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ABSTRACT

Article type:

Objective(s): This study aimed to investigate the role and the possible mechanisms involved in the
immunoregulation of experimental periodontitis by Th17/Treg.
Materials and Methods: Experimental periodontitis was established by silk thread ligation with
Porphyromonas gingivalis daubing in the bilateral maxillary second molar of Male Sprague-Dawley (SD) rats.
Alveolar bones were scanned by Micro-CT. Histological examination was stained with H&E. The proportions
of Th17 and Treg cells in peripheral blood were detected by flow cytometry. RT-PCR was used to measure
the expression of RORγt, Foxp3 mRNA in the gingival tissues. The concentrations of IL-17, IL-10, and TGF-β in
peripheral blood and gingival crevicular fluid were measured by ELISA.
Results: Experimental rats showed profound bone resorption and inflammatory cell infiltration. The
percentages of Th17 significantly increased in the peripheral blood, which was consistent with gingival
tissues study that Th17 cells related transcription factor RORγt mRNA and IL-17 increased in the
course of periodontitis. The percentages of CD25+Foxp3+ Treg significantly increased in the peripheral
blood, which was consistent with gingival tissues study that Treg cells related transcription factor
Foxp3 mRNA and cytokines IL-10 and TGF-β increased in the course of periodontitis. The ratio of
Th17/Treg cells was significantly increased in the peripheral circulation, however, the Th17/Treg
balance is in wave motion in inflamed gingival tissues in the different stages of periodontitis.
Conclusion: Th17/Treg balance may be associated with the progression of periodontitis and
pathological tissue destruction. Moreover, local inflammation would result in the up-regulation ratio of
Th17/Treg in peripheral blood, which may influence some periodontally involved systemic diseases.
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Introduction

Periodontitis is a chronic inflammatory disease
characterized by the inflammatory bone resorption of
the teeth-supporting structures, being the most
prevalent form of bone pathology (1, 2). It is widely
accepted that periodontal disease can be caused by
bacteria, which not only causes periodontal attachment
and alveolar bone loss but can also have an impact on
systemic diseases, such as diabetes, and cardiovascular
disease (3-5). Although periodontal bacteria such as
Porphyromonas gingivalis (P. gingivalis) are necessary
for the initiation of periodontitis, the host immune
response to periodontal bacteria, particularly the
CD4+T cell-mediated cellular response, plays an
important role in subsequent disease progression and
periodontal tissue destruction (6-8). After priming and
activation, naive CD4+T cells differentiate into different
subsets with either promoter or suppressor functions
during the progression of periodontitis (9).

Regulatory T cells (Tregs) and Th17 cells are two
closely related CD4+ Th-cell subsets, and they have
reciprocal effects on the development of autoimmune
diseases. Th17 cells express the specific transcription
factor retinoid-related orphan receptor γτ (RORγτ), a
major pathogenic cell that orchestrates the complex
network of the sustained inflammation and disease
progression (10). Th17 produces IL-17, which is
abundantly expressed in the inflammation sites, such as
arthritis joints (11). IL-17 not only induces
proinflammatory cytokines but also directly enhances
osteoclastogenesis by upregulating receptor activator
nuclear kappa ligand (RANKL) on osteoblasts,
contributing to bone resorption in periodontitis (12, 13).
Treg cells, whose functions are different from other
T cell subpopulations, retain tolerance to self-antigens
and inhibit autoimmunity (14). CD4+CD25+ Treg cells
express the transcription factor forkhead box P3 and
they play an important role in the maintenance of
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immune self-tolerance and homeostasis. Foxp3+ Treg
cells can migrate into inflammation sites and inhibit
various effector lymphocytes, including Th1, Th2, and
Th17 (15). There is accumulating evidence indicating
that Tregs’ suppressive function can be mediated by
TGF-β and IL-10 (16). Tregs have been identified in
human periodontal lesions by the expression of the
phenotypic markers FOXp3, IL-10, and TGF-β. A previous
study demonstrated an increased frequency of Tregs in
healthy tissues, suggesting a role for Tregs in the
maintenance of periodontal health (17).
Treg/Th17 balance plays an important role in
maintaining immune homeostasis. The proportion of
Th17/Treg cells has been studied in some inflammatory
diseases, such as inflammatory bowel disease and
chronic airway inflammation (18, 19). Maintaining an
appropriate balance between Th17 and Treg cells can
ensure effective immunity while avoiding inflammatory
and tumor immunosurveillance. Accumulated evidence
has demonstrated quantitative or functional imbalance
between Th17 and Tregs and these subsets' expression
correlation with prognosis in inflammatory and tumor
(20).
However, the roles of Tregs and Th17 in the course
of periodontitis are unknown. To clarify these questions,
we investigated the percentage of Th17/Treg cells and
related transcription factor and cytokines in peripheral
blood, gingival tissues and gingival crevicular fluid of SD
rats with experimental periodontitis in different stages
of progression. Based upon this research, we evaluated
the role and the possible mechanisms involved in the
immunoregulation of experimental periodontitis by
Th17/Treg.

