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Abstract 

Objective: Chronic periodontitis is a bone-destructive disease affecting periodontal support structures. 
Although leptin has a protective effect against periodontitis, the underlying mechanism remains unclear. 
Therefore, this study aimed to investigate the possible role of leptin by examining its relationship with 
OPG and RANKL in human gingival tissues obtained from patients with chronic periodontitis. 
Method: Twenty-two patients with chronic periodontitis were enrolled (10 with moderate 
periodontitis and 12 with severe periodontitis) in the experimental group, and 12 healthy individuals were 
enrolled in the control group. Gingival tissue samples were collected, and the protein levels and 
localization of leptin, OPG, and RANKL were studied using immunohistochemistry (IHC). The staining 
intensities of leptin, OPG, and RANKL were correlated with the periodontal clinical index. Moreover, 
real-time quantitative PCR (RT-qPCR) was used to determine OPG and RANKL mRNA levels in gingival 
fibroblasts stimulated with gradient concentrations of leptin protein in vitro. 
Result: Leptin, OPG, and RANKL were located in the cytoplasm of gingival epithelial cells and the 
connective tissue. Leptin was widely and significantly expressed in the control group, whereas it was 
lightly stained in the severe group. RANKL was lightly stained in the control group, whereas it was widely 
and significantly expressed in the severe group. The control and the moderate groups had similar OPG 
levels, which were significantly higher than that in the severe group. Leptin was positively correlated with 
OPG(r = 0.905, p < 0.01) and negatively correlated with RANKL (r = -0.635, p < 0.01). In vitro low 
concentrations of leptin led to an increased OPG/RANKL mRNA ratio, whereas the opposite effect was 
observed at high concentrations. 
Conclusion: Leptin can regulate OPG and RANKL expression in gingival fibroblasts and may thus play a 
role in the development of chronic periodontitis by modulating the OPG/RANKL ratio. 
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Introduction 
Chronic periodontitis is an inflammatory and 

bone-destructive disease affecting periodontal 
support structures. Chronic periodontitis patients 
often display alveolar bone resorption that can lead to 
gomphiasis [1]. Notably, bone resorption is the 
leading cause of tooth loss in adults. Leptin is a 167 
amino-acid protein that is encoded by the leptin gene 
[2]. It exerts its effect by binding to its receptor, which 
is widely expressed in the central nervous system and 

peripheral tissues [3]. In recent years, increasing 
attention has been focused on studying the role of 
leptin in bone metabolism. Some studies have shown 
that leptin may cause either osteogenesis or 
resorption, depending on the target tissue. 
Specifically, its action in the central nervous system 
ultimately leads to production of signals promoting 
bone destruction, whereas activation of targets in the 
peripheral tissues promotes bone formation. RANKL 
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binds to the receptor activator activator of NF-κB 
(RANK), a membrane receptor mainly produced in 
osteoclasts and their progenitor cells. This stimulates 
both differentiation of precursor cells into osteoclasts 
and the activity of the mature osteoclasts. OPG plays a 
bone-protective role because it competes with RANK 
for RANKL binding [4]. However, the relationship 
between leptin and OPG/RANKL in gingival tissue 
and human gingival fibroblasts (HGFs) has not been 
investigated. 

Few studies have investigated the relationship 
between leptin and chronic periodontitis. Of note, 
concentrations of leptin in the saliva and the gingival 
crevicular fluid of chronic periodontitis patients were 
significantly lower than those in healthy individuals 
[5,6]. Another study showed that leptin levels in 
gingival tissues decrease as the periodontal pocket 
deepens [7]. Together, these studies indicate that 
leptin may be related to the development of chronic 
periodontitis; however, the underlying mechanism 
remains unclear. 

This study aimed to investigate the expression of 
leptin, OPG, and RANKL in human gingival tissues to 
elucidate the role of leptin in chronic periodontitis. 
We analyzed the correlation between the expression 
of leptin and that of the other two proteins. HGFs 
were cultured and subjected to treatment with various 
concentrations of leptin to investigate the effect of 
leptin on OPG and RANKL expression. Importantly, 
the mechanism of action of leptin in the development 
of chronic periodontitis was also explored, which may 
help us to better understand, and therefore treat, 
chronic periodontitis in the future. 

