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Abstract
Background and Objective: The application of ASCs in periodontal regeneration is a good choice.
In�ammatory micro-environment in�uenced the proliferation, mobilization, and osteogenic differentiation
of ASCs in vitro.The aim of this study was to evaluate the effects of experiment periodontitis on the
proliferation, wound healing and osteogenesis markers of adipose-derived stem cells (ASCs) in rats.

Materials and methods: Ten male rats were divided into two groups randomly. The control (Con) group
received a standard diet, and the periodontitis (Peri) group was received a standard diet with placing
ligatures around the maxillary �rst molar. Toll like receptor 4 (TLR4), Tumor necrosis factor-α (TNF-a) and
Interleukin-1β (IL-1β) were tested by immunohistochemistry (IHC) staining and quantitative real-time
polymerase chain reaction (qRT-PCR). The proliferation rate of ASCs was measured through Cell Counting
Kit-8 (CCK-8) assay. The migration speed of stem cells was evaluated by using a wound healing assay.
The expression of alkaline phosphatase (ALP), bone morphogenetic protein-2 (BMP2) and runt related
transcription factor 2 (Runx2) was evaluated by qRT-PCR analysis and western blot. Graph Pad Primer 7.0
software was used for statistical analysis.

Results: After 4 weeks, periodontitis model was successfully constructed. The results of IHC and RT-PCR
found that in the Peri group, the TNF-a and IL-1β levels of adipose tissues decreased compared with the
Con group (P<0.05). The proliferation of Peri-ASCs signi�cantly increased compared with Con-ASCs.
Moreover, the wound healing ability of Peri-ASCs gradually increased in a time dependent manner
compared with Con-ASCs. Results of RT-PCR showed that ALP and BMP2 gene levels of Peri-ASCs
signi�cantly decreased (P<0.05), while the Runx2 gene level in Peri-ASCs was increased, when compared
to Con-ASCs. The ALP activity of Peri-ASCs was decreased compared to the Con-ASCs, especially the
difference was signi�cant at day 5 day (P<0.01). Western blot results showed that ALP, Runx2 and BMP2
protein levels of Peri-ASCs were signi�cantly lower than those in Con-ASCs after osteogenic induction.

Conclusion: Our study demonstrated that experiment periodontitis decreased the expression of TNF-a and
IL-1β in adipose tissue in rats. Experiment periodontitis promoted the proliferation and wound-healing
ability of ASCs, but obviously inhibited the osteogenic differentiation of ASCs.

Introduction
Periodontitis is a chronic infectious disease and �nally resulting in the loose or loss of tooth [1]. The ideal
method of periodontitis therapy is to reconstruct the lost periodontal tissues, includes alveolar bone,
periodontal ligament and cementum. A clinic trial proved that the long-period bene�ts of periodontal
regeneration were better than �ap [2]. Stem cells play an important role in cells based regenerative
medicine [3, 4]. Some stem cells have been successfully applied in periodontal regeneration, such as
periodontal ligament, dental follicle, bone marrow, and adipose tissue [5–7]. The biology characteristics
of cells deprived of adipose tissue was in�uenced by physiological and pathological conditions [8]. ASCs
are deprived from adipose tissue and contributing to tissue or cells renewal and repair [9, 10]. As we know,
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ASCs have potential abilities to differentiate towards different cell lineages, such as osteoblast,
chondrocyte and adipocyte [11, 12]. ASCs can be deprived in large number. So, more and more studies
focus the effects of in�ammation on ASCs in vivo and vitro [13, 14]. In appropriate conditions, the
application of ASCs successfully repaired damaged periodontal tissues in animals [15, 16]. These results
suggest that ASCs is a good choice to be used in periodontal regeneration.

Previous research has found that in�ammatory cytokines expressions in the adipose tissue in obese rats
with periodontitis were higher than those in obese rats without periodontitis [17]. Other study
demonstrated that in�ammatory factor TNF-a increased the proliferation, mobilization, and osteogenic
differentiation of ASCs in vitro [18]. So far, mostly previous study only explored the effects of
in�ammatory cytokines on proliferation and differentiation of ASCs in vitro. At present, there was no
study to explore the in�uence of experiment periodontitis on the biological characters of ASCs in rats. The
aim of this study was to preliminary explore the effects of experiment periodontitis on proliferation,
would-healing, and osteogenic differentiation of ASCs in rats.

