
Am J Transl Res 2022;14(9):6627-6637
www.ajtr.org /ISSN:1943-8141/AJTR0135414

Original Article
Relationship between microRNA expression and  
inflammatory factors in patients with both type  
2 diabetes mellitus and periodontal disease

Lu Liu1, Zunsheng Xiao1, Wencui Ding2, Chao Wen3, Chao Ge1, Ke Xu1, Sumin Cao1 

1Department of Stomatology, Cangzhou Central Hospital, Cangzhou, Hebei, China; 2The First Department of Endo-
crine Diabetes, Cangzhou Central Hospital, Cangzhou, Hebei, China; 3Department of Clinical Laboratoy, Cangzhou 
Central Hospital, Cangzhou, Hebei, China

Received May 19, 2021; Accepted July 31, 2021; Epub September 15, 2022; Published September 30, 2022

Abstract: Objective: To investigate the expression of single-stranded microRNAs (miRNAs) in serum and gingival cre-
vicular fluid of patients with type 2 diabetes mellitus (T2DM) complicated by periodontal disease and its correlation 
with inflammatory factors. Methods: Twenty-six periodontitis patients without diabetes mellitus (periodontal group), 
24 patients with T2DM (T2DM group), 22 patients with both T2DM and periodontal disease (comorbid group), and 
25 healthy individuals without a history of periodontal disease (healthy group) were recruited respectively. Serum 
and gingival crevicular fluid specimens were collected to detect the expression levels of miRNAs and inflammatory 
factors including serum tumor necrosis factor-α (TNF-α), interleukin-10 (IL-10), and transforming growth factor-β 
(TGF-β), and their correlations were also investigated. Results: Eleven miRNAs were detected in the gingival cre-
vicular tissue of all subjects. The expression of miR-223 and miR-200b in serum and gingival crevicular fluid was 
elevated higher in the comorbid group than in the other three groups (P<0.05), and their expressions in gingival 
crevicular fluid contributed to the differential diagnosis of periodontal disease from diabetes mellitus comorbid with 
periodontal disease (P<0.05). Gingival crevicular fluid miR-223 expression was positively associated with TNF-α, 
clinical attachment loss (CAL), and probing pocket depth (PPD) in the periodontal group, while negatively associated 
with IL-10 (P<0.05), and so was gingival crevicular fluid miR-200b expression with TNF-α, CAL, and PPD (P<0.05). 
In the comorbid group, gingival crevicular fluid miR-223 expression showed a positive correlation with TNF-α, CAL, 
and PPD (P<0.05), and so did gingival crevicular fluid miR-200b expression with TNF-α, CAL, and PPD (P<0.05). 
Conclusions: Our findings indicate a close link between the levels of miR-223 and miR-200b in serum and gingival 
crevicular fluid and susceptibility to T2DM as well as the pathogenesis of periodontal disease.
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Introduction

Periodontal disease shows an annually increas-
ing prevalence, and its risk is 2.8-3.4 times 
higher in diabetic patients than those without 
diabetes mellitus [1]. The mutual promotion of 
type 2 diabetes mellitus (T2DM) and perio- 
dontal disease is attributed to the connection 
between the capability for glycemic control and 
the severity of periodontal disease, since the 
dysregulation of periodontal microorganisms 
and inflammatory factors in susceptible hosts 
will disrupt blood glucose control [2]. Currently, 
despite the fact that the mechanism of interac-
tion between T2DM and periodontal disease is 
of concern, there are few reliable biomarkers to 

identify the two diseases, so disease manage-
ment strategies for periodontal disease and dia-
betes mellitus remain one of the most pressing 
clinical issues.

Excessive inflammatory immune response in 
patients with periodontal disease aggravates 
the systemic inflammatory burden, and tumor 
necrosis factor-α (TNF-α) and interleukin-10 (IL-
10) are highly sensitive in reflecting the inflam-
mation degree [3]. In patients with only T2DM, 
abnormal changes in serum cytokines such as 
TNF-α and IL-10 can also be detected [4]. Thus, 
the relationship between chronic periodontal 
disease and systemic manifestations needs to 
be studied in depth from the aspects of trans-
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mitters and biomarkers. In recent years, sch- 
olars emphasized that the molecular compo-
nents of gingival crevicular fluid present a clear 
relationship with the diagnostic or prognostic 
biomarkers of periodontal environmental chan- 
ges. Moreover, the gingival crevicular fluid spec-
imens have been gradually considered as clini-
cal research objects with the characteristics of 
convenient collection and non-invasiveness.

