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Simvastatin increases cell viability and suppresses the expression
of cytokines and vascular endothelial growth factor
in inflamed human dental pulp stem cells in vitro
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E-mail: Z_BJ2014@163 Background. In recent years, simvastatin has been demonstrated to be capable of inducing odontogenic

differentiation in human dental pulp stem cells (DPSCs), which makes it a promising source for endodontic
treatment in pulpitis. However, a comprehensive understanding of how simvastatin affects the behavior
of DPSCs and its potential in pulpitis is still lacking.
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of VEGF in inflamed DPSCs, induced by lipopolysaccharides (LPS). The methylthiazolyldiphenyl-tetrazolium
bromide (MTT) assay, cell cycle, apoptosis analysis, quantitative reverse transcription polymerase chain
reaction (RT-PCR), enzyme-linked immunosorbent assay (ELISA), and western blot analyses were performed.
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Results. We observed that a low dosage of simvastatin accelerated cell proliferation, whereas its high dosage
(>15 ug/mL) suppressed propagation. A simvastatin dose of 8 ug/mL was sufficient to promote cell growth
and cell cycle progression in DPSCs treated with LPS. Meanwhile, simvastatin induced apoptosis. The ex-
pression of multiple cytokines, including interleukins (IL)-1, /-4 and /[-1B, and especially interferon-gamma
(IFN-y) and tumor necrosis factor-alpha (T/NF-a), was significantly suppressed. Moreover, the protein secretion
and mRNA transcription of VEGF was observed to be markedly inhibited by simvastatin by inactivating
mitogen-activated protein kinase (MAPK) signaling.

Conclusions. Taken together, these results suggested that simvastatin might be a potent ingredient to en-
hance cell proliferation, alleviate inflammation response and attune vasculogenesis in pulpitis.
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Introduction

Pulpitis is a quite commonly occurring inflammation
in the dental pulp tissue, which is characterized by in-
creased sensitivity to stimuli, specifically hot and cold
stimuli.! Following the inflammation, some fundamental
alterations have also been reported, such as an increase
in blood flow, enhanced capillary permeability, the diffu-
sion of vascular fluid into intercellular spaces, and the im-
migration of granulocytes and monocytes.? Tissue injury
caused by trauma, bacterial infection, chemical substances,
contusion, etc. is the main cause of pulpitis.® The correla-
tion between the invasion of Gram-negative bacteria and
their product, lipopolysaccharides (LPS), and the symp-
toms of pulpitis has been investigated.**

The dental pulp contains connective tissue, lymphatic
tissues, blood vessels, neural fibers, and dental pulp stem
cells (DPSCs), and its main functions are to produce dentin
and to maintain the biological and physiological vitality
of the dentin.®” Within the dental pulp, DPSCs provide
a promising source of cells for applications in regenera-
tive medicine. By their nature, DPSCs have the potential
through the production of odontoblasts to create reparative
dentin in response to injury.® Although DPSCs comprise
only 1% of the total cell population of the pulp, they play
crucial roles in the process of dentin regeneration in both
acute and chronic pulpitis.>°

In pulpitis, oral antibiotics having bacteriostatic or bac-
tericidal properties are widely used to control or eliminate
the attacking bacteria.! However, systematic antibiotics
showed poor outcomes in some cases of pulpitis.!? In re-
gard to regenerative medicine, DPSCs demonstrated strong
potential to regenerate the dentin with the aid of recombi-
nant human bone morphogenetic protein 2.>!* In recent
years, a lipid-lowering medication, simvastatin, has been
demonstrated to be capable of inducing odontogenic differ-
entiation of human DPSCs in vitro and in vivo,and of pro-
moting pulp regeneration.!>~7 Until now, studies on how
simvastatin affects DPSCs have been limited. In this study,
we investigated the effects of simvastatin on the viability
of inflamed DPSCs, and the underlying mechanism.