Materials And Methods
Animals and experiment design

SD rats were purchased from the experimental Animal Laboratory of Henan province (SCXK2007-0001).
Ten, 8-week old, male SD rats completed this study. Each cage accommodated 3 to 4 rats. The condition
was control temperature (22±2˚C) and light (12:12 h light-dark cycle).

These SD rats were divided into the Con group and Peri group randomly. The Con group just received a
standard diet, and the Peri group received standard diet with placing ligatures around the maxillary �rst
molar as described previously [19]. After 4 weeks, these ligatures were removed, and all rats were
executed under general anesthesia.

Alveolar bone analysis

After the soft tissue was removed, the maxillae samples were performed as described previously [20].

Alveolar bone loss was measured (in mm) from the cement-enamel junction (CEJ) to the alveolar bone
crest (ABC) for each molar [21].

Immunohistochemistry

These adipose tissues were �xed in 4% paraformaldehyde for 48 h at 4˚C. Then they were dehydrated in
an ascending series of ethanol solution and �nally embedded in para�n. For IHC analysis, slices were
incubated with some primary antibodies, including mouse monoclonal anti-TLR4 antibody (Abcam),
mouse monoclonal anti-TNF-a (Abcam) and rabbit monoclonal anti-IL-1β (Abcam). The immune reaction
was observed and recorded using a light microscope (Olympus).
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ASCs preparation

Stem cells were collected from the adipose tissue in super�cial abdominal region of rats and maintained
in low glucose dulbecoo's modi��ed eagle's medium (DMEM, Hyclone) containing 10% fetal bovine
serum (FBS, Hyclone), 100 μ/ml penicillin (Hyclone) and 100 mg/ml streptomycin (Hyclone). The primary
ASCs were cultured for about 7–10 days and then passaged in 2–3 days. The third passage of ASCs was
used for immuno�uorescence staining and �ow cytometry. The characteristics of membrane receptor
phenotyping and differentiation assays were used to identify ASCs as reported previously [22]. The
markers of ASCs were detected through �ow cytometric analysis for CD90 FITC; CD105Percp-CY5.5,
CD73 APC, CD31 PE, CD33 PE, CD3 PE (Biosciences). These differentiation abilities of ASCs were
assessed by using osteogenesis and adipogenesis inducition. Osteogenic differentiation culture medium
was made by low glucose d-MEM medium supplemented with 0.1μM dexamethasone (Sigma), 50μM
ascorbic acid (Sigma), 5mM β-glycerophosphate (Sigma) for 4 weeks and �nally using Alizarin Red
staining to detect the osteocyte calcium deposit. Adipogenic differentiation culture medium was made by
high glucose d-MEM medium supplemented with 1μM dexamethasone (Sigma), 0.5M
misobutylmethylxanthine (Sigma), 10μg/ml insulin (Sigma), and 100μM indomethacin (Sigma) for 2
weeks, and then determines the adipocyte lipid through Oil Red staining.

CCK-8 Cell Viability Assay

CCK-8 kit (Beyotime) was used to measure ASC's proliferation according to manufacturer’s instructions.
To analyze the growth kinetics of ASCs, cells were seeded into 96-well plates (Corning) at a density of
2.5×103 cells/

well. Each well was added 10 ul solution of CCK-8. Plates were incubated in 37˚C, 5% CO2 condition for 2
h. The absorbance values of each well were measured at 470 nm.

Wound healing assay

Cells were seeded at a concentration of 1x105 cells per well in 6-well plates. The culture medium was
removed after 18 hours, and a wound was made in the center of each well by scratching with a 200 µl
pipette tip. Then, cells were washed twice with PBS and cultured with 2.5% FBS. Scratch wounds were
imaged using an inverted microscope (Nikon) at beginning, 24 h, 72 h, and 120 h post-wounding. The
average wound widths were analyzed using Image Pro Plus 6.0 software as previously [23].

