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Abstract

Aim To investigate the effect of simvastatin on lipopolysaccharide (LPS) stimuldtachrimatory
cytokines, cell_ adhesion molecules, and Nuclear faddo(NF-«B) transcription factors in human
dental pulpscells (HDPCs)

M ethodology*The effect of LPS and simstatin on human dental pulp cell (HDPCs) viability was
measured using)a-[&, 5-dimethylthiazol2-yl]-2, 5 diphenyltetrazolium bromide (MTT) assay.
Expression of inflammatory cytokines and cell adhesion molecules was evaluated se rever
transcriptionpolymerase chain reaction (FICR), enzymdinked immunosorbent assay (ELISA),
and Western blot analysidNF-xB transcription factors were evaluated by Western blot analysis.
Statistical analysis was performed with analysis of variance (ANOVA).

Results The vidility of cells exposed to different concentrationskofcoli LPS, P. gingivalis LPS,
and simvastatin was not significantly different compared with that of doceils (P>0.05). LPS
significantlysincreased interleukin (KB (P<0.05) and Ik6 mRNA expession (P<0.05) angascular
cell adhesion molecule (VCAM-1) (P<0.05) andintercellular adhesion molecule (ICAM-1)
protein expression (P<0.05) in HDPCs. Treatment with simvastatin significattiguated LPS
stimulated production of H1p, IL-6, VCAM-1, and ICAM1 (P<0.05). Treatment with simvastatin
decreased| LPfduced expression of p65 and phosphorylation of IkB and also significantly
decreased the phosphorylation of p65 and IkB in the cytoplasm and the level of p65 in the nucleus
(P<0.05).

Conclusions Simvastatin has a suppressing effect on -itRfbiced inflammatory cytokine, cell
adhesion molecules, and MB transcription factors in HDPCs. Therefore, simvastatin might be a

useful candidate as a pulp capping agent in vital pulp therapy.

Introduction
Caries penetratiomto the pulp resu#t in bacterial invasion and cawspulp inflammation (Hilton
2009) as a result othe bacterial componegatand byproducts. Althougthis reaction represents

protective reponseit can also béestructive. Unlike other body structaréhe dental pulp is encased
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in a rigid hard tissuewith no collateral circulation As a result,the pulp can becomdnflamed
eventuallyleading to pulp necrosi@Masseyet al. 1993, Martin 2003)When the pulpbecomes
irreversibly inflamed or infected, root canal treatment is necessary,9aid therapy can be
challengingwhen themorphologyof the canal is complef/ertucci2009.

Vital pulp therapy, such as pulp cappimmrtial pulpotomy,or full pulpotomyis an alternative to
pulpectomy and ¢an be successfg(ilar & Linsuwanont2011) Partial pulpotomy waseported to
be effective In treatingpermanent teeth with deep @ass lesiors (Mass& Zilberman 2011)and
partial pulpotomyusing ProRoot MTA(Dentsply Tulsa Dental, Tulsa, OK, USA) or DydalD.
Caulk, Milford, DE, USA) led to favourable outcome@ patients with reversible pulpitis
(Chailertvanitkulet al. 2014) Direct pulp capping is alsof valuein certain case@Villershauseret al.
2011)with cariously exposed pums well as traumatic or mechanical pulp exposure (Madsab
1996).However, jartial pulpotomy and full pulpotomigavemore predictable results than direct pulp
capping in permanent teeth with cariously exposedsg@guilar & Linsuwanont 2011).

For vital pulpstherapyto be successful whethe pulp isinflamed,the material used to cap thmulp
should have an aninflammatory effectand shouldalso induae mineralistion to create a dentine
bridge. Thereforepa ideal pulp capping ageshouldsuppress inflammation and indgupulp tissue
mineralisationduring treatmentfor cariously exposed puplKomabayashi & Zhu 20)0Previoudy,
ketoprofenwas “usedto inhibit dental pulp inflammation ina laboratorymodel (Choi et al. 2013.
Ketoprofen,is a nonsteroidal amiflammatory agent that is used oral lesionsuch agpharyngitis or
inflammation_ofthe mouth in orthodontic therap§Choi et al. 2013. Ketoprofenhas been reported to
inhibit expression of inflammatory mediators in dental pulp cells stimulated with(CR&i et al.
2013. However, ketoprofen does not have a minsatibr-inducing effecon the dental pulgChoi et
al. 2013.