Material and methods

Isolation and culture
of dental pulp stem cells

Six impacted 3'¢ molars were removed by an oral sur-
geon from 5 teenage subjects with irreversible pulpitis.
Dental pulp stem cells were isolated as previously de-
scribed.!® Briefly, the dental pulp was harvested and im-
mersed in a-modified minimal essential medium (a-MEM)
(Sigma-Aldrich, Burlington, USA) containing 3 mg/mL
of type I collagenase and 4 mg/mL of dispase at 37°C for 1 h.
After enzymatic disaggregation, the pulp was dissociated
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and the cell suspension was then plated in a 25 cm? flask, and
maintained in Iscove modified Dulbecco medium (IMDM)
(Thermo Fisher Scientific, Waltham, USA), supplement-
ed with 10% fetal calf serum (FCS) (Gibco, New York,
USA), 2 mM of L-glutamine, 100 U/mL of streptomycin,
and 100 U/mL of cell colony formed on approx. day 7.
Then, it was picked, resuspended and plated in a new flask.
Dental pulp stem cells were expanded upon reaching 70%
confluency for further study. The study was approved
by the Ethics Committee of Wuxi Children’s Hospital
(China) and written informed consent was obtained from
all the enrolled subjects and their parents before admit-
tance to the study.

Cell viability assay

To test the effect of simvastatin on cell proliferation,
DPSCs were cultured in 96-well plates, in media contain-
ing various concentrations, ranging from 0 to 20 ug/mL
(0,2,4, 8,10, 15,and 20 pg/mL). Additionally, cell viability
in LPS challenging conditions was also measured by ran-
domly assigning the cells into the control group (not treat-
ed), the simvastatin (8 pg/mL) group, an LPS (60 pg/mL)
group, and an LPS + simvastatin group. Cell viability was
measured by using methylthiazolyldiphenyl-tetrazolium
bromide (MTT) purchased from Thermo Fischer Scien-
tific (Waltham, USA). Following exposure to simvastatin
or LPS, 10 pL of MTT solution (5 mg/mL) was added
to each well, and the plates were incubated for 3 h at 37°C.
After removing the medium, the formazan was dissolved
in 200 pL of dimethyl sulfoxide (DMSO) (Sigma-Aldrich)
in each well. Absorbance was read at 5 nm using a micro-
plate reader (Bio-Rad Laboratories, Hercules, USA).

Cell cycling analysis

The DNA contents of each cell cycle phase was reflected
by variations in the propidium iodide (PI) fluorescence in-
tensities, and the distribution of cell cycle phases was ana-
lyzed by flow cytometry following PI staining as previously
described.” In brief, DPSCs were washed with ice-cold phos-
phate-buffered saline (PBS), suspended in approx. 0.5 mL
of 70% cold ethanol and kept at 4°C for 30 min. The cells
were subsequently treated with 100 mg/mL of DNase-free
RNase (Sigma-Aldrich) and incubated for 30 min at 37°C
prior to the addition of PI (50 mg/mL; Sigma-Aldrich) di-
rectly into the cell suspension. The suspension was filtered
through a 50 mm nylon mesh, and a total of 10,000 stained
cells were subjected to flow cytometric analysis (FACSCali-
bur; BD Biosciences, San Jose, USA).

Assessment of apoptosis
Dental pulp stem cells were stained with an Annexin

V-FITC apoptosis detection kit (Sigma-Aldrich) to deter-
mine whether the cells underwent apoptosis. Propidium
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iodide staining was used as a control to differentiate cells
undergoing necrosis. Dental pulp stem cells were seeded
in tissue culture slides and allowed to attach for 24 h. Sub-
sequently, the cells were resuspended in 500 pL of binding
buffer, 5 uL of Annexin V-FITC and 5 pL of PI were added,
and the cells were incubated for 5 min at 37°C in the dark.
Flow cytometry analysis was performed to evaluate
the apoptosis of DPSCs. Three independent trials were
conducted.

Analysis of expression of cytokine genes

Quantitative real-time PCR (qPCR) was performed
to quantify the expression of interleukin (IL)-1, IL-4, IL-6,
IL-1f, interferon-gamma (/FN-y) and tumor necrosis fac-
tor-alpha (I'NF-a). Dental pulp stem cells were lysed with
TRIzol reagent (Thermo Fischer Scientific) and the total
RNA was extracted. Afterwards, cDNA was synthesized
using a PCR kit (Becton-Dickinson, Franklin Lakes, USA).
In the quantification of mRNA expression, 1 uL of cDNA
was applied on an ABI 7500 real-time machine (ABI, Ca-
marillo, USA), using a SYBR Green reagent (Takara Bio,
Kusatsu, Japan). The primer pairs are listed in Table 1.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
employed as an internal control and used for the normal-
ization of cycle threshold (Ct) values. Experiments were
carried out in triplicate.