Materials and Methods

Reagents
Fluorescence-conjugated mAbs to CD4, CD25,
Foxp3, and IL-17 were from eBiosciences Co (USA);
Reagents for qPCR were purchased from Takara Bio
(China); TGF-β, IL-10, IL-17 ELISA kits from Raybio Co.,
Ltd. (USA).
Animals
Male Sprague-Dawley (SD) rats weighing 220±20 g
were purchased from the Experimental Animal Center
of Sun Yat-sen University, Guangzhou，China. The
animals were housed in a room with a controlled
ambient temperature (22±2 °C) and humidity
(50%±10%), with food and water ad libitum. All
experiments were approved by the Ethics Review
Committee for Animal Experimentation of Sun Yat-sen
University.
Bacteria
Porphyromonas gingivalis from Xiangf bio co.
(China) (ATCC: 33277). P. gingivalis was grown on
brain-heart infusion (BHI) blood agar plates
supplemented with vitamin K (10 μg/ml), hemin
(0.25%), and sterilized sheep blood (5%) under

295

Gao et al

anaerobic conditions at 37 °C. The bacteria were
collected during the logarithmic growth phase of oral
infection.
Induction and groups of periodontitis rats
SD rats were anesthetized and silk thread ligation
was operated in the bilateral maxillary second molar.
Periodontal infection was performed as described
previously (17). Periodontal infection was established
through oral inoculation using 1010 colony-forming
units of P. gingivalis suspended in 100 μl 4%
carboxymethyl cellulose (CMC) every other day within
a week. The rats were euthanized 2 weeks, 4 weeks, 8
weeks, and 12 weeks after the first oral inoculation. An
equivalent number of untreated rats were employed as
controls.
40 rats were randomly divided into 5 groups,
controls, 2 weeks, 4 weeks, 8 weeks, and 12 weeks
groups. Each group contained 8 rats.
Alveolar bone loss measurement
Bone loss measurements were made along the axis
of each root surface of all the molar teeth (14 sites) to
accurately determine the distance between the alveolar
bone crest (ABC) and the cement-enamel junction
(CEJ). The buccal and palatal root surfaces of the molar
teeth were photographed at 32× with a dissecting
microscope. To calculate alveolar bone resorption, the
average distance between the ABC and the CEJ at each
of the 14 predetermined sites was subtracted from the
average distance between the ABC and the CEJ. All the
bone level measurements were performed by two
blinded evaluators.
Histological examination
Alveolar bones were fixed in formalin for 2 days and
scanned by Micro-CT. For histological examination,
after being fixed overnight in 4% paraformaldehyde,
the maxilla were decalcified in 10% ethylenediamine tetraacetic acid disodium salt (EDTA) for 4 weeks. The
decalcified specimens were then dehydrated and
embedded in paraffin. The tissue blocks were cut into a
half series of slices five-micrometers-thick in the
mesiodistal direction. The sections were fixed on slides,
the paraffin removed, and then the samples were stained
with hematoxylin and eosin (H&E). The sections were
examined with a stereomicroscope (Olympus).
Detection of CD4+IL-17+ T cells and CD4+CD25+Foxp3+
Treg
Fresh heparinized peripheral blood samples from
each group were collected. PBMCs were isolated from
blood by standard density gradient separation using
Ficoll density gradient (21). Isolated cells were washed
three times with PBS and used for flow cytometry. A
total of 1 × 107 PBMCs prepared above were acquired
for each sample and surface stained with CD4-FITC or
CD4-FITC and CD25-APC at 4 °C for 30 min, and
subsequently intracellularly stained with a PE anti-rat
Foxp3 or IL-17 staining kit according to the
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Table 1. The sequnces of the synthetic oligonucleotices
Molecule
Foxp3
ROR γt
GAPDH