Alkaline phosphatase activity

ALP activity was measured using ALP assay kit (NanjingJiancheng Bioengineering Institute) according to
the manufacturer’s protocols. To evaluate osteogenic differentiation of these stem cells, cells were
seeded into 24-well plates (Costar) at a concentration of 1×104 cells/well, and then incubated in the
osteogenesis medium. All data were normalized to total protein content. More than three parallel
replicates were analyzed in each group.
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Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was extracted using Trizol Reagent kit (Invitrogen) according to the manufacturer’s protocol
followed by cDNA synthesis and PCR procedures. Quantitative PCR program was set at 94 °C for 30 s; 40
cycles of 95 °C for 5 s, 60°C for 30 s, and 95 °C for 15 s; followed by 60 °C for 1 min. Relative gene level
was calculated using the 2-ΔΔCT method and normalized to GAPDH gene. The primers were designed
and synthesized by a company (Sangon Biotechnology Co.). Sequences of target primers used are
showed in Table 1.

Western blot

The total of cells proteins was dissolved in RIPA Lysis Buffer (Servicebio) containing PMSF (Servicebio)
in 30°C for 30 min and �nally centrifuged at 12000 rpm at 4°C for 10 min. The concentration of protein
was measured by BCA protein kit (Servicebio) according to instructions. Proteins were transferred to a
PVDF membrane (Millipore) for 1 hour at 200 mA. The membranes were incubated in 5 % skim milk for 2
h. Then, the membrane was incubated with primary antibody at 4°C for 3 h. These primary antibodies as
follows: ALP (1:3000, Abcam), BMP2 (1:3000, Abcam), Runx2 (1:3000, Abcam), GAPDH (1:5000,
Zhengneng) serves as the internal control in these experiments. Assays were repeated three times and the
gray value of western blot stripe was measured by Image J.

Satatistical analysis

All data were expressed as mean ± standard error of the mean (SEM) and 95% con�dence intervals. All
data were analyzed via t-test. Statistical analysis was performed using Graph Pad Primer 7.0. The value
of differences P < 0.05 was considered statistically signi�cant.

Results
Experiment periodontitis inhibited the TNF- and IL-1β expressions in the adipose tissue

The bone loss of the �rst maxillary molar in the Peri group was more than that in the Con group (P < 0.01;
Fig. 1A). IHC staining for TNF-α and IL-1β were both positive in the adipose tissue in the Con group and
Peri group, but TLR4 of adipose tissue was negative in this two groups. The �uorescence intensity of
TNF-α and IL-1β were higher in the Con group than in the Peri group (Fig. 1B). RT-PCR results showed
there are signi�cant decrease in the expression of TNF-α (P < 0.001; Fig. 1C) and IL-1β (P < 0.05; Fig. 1C)
in the Peri group compared with the Con group. There was no signi�cant difference in TLR4 gene
expression in the two groups.

ASCs characterization

ASCs showed the shape morphology at the third in vitro passage (Fig. 2A). Flow cytometric analysis
showed that the ASCs positively expressed the differentiation potential markers CD29 and CD73. The
lack of receptors for CD90, CD31 and CD34 suggested that ASCs did not have haematopoietic and
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angiogenesis lineages (Fig. 2B). ASCs were positive for the mesenchymal marker Vimentin (Fig. 2C), but
negative for CK-14 (Fig. 2D), which is a marker of epithelial cells. Lipid droplets formed and were stained
with oil red (Fig. 2E). When cultured in osteogenic medium for 4 weeks, calci�ed nodule was stained with
alizarin red staining (Fig. 2F).

The proliferation and wound-healing capability of ASCs

In order to measure the proliferation and the migration of ASCs, CCK-8 cell assay and wound healing
assay were performed. As illustrated in cell growth cure (Fig. 3A), the average OD value of Peri-ASCs
signi�cantly increased compared with the value of Con-ASCs. Cell migration speed was determined by
measuring the diameters of wounded spaces on 6-well plates. After 1-day simulation, the migration speed
of Peri-ASCs was signi�cantly slower than Con-ASCs (P<0.001; Fig. 3C). But the migration speed of Peri-
ASCs gradually increased compared with Con-ASCs after 3-day and 5-day induction (P<0.001; Fig. 3C).