Materials and methods 
Subjects 

Twenty-two patients with chronic periodontitis 
from the Stomatology Center of Xiangya Hospital of 
Central South University were recruited for this study 
from March to June 2019. Among them, 10 were 
diagnosed with moderate chronic periodontitis 
(moderate group, clinical attachment loss (CAL) 3-4 
mm, probing depth (PD) 5~7 mm), and 12 with severe 
chronic periodontitis (severe group, CAL ≥ 5 mm, PD 
≥ 7 mm) [8]. The control group consisted of 12 age- 
and sex-matched healthy subjects. The comparison of 
basic clinical data is shown in Table 1. Inclusion 
criteria included the absence of history of systemic or 
infectious diseases, and the absence of smoking or 
chronic alcohol abuse. Subjects did not receive 
periodontal treatment within 6 months of beginning 
this study; they also did not take antibiotics, 
immunosuppressants, or other drugs within 3 months 
prior to this study. Exclusion criteria included obesity, 

pregnancy or lactation and previous orthodontic 
treatment. 

 

Table 1. Comparison of basic clinical data of three groups 

Items Normal Moderate Severe P 
Gender (male/female) 7/5 5/5 5/7 0.736 
Age 29.58±3.50 31.50±2.91 31.42±3.39 0.301 
BI 0.58±0.51 2.50±0.53 4.08±0.51 <0.001 
PD 1.50±0.52 5.20±0.42 7.83±0.94 <0.001 
CAL 0.04±0.14 3.40±0.52 5.33±0.49 <0.001 

 
 
For the immunostaining study, gingival tissues 

of patients were obtained from periodontal surgical 
resection, whereas those of the controls were collected 
from gingiva removed during the extraction of the 
third molar. The age and sex of the subjects in the 
experimental and control groups were matched. 

For the in vitro experiments, we used cells 
isolated from gingival tissues removed during the 
extraction of the third molar. The three donors used 
for these experiments were 15-30 years old and did 
not have periodontal or apical diseases. 

Informed consent was obtained from all subjects 
and this trial was approved by the Ethics Committee 
of Xiangya Hospital of Central South University 
(Number: 2019030082). 

Reagents 
Leptin Rabbit Anti-Human Polyclonal Antibody 

(CSB-PA009805, CUSABIO, China), OPG Rabbit Anti- 
Human Polyclonal Antibody (CSB-PA003597, 
CUSABIO, China), RANKL Rabbit Anti-Human 
Polyclonal Antibody (CSB-PA023986LA01HU, 
CUSABIO, China), DAB (Servicebio, China), 
Dulbecco’s Modified Eagle Medium (DMEM), Fetal 
Bovine Serum (Hyclone, America), Trypsin (Gibco, 
America), TRizol, PrimeScript RT reagent kit, SYBR 
Green mix (CWBIO, China) were used. 

Immunohistochemistry 
Gingival tissues were formalin-fixed, paraffin- 

embedded, sliced continuously, and dewaxed by 
xylene and ethyl alcohol. Antigen retrieval was 
performed by treatment with citric acid buffer heated 
in a water bath for 25 min. Next, the sections were 
treated with 3% H2O2 to block endogenous 
peroxidases, blocked for 1 h at room temperature (RT) 
with 10% blocking serum in Tris-buffered saline 
Tween-20 (TBST), and incubated with antibodies for 
leptin, OPG, and RANKL (all diluted 1:100) at 4 °C in 
a moist chamber overnight. The next day, slides were 
incubated with horse-radish peroxidase (HRP) 
-conjugated secondary antibodies at RT for 1 h. DAB 
was used for color development and hematoxylin was 
used for counterstaining. In the negative controls, the 
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primary antibody was replaced with phosphate- 
buffered saline (PBS). 