Enzyme-linked immunosorbent assay
for vascular endothelial
growth factor secretion
An enzyme-linked immunosorbent assay (ELISA) kit

(R&D Systems, Minneapolis, USA) was used to quan-
tify the vascular endothelial growth factor (VEGF)

Table 1. Primers used in the study
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concentration in the medium, strictly following the manu-
facturer’s instructions. Briefly, standards and samples were
diluted on 96-well plates, and 50 uL of conjugate solution
was added to each well. After incubation at room tem-
perature for 2 h, the wells were washed with PBS solution
3 times. Then, 200 pL of substrate solution was added.
The plate was incubated for 10—15 min and the color de-
velopment was stopped. The absorbance of each well was
determined at 450 nm in a microplate reader (BioTeke,
Beijing, China). A standard curve was constructed by plot-
ting the absorbance of standards against the known con-
centration. The VEGF concentration was deduced from
the standard curve.

Western blot analysis for mitogen-
activated protein kinase signaling

Dental pulp stem cells were lysed and the total protein
was extracted using RIPA lysis buffer (Beyotime Biotech-
nology, Shanghai, China). Electrophoresis was performed
on a 12% sodium dodecyl sulfate-polyacrylamide gel loaded
with 20 pg of total protein. The proteins were then trans-
ferred to a nitrocellulose membrane, followed by block-
ing with 5% defatted milk at 4°C overnight. Subsequently,
the membrane was washed with PBS and incubated with
primary antibodies (anti-p38 and anti-phosphorylated
P38, 2000x dilution; anti-ERK1/2 and anti-phosphorylat-
ed ERK1/2, 1000x dilution; anti-ACTIN, 1000x dilution),
and consecutively with peroxidase-conjugated secondary
antibodies — goat anti-mouse immunoglobulin G (IgG), di-
luted 1:5000 (Santa Cruz Biotechnology, Santa Cruz, USA).
Chemiluminescence reagents (Thermo Fisher Scientific)
were used to visualize the proteins, and the protein bands
were exposed onto an X-ray film in a darkroom. Beta-actin
served as an endogenous control.

Gene name Forward (5'-3') Reverse (5-3') Temperature [°C] Product [bp]
CD73 AGCAGCATTCCTGAAGATCCA TTCCAGAACATTTCATCCGTGT 59 212
CD90 GATCCTAGCCTCACCCGTCA TGTTTTTTGCAGCCTTGGCT 60 228
CD166 GATACCATTATCATACCTTGCCG CTGTCTTCTGAAATGCAGTCACC 60 377
CD14 TCATCAGGACACTGCCAGGA GCTTCCAGGCTTCACACTTG 60 240
CD34 CTTGGAAGTACCAGCCTGCA AGGCAGATGCCCTGAGTCAA 60 374
IL-1 TGAGCTCGCCAGTGAAATGA CATGGCCACAACAACTGACG 59 199
IL-4 GTGCACCGAGTTGACCGTA CGTACTCTGGTTGGCTTCCT 58 256
IL-6 TCAATATTAGAGTCTCAACCCCCA AGAAGGCAACTGGACCGAAG 60 161
IL-1B8 CCTGAGCTCGCCAGTGAAAT CATGGCCACAACAACTGACG 60 201
IFN-y GCAGCTAAAACAGGGAAGCG CTTGCTTAGGTTGGCTGCCT 60 349
TNF-a CTGGGCAGGTCTACTTTGGG CTGGAGGCCCCAGTTTGAAT 60 272
VEGF CTCACCAAGGCCAGCACATA GGCTCCAGGGCATTAGACAG 60 201
GAPDH TTGTCATCAATGGAAATCCCAT CCAGTAGAGGCAGGGATGATGT 60 436

IL — interleukin; IFN-y — interferon-gamma; TNF-a — tumor necrosis factor-alpha; VEGF — vascular endothelial growth factor;

GAPDH - glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 1. Characterization of isolated DPSCs

«— CD73

<+ GAPDH

D. Xue, et al. Simvastatin increases viability in DPSCs

D90 <« (D73

GAPDH <«— GAPDH

A) morphological analysis of DPSCs; B) expression of mesenchymal markers in DPSCs. DPSCs — dental pulp stem cells; GAPDH — glyceraldehyde 3-phosphate
dehydrogenase; GAPDH was used as an endogenous control; experiments were carried out in 4 independent trials.

Statistical analysis

SPSS v. 19.0 software (IBM Corp., Armonk, USA) was
used for the statistical analysis. After confirming a normal
distribution, the data was presented as means + standard
deviation (SD). A 2-tailed t-test was performed to compare
the meansbetween the 2 groups. One asterisk (*) indicates a sta-
tistical difference complying with p < 0.05, and 2 asterisks (**)
indicate p < 0.01.