Highly conserved miRNAs are non-coding mem-
bers of ribonucleic acid and mediate a variety 
of biologic behaviors as major protein synthesis 
regulators. It has been found that abnormal 
miRNA expression specifically exists in the 
serum of patients with both diabetes mellitus 
and periodontal disease [5]. However, few re- 
ports on the mechanism of miRNAs in peri-
odontal disease were found. Studies have 
shown that in gingival tissue biopsy or cell cul-
tures of patients with chronic periodontal dis-
ease, the abnormal expression of miR-223, 
miR-203, and miR-200b exerts regulatory ef- 
fects on gene expression [6], while the deregu-
lation of specific miRNA is affected by a variety 
of factors and cytokines. We assumed that 
deregulated miRNAs in serum and gingival cre-
vicular fluid are involved in the occurrence and 
development of periodontal disease in patients 
with T2DM. Thus, this study was designed to 
evaluate the difference of miRNA expression 
and its correlation with the disease and provide 
a new therapeutic target for the prevention and 
treatment of periodontal disease comorbid with 
T2DM.

Materials and methods

General information

A total of 26 periodontitis patients without dia-
betes mellitus, 24 patients with T2DM, and 22 
patients with both T2DM and periodontal dis-
ease diagnosed and treated in our hospital 
from February 2019 to February 2021, and 25 
healthy individuals without a history of peri-
odontal disease were selected and assigned to 
the periodontal group, T2DM group, comorbid 
group, and healthy group, respectively. The 
research was approved by the Medical Ethics 
Committee (approval No. AF-SQ012), and the 
subjects and (or) clients signed a consent form 
after being fully informed of the research.

Inclusion criteria: (1) 25-65 years old; (2) Pa- 
tients were diagnosed with periodontal disease 
of stage II based on consensus and clinical 
characteristics in the groups other than the 
T2DM group and healthy group, and healthy 
individuals with periodontal pockets ≤3 mm 
and no decrease in bleeding during exploration 
in the healthy group; (3) Individuals with 20 
teeth or more; (4) Individuals without a history 
of periodontal treatment within 1 year; (5) 
Individuals without a history of antibiotics or 
hormone medications half a month before 
admission.

Exclusion criteria: (1) Patients complicated by 
systemic inflammation, immune disease, heart 
disease, or heart failure; (2) Patients with a his-
tory of orthodontic treatment; (3) Women dur-
ing pregnancy or breastfeeding; (4) Individuals 
with a long-term history of smoking and alcohol-
ism; (5) Individuals with habits that overburden 
the teeth, such as bruxism.

The socio-demographic characteristics, includ-
ing gender, age, body mass index (BMI), family 
history, smoking history, drinking history, em- 
ployment, education level, fasting blood glu-
cose (FBG), glycosylated hemoglobin (HbA1c), 
clinical attachment level (CAL), bleeding on 
probing (BoP) and probing pocket depth (PPD) 
of subjects were collected.

Methods

Specimen collection: After the epigingival pla- 
que was cleared, the gingival crevicular fluid 
sample was collected from the mesial part of 
the cheek side in each subject from 9:00 to 
11:00 on the next morning of admission, with a 
depth of periodontal pocket (PD) >4 mm, a PPD 
≤2 mm and no recession in the two selected 
sites. A Perio-paper™ patch (Oraflow Inc., USA) 
was inserted into the mesial periodontal pocket 
on the cheek side of the tooth until it encoun-
tered a slight resistance. After standing for 1 
minute, three strips from the selected position 
(the strips contaminated with blood and saliva 
were discarded) were collected, transferred to 
Eppendorf test tubes (containing 200 µl Qia- 
zol®) for elution, and stored at -40°C for later 
use.

The elbow venous blood of each subject was 
collected in the morning, placed in a vacuum 
blood collection tube containing coagulant for 
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30 minutes, and then centrifuged at 4000 rpm 
for 10 minutes to separate the serum. The sep-
arated serum was transferred into an Eppen- 
dorf test tube and stored in a refrigerator at 
-40°C.

miRNA analysis: The total miRNAs contained in 
the sample were extracted by an RNApure ultra-
pure total RNA rapid extraction kit (akara Bio, 
USA), and a TaKaRa reverse transcription kit 
was used to reversely transcribe the total RNA 
into cDNA that would then be used as the tem-
plate reference primer and probe sequence for 
reverse transcription. The product was incubat-
ed at 37°C for 60 minutes, and at 95°C for 5 
minutes to inactivate easyscript RT, and then 
stored at -80°C. A miScript SYBR® Green PCR 
Kit (Qiagen, Germany) for real-time quantita- 
tive PCR (RT-PCR) was adopted to quantify the 
expression levels of miR-223, miR-203, and 
miR-200b (The inner primers were purchased 
from Hepeng Biotechnology Co., Ltd., catalog 
number: HPBIO-Elisa2846). The expression le- 
vel of target miRNAs was normalized as steady-
state miRNAs expression, and the cycle number 
(Ct) was recorded according to the amplification 
curve. Finally, the relative change in miRNA 
expression under steady-state miRNA expres-
sion was calculated.