Simvastatinian HMG-CoA reductase inhibitotas been used to reduce the risk of cardiovascular
disease It hasam'excellent tolerabilityprofile andis associated with bw risk of adverse effest
(Pedersen & Tobert 200Robinson 200y Many studiesiaveshown that simvastatirexertsan anti
inflammaory “effect andit has been shown tgreventthe inflammatory process induced by
lipopolysaccharide (LPS)YHernandeRomero et al. 200§. Atorvastatin another HMGCOA
reductase inhibitaihas been shown to reduce inflammation through the inhibitionudear factor
kappaB (NF-xB) activity (Ortego et al. 1999. In addition, simvastatinwas found to havea bone
formationfpromotingeffectin animal stuées (Mundy et al. 1999. When injected subcutaneously or
administeredrally, simvastatirstimulatedbone formation irmice calvaria andncreasedhe volume
of cancellous bonen rats (Mundy et al. 1999. Simvastatinhas also been reported psomote
osteoblast differentiation and mineraation in MG3T3-E1l cells (Maedaet al. 2001) and to
promote odontoblaist differentiation in human dental pulp cells (HD®@Min et al. 2010.

Therefore althoughit is possile that simvastatirtould suppress inflammation in the dental mut
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study has assessdtie antiinflammatory effect of simvastatin in HDPCs. The purpose of this study
was to investigatewhether simvastatin suppress expression ofinflammatory cytokineand cell
adhesion moleculem HDPCs. The null hypothesis tested was that there are no differences inthe anti

inflammatory effect between control and simvastatin treated groups.

Material and M ethods

Cell isolation and culture

HDPCs were isolated frorintact, cariesfree supernumeraryeeth freshly extracted fromhealthy
children 7to 10 yeas of age All procedures were conductedker obtaining informed conserithe
studyprotocol was approved by tlireternal review boardf the Chonnam National University Dental
Hospital (CNUBH2013002). Immediately after extraction, the teeth were kephosphatéduffered
saline andverethensplit open. The pulp tissues were removed under sterile conditions, minced with
a surgical knife;vand placed B0-nm culture dishesontaining a-minimum essential medium (o-

MEM) (Gibeeslnvitrogen, Grand Island, NYUSA) suplemented with 10% fetal bovine seryfBS),

100 U/mL of penicillin, and 100 mg/mlof streptomycin in a humidified atmosphere of 5% G

37°C. Cell passage numbers from 3 to 4 were used for the following experiment.

Cell viability‘assay

Cell viability, was measured using a[8, 5-dimethylthiazoyl-2-2, 5 diphenyltetrazolium bromide
(MTT) assay..Fothe cellviability experimentsa suspension of HDPCs at a concentration Qi
cellsperwell'wasseeded in 48vell plates containing a-MEM with 10% FBS. The concentrations of
Escherichia coli (E. coli) LPS (SigmaAldrich, St. Louis, MQ USA) and of Porphyromonas
gingivalis (R-gingivalis) LPS (Invivogen, Sabiego, CA USA) were set at 0.1, 1, 18nd 20 pg/mL.
The concentratianof simvastatin wreset at 0.1, 1, 5and 10 uM. After the cells weréncubatedfor
24 h MTT wasradded to each well for the last 4fithe experiment, which wakenstopped by the
addition of dimethyl sulfoxide (DMSOPptical density was determinedab70-nm wavelengthon a

multi-well'plate“reader. Background absorbance of medium in the absence of cells was subtracted.

Rever se Transcription-Polymerase Chain Reaction (RT-PCR)

The total RNAof dental pulp cells was extracted usingRIzol reagent (Life Technologies,
Gaithersburg, | MD USA), according to the manufacturer’s instrucgoihen, 2ug of RNA was
reversetranscribed forthe synthesis offirst-strand complementary DNA (cDNA) (Gibco BRL,
Rockville, MD, USA). Tle cDNA was amplified in a final volume of 20 containing 2.5 mmol/lof
magnesium dichloride, 1.25 tf Ex TaqPolymerase (Bioneer, Daejeon, Koreahd 1 mmol/Lof
specific primersThermocycling conditionsonsisted 084°C for 5 m and therB0 cycles at 94C for
40 s,at 55°C for 40 s andat 72°C for 90 s followed by a final 10m extension at 7Z. Primer
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sequences for PCR are described in Table 1. The PCR products were resolves%agatose gel
and stained with ethidium bromidend vsualised with a UV TransilluminatofPolaroid camera
Biolmaging System (UVPLLC, Upland, CA USA). PCR results were quantified using ImageJ
software, ersion 1.47qNational Institutes of Health, Bethesda, MD, USA). The banditleaf each
gene wasiormalizedwith the density ofglyceraldehyde -phosphate dehydrogenaseAPDH) as a

control.