Results

Characterization
of isolated dental pulp stem cells

The cells from the dental pulp were isolated and cultivated
in cell dishes. These cells showed the typical morphology
of mesenchymal stem cells (MSCs) (Fig. 1A). To determine
whether these cells were mesenchymal, the cell surface mark-
ers considered important stemness determinants associated
with DPSCs — CD73, CD90and CD166 — were characterized.?°
In Fig. 1B, these 3 molecules were depicted as highly expressed
by using the reverse transcription PCR (RT-PCR) method.
Meanwhile, the hematopoietic markers CD14 and CD34 were
also examined. A negative expression was observed (data not
shown). These results proved that DPSCs were successfully
isolated and could be used in further research.

Simvastatin-promoted proliferation
of dental pulp stem cells

To explore the effects of simvastatin on the viability of DP-
SCs, the cells were cultured with gradient concentrations
of simvastatin ranging from 0 to 20 pg/mL (0, 2, 4, 8, 10, 15, and
20 pug/mL) and a Cell-Counting Kit-8 (CCK-8) (Sigma-Aldrich)
assay was performed. It was observed that cells challenged with
a low concentration of simvastatin (2, 4, 8, or 10 pg/mL) propa-
gated faster than untreated ones. High concentrations (15 and
20 pg/mL), however, reduced proliferation. Importantly, 8 pug/mL
of simvastatin induced the fastest cell growth (Fig. 2A).

Lipopolysaccharides were considered to be a potent
inducer of pulpitis, and they were also reported to in-
hibit the proliferation of DPSCs.?22 Here we investigated
whether simvastatin could promote cell proliferation under
the conditions of LPS challenging. Compared to the con-
trols, DPSCs treated with 60 pg/mL of LPS showed inhib-
ited proliferation, whereas simvastatin (8 pug/mL) restored
a high growth rate in the LPS + simvastatin group (Fig. 2B).
These results indicated that simvastatin could stimulate
the proliferation of DPSC under both normal and inflam-
matory conditions.
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Fig. 2. Analysis of cell viability of DPSCs

A) proliferation of DPSCs treated with different concentrations of simvastatin;
** 1 < 001; cell exposure to 8 ug/mL vs 0 ug/mL of simvastatin; B) proliferation
of DPSCs treated with LPS or simvastatin; ** p < 0.01; LPS + simvastatin group
vs LPS group. DPSCs — dental pulp stem cells; LPS - lipopolysaccharides.
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Simvastatin-promoted cell cycling

In order to investigate the effects of simvastatin on the cell
cycling progression of DPSCs, flow cytometry was performed
to measure the distributions of each phase. Figure 3B illus-
trates the mean percentage values of cycling phases in cells
treated with LPS or simvastatin. The proportion of the G1
population increased from 71.34 +1.76% of the control
group to 81.04 +2.43% of the LPS group, while it fell back
to74.12 £1.12% of the LPS + simvastatin group. These results
indicate that LPS arrested DPSCs at the G1 phase, while sim-
vastatin promoted cell cycling progression to the S phase.

undergoing apoptosis or necrosis. As shown in Fig. 4, cells
died in response to LPS treatment (8.74 +2.4% in the LPS
group vs 2.49 +1.3% in the control group). Simvastatin caused
aslight increase in the number of apoptotic cells compared
to the control group (p > 0.05). However, in combination
with LPS challenging, there was a significantly elevated rate
of apoptosis (p < 0.01). This data demonstrates that simvas-
tatin promotes the apoptosis of DPSCs in LPS stimulation.

Simvastatin-suppressed
inflammatory response

The inflammatory response in the dental pulp is mediated
by various cytokines, including IL-1, IL-4, IL-6, IL-1(, IFN-y,
and TNF-a.2 The expression of these genes was quantified
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Fig. 4. Effects of simvastatin on cell apoptosis of DPSCs

A) flow cytometry graphs in cells treated with LPS or simvastatin;

B) mean values of apoptosis rate in untreated cells, cells treated with
simvastatin, with LPS, and with LPS + simvastatin; ** p < 0.01; n = 6.
DPSCs — dental pulp stem cells; LPS - lipopolysaccharides;

Pl - propidium iodide.