Detection of inflammatory factors: Instructions 
of the reference kit: Before the experiment, all 
reagents should be equilibrated to room tem-
perature. TNF-α, IL-10, and TGF-β reagent kits 
were purchased from Quanzhou Ruixin Bio- 
technology Co., Ltd., batch No.: 20190305, 
20191102, 20190305. In preparation, rea- 
gents or samples should be mixed thoroughly  
to avoid foaming. The specific steps were as  
follows: (1) Sample addition: Blank wells, stan-
dard wells, and sample wells to be tested were 
set, and 100 μL standard and sample diluent 
were added to the blank wells, and 100 μL 
standard or sample to be tested were added to 
the rest wells and shaken well. The samples 
were added to the bottom of the ELISA plate, 
without staining the wall of the well, to avoid 
bubbles and ensure a successful and precise 
result. The ELISA plate was then sealed and 
incubated at 37°C for 90 minutes; (2) The liq-
uid was removed by flicking the plate over a 
sink. Biotinylated antibody working solution 
(100 μL) was added into each well (prepared 
within 15 minutes before use), and the ELISA 

plate was sealed with a sealing film, and incu-
bated at 37°C for 1 hour; (3) The liquid in the 
well was removed. The plate was then washed 
3 times, soaked for 1 to 2 minutes each time, 
about 350 μL/well, and then patted with an 
absorbent paper to keep the wells dry; (4) 
Enzyme conjugate working solution (100 μL) 
was added into each well, and the wells were 
sealed with sealing film and incubated at 37°C 
for 30 minutes; (5) The liquid in the well was 
then removed, and the plate was washed 5 
times, and treated as the same as the opera-
tion in step 3; (6) Substrate solution (90 μL) 
was added into each well, and the ELISA plate 
was sealed with sealing film and incubated at 
37°C for about 15 minutes in the dark; (7) Stop 
solution (50 μL) was added into each well to 
stop the reaction, and the blue color in the we- 
lls turned to yellow instantly; (8) The microplate 
reader was employed to measure the optical 
density (OD value) of each well at a wavelength 
of 450 nm to obtain the concentration of TNF-α, 
IL-10, and TGF-β.

Statistical methods

The SPSS 23.0 software was used to input  
and analyze the data. Measured data were 
expressed as “x±s”, and independent sample 
t-test was used for comparison between the 
two groups, while ANOVA was used for mea-
sured data comparison among multiple groups 
followed by snk-q test for pairwise comparison, 
and paired sample t-test was used for intra-
group comparison before and after treatment. 
The counted data were expressed by frequen- 
cy or constituent ratio and compared by chi-
square exact probability method. P<0.05 was 
considered a significant difference.

Results

Socio-demographic characteristics of each 
group

There was no statistically significant difference 
among the four groups in terms of gender, age, 
body mass index (BMI), family medical history, 
smoking history, drinking history, employment, 
or education level (all P>0.05). Both the peri-
odontal group and the comorbid group were 
confirmed BoP positive (+). Compared with the 
healthy group, the values of FBG and HbA1c  
in the other groups increased sharply (both 
P<0.05), and CAL and PPD also increased in 
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Table 1. Socio-demographic characteristics of the four groups [
_
x±s/n (%)]

Item Periodontal 
group (n=26)

T2DM group 
(n=24)

Comorbid group 
(n=22)