The expression of ALP, Runx2 and BMP2 gene and ALP activity of ASCs

RT-PCR results demonstrated that ALP and BMP2 gene expressions in the Peri-ASCs group signi�cantly
decreased compared with the Con-ASCs group after 3-day, 5-day and 7-day induction, respectively (Fig.
4A, C). However, the difference of the two groups gradually reduced. However, the Runx2 gene expression
signi�cantly increased in the Peri-ASCs group compared with the Con-ASCs group at 3-day (Fig. 4B;
P<0.01) and 5-day (Fig. 4B; P<0.001). While, the difference of ALP, Runx2 and BMP2 gene expression
between the two groups gradually decreased. After osteogenic induction for 3-day, 5-day and 7-day, the
ALP activities of cells in different groups were measured. These results showed that the ALP activity of
Peri-ASCs decreased compared to the Con-ASCs, especially on 5-day (Fig. 4D; P<0.01).

The expression of ALP, Runx2 and BMP2 protein in two groups after osteogenic induction

Western blot results showed that the ALP protein levels of Peri-ASCs signi�cantly decreased compared to
Con-ASCs, after 3-day and 5-day simulation. After 7-day simulation, the ALP protein expression of Peri-
ASCs was increased compared to Con-ASCs. The Runx2 and BMP2 protein levels of Peri-ASCs also
decreased compared with the Con-ASCs after 3-day, 5-day and 7-day simulation, there were signi�cance
(Fig. 5).

Discussion
In this study, we preliminary investigated the effect of experiment periodontitis on the proliferation, wound
healing ability and osteogenic differentiation of ASCs in rats. Firstly, we successfully constructed
experiment periodontitis model in rats. As we know, there are bidirectional association between
periodontal disease and metabolic diseases, such as obesity/overweight, prediabetes and diabetes [24–
26]. Clinical study found that serum levels of in�ammatory cytokines such as TNF-α and IL-1β in patients
with periodontitis were higher than healthy person [27]. TNF-α and IL-1β, expressed in and secreted by
adipose tissue, play an important role in the progression of periodontal diseases and other chronic
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diseases [28–30]. Our data showed that the TNF-a and IL-1β levels in the adipose tissue were
signi�cantly lower in rats with periodontitis than normal rats. Experiment periodontitis inhibited the TNF-a
and IL-1β expressions in the adipose tissue in rats. These results showed that periodontitis inhibited the
TNF-a and IL-1β levels of abdominal adipose tissue at the early phase in rats.

As we know, ASCs have been applied in periodontal regeneration, bone regeneration and wound repair
[31–33]. In this study, the proliferation rate and migration speed of Peri-ASCs signi�cantly increased
compared with Con-ASCs. Previous study showed the conditioned medium of ASC-sheets stimulated with
low concentration of TNF-  enhanced endothelial cell proliferation and �broblast migration [34]. The
proliferation and migration of stem cells are very important in repairing lost tissues and wound healing. In
this study, the relatively low expression of TNF-  and IL-1β promoted the proliferation and migration of
ASCs in rats.

Some evidences demonstrated that the differentiation potential of MSCs in an in�ammatory micro-
environment was decreased [35–37]. The osteogenic differentiation of PDLSCs in in�ammatory
condition was signi�cantly decreased [38]. ALP usually was detected to in�ect the osteogenesis potential
[39]. In this study, the ALP gene and protein levels were inhibited by periodontitis in rats. In addition, the
ALP activity of ASCs was impaired in experimental periodontitis condition. Runx2 is related with
osteogenesis [40]. This study found that Runx2 gene and protein expressions decreased in Peri-ASCs
compared with Con-ASCs after osteogenesis induction. BMP-2 is an important differentiation factor that
is capable of inducing bone regeneration [41]. In this study, the BMP2 gene and protein levels in Peri-ASCs
signi�cantly decreased compared with the Con-ASCs. These results demonstrated that experiment
periodontitis inhibited the osteogenic differentiation of ASCs in rats. Although the proliferation and
migration of Peri-ASCs were enhanced compared with Con-ASCs, the osteogenic differentiation of Peri-
ASCs was weaker than Con-ASCs. In the future, we hope that patients with chronic periodontitis may be
treated through autologous cells-based tissue regeneration.

