 3.50 ± 1.87 3.43 ± 1.37 3.18 ± 1.55 3.51 ± 1.24

Tt 3.05 ± 1.15 3.26 ± 0.70 2.91 ± 1.06 3.90 ± 1.60

p =.435 =.679 =.589 =.471

Time of smoking 
habit/years

— 28 (10–40) — 24 (10–40) — 30 (10–50)

Number of 
cigarettes/day

— 25 (10–40) — 20 (10–30) — 26 (10–40)

Note: Data are expressed as mean ± standard deviation. p < .05 was considered statistically significant.
Abbreviations: BOP, Bleeding on Probe; CAL, Clinical attachment level; GI, Gingival index; PD, Probing depth; PI, Plaque index; SFR, Saliva flow rate.
†Significant difference with non-smokers periodontally healthy group (p < .05).
‡Significant difference with smokers periodontally healthy group (p < .05).
§Significant difference with non-smokers gingivitis group (p < .05).
¶Significant difference with smokers gingivitis group (p < .05).
††Significant difference with non-smokers periodontitis group (p < .05).
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terms of saliva flow rates, no statistically significant difference was 
found among all groups at baseline and values before and after NSPT 
in the periodontitis and gingivitis groups (p > .05).

3.2  |  Gene Expressions of miRNAs

The Log2 fold change results of the saliva miR-203, miR-142-3p, miR-
146a, miR-146b, miR-155, and miR-29b gene expressions and com-
parisons of the study groups before and after periodontal treatment 
for smokers and non-smokers are shown in Figure 1.

miR-146a, miR-146b, miR-142-3p, miR-155, and miR-203 gene 
expressions were significantly upregulated in periodontitis groups 
with smokers and non-smokers (NP, SP) compared to gingivitis and 
periodontal healthy groups (NG, SG, NH, SH), and miR-29b gene ex-
pressions were also significantly upregulated in NP group than in NH 
group at baseline (p < .05). miR-146a, miR-146b, miR-142-3p, miR-
155, and miR-203 gene expressions were significantly upregulated 
in gingivitis groups with smokers and non-smokers (NG, SG) com-
pared to the periodontal healthy group with non-smokers (NH) at 
baseline, excluding miR-155 gene expressions in NG group (p < .05). 
Only miR-142-3p gene expressions in patients with periodontitis 
and gingivitis were found to be significantly upregulated in smok-
ers than in non-smokers at baseline (p < .05). On the other hand, it 
was found that there was a statistically significant upregulation in 
miR-146a, miR-146b, and miR-142-3p gene expressions in smokers 
compared to non-smokers with the periodontally healthy group at 
baseline (p < .05). Moreover, there were no significant differences in 

saliva miRNA expressions before and after NSPT of patients with 
periodontitis and gingivitis for smokers and non-smokers (p > .05).

4  |  DISCUSSION

Recently, there has been increasing interest in examining miRNAs in 
periodontal disease. In clinical studies, mostly, miRNAs have been 
studied in gingival tissue by an invasive method.9,31–34 Although 
miRNAs in periodontal diseases have been investigated, the miR-
NAs examined in our study have not been adequately discussed in 
other studies. In a few studies, the effect of periodontal treatment 
on miR-146a, miR-155, and miR-203 gene expressions was examined 
for periodontitis.17,30,34–36 However, the gingivitis form of periodon-
tal disease and the effect of periodontal treatment and smoking 
on other miRNAs expressions were not investigated in any study. 
Thus to the best of our knowledge, this is the first study evaluating 
the effect of smoking on salivary miR-203, miR-142-3p, miR-146a, 
miR-146b, miR-155, and miR-29b gene expressions in patients with 
the periodontal disease before and after non-surgical periodontal 
treatment. At the same time, we know that previous studies2,11 have 
indicated that salivary miRNA levels are important in the diagnosis 
and prognosis of oral cancers and can also be used in the diagnosis 
of periodontal disease. Recently, there has been increasing interest 
in the analysis of miRNA levels in periodontal health and disease. As 
the evidence in these studies increases, we think that saliva miRNA 
analysis can help clinicians in the diagnosis and prognosis of peri-
odontal disease.17,31,34,35