by qPCR and it was found that LPS induced the upregu-
lated expression of IL-1, IL-4, IL-6, IL-1f3, IFN-y, and TNF-a,
of which IL-1f5 and TNF-a exhibited the highest alterations,
with fold changes of 7.84 and 12.17, respectively. By contrast,
simvastatin suppressed the genes of increased expression,
except for IL-6. Compared to the LPS group, the exposure
to simvastatin caused a 3.2-fold decrease of IL-1 expression
and a 3.5-fold decrease of TNF-a (Fig. 5). The decreased ex-
pression of cytokines indicates that simvastatin suppressed
the inflammatory response in inflamed DPSCs.
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Simvastatin-downregulated vascular
endothelial growth factor expression
via inhibiting p38 mitogen-activated
protein kinase signaling

During pulpitis, angiogenic growth factor is the crucial
element for vasculogenesis, as well as a part of the associ-
ated inflammation.?* Among various factors, the most
potent is VEGEF, which is responsible for angiogenesis and
the development and permeation of new blood vessels.?®
In this study, we evaluated the effects of LPS and simvas-
tatin on VEGF production. The secretion of VEGF was de-
termined by ELISA. Simvastatin dramatically suppressed
VEGF secretion, induced by LPS. A reduction was also
observed in the expression of the VEGFE gene (Fig. 6A).

VEGF expression was demonstrated to be induced
by LPS, depending on mitogen-activated protein kinase
(MAPK) activation.?® To reveal the pathway on which
simvastatin attenuated VEGF expression, we examined
the activity of MAPK signaling by western blot. Lipopoly-
saccharides were found to increase the phosphorylation
levels of P38 and ERK1/2, in line with a previous study.?
Of note, simvastatin markedly decreased P38 and ERK1/2
phosphorylation in both control and LPS-treated cells
(Fig. 6B). These results indicate that simvastatin attenu-
ates VEGF expression via blocking p38 MAPK signaling.

Discussion

Dental pulp stem cells are regarded as a subpopula-
tion of MSCs, possessing the property of self-renewal,
the expression of multiple MSC surface markers, and dif-
ferentiation into various cell types, such as odontoblasts,
adipocytes, cardiomyocytes, osteoblasts, chondrocytes,
liver cells, etc.?” Their natural capacity for producing odon-
toblasts to create reparative dentin attracts researchers
for applications in the regeneration of tooth structures.
In vitro studies showed that DPSCs played important role
in the dentin/pulp complex generation and immunoregu-
lation.?82° Dental pulp stem cells can be readily isolated
from the healthy dental pulp tissue of human impacted
3" molars, which are naturally lost during childhood or re-
moved during routine dental procedures.?® Considering
the superior property and convenient handling, DPSCs are
considered a valuable source of cells utilized in regenera-
tive therapies for various diseases, including dental pulp
regeneration, tooth reconstruction, bone tissue engineer-
ing, and other applications in cell therapy.”

Dental pulp stem cells are able to respond to specific ex-
tracellular excitatory signals and play a crucial role in den-
tin regeneration after injury in acute and chronic pulpitis.'°
Simvastatin, a semisynthetic lipophilic 3-hydroxy-3-meth-
ylglutaryl-coenzyme A reductase (HMGCR) inhibitor, was
extensively used as a well-established cholesterol-lowering
drug, able to inhibit cholesterol synthesis, and showed
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Fig. 5. Expression of cytokines treated with LPS or simvastatin

LPS - lipopolysaccharides; IL — interleukin; IFN-y — interferon-gamma; TNF-a — tumor necrosis factor-alpha; GAPDH - glyceraldehyde 3-phosphate
dehydrogenase; experiments were carried out in triplicate; gene expression was normalized by GAPDH; ** p < 0.01.

- * % *x
A 250 » . — | I B
I | 49 - C— —
c p-ERKI1/2 - - ——
200 - k) -
w
o g 31 .
e ! e G-
= 150 + o}
o *k §
uw I &£ 2 - p-P38 - —
£ 100 - E xx
= 2 I
% 1 4 P38 —— w—— S S
50 A 2
T - —-——
0 B T T T 0 = T - T T
N Q> “ RN N Q& “ RN N Q> “ N
& FH S L & & ¥ F & &S
& & & & & & &® & &
D) ‘_)x D) ‘_)x B ‘—’x
N N N

Fig. 6. Effects of simvastatin on VEGF expression

A) simvastatin decreased VEGF secretion (left) and gene expression (right); B) simvastatin-inhibited phosphorylation of p38 and ERK1/2 in MAPK
signaling examined by western blot; VEGF - vascular endothelial growth factor; MAPK — mitogen-activated protein kinase; LPS - lipopolysaccharides;
p - phosphorylation; ACTB — 3-actin; ACTB was used as an internal control; experiments were run in triplicate; ** p < 0.01.

potent effects on cell proliferation, cell cycling and apop-
tosis.3132 Besides, simvastatin was demonstrated to be
able to induce human DPSCs differentiation into odon-
toblasts and to promote pulp regeneration.!>!¢ This study
was aimed at investigating how simvastatin affects DPSCs
under the conditions of inflammation caused by LPS.