Quantification of immunohistochemistry 
Five views of each slice were randomly selected 

at high magnification (400×), and used to determine 
the immunoreactive score (IRS) [9] as follows. First, 
the staining intensity (SI) of each slide was assessed 
by two independent pathologists and assigned a 
number from 0 to 3 (0, no staining; 1, light yellow, 2, 
pale brown, and 3, dark brown). Second, a positive- 
cell-proportion score (PP) was evaluated (0 to 4) based 
on the percentage of positive cells (0, no positive cells; 
1, <10% positive cells; 2, 10%-50% positive cells; 3, 
50%-80% positive cells; and 4, >80% positive cells). 
The IRS for each slide was calculated by multiplying 
the SI and PP values. To eliminate the influence of 
subjective factors, the two researchers determined 
these scores independent of each other, and 
clinicopathological information of the sections was 
not disclosed to them in advance. 

Culture and identification of HGFs 
HGFs were isolated from the gingiva of patients 

who underwent a third molar extraction and were 
cultured using the tissue-explant method. Tissue 
origin was determined by immunocytochemical 
staining for vimentin and keratin. 

Fourth- generation HGFs under favorable 
growth conditions were inoculated in 6-well plates at 
a density of 1×105 cells/well, and 2 mL DMEM was 
added to each well. Cells were left to grow under 
favorable conditions until they reached 100% 
confluency. Leptin was then added at various 
concentrations (0, 0.1, 0.5, 1, 5, or 10 µg/mL), and the 
cells were collected after 24 h with trypsin. 

RNA isolation, reverse transcription, and 
quantitative real-time PCR 

Total RNA extraction was accomplished using 
the Trizol method add 1 mL Trizol for 15 min, then 
add 0.5 mL trichloromethane, oscillate for 15 s, and 
stand at RT for 10 min. Centrifugation at 4 °C, 12000×g 
for 15 min, isolate supernatant; add 0.5 mL 
isopropanol, and stand at RT for 10 min. 
Centrifugation at 4 °C, 12000×g for 10 min, discard the 
supernatant; add 1 mL 75% ethanol and gently wash 
the precipitate, discard the supernatant, followed by 
airing). The relative mRNA levels of OPG and RANKL 
were determined by RT-qPCR using the 2-ΔΔCT method 
with GAPDH as the internal reference gene. The 
above steps (from HGF inoculation to RT-qPCR) were 
repeated three times, and three wells were processed 
per concentration group. The primers for the target 
genes and the internal reference gene are shown in 
Table 2. 

Table 2. The primers in real-time PCR 

Genes Primer sequence (5' → 3') 
OPG F: GCATTCTTCAGGTTTGCTG  

R: TGTGTTGCCGTTTTATCCT 
RANKL F: TCCATGCTCTTGACCTTGT 

R: ACCCCGTAATTGCTCCA 
GAPDH F: CCTTCCGTGTCCCCACT 

R: GCCTGCTTCACCACCTTC 
 

Statistical analysis 
IBM SPSS Statistics 24.0 (IBM Corp, Armonk, 

NY, USA) was used for statistical analysis. All data 
are presented as mean ± SD. To evaluate the 
differences in IRS, one-way analysis of variance 
(ANOVA) was used for two-group comparisons and 
Tukey’s test was used for multiple-group 
comparisons. Pearson correlation analysis was used to 
analyze the correlation between leptin and each of the 
other two proteins, OPG and RANKL. In the case of 
qPCR results, single-factor t-tests were used to 
evaluate the differences between groups. In all 
analyses, p < 0.05 was considered statistically 
significant. 

Results 
Leptin expression decreases with the 
progression of inflammation 

The expression of leptin in samples from the 
three groups (control, moderate chronic periodontitis, 
and severe chronic periodontitis) is shown in Fig. 
1A-C. In all samples, leptin was located in the 
cytoplasm of gingival epithelial cells and the 
inflammatory cells in the connective tissue. In the 
control group, leptin was widely expressed in the 
lamina propria with deep staining (Fig. 1A). The 
expression levels decreased with the progression of 
inflammation (Fig. 1B-C). The IRSs for leptin for the 
three groups are shown in Table 3. The differences 
among the three groups were statistically significant 
(p < 0.05). 