F I G U R E  1  Log 2 gene expression changes of miRNAs in the saliva of study groups before (T0) and after periodontal treatment (Tt). 
Expressions of miRNA-142-3p (A), miRNA-146a (B), miRNA-146b (C), miRNA-155 (D), miRNA-203 (E), and miRNA-29b (F) in saliva were 
measured by real-time qPCR. YES: smoking individuals; NO: non-smoking individuals. Data are expressed as mean ± standard deviation. 
p < .05 was considered statistically significant. †Significant difference with non-smokers periodontally healthy group (p < 0.5). ‡Significant 
difference with smokers periodontally healthy group (p < 0.5). §Significant difference with non-smokers gingivitis group (p < .05). ¶Significant 
difference with smokers gingivitis group (p < .05). ††Significant difference with non-smokers periodontitis group (p < .05).
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In this study, for both smokers and non-smokers, it was shown 
that the expressions of miR-142-3p, miR-146a, miR-146b, miR-155, 
and miR-203 upregulated in the presence of periodontal disease and 
increased during the transition from gingivitis to periodontitis. Xie 
et al.9 reported that miR-203 expression was upregulated in inflamed 
gingiva. Besides, Moffatt & Lamont37 reported that expression of 
miR-203 increased in gingival epithelial cells stimulated with P. gin-
givalis. Stoecklin-Wasmer et al.31 showed the overexpression of miR-
155 in the gingival tissue of individuals with periodontitis compared 
to healthy individuals. Honda et al.38 reported that the expression 
of miR-155 increased after stimulation of THP-1 cells with P. gingi-
valis LPS, but this increase was lower than that of miR-146a. A re-
cent study found that miR-146a levels in gingival tissues increased 
in patients with generalized periodontitis stages II, III and grades A, 
B, and stages III, IV, and grade C compared to healthy subjects.34 
Interestingly, these levels were significantly higher in stages II, III, 
and grades A, B periodontitis compared to stages III, IV, and grade 
C periodontitis.34 In addition to these studies, the increased saliva 
and gingival crevicular fluid (GCF) miR-146a, miR-146b, and miR-155 
levels have been reported in periodontitis.30,35 Similar to these stud-
ies, Al-Rawi et al.17 detected higher rates of miR-146a, miR-146b, 
miR-155, and miR-203 expressions in saliva samples of individuals 
with periodontitis than healthy individuals, and also reported that di-
abetes causes increase expressions of miRNA. Similarly, our findings 
demonstrated high expression levels of these miRNAs in the saliva of 
patients with periodontal disease and suggest that increased expres-
sions of these miRNAs may be associated with activity and severity 
of periodontal disease. But, contrary to the above studies, Stoecklin-
Wasmer et al.31 showed lower expression of miR-203 in the gingival 
tissue of individuals with periodontitis compared to healthy individ-
uals. Additionally, Sipert et al.33 showed that miR-155 was downreg-
ulated in the gingiva after induction of gingival cells with LPS. These 
conflicting results may be due to changes in different cell and disease 
types, analysis techniques, and severity of inflammation.

miR-29b expressions in periodontitis with non-smokers showed 
upregulation compared to healthy individuals with non-smokers in 
the present study. A recent review reported that miR-29b expres-
sions upregulated in the gingival tissue of both human and mouse 
as a result of periodontal disease.3 However, it has been stated that 
miR-29b has been identified as a positive regulator of osteoblasto-
genesis and also acts as a decreaser of collagen synthesis in mature 
osteoblasts.39 The results of our study are unexpected, as osteoclas-
tic cells are stimulated in bone loss, which is a hallmark of periodon-
titis. The present study is the first clinical study to show associate 
periodontitis with miR-29b. These results may imply that miR-29b 
might play a different role in periodontitis and that measuring the 
quantification of miR-29b in saliva can provide data on the patholog-
ical process of periodontitis.