Healthy group 
(n=25) F P

Gender (male/female) 12/14 13/11 10/12 12/13 0.450 0.930
Family medical history (yes/no) 13/13 12/12 10/12 14/11 0.532 0.912
History of smoking (yes/no) 24/2 20/4 18/4 25/0 5.590 0.133
History of drinking (yes/no) 18/8 16/8 15/7 18/7 0.174 0.982
Employment (yes/no) 20/6 19/5 14/8 19/6 1.736 0.629
Education level (high school and below/high school and above) 19/7 15/9 14/8 16/9 0.810 0.847
BoP (+/-) 26/0 22/2 22/0 0/25
Age (year) 37.74±6.25 40.15±6.33 38.89±6.35 39.66±6.28 0.700 0.554
BMI (kg/m2) 20.01±3.11 19.68±3.02 20.44±3.14 20.18±3.20 0.242 0.867
FBG (mmol/L) 9.58±2.17a 9.56±2.20a 10.12±2.13a,b 6.32±1.38 18.553 <0.001
HbA1c (%) 8.71±1.97a 8.22±1.96a 9.01±2.04a,b 5.25±1.47 21.048 <0.001
CAL (mm) 6.35±1.32a 6.33±1.30a 8.87±1.20a,b 1.22±0.24 201.747 <0.001
PPD (mm) 4.80±0.98a 4.86±1.01a 5.88±1.14a,b 1.19±0.20 126.065 <0.001
Notes: aindicates that compared with the healthy group, P<0.05. bindicates that compared with another group of patients, P<0.05.



microRNA and inflammatory factors in type 2 diabetes mellitus and periodontal disease

6631 Am J Transl Res 2022;14(9):6627-6637

Table 2. Inflammatory factor levels in serum and gingival crevicular fluid in the four groups (
_
x±s, pg/

ml)

Item Periodontal 
group (n=26)

T2DM group 
(n=24)

Comorbid 
group (n=22)

Healthy 
group (n=25) F P

Serum
TNF-α 4.38±0.54 4.29±0.50 5.17±0.61 4.13±0.42 18.109 <0.001
IL-10 4.36±0.36 4.40±0.35 4.22±0.31 5.02±0.47 20.560 <0.001
TGF-β 3.66±0.47 3.68±0.52 4.44±0.62 3.62±0.51 12.586 <0.001

gingival crevicular fluid
TNF-α 4.77±0.54a 4.81±0.53a 6.03±0.66a,b 4.26±0.44 43.723 <0.001
IL-10 4.90±0.60a 4.96±0.62a 4.34±0.45 6.22±0.71a,b 40.476 <0.001
TGF-β 4.40±0.41a 4.48±0.52a 5.69±0.58a,b 3.77±0.36 66.973 <0.001

Notes: aindicates that compared with the healthy group, P<0.05. bindicates that compared with another group of patients, 
P<0.05.

the periodontal group and the comorbid group 
(both P<0.05). By contrast to the periodontal 
group, an elevation was observed in the values 
of FBG, HbA1c, CAL, and PPD in the comorbid 
group and in the values of FBG and HbA1c in 
the T2DM group (all P<0.05) but no significant 
changes in the values of CAL and PPD (both 
P>0.05). As compared to the T2DM group, the 
values of FBG, HbA1c, CAL, and PPD in the 
comorbid group showed a rise (all P<0.05). See 
Table 1.

Level of inflammatory factors in serum and 
gingival crevicular fluid in each group

No significant difference was found in serum 
TNF-α, IL-10, or TGF-β among the periodontal 
group, T2DM group, and healthy group (all P> 
0.05), and their levels in the comorbid group 
were higher than those in the healthy group (all 
P<0.05). Compared with the healthy group, the 

miRNA analysis

Total RNA integrity identification: The concen-
tration of extracted total RNA was about 2 μg/
ul, and the ratio of A260/A280 was greater 
than 1.8, which verified that its concentration 
and purity met the requirements of the experi-
ment. In addition, the total RNA electrophoresis 
picture showed that there was no obvious 
decomposition of RNA, as shown in Figure 1.

Expression of miRNA in gingival crevicular tis-
sue: RT-PCR detected 11 miRNAs in the gingi-
val crevicular tissues of patients with periodon-
tal disease. Mann-Whitney U test revealed that 
4 of them (miR-223, miR-200b, miR-106, miR-
103) had significant differential expression in 
the gingival crevicular tissues between the pe- 
riodontal group and the healthy group (all 
P<0.05). The expression of miR-223 and miR-
200b increased more than 1.5 times, while the 

Figure 1. Electrophoresis of total RNA extracted from periodontal tissue.

other three groups showed ele-
vated levels of TNF-α and TGF-
β, but a decreased level of 
IL-10 in the gingival crevicular 
fluid (all P<0.05). Compared 
with the periodontal group, the 
levels of the three in the gingi-
val crevicular fluid in the T2DM 
group presented no changes, 
while those in the comorbid 
group increased significantly 
(all P<0.05). In comparison wi- 
th the T2DM group, the levels 
of TNF-α and TGF-β in gingival 
crevicular fluid of the comorbid 
group rose greatly, but IL-10 
declined significantly (all P< 
0.05). See Table 2.
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Table 4. Differential expression of miRNA in serum of the four groups (
_
x±s)