 

Table 3. Immunoreactive score of leptin in different groups 

Group IRS P Variance analysis 
Normal Moderate Severe F P 

Control 7.75±3.26 - 0.032 <0.001 23.47 
  

<0.05 
Moderate  5.30±1.23 0.032 - 0.002  
Severe 1.75±1.09 <0.001 0.002 -  

Statistically significant: p<0.05. 
 

OPG expression decreases with the 
progression of inflammation 

The samples from the three groups under 
investigation showed OPG mainly expressed in the 
cytoplasm of the gingival epithelial cells and the 



Int. J. Med. Sci. 2021, Vol. 18 

 
http://www.medsci.org 

2434 

connective tissue (Fig. 1D-F). In the control and 
moderate chronic periodontitis groups, OPG was 
widely expressed in the lamina propria (Fig. 1D-E), 
whereas the expression level was considerably lower 
in the severe chronic periodontitis patient samples 
(Fig. 1F). The IRSs of the three groups are shown in 
Table 4. There were statistically significant differences 
between the control and the severe chronic 
periodontitis groups, as well as between the moderate 
and the severe chronic periodontitis groups (p < 0.05). 
In contrast, the difference between the control and the 
moderate chronic periodontitis groups was not 
statistically significant (p > 0.05). 

 

Table 4. Immunoreactive score of OPG in different groups 

Group IRS P Variance analysis 
Normal Moderate Severe F P 

Control 7.25±3.30 - 0.134 <0.001 17.65 <0.05 
Moderate 5.42±1.20 0.134 - 0.003  
Severe 2.08±1.03 <0.001 0.003 -  

Statistically significant: p<0.05. 
 

RANKL expression increases with the 
progression of inflammation 

RANKL expression was mainly found in the 
cytoplasm of gingival epithelium and the lamina 
propria (Fig. 1G–I). There was little expression of 

RANKL in the gingival epithelial cells and connective 
tissue of the control group (Fig. 1G); however, the 
expression levels increased with the progression of 
inflammation (Fig. 1H-I). The IRSs of the three groups 
are shown in Table 5; there were significant 
differences in the expression of RANKL among them 
(p < 0.05). 

 

Table 5. Immunoreactive score of RANKL in different groups 

Group IRS P Variance analysis 
Normal Moderate Severe F P 

Control 3.50±1.10 - 0.003 <0.001 56.59 
  

<0.05 
Moderate 5.70±1.43 0.003 - 0.001  
Severe 9.70±1.73 <0.001 0.001 -  

Statistically significant: p<0.05. 
 

Leptin levels are positively correlated with 
OPG and negatively correlated with RANKL 

The correlation coefficient between leptin and 
OPG was r = 0.905, suggesting a positive correlation 
between the expression levels of these two proteins in 
the gingiva. In contrast, the protein expression levels 
of leptin and RANKL in the gingiva were negatively 
correlated (r = -0.635). In both cases, the correlation 
was statistically significant (p < 0.01) (Figure 1). 

Correlations between staining intensities of 
leptin, OPG, and RANKL and 
clinical indices 

The staining intensities of 
leptin, OPG, and RANKL were 
correlated with the periodontal 
clinical index (Table 6). The 
protein expression levels of leptin 
and OPG in the gingiva were 
negatively correlated with the 
periodontal clinical index, 
whereas RANKL was positively 
correlated with the periodontal 
clinical index. 

Identification of 
tissue-explanted cells as HGFs 

The spindle-shaped cells 
were positively stained for 
vimentin (Fig. 2A) and negatively 
stained for keratin (Fig. 2B). These 
results are consistent with the 
biological characteristics of 
mesoderm-derived cells and not 
epithelial cells, and, combined 
with the sampling site, led us to 
the conclusion that the cells were 
gingival fibroblasts. 