Smoking is thought to be the major factor affecting the biosyn-
thesis and maturation of miRNAs.13 Several reports have stated that 
smoking causes changes in the expression of miRNAs, and miRNA 
profiles that are sensitive to smoking have been reported.13,40 
Conickx et al.41 determined that miR-142-3p was upregulated in 

lung tissues in cigarette smoke-exposed mice. Contrary to this 
study, miR-142-3p was observed to be downregulated in the nor-
mal bronchial mucosa of smokers compared to never-smokers.42 It is 
not possible to make a direct comparison with these studies above, 
since the present study material is different. The present study de-
termined that smoking upregulated miR142-3p, miR-146a, and miR-
146b expressions in periodontally healthy individuals. Also, it was 
observed that the expression of miR-142-3p increased in smokers 
with periodontitis and gingivitis groups. Therefore, we suggest that 
the effect of smoking on miR142-3p expression may be the indepen-
dent presence of periodontal disease. The fact that smoking causes 
higher miR-146a and miR-146b expression in periodontally healthy 
individuals, while there is no difference in individuals with periodon-
tal disease can be interpreted as the periodontal disease affects the 
expression of these miRNAs more than smoking.

Radović et al.35 indicated that patients with periodontitis 
showed a decrease in miR-146a and miR-155 expressions in GCF 
after 6 weeks of the NSPT. In contrast, a recent study showed no 
statistically significant difference in miR-146a levels in gingival tis-
sue 1  month after NSPT.34 Our study determined that there was 
a decrease in miR-142-3p, miR-146a, miR-146b, miR-155, and miR-
203 gene expressions in saliva after periodontal treatment and an 
increase in miR-29b, but no statistically significant. There is no lit-
erature available to discuss our study data. The discrepancy may be 
due to the different sample sources used and the short evaluation 
period of the treatment.

Our study has some limitations. Firstly, GCF and gingival tissue 
compared with saliva can better reflect the immuno-inflammatory 
processes in periodontal diseases, and saliva may also be more af-
fected by systemic conditions. Therefore, the assessment of GCF/
gingival tissue samples would be better to test the hypothesis on 
the possible involvement/association of the miRNAs with periodon-
tal diseases. In the evaluation of the effect of periodontal treatment 
on miRNA, there is a need for further studies showing correlations 
between the expressions of these genes in saliva, GCF, and gingival 
tissue, which present the biological processes in periodontal disease. 
The second limitation, smoking status was based on the self-reporting 
by patients and we did not evaluate the cotinine levels in the serum 
and/or saliva samples in our study. The long-term cumulative mea-
sure of exposure, such as pack-year, can be transformed from self-
reported smoking history. However, reported smoking habits can 
be particularly unreliable.43 It has been indicated that the measure-
ment of cotinine levels in the serum and/or salivary samples is more 
reliable for the estimation of smoking status.43 The third limitation 
is that patients with stage 3 periodontitis are only included in the 
study. Further studies involving all stage (stage 1, 2, 3, 4) periodontitis 
groups may better explain the role of miRNA in periodontal disease.

5  |  CONCLUSIONS

The present study concluded that gene expressions of miR-146a, 
miR-146b, miR142-3p, miR-155, and miR-203 in saliva increased in 
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smokers and non-smokers with periodontitis compared to gingivitis 
and periodontally healthy groups. Our study also showed that perio-
dontal treatment could not provide positive improvement in salivary 
miR-146a, miR-146b, miR142-3p, miR-155, miR-29b, and miR-203 
gene expressions. Moreover, miR-142-3p gene expressions in saliva 
raised in smoker compared to non-smoker groups and even higher 
with the progression of periodontal disease. Further studies are 
needed to better elucidate the mechanisms by which these miRNAs 
in periodontal disease by eliminating the limitations and to enable 
the development of potential therapeutic strategies.
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