Item Periodontal 
group (n=26)

T2DM group 
(n=24)

Comorbid 
group (n=22)

Healthy group 
(n=25) F P

Hsa-miR-141 1.44±0.24 1.42±0.26 1.39±0.27 1.33±0.26 0.876 0.456
Hsa-miR-201a 1.22±0.20 1.20±0.21 1.25±0.20 1.20±0.18 0.327 0.806
Hsa-miR-21c 1.89±0.23 1.85±0.21 1.84±0.22 1.83±0.20 0.379 0.768
Hsa-miR-22b 1.75±0.26 1.80±0.30 1.77±0.28 1.74±0.30 0.210 0.889
Hsa-miR-223 3.20±0.36a 3.05±0.33a,b 3.90±0.48a,b 2.06±0.38 90.304 <0.001
Hsa-miR-200b 3.11±0.17a 2.78±0.11a,b 3.40±0.29a,b 2.50±0.14 104.023 <0.001
Hsa-miR-23a 2.20±0.19 2.18±0.22 2.21±0.23 2.23±0.30 0.187 0.905
Hsa-miR-106 2.18±0.21a 2.19±0.24a 2.48±0.22a,b 1.98±0.20 20.728 <0.001
Hsa-miR-103 2.22±0.27a 2.20±0.25a 2.48±0.26a,b 2.13±0.20 8.840 <0.001
Hsa-miR-158 2.23±0.21 2.26±0.22 2.30±0.23 2.29±0.20 0.534 0.661
Hsa-miR-203 1.36±0.11 1.38±0.12 1.39±0.13 1.33±0.14 1.070 0.366
Notes: aindicates that compared with the healthy group, P<0.05. bindicates that compared with another group of patients, 
P<0.05.

Table 3. Differential expression of miRNA in the gingival crevicular tissue of the four groups (
_
x±s)

Item Periodontal 
group (n=26)

T2DM group 
(n=24)

Comorbid group 
(n=22)

Healthy group 
(n=25) F P

Hsa-miR-141 1.36±0.22 1.40±0.26 1.44±0.27 1.32±0.30 0.906 0.441
Hsa-miR-201a 1.17±0.18 1.20±0.19 1.19±0.20 1.21±0.19 0.206 0.892
Hsa-miR-21c 1.85±0.20 1.89±0.22 1.85±0.24 1.80±0.23 0.674 0.569
Hsa-miR-22b 1.78±0.32 1.79±0.33 1.80±0.34 1.82±0.35 0.066 0.978
Hsa-miR-223 3.25±0.45a 3.01±0.48a,b 3.88±0.51a,b 1.58±0.37 110.564 <0.001
Hsa-miR-200b 3.06±0.21a 2.74±0.22a,b 3.51±0.30a,b 2.47±0.16 91.841 <0.001
Hsa-miR-23a 2.10±0.26 2.14±0.28 2.16±0.32 2.15±0.33 0.194 0.900
Hsa-miR-106 2.13±0.33a 2.20±0.28a 2.40±0.30a,b 1.92±0.26 10.671 <0.001
Hsa-miR-103 2.24±0.35a 2.19±0.32a 2.60±0.28a,b 2.01±0.32 13,750 <0.001
Hsa-miR-158 2.30±0.33 2.36±0.34 2.40±0.32 2.29±0.33 0.582 0.628
Hsa-miR-203 1.31±0.12 1.32±0.14 1.29±0.15 1.26±0.12 0.989 0.401
Notes: aindicates that compared with the healthy group, P<0.05. bindicates that compared with another group of patients, 
P<0.05.

increase of miR-106 and miR-103 was lower. By 
contrast to the periodontal group, the expres-
sion levels of miR-223 and miR-200b in the 
T2DM group plummeted (all P<0.05), while 
those in the comorbid group surged (all P< 
0.05). Compared with the T2DM group, the 
expression levels of miR-223 and miR-200b in 
the comorbid group showed a significant rise 
(both P<0.05). See Table 3.

Analysis of serum miRNA levels in each group: 
Compared with the healthy group, the expres-
sion levels of miR-223, miR-200b, miR-106 and 
miR-103 in the other three groups presented a 
rise (both P<0.05). In contrast to the periodon-
tal group, the expression levels of miR-223 and 
miR-200b in the T2DM group dropped (both 
P<0.05), while those four in the comorbid gr- 
oup elevated (both P<0.05). Compared with the 

T2DM group, the expression levels of the four  
in the comorbid group also increased (both 
P<0.05). See Table 4.