Sequence (5′–3′)
Forward:5’-CCCAGGAAAGACAGCAACC-3’
Reverse:5’-TTCTCACAACCAGGCCACTTG-3’
Forward:5’- AGTGTAATGTGGCCTACTCCT-3’
Reverse:5’- GCTGCTGTTGCAGTTGTTTCT -3’
Forward:5′-ACTCCACGACGTACTCAGCG-3′
Reverse:5′-GGTCGGAGTCAACGGATTTG-3′

manufacturer's instructions. Cells were detected by
flow cytometry using a Beckman Coulter Epics Elite and
data were analyzed by FCS Express 4. The results were
expressed by the percentage of CD25+Foxp3+ and IL17+ in gated CD4+cell.
Real-time quantitative PCR
Gingival tissues from each group were
homogenized for RNA extraction. Total RNA was
extracted with TRI reagent. Total RNA (1 μg) was then
reverse-transcribed in a reaction mixture containing 1U
RNase inhibitor, 500 ng random primers, 3 mM MgCl2,
0.5 mM dNTP, and 10 U reverse transcriptase in RT
buffer. The sequences of the synthetic oligonucleotides
were as Table 1.
Q-PCR analysis of GAPDH, Foxp3, and ROR γt was
performed using the Roche universal probe library
detection system. Relative quantification of gene
expression was performed using the comparative
threshold (CT) method (22). Changes in mRNA
expression level were calculated following normalization
to GAPDH. All experiments were performed in triplicate
independently.
Detection of cytokines IL-10, TGF-β, and IL-17 by
ELISA
The serum and gingival crevicular fluid of
experimental and control rats were taken at 2, 4, 8, and
12 weeks after ligation. IL-10, TGF-β, and IL-17 level in
the serum and gingival crevicular fluid were measured
using enzyme-linked immunosorbent assay (ELISA)
kits according to the protocols provided by the
manufacturer.
Statistical analysis
Data are presented as the mean±standard
deviation (SD). Differences between groups were
analyzed using Student’s t-test for continuous variables.
Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS, version 17.0;
SPSS, Inc.), and P<0.05 was considered statistically
significant.

Results

Experimental
periodontitis
was
established
successfully
We first observed periodontal bone by Micro-CT
and stereomicroscope to investigate periodontal bone
loss induced by P. gingivalis. From the figure we found
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Figure 1. Experimental periodontitis was induced P. gingivalis.
Alveolar bone resorption was analyzed by measuring the distance
from the cement-enamel junction (CEJ) to the alveolar bone crest
(ABC). A: Periodontal bone is observed by stereomicroscope and
Micro-CT. B: The distance between the CEJ and ABC. C: HE staining
of periodontium. ##P<0.01, compared with the control group

bone resorption and furcation were involved in
periodontitis groups (Figure 1A). We measured the
distance from the CEJ to the ABC to quantitate
periodontal bone loss. The average distance between
the CEJ and the ABC increased gradually from 2 weeks
to 12 weeks after ligation compared to the control
group (Figure 1B).
It is an important pathological change that
inflammatory cells infiltrate periodontal tissues in the
pathogenesis of periodontitis. H&E staining revealed
that inflammatory cells were observed in both the
connective tissue and epithelium, collagenous fibers
and apparent attachment were mainly destroyed in the
experimental periodontitis groups (2, 4, 8, and 12
weeks after ligation) (Figure 1C).
The proportion and ratio of Th17/Treg were
disordered in peripheral blood of experimental
periodontitis rats
The percentages of Th17 and Treg cells in
peripheral blood were determined by flow cytometry in
different stages of experimental periodontitis. The
percentage of IL-17+ T cells in gated CD4+ cell
significantly
increased
in
the
experimental
periodontitis groups (2, 4, 8, and 12 weeks groups)
compared to the control group. Among them, the
percentages of Th17 in 8 weeks group was the highest
(Figure 2A).
Similar results were obtained in detecting Treg cells
proportion. The percentage of CD25+Foxp3+ cells in
gated CD4+ T cells significantly increased in the
experimental periodontitis groups (2, 4, 8, and 12
weeks groups) compared to the control group. Among
them, the percentages of Treg in 12 weeks groups were
highest (Figure 2B).
The ratio of IL-17+T/CD25+Foxp3+Treg cells
increased gradually from 0 weeks to 8 weeks, it
especially increased significantly in the experimental
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Figure 2. Proportion of Th17 cells and Treg cells and the ratio of Th17/Treg in experimental periodontitis rats’ peripheral blood.
Lymphocytes were isolated and purified from peripheral blood. These cells were harvested, then stained with antibodies to CD4, CD25,
IL-17, and Foxp3, and analyzed by flow cytometry. A: Dot plot in the upper right quadrant represents CD25+Foxp3+ in gated CD4+cell. B: Dot
plot in the upper right quadrant represents CD4+IL-17+Th17. C: Histogram expression of CD25+Foxp3+Treg percentages in gated CD4+cell
CD4+IL-17+ Th17 percentages and the ratio of Th17/Treg. Data are shown as the means±SD from 8 animals. #P<0.05, ##P<0.01 versus control