 

 
Figure 1. Immunohistochemical staining of Leptin, OPG, and RANKL in control and chronic periodontitis groups. 
A-C. Immunohistochemical staining of Leptin in the control group(A), the moderate chronic periodontitis group (B), 
and the severe chronic periodontitis group (C). D-F. Immunohistochemical staining of OPG in the control group (D), 
the moderate chronic periodontitis group (E), and the severe chronic periodontitis group (F). G-I. 
Immunohistochemical staining of RANKL in the control group (G), the moderate chronic periodontitis group (H), and 
the severe chronic periodontitis group (I). Red arrows indicate the positive cells. EL: epithelial layer, LP: lamina 
propria. 
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RANKL and OPG expression levels in leptin- 
treated HGF cultures 

As shown in Fig. 2C, increasing leptin 
concentrations up to 5 µg/mL resulted in stronger 
OPG upregulation, with the OPG mRNA levels in the 
5 µg/mL leptin group being 1.5 times higher than 
those in the control group (p < 0.05). However, 
upregulation at the highest leptin concentration (10 
µg/mL) was slightly weaker than that at 5 µg/mL. 

 

 
Figure 2. RANKL and OPG expression levels in leptin-treated HGF. A. 
Immunohistochemical staining of vimentin in HGF. B. Immunohistochemical staining 
of keratin in HGF. C. Expression of OPG, RANKL and OPG/RANKL at mRNA level in 
different leptin concentration groups (ug/ml). 

 

Table 6. The correlations between the staining intensity of leptin, 
OPG and RANKL and clinical indexes 

Periodontal clinical index r P 
leptin OPG RANKL 

PD -0.722 -0.683 0.866 <0.01 
CAL -0.738 -0.685 0.857 <0.01 
BI -0.694 -0.672 0.883 <0.01 

Statistically significant: p<0.01. 
 
 

For RANKL, leptin at the three lowest 
concentrations (0.1, 0.5, and 1 µg/mL) did not 
significantly alter mRNA levels. However, treatment 
with the two highest concentrations (5 and 10 µg/mL) 
had a clear upregulatory effect. The maximum 
increase was observed using 10 µg/ml of leptin and 
resulted in RANKL expression 3 times greater than 
that of the control group (p < 0.05). 

The OPG/RANKL mRNA ratio increased with 
leptin concentrations up to 1 µg/mL, with a 
corresponding ratio that was 1.5 times higher than 
that in the control group. However, a further increase 

in the leptin concentration led to a decrease in the 
ratio. At 10 µg/mL of leptin, the ratio was only 40% 
compared to that in the control group (p < 0.05). 

Discussion 
Alveolar bone resorption is an important 

pathological manifestation of chronic periodontitis, 
and recent studies have shown that leptin is involved 
in the regulation of bone metabolism [10]. In vitro 
studies have shown that, under leptin stimulation, the 
mRNA level of OPG increased and that of RANKL 
decreased significantly in both human peripheral 
blood mononuclear cells and mouse osteoblasts 
[11,12]. Leptin inhibited adipocyte differentiation in 
human marrow stromal cells and promoted osteoblast 
differentiation [13]. This study suggests that the 
regulation of OPG/RANKL pathway by leptin may 
be related to the differentiation of osteogenic 
precursor cells [14]. In addition, leptin may promote 
RANKL expression through OB-rb/ERK and 
OB-rb/PI3K/AKT signaling pathways [15]. In recent 
years, the OPG/RANKL pathway has been found to 
play an important role in periodontitis, as mice that 
over-express RANK exhibited severe alveolar bone 
loss [16], and periodontal therapy has been shown to 
reduce the level of RANKL in crevicular fluid, and 
therefore, decrease the RANKL/OPG ratio [17]. 

Leptin has been shown to be involved in a 
variety of bone metabolic diseases. Subcutaneous 
administration of leptin to rats with prednisolone- 
induced osteoporosis, a condition characterized by 
decreased serum OPG and increased serum RANKL 
levels, counteracted the effects of prednisone on OPG 
and RANKL levels and improved bone mineral 
density and content [18]. Simopoulou et al. found that 
leptin and its receptor mRNA and protein are 
expressed in osteoarthritis articular chondrocytes, and 
found higher mRNA expression levels in advanced 
osteoarthritis cartilage compared to minimal 
osteoarthritis; they thought it may be related to the 
grade of cartilage destruction, indicating that leptin 
can indeed affect cartilage metabolism directly [19]. 