The predictive value of miRNA levels in serum 
and gingival crevicular fluid for disease

Predictive value of miRNA levels in serum and 
gingival crevicular fluid for periodontal disease: 
Table 5 demonstrates that the levels of miR-
223 and miR-200b in the gingival crevicular 
fluid can be employed for the diagnosis of peri-
odontal disease (AUC>0.8, P<0.05), as shown 
in Figure 2.

Predictive value of miRNA levels in serum and 
gingival crevicular fluid for T2DM comorbid with 
periodontal disease: The levels of miR-223 and 
miR-200b in the gingival crevicular fluid can 
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Table 5. Efficacy indexes of miRNA levels in serum and gingival crevicular fluid in predicting periodon-
tal disease
Item Sensitivity (%) Specificity (%) AUC (95% CI) P
Serum miR-223 60.6 46.7 0.643 (0.529~1.758) 0.056
Serum miR-200b 51.5 92.0 0.744 (0.637~6.851) 0.060
Gingival crevicular fluid miR-223 72.7 89.3 0.862 (0.780~0.945) <0.001
Gingival crevicular fluid miR-200b 75.58 88.87 0.880 (0.625~0.996) 0.005

help identify the comorbidity with diabetes mel-
litus and periodontal disease (AUC>0.8, P< 
0.05), as shown in Table 6 and Figure 3.

Multiple linear regression analysis of miRNA 
levels in serum and gingival crevicular fluid

According to the absolute value of the stan-
dardized regression coefficient, the factors 
with an effect on the level of miR-223 in the 
gingival crevicular fluid were CAL, BoP, PPD in 
descending order (all P<0.05), and those affect-
ing the level of miR-200b were CAL, PPD, and 
BoP in descending order (all P<0.05). See Table 
7. Other factors were not listed in the table as 
they were not included in the regression 
equation.

Correlation analysis of miRNA levels in serum 
and gingival crevicular fluid with inflammatory 
factors and periodontal related factors

With the level of miRNA in the periodontal group 
as a whole, the expression of miR-223 in gingi-
val crevicular fluid was positively correlated 
with TNF-α, CAL, and PPD, while negatively cor-
related with IL-10 (P<0.05). There were positi- 
ve correlations of gingival crevicular fluid miR-

the host’s continuous immune response to 
non-biologic periodontal pathogens. Strong lo- 
cal and systemic stress responses will result in 
excessive destruction to periodontal tissues 
and increased inflammatory mediators. In the 
past, serum TNF-α, IL-10, and TGF-β levels have 
been used to determine the level of inflamma-
tion in patients with periodontal disease [7, 8]. 
As common diagnostic techniques require the 
existence of active diseases and substantial 
damage, it is of great significance to find mark-
ers reflecting disease status for promoting the 
establishment of chairside diagnostic methods 
and helping identify risk factors. Moreover, in 
the immune system, the occurrence of peri-
odontal disease is mostly accompanied by 
long-term persistent high blood sugar levels. 
Hence, the changed pattern of biomarkers re- 
lated to chronic periodontal disease and T2DM 
has also captured extensive clinical attention. 
Studies have shown that there are factors th- 
at aggravate the mutual promotion between 
chronic periodontal disease and T2DM [9]. In 
addition, scholars have found that the strong 
expression of inflammatory factors in patients 
with both T2DM and periodontal disease may 

Figure 2. ROC curve of miRNA levels in serum and gingival crevicular fluid in 
predicting periodontal disease.

200b with TNF-α, CAL, and 
PPD (all P<0.05). See Table 8. 
With the level of miRNA in the 
comorbid group as a whole, 
gingival crevicular fluid miR-
223 expression was positive- 
ly correlated with TNF-α, CAL, 
and PPD (all P<0.05), and gin-
gival crevicular fluid miR-200b 
expression was also positively 
correlated with TNF-α, CAL and 
PPD, while negatively correlat-
ed with IL-10 (all P<0.05). See 
Tables 8 and 9.