The results showed that low concentrations of simvastatin
accelerated the proliferation of DPSCs, while high concen-
trations of simvastatin (>15 pg/mL) exhibited a suppres-
sive effect. Treatment with LPS also inhibited cell growth,
and combinatory stimulation with simvastatin recovered
a high proliferation rate. Furthermore, we performed
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fluorescence-activated cell sorting (FACS) to character-
ize the cell cycling and apoptosis in DPSCs treated with
simvastatin or LPS, and found that simvastatin promoted
cell cycling into phase S, and induced apoptosis as well.
These results collectively indicate that simvastatin en-
hances the proliferation of DPSCs by promoting cell cy-
cling progression and apoptosis (Fig. 2—4).

An inflammatory response is very common during pul-
pitis caused by carious bacteria and their products, and
is mediated by cytokines, such as IL-1, IL-4, IL-6, IL-1j,
IFN-y, and TNF-a.2®> Mesenchymal stem cells, including
DPSCs, have the capacity to receive inflammatory signals
and to express a large number of cytokines. Conversely,
chronic exposure to these cytokines potentially affects
the activity of DPSCs, leading to impairment in immuno-
modulatory and anti-inflammatory roles, and to suppres-
sion of the differentiation ability of DPSCs.?*34In our study,
we observed that simvastatin suppressed the expression
of the examined cytokines, with the highest alterations
in IL-13 and TNF-«a (Fig. 5), suggesting that simvastatin was
capable of relieving the inflammatory response. In a previ-
ous study, TNF-a was found to stimulate the proliferation
of DPSCs by regulating the Akt/GSK-3p/cyclin D1 signal-
ing pathway.* Lipopolysaccharides significantly promoted
TNF-a expression (Fig. 5), while the growth rate of DPSCs
was suppressed (Fig. 2B), inferring that some unknown
factors (except for TNF-a) affected cell proliferation.

Vascular endothelial growth factor has been found to be
strongly expressed in teeth with irreversible pulpitis, and
it can increase and extend the severity of the inflammatory
processes because of an increased transport of nutrients,
oxygen and inflammatory cells to the site of inflamma-
tion, and thus it affects dentinogenesis and progresses
to necrosis.?**¢ In in vitro cells, the upregulation of VEGF
during inflammation was demonstrated to significantly
contribute to the pathogenesis associated with the survival
and differentiation of DPSCs.?” Expression of VEGF was
previously shown to be induced through MAPK signaling,
which was confirmed by the upregulated phosphoryla-
tion levels of P38 and ERK1/2 (Fig. 6B).2° Notably, our re-
sults also showed that in inflamed DPSCs, characterized
by an elevated expression of various cytokines, augmented
VEGF expression and secretion (Fig. 6A) were accompa-
nied by decreased cell viability (Fig. 2). In contrast, sim-
vastatin significantly inhibited VEGF synthesis and pro-
moted cell proliferation. Considering the fact that VEGF
was induced by MAPK signaling (Fig. 6B), it is rational
to speculate that simvastatin counteracted the effects
of LPS on VEGF expression and MAPK signaling, and
thus enhanced the proliferation of DPSCs.

In conclusion, we found that simvastatin promoted cell
proliferation, cell cycling and apoptosis in inflamed DPSCs
induced by LPS. Moreover, the expression of multiple cy-
tokines and VEGF was observed to be significantly inhib-
ited. Vascular endothelial growth factor was demonstrated
to be regulated through the blocking of MAPK signaling.

D. Xue, et al. Simvastatin increases viability in DPSCs

Collectively, simvastatin was shown to enhance cell vi-
ability, perhaps via the MAPK/VEGF axis, and to relieve
inflammation response as well. This study provided some
evidence to support the hypothesis that simvastatin might
be a potent therapy for pulpitis.
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