Previous studies [4-6] have shown that leptin 
may be involved in the development of chronic 
periodontitis. In the present study, leptin expression 
in the gingival tissue of the control group was 
significantly higher than that in the two chronic 
periodontitis groups. Moreover, the severe group had 
lower leptin levels than the moderate group. This is 
consistent with the results of previous studies 
employing the enzyme-linked immunosorbent assay 
(ELISA) [20]. RANKL expression showed the opposite 
trend: while it was weak in the control group, it 
increased significantly with the development of 
chronic periodontitis. In the case of OPG, the control 
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group had a significantly higher level than the severe 
group; however, no significant difference was 
detected in OPG expression between the control 
group and the moderate chronic periodontitis group. 
Our results can be considered consistent with those of 
previous studies [21,22], although they, unlike us, 
observed significant differences in OPG levels 
between the control and the moderate chronic 
periodontitis groups. This minor discrepancy may be 
attributed to differences in the ethnicity of the subjects 
or to different experimental conditions. Further 
studies with larger sample sizes are required to 
explore this fully. In addition, results of the 
correlation analysis of leptin, OPG, and RANKL with 
the periodontal clinical indicators was also consistent 
with the previously reported results [6,22]. 

Our in vitro experiments showed that OPG 
mRNA levels gradually increased with increasing 
leptin concentrations; RANKL showed no change with 
low leptin concentrations (0.1, 0.5, and 1 µg/mL) and 
increased at high concentrations (5 and 10 µg/mL); 
and lastly, the ratio of OPG/RANKL increased at low 
leptin concentrations and decreased at high 
concentrations. These results suggest that leptin may 
be involved in the progression of chronic 
periodontitis by regulating the OPG/RANKL system 
and thus altering the microenvironment of osteoclast 
differentiation in alveolar bone, something that has 
been observed in other bone metabolism-related 
diseases. The bone- destructive effect of leptin at high 
concentrations was previously suggested by Kim GS 
et al.[23], who showed that local high concentrations of 
leptin had toxic effects on human bone marrow 
mesenchymal stem cells by the reduction of alkaline 
phosphatase activity and osteocalcin production in a 
dose-dependent manner. In the present study, we 
found that OPG expression increased gradually while 
the leptin concentration was increased at low 
concentrations. However, treatment with leptin at 
high concentrations lead to the increased RANKL 
expression level and decreased OPG/RANKL mRNA 
ratio. Notably, the results of our in vitro experiments 
were not fully consistent with our previous 
immunohistochemical results. The r-value of -0.635 
for RANKL and leptin suggests there may be a 
negative correlation between RANKL and leptin. 
However, in in vitro experiments, the effect on 
RANKL only occurred at a higher leptin 
concentration, had a clear upregulatory effect. 
Therefore it suggests the RANKL expression level in 
gingival tissues may be regulated not only by leptin 
but also by other related factors, such as IL-6, TNF-α, 
and IL-17A, which could promote RANKL expression 
[24-26]. 

Leptin is a hormone secreted by adipocytes, and 
it is known as the paracrine factor released upon 
obesity and metabolic syndrome [27,28]. Leptin has 
been found to modulate the innate and adaptive 
immunity responses in mucosal surfaces [29]. The 
results of the present study indicate that leptin 
released under systemic conditions may dysregulate 
the innate immunity in the gingival epithelium and 
lamina propria, and then lead to the chronic 
periodontitis. 

Zheng et al. [30] established a periodontal defect 
model in rats with osteoporosis in which rat bone 
marrow mesenchymal stem cells were transfected 
with adenovirus containing the human leptin gene; 
these were later implanted into the periodontal defect 
area. Well-formed bone tissue emerged, indicating the 
potential applications of leptin, both for periodontal 
regeneration in patients with osteoporosis, and as a 
potential new treatment strategy for chronic 
periodontitis. 