Discussion

Periodontal disease is char- 
acterized by inflammation and 
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Table 7. Multiple linear regression analysis 
parameters of miRNA levels in serum and 
gingival crevicular fluid
Independent variable β t P
Constant (miR-223) 22.360 7.889 0.001
    CAL 19.968 6.668 0.015
    BoP 18.553 0.365 0.019
    PPD 17.625 0.474 0.024
Constant (miR-200b) 20.362 3.025 0.001
    CAL 20.401 3.117 0.001
    BoP 16.302 2.032 0.026
    PPD 18.879 3.056 0.013

Table 6. Efficacy indicators of miRNA levels in serum and gingival crevicular fluid in predicting the 
complication of T2DM with periodontal disease
Item Sensitivity (%) Specificity (%) AUC (95% CI) P
Serum miR-223 47.52 63.02 0.448 (0.128~1.758) 0.115
Serum miR-200b 58.69 62.35 0.654 (0.337~6.851) 0.068
Gingival crevicular fluid miR-223 74.02 88.02 0.929 (0.893~0.965) 0.008
Gingival crevicular fluid miR-200b 77.08 86.03 0.805 (0.574~0.842) 0.012

Figure 3. ROC curve of miRNA levels in serum and gingival crevicular fluid in 
predicting the complication of T2DM by periodontal disease.

Based on the report The dys-
functional miRNA profile was 
studied in the serum and gingi-
val crevicular fluid of rat mod-
els [12], this study analyzed 
the correlation of the relative 
expression levels of miRNA in 
serum and gingival crevicular 
fluid with clinical parameters 
and inflammatory factors such 
as TNF-α, IL-10, TGF-β for the 
first time. After the onset of 
periodontal disease, the relat-
ed inflammatory factors TNF-α 
and TGF-β increased signifi-
cantly, while IL-10 decreased, 
and the change of the indica-
tors was positively correlated 

provide an insight into the wider use of dysregu-
lated miRNA in new unconventional treatment 
strategies [10]. The effects of diabetes mellitus 
on periodontal disease mainly include an ab- 
normal host response to the pathogenic micro-
organisms of periodontal inflammation, micro-
vascular disease, leukocyte dysfunction, bone 
tissue repair disorders. Inflammatory factors 
are involved in the mechanism of the inflamma-
tory stress response, which is mediated by the 
dysregulated miRNA profile [11].

with the intensity of the inflammatory response 
and the malignant progression of the disease. 
In this study, the periodontal group obtained 
higher levels of TNF-α and TGF-β, and a lower 
level of IL-10 when compared with the healthy 
group, and periodontal pateints comorbidity 
with T2DM had higher levels of TNF-α and TGF-
β, and a lower level of IL-10 as compared to the 
periodontal group, indicating a trend of increa- 
se of TNF-α and TGF-β and a decline of IL-10. 
These results of this study were in line with pre-
vious reports [11, 12] which stated that there  
is a high systemic inflammatory burden in the 
periodontal disease patient population, while 
the burden under influence of hyperglycemia is 
even intensified in patients with T2DM, leading 
to a further upregulated expression in inflam-
matory factors. The study found that abnormal 
miRNA profiles were detected in patients with 
periodontal disease, and the levels of miR-223 
and miR-200b in those patients were abnor-
mally up-regulated but showed no great dispar-
ity. Thus, it can be concluded that the indepen-
dent existence of certain factors that reside in 
the periodontal disease and diabetic patients 
and promote miRNA abnormalities may not trig-
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Table 9. Correlation of miRNA levels in serum and gingival crevicular fluid with inflammatory factors 
and periodontal-related factors

Relevant factor
Serum miR-223 Serum miR-200b Gingival crevicular 

fluid miR-223
Gingival crevicular 

fluid miR-200b
r P r P r P r P

TNF-α 0.056 0.128 0.007 0.424 0.216 0.006 0.256 0.028
IL-10 -0.108 0.133 0.021 0.132 0.133 0.064 0.178 0.033
TGF-β 0.129 0.071 0.143 0.051 0.039 0.136 0.029 0.078
CAL 0.005 0.811 0.054 0.155 0.308 0.001 0.305 0.011
PPD 0.044 0.101 0.009 0.107 0.260 0.001 0.244 0.001

Table 8. Correlation of miRNA levels in serum and gingival crevicular fluid with inflammatory factors 
and periodontal-related factors