Conclusions
Sum up, this study demonstrated that the proliferation and wound-healing ability of rat ASCs were
promoted by experiment periodontitis, but the osteogenic differentiation of rat ASCs was inhibited.
However, it is still not clear how periodontitis in�uences the biology character of ASCs. The future
research is needed to further de�ne the underlying mechanism.

Abbreviations
ASCs: Adipose-derived stem cells; Con: Control; Peri: Periodontitis; TLR4: Toll like receptor 4; TNF-a:
Tumor necrosis factor-α; IL-1β: Interleukin-1β; IHC: Immunohistochemistry; qRT-PCR: Quantitative real-time
polymerase chain reaction; CCK-8: Cell Counting Kit-8; ALP: Alkaline phosphatase; BMP2: Bone
morphogenetic protein-2; Runx2: Runt related transcription factor 2; CEJ: Cement-enamel junction; ABC:
Alveolar bone crest
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Genes Sequences of primers

GAPDH F: 5'-TATGACTCTACCCACGGCAAG-3'  R:5'-TACTCAGCACCAGCATCACC-3'

ALP F: 5'-CGTTGACTGGTTACTGCTGA-3'  R:5'-CTTCTTGTCCGTGTCGCTCAC -3'

BMP2 F:5'-GACATCCACTCCACAAACGAGA-3'

R:5'-GTCATTCCACCCCACATCACT-3'

Runx2 F:5'-GAGCACAAACATGGCTGAGA-3'

R:5'-TGGAGATGTTGCTCTGTTCG-3'

TNF-α F: 5'-ACTCCCAGAAAAGCAAGCAA-3'

R:5'-CGAGCAGGAATGAGAAGAGG-3'

IL-1β F: 5'-GGGATGATGACGACCTGCTA-3'

R:5'-TGTCGTTGCTTGTCTCTCCT-3'

TLR4 F: 5'-TTATCCAGAGCCGTTGGTGT-3'

R:5'-CCCACTCGAGGTAGGTGTTT-3'

 

 

Figures

Figure 1

Experiment periodontitis inhibited the levels of TNF-α, IL-1β and TLR4 in adipose tissue. (A)
Representative rat maxilla showing the alveolar bone loss by image and the quantitative data of vertical
alveolar bone loss between CEJ and ABC in mm.(B)The expression of TNF-α, IL-1β and TLR4 was stained
using speci�c antibodies and hematoxylin. (C) The gene levels of TNF-α and IL-1β in adipose tissue.
Results are mean ± SEM. *P < 0.05, ***P < 0.001 versus Con group.
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Figure 2

ASCs characteristics assay. (A) The morphology of ASCs. (B) Flow cytometry analysis showed that ASCs
expressed CD73 and CD29, did not express CD31, CD90 and, CD34. (C) Cells was stained with Vimentin.
(D) Cells were stained with CK-14. (E) Cells cultured in osteogenic induction medium for 4 weeks, Stained
with Alizarin Red. (F) Cells cultured in adipogenic induction medium for 2 weeks, Stained with Oil Red O.
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Figure 3

Experiment periodontitis increased the proliferation and wound-healing migration of ASCs. (A) The
growth cure of ASCs in two groups. (B) Representative images and quanti�cation from two separate
experiments of wound healing assays. (C) The value OD data were presented as the mean ± SEM. of
three independent experiments. d, day; *P < 0.05, **P < 0.01 compared with negative control and 0 d of
preconditioning.

Figure 4

Periodontitis inhibited the gene expression of ALP and BMP2, while increased the Runx2 gene expression
in osteogenic medium for 3, 5, 7 days. (A) The ALP gene levels. (B) The Runx2 gene levels. (C) The BMP2
gene levels. (D) ALP activity at 3-day, 5-day and 7-day after osteogenic medium culture. Data are
expressed as the mean ± SEM over three slides. d, day; * P < 0.05; **P<0.01; *** P < 0.001 compared to the
Con-ASCs.
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Figure 5

Effects of experiment periodontitis on protein expression of ALP, Runx2 and BMP2 after 3-day, 5-day and
7-day simulation. A and B, Western blot results and quantitative data of ALP, Runx2 and BMP2 in Con-
ASCs group and Peri-ASCs group. Data are expressed as the mean ± SEM over three slides. d, day; * P <
0.05; **P<0.01; *** P < 0.001 compared to the Con-ASCs.