In summary, this study investigated the 
expression of leptin, OPG, and RANKL in the gingival 
tissue of patients with chronic periodontitis, as well as 
the regulatory effect of leptin on the expression of 
OPG and RANKL in human gingival fibroblasts. Our 
results strongly suggest that leptin may be involved in 
the development of chronic periodontitis by 
modulating the OPG/RANKL system; however, 
further studies are required to fully explore the 
specific mechanisms through which leptin regulates 
chronic periodontitis. 

Abbreviations 
HGFs: Human gingival fibroblasts; BI: bleeding 

index; PD: probing depth; CAL: clinic attachment loss; 
OPG: Osteoprotegerin; RANKL: Receptor Activator 
for Nuclear Factor-κB Ligand; ELISA: enzyme-linked 
immunosorbent assay; IL-6: interleukin-6; TNF-α: 
tumor necrosis factor α; ERK: Extracellular Signal 
Regulated Kinase; OB-rb: leptin receptor; PI3K: 
Phosphatidylinositide 3-kinases; AKT (PKB): protein 
kinase B. 

Acknowledgements 
This work was supported by the Natural Science 

Foundation of Hunan Province of China (2018JJ2625) 
and the Project of Education Department of Hunan 
Province of China, No. Xiang Cai Enterprise (2020) 65. 

Ethics committee approval and patient 
consent 

Informed consent was obtained from all subjects 
and this trial was approved by the Ethics Committee 
of Xiangya Hospital of Central South University 
(Number: 2019030082). 



Int. J. Med. Sci. 2021, Vol. 18 

 
http://www.medsci.org 

2437 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Lindhe J, et al. Consensus Report: Chronic Periodontitis. Ann Periodontol 

.1999;4: 38. 
2. Zhang F, Basinski MB, Beals JM, et al. Crystal structure of the obese protein 

leptin-E100. Nature. 1997 ;387:206-9. 
3. Devos R, Guisez Y, Van der Heyden J, et al. Ligand-independent dimerization 

of the extracellular domain of the leptin receptor and determination of the 
stoichiometry of leptin binding. J Biol Chem. 1997;272:18304-10. 

4. Khosla S. Minireview: the OPG/RANKL/RANK system. Endocrinology. 
2001; 142:5050-5055. 

5. Purwar P, Khan MA, Mahdi AA, et al. Salivary and serum leptin 
concentrations in patients with chronic periodontitis. J Periodontol. 2015;86: 
588-594. 

6. Selvarajan S, Perumalsamy R, Emmadi P, et al. Association between gingival 
crevicular fluid leptin levels and periodontal status - A biochemical study on 
Indian patients. J Clin Diagn Res. 2015;9:ZC48-53. 

7. Johnson RB, Serio FG. Leptin within healthy and diseased human gingival. J 
Periodontol. 2001;72:1254-7. 

8. [No authors listed]. American Academy of Periodontology Task Force Report 
on the Update to the 1999 Classification of Periodontal Diseases and 
Conditions. J Periodontol. 2015 ;86:835-8. 

9. Elisa Specht, Daniel Kaemmerer, Jorg Sanger, et al. Comparison of immuno-
reactive score, HER2/ neu score and H score for the immunohistochemical 
evaluation of somatostatin receptors in bronchopulmonary neuroendocrine 
neoplasms. Histopathology. 2015; 67:368–377. 

10. Han M., YAN T., WANG D. The Role of Leptin Plays in Bone Metabolism: 
Circumstances and Outlooks. Progress in Modern Biomedicine (In Chinese). 
2015;15:2766-2769. 

11. Holloway WR, Collier FM, Aitken CJ, et al. Leptin inhibits osteoclast 
generation. Journal of Bone and Mineral Research.2002;17:200-209. 

12. LIU Airu, DONG Jin. Leptin effect on the proliferation and OPG RANKL 
mRNA expression in MC3T3-E1 osteoblasts of mice. Chin J Osteoporos (In 
Chinese). 2008;14:552-555. 