Relevant factors
Serum miR-223 Serum miR-200b Gingival crevicular 

fluid miR-223
Gingival crevicular 

fluid miR-200b
r P r P r P r P

TNF-α 0.117 0.052 0.132 0.055 0.229 0.023 0.247 0.002
IL-10 -0.040 0.121 0.135 0.056 0.102 0.056 0.060 0.065
TGF-β 0.005 0.530 0.101 0.066 0.808 0.069 0.041 0.130
CAL 0.108 0.112 0.097 0.154 0.322 0.014 0.233 0.012
PPD 0.097 0.132 0.060 0.200 0.203 0.002 0.220 0.032

ger the onset of the disease. Raj et al. [13] con-
firmed miR-223 as one of the miRNAs overex-
pressed in the serum of periodontal disease 
model rats. In patients with both diabetes mel-
litus and periodontal disease, higher levels of 
miR-223 and miR-200b were observed. With 
coordinated immune function, miRNA may play 
complex roles in different pathologies. This 
study found through correlation analysis that 
miR-223 and miR-200b were correlated with 
inflammatory factors TNF-α, IL-10, and TGF-β 
and periodontal disease-related factors CAL 
and PPD to varying degrees, which implied a 
co-regulatory effect between miRNA and inflam-
matory factors. In patients with both periodon-
tal disease and diabetes mellitus, inflammatory 
factors and miRNA levels in the gingival crevi- 
cular fluid were significantly higher than those 
in corresponding serum, which indicated that 
gingival crevicular fluid is more sensitive to spe-
cific body inflammation response. MiR-223, as 
the main regulator of innate immunity, partici-
pates in tissue homeostasis and affects many 
diseases related to inflammation. MiR-200b 
participates in the differentiation of a variety  
of immune cells, including macrophages, neu-
trophils, and other cells, and plays an impor-
tant role in the early stages of infection and 
inflammation [14]. Chronic periodontal disease 

is characterized by an excessive immune re- 
sponse to periodontal pathogens, among which 
neutrophils are closely related to the occur-
rence and development of periodontal disea- 
se. Based on the results of this paper and the 
report of Wei et al. [15], it was assumed that 
the hyper-activation of neutrophils is induced 
by miR-223. In addition, a large number of stu- 
dies have confirmed the potential function of 
miR-223 expression in controlling the differen-
tiation of osteoblasts, which can be verified by 
the elevated level of miR-223 in the gingival tis-
sue of periodontal-diseased patients with the 
loss of alveolar tissue. The results suggest that 
miR-223 is highly possible to be a marker for 
the diagnosis of periodontal disease. On the 
contrary, the lower expression level of miR-203 
in the T2DM group than that in the healthy 
group indicated a negative correlation of miR-
203 with TNF-α, which was suggestive of its 
impact on the irreversible damage caused by 
the disease. The reverse effect of miR-203 and 
TNF-α may be attributed to the role of miR-203 
in reducing inflammation by inhibiting TNF-α. 
MiR-200b was overexpressed in the serum and 
gingival crevicular fluid of the two groups of 
patients, which was consistent with previous 
reports that confirmed the increase of miR-
200b in inflamed gingival tissue [16-18]. Fur- 
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thermore, the significant differences in the 
level of miR-200b between the T2DM group 
and the periodontal disease group can be ex- 
plained by the fact that miR-200b may partici-
pate in the inflammatory process as it is in- 
duced by inflammatory cytokines. Due to dia- 
betes mellitus or complications, the serum 
miR-200b level in patients with T2DM is re- 
leased from control. Studies have shown that 
increased miR-200b level is associated with 
increased pancreatic β-cell apoptosis, indicat-
ing that miR-200b plays a major role in the 
pathogenesis of diabetes mellitus [19, 20]. This 
study further analyzed the ability of miR-223 
and miR-200b to provide diagnostic markers, 
and found that the two can help the differential 
diagnosis of healthy individuals from patients 
with T2DM, and miR-223 can help the differen-
tial diagnosis of healthy individuals/periodontal 
disease from T2DM/T2DM comorbid with peri-
odontal disease. It is assumed that miRNA may 
regulate the occurrence of periodontal disease 
in healthy people or people with T2DM by medi-
ating inflammatory factors. However, due to the 
short follow-up time and few samples, we did 
not exclude other factors including but not lim-
ited to the influence of obesity on inflammatory 
markers. In the future, it is suggested to in- 
crease relevant dependent variables to explore 
the possible mechanism of miRNAs in peri-
odontal disease, so as to fully clarify the exact 
molecular mechanism network of periodontal 
disease in systemic inflammatory burden.

In conclusion, miR-223 and miR-200b in serum 
and gingival crevicular fluid are expressed dif-
ferentially in periodontal-diseased patients wi- 
th T2DM and those without it, and miR-223 and 
miR-200b in the gingival crevicular fluid are 
highly correlated with the pathogenesis of the 
periodontal disease, the susceptibility to T2DM, 
and its serum level. Therefore, the two may be 
serum biomarkers for studying the molecular 
mechanism and pathophysiology of chronic pe- 
riodontal disease.
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