periodontitis groups (8, 12 weeks groups) compared to
control group (Figure 2C).
Expression of RORγt mRNA and Foxp3 mRNA in
gingival tissues
We detected the specific transcription factor RORγτ
of Th17 to further reflect the Th17 related gene level. The
expression of RORγt mRNA increased gradually from 0
weeks to 8 weeks, and the expression significantly
increased in the experimental periodontitis groups (2, 4,
8, and 12 weeks groups) compared to the control group.
Among these groups, the expression of RORγt mRNA in
the 8 weeks group was the highest (Figure 3A).

Figure 3. Expression of RORγt and Foxp3 mRNA and the ratio of
RORγt/Foxp3 in experimental periodontitis rats’ gingival tissues. A:
Analysis of expression of RORγt mRNA in rats’ gingival tissues. B:
Analysis of expression of Foxp3 mRNA in rats’ gingival tissues. C:
Analysis of the ratio of RORγt/Foxp3 in experimental periodontitis rats’
gingival tissues. Data are shown as the means±SD from 8 animals.
#P<0.05, ##P<0.01 versus control
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We detected the specific transcription factor Foxp3
mRNA of Treg. Similar results were obtained in the
expression of Foxp3 mRNA. The expression of Foxp3
mRNA increased gradually from 2 weeks to 12 weeks,
and the expression significantly increased in the
experimental periodontitis groups (4, 8, and 12 weeks
groups) compared to the control group. Among these
periodontitis groups, the expression of Foxp3 mRNA in
the 12 weeks group was the highest (Figure 3B).
The ratio of RORγt/Foxp3 mRNA significantly
increased in 2 weeks groups compared to the control
group and 4, 8, and 12 weeks groups, that is to say, the
ratio was highest in 2 weeks groups. In contrast, the
ratio significantly decreased in 12 weeks groups
compared to the control group and 2, 4, and 8 weeks
groups (Figure 3C).
The expression of IL-10, TGF-β, and IL-17 in the
serum and gingival crevicular fluid
We detected IL-10, TGF-beta, and IL-17 by the
ELISA method to further explore Th17/Treg related
cytokines. There are no significant differences in IL-17
level between the control group and experimental
groups in the serum. The level of IL-10 increased
gradually from 2 weeks to 12 weeks, and the level
significantly
increased
in
the
experimental
periodontitis groups (4, 8, and 12 weeks groups)
compared to the control group. Among these
periodontitis groups, the level of IL-10 in 12 weeks
groups was highest. The level of TGF-β increased in
experimental groups, but there was no significant
difference between the control group and the
experimental groups (Figure 4A).
The level of IL-17 increased gradually from 2 weeks
to12 weeks in the gingival crevicular fluid, and the level
significantly increased in the experimental periodontitis
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Figure 4. Expression of IL-17, IL-10, and TGF-β in experimental periodontitis rats’ serum and gingival crevicular fluid. A: Analysis of
expression of IL-17, IL-10, and TGF-β in experimental periodontitis rats’ serum. B: Analysis of expression of IL-17, IL-10, and TGF-β in
experimental periodontitis rats’ gingival crevicular fluid. Data are shown as the means±SD from 8 animals. #P<0.05 versus control

groups (4, 8, and 12 weeks groups) compared to the
control group. Cytokines IL-10 and TGF-β increased
gradually from 2 weeks to 12 weeks. Compared to the
control group, IL-10 significantly increased in 12 weeks,
while TGF-β significantly increased in 8 and 12 weeks
groups (Figure 4B).