13. Thomas T, Gori F, Khosla S, et al. Leptin acts on human marrow stromal cells 
to enhance differentiation to osteoblasts and to inhibit differentiation to 
adipocytes. Endocrinology. 1999 ;140:1630-8. 

14. Burguera B, Hofbauer LC, Thomas T et al. Leptin Reduces 
Ovariectomy-Induced Bone Loss in Rats. Endocrinology. 2001;142:3546-53. 

15. Guan-Ying Liu, Qiu-Hua Liang, Rong-Rong Cui, et al. Leptin promotes the 
osteoblastic differentiation of vascular smooth muscle cells from female mice 
by increasing RANKL expression. Endocrinology. 2014 ;155:558-67. 

16. Sojod B, Chateau D, Mueller CG, et al. RANK/RANKL/OPG Signalization 
Implication in Periodontitis: New Evidence from a RANK Transgenic Mouse 
Model. Front Physiol. 2017; 24:8:338. 

17. López Roldán A, García Giménez JL, Alpiste Illueca F. Impact of periodontal 
treatment on the RANKL/OPG ratio in crevicular fluid. PLoS One. 2020 
27;15:e0227757. 

18. AHMED HH, Morcos NY, Eskander EF, et al. Potential role of leptin against 
glucocorticoid-induced secondary osteoporosis in adult female rats. Eur Rev 
Med Pharmacol Sci. 2012; 16: 1446-1452. 

19. Simopoulou T, Malizos K, et al. Differential expression of leptin and leptin 
receptor isoform (ob-rb) mrna between advanced and minimally affected 
osteoarthritic cartilage; effect on cartilage metabolism. Osteoarthritis 
Cartilage. 2007;15:872-83. 

20. Gangadhar V, Ramesh Thomas. Correlation between leptin and the health of 
the gingiva: a predictor of medical risk. Indian J Dent Res. 2011; 22:537-41. 

21. Liu D, Xu JK, Figliomeni L, et al. Expression of RANKL and OPG mRNA in 
periodontal disease: possible involvement in bone destruction. Int J Mol Med. 
2003;11:17-21. 

22. Crotti T, Smith MD, Hirsch R et al. Receptor activator NF κB ligand (RANKL) 
and osteoprotegerin (OPG) protein expression in Chronic periodontitis. J 
Periodontal Res. 2003;38:380–387. 

23. Kim GS, Hong JS, Kim SW, et al. Leptin induces apoptosis via ERK/cPLA2/ 
cytochrome c pathway in human bone marrow stromal cells. Journal of 
Biological Chemistry. 2003;278:21920-21929. 

24. Kong YY, Boyle WJ, Penninger JM. Osteoprotegerin ligand: a regulator of 
immune responses and bone physiology. Immunol Today.2000;21:495–502. 

25. Wu Q, Zhou X, Huang D et al. IL-6 enhances osteocyte-mediated 
osteoclastogenesis by promoting JAK2 and RANKL activity in vitro. Cell 
Physiol Biochem. 2017;41:1360-1369. 

26. Lin D.P., Li L., Sun Y. et al. Interleukin-17 regulates the expressions of RANKL 
and OPG in human periodontal ligament cells via TRAF6/TBK1-JNK/NF-κB 
pathways. Immunology. 2015;144:472-485.  

27. Considine RV, et al. Serum Immunoreactive-Leptin Concentrations in 
Normal-Weight and Obese Humans. N Engl J Med. 1996;334:292-5. 

28. Ghadge AA, Khaire AA. Leptin as a predictive marker for metabolic 
syndrome. Cytokine. 2019;121:154735. 

29. Mackey-Lawrence NM, Petri WAJr. Leptin and mucosal immunity. Mucosal 
Immunol. 2012;5:472-9. 

30. Zheng B, Jiang J, Chen Y, et al. Leptin Overexpression in Bone Marrow 
Stromal Cells Promotes Periodontal Regeneration in a Rat Model of 
Osteoporosis. J Periodontol. 2017; 88:808-818. 