Discussion

As previously reported, mice inoculated with
P. gingivalis had a significantly increased number of
alveolar bone osteoclasts, which could contribute to their
bone loss (23, 24). In the present study, we specifically
demonstrated that bone loss was increased gradually in
different stages of P. gingivalis-induced experimental
periodontitis. H&E staining revealed that inflammatory
cells were observed in both the connective tissue and
epithelium, collagenous fibers and apparent attachments
were destroyed at various degrees with the progress of
the disease. It also shows that experimental periodontitis
was established successfully in the present study.
Several studies have shown that Th17 and Treg cells
are involved in periodontal inflammation and tissue
destruction during periodontitis (25), but the roles of
Tregs and Th17 in the course of periodontitis are
unknown. To clarify these questions, we investigated the
percentage of Th17/Treg cells and related transcription
factor and cytokines. Th17 cell activation has been linked
to bone resorption (26); accordingly, high levels of IL-17
were found in the crevicular fluid of periodontal pockets
from periodontitis patients (27), and Th17 cells have
been identified in chronic periodontitis lesions (28). We
can detect Th17 and Treg cell populations by
flow cytometry in peripheral blood, however, it is
difficult to detect Th17 and Treg cell populations in
gingival tissues, so we detected RORγτ, Foxp3 mRNA and
related cytokines in gingival tissues. The results of the
present study found that the percentages of Th17
significantly increased in peripheral blood in the course
of periodontitis, which was consistent with gingival
tissues study that Th17 cells related transcription factor
RORγt mRNA and cytokines IL-17 significantly increased
in the course of periodontitis. As a pro-inflammatory
cytokine, IL-17 plays a critical role through the
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recruitment of neutrophils and induction of
granulopoiesis to clear periodontal pathogens (29). The
current study showed that IL-17 levels increased during
the pathogenesis of periodontitis and were strongly
associated with periodontal destruction. That is to say,
Th17 cells increased in the local inflammation tissue in
different stages of P. gingivalis-induced experimental
periodontitis, which may affect Th17 cells in the
peripheral circulation. However, it is interesting that
there were no significant differences in IL-17 levels in
serum between the control and experimental groups.
The exact mechanism for unchanged IL-17 levels in
serum is not clear. We inferred that the sensitivity of the
detection is not enough for the low level of IL-17 in
peripheral blood, or perhaps it was related to IL-17
gathering from peripheral blood into the local
inflammation tissue.
Recent studies suggest that Foxp3+ Treg cells may
have an essential role in regulating periodontal
inflammation and alveolar bone resorption in inflamed
gingival tissues (30). Treg cells have been reported to
attenuate periodontitis through the expression of
membrane inhibitory molecules, such as glucocorticoidinduced tumor necrosis factor receptor, and antiinflammatory cytokines, such as IL-10 and TGF-β (31). In
the present study, we examined the percentage of
CD25+Foxp3+ Treg cells from peripheral blood and Treg
cells related transcription factor Foxp3 mRNA and
cytokines IL-10 and TGF-β in gingival tissues with
significant inflammation. Our results indicated the
percentages of CD25+Foxp3+ Treg significantly increased
in peripheral blood in the course of periodontitis, which
was consistent with a gingival tissues study showing that
Treg cells related transcription factor Foxp3 mRNA and
cytokines IL-10 and TGF-β significantly increased in the
course of periodontitis. That is to say, Treg cells
increased in the local inflammation tissue in different
stages of P. gingivalis-induced experimental
periodontitis, which may affect Treg cells in the
peripheral circulation. Our experimental results were not
completely consistent with previous reports, for
example, some reports suggest that the percentages of
Treg cells tended to decrease in periodontitis (32). Why
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was there such a different result? The feature of this
study is observing Treg in the different stages of
periodontitis, and the percentages of Treg may be related
to its self-protective increase.
Previous studies suggested that Th17/Treg cell
imbalances are associated with the development of
periodontitis and that increased amounts of the ratio of
Th17/Treg contribute to the pathogenesis of
periodontitis (25). Consistent with these studies, in the
present study, we found that the ratio of Th17/Treg cells
was significantly increased in the peripheral circulation
in the different stages of periodontitis. In the 12th week,
the proportion of Treg continued to rise. The protective
rise of Treg inhibited Th17, which probably lead to
decreased Th17/ Treg ratio from the 12th week, but the
ratio was still higher than the control. However, the
Th17/Treg balance is in wave motion in inflamed
gingival tissues in different stages, which may be
associated with the progression of periodontitis and
pathological tissue destruction.

Conclusion

We demonstrated that the percentages of Th17 and
Treg cells were up-regulated significantly in inflamed
gingival tissues in different stages of periodontitis.
However, the ratio of Th17/Treg is in wave motion,
which may be associated with the progression of
periodontitis and pathological tissue destruction.
Moreover, local inflammation would result in the upregulation ratio of Th17/Treg in peripheral blood, which
may influence some periodontally involved systemic
diseases. These findings should be the subject of further
inquiry through a carefully conducted, larger, prospective
study to determine whether Tregs/Th17 ratio can be
used as a marker and whether it may serve as a potential
therapeutic target. The percentages and the ratio of
Th17/Treg have been detected in different stages of
periodontitis and their applications for clinical value
remain to be investigated in future studies.
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