Western blotranalysis

Cell lysates (500 100 pg) were placed in a lysis buffer (30 md Tris-Cl [pH 7.5, 1% NR40, 1

mM of EDTA, 150 mMof NaCl, 1 mMof phenylmethanesulfonyl fluoridf°PMSH, anda protease
inhibitor mixtureseontaining 1 pg/mL of aprotinin and leupeptin), separated by 12% polyacrylamide
gel electropharesis, and transferred to a nitrocellulose membrane (Santa @achiilogy, Santa

Cruz, CA USA)“according to standard procedures. The membrane was blocked in 5ft won

milk and incubated with primary antibodifs vascular cell adhesion moleculVCAM-1) andfor
intercellular adhesion molecule (ICAM-1) (Santa Cruz Biotechnology), p65 (Abcam, Cambridge,
UK), and psikBrand IxB (Cell Signaling, Danvers, MA, USA) for 1 h at room temperature. After
incubation with the specific peroxidaseupled secondary antibodies (TherSmdentific, Rockford,

IL, USA) for4d hythe blotted bands were detected using an enhanced chemiluminescence ddtection ki
(Amersham, Pharmacia Biotedtiftle Chalfort, UK).

Cellsthat had beeimcubated with 1 ng/mL of E. coli LPS orwith 1 ug/mL of P. gingivalis LPS in the
absence or presence ofubd of simvastatin for 24 h were harvested. The nuclearcgtaplasmic
proteins were collected by the ProteoExtr@abcellular Proteome Extractidfit (Calbiochem, San

Diego, CA,:USA=Western blot assay was performed, Hrehitrocellulose membraneasincubated
overnight at 4°C with primary antibodider p-p65 (Cell Signaling), p65, plkB, and IkB. After
incubation withsthe specific peroxidaseupled secondary antibodies (Thermo Scientific) for 1 h, the
blotted bands were detected using an enhanced chemiluminescence detection kit (Amersham
Pharmacia“Biotech). Histertl1 and B-actin were usedas the internal controls fahe nuclear and

cytoplasmic proteins, respectively.

Enzyme-linked immunosor bent assay (ELISA)

Cells wee.dncubated with 1 ug/mL of E. coli LPS orwith P. gingivalisLPS in the absence or presence
of 5 uM of simvastatin for 24 hThe levels of IE1p and IL-6 were determined by meansesfzyme
linked immunosorbent assay (ELISA) kits (R&D Systems Inc, MinaksipMN, USA). In all cases,

a standard curve was constructed from the standards provided by the manufagtokare levels

werenormalisedto the protein concentration in lysate.

This article is protected by copyright. All rights reserved



Satistical analysis
Data were analysagsing oneway analysis of variance (ANOVAjollowed by the Studerflewman
Keuls test as compared with control. Differences for whidhvalueswere less than0.05 were

consideredstatistically significant.

Results

Effects of LPSand simvastatin on viability of HDPCs

The effect @ E. coli LPS, P. gingivalis LPS, and simvastatin on cell viability of HDP{&sshown in
Figure 1. The, viability ofcells exposed to different concentratoofE. coli LPS, P. gingivalis LPS,

and simvastatin was not significantly differértm that ofthe controk (P>0.05).

Effects of LPS.0n expression of inflammatory cytokines and cell adhesion molecules

To investigate'whethdt. coli LPS andP. gingivalis LPS induced an inflammatory reaction in HDPCs,
the expression=ointerleukin (IL}1p and IL-6 was assessed in LRfated HDPCs. As shown in
Figure 2aand D, E. coli LPS andP. gingivalis LPS significantlyincreasedboth IL-13 and IL-6
MRNA expressiorand IL-13 and IL-6 protein secretianin addition, the expression of cell adhesion
molecules,suchas VCAN and ICAM1, wasupregulated aftethe HDPCswere treatedvith both
types ofLPS(Fig:'2). Densitometry showed that there was a significant incremeht1 (P<0.05)
and IL-6“mRNA expressior{P<0.05)andin VCAM-1 (P<0.05)and ICAM-1 expressin (P<0.05)
after treatmenivith LPS, beginning atoncentrations dd.1 pg/mL and higher(Fig. 2).

Effects of simvastatin on LPS-upregulated inflammatory cytokines and cell adhesion molecules

To determinesthe effect of simvastatin on EiR8uced pulpal inflammationthe expression and
secretion of cytokines such as-1B and IL-6 andthe expression otell adhesion molecules such as
VCAM-1 andul€CAM1 were examined in HDPCs stimulated wihcoli LPS orP. gingivalis LPS in
the presence ddimvastatin for 24 hTreatmentwith simvastatin significantly attenuated the L-PS
stimulatédexpression ofL-1p (P<0.05)and IL-6 (P<0.05)in HDPCs(Fig. 3a). The inhibitory effect
of simvastatin orthe secretion of cytokines into the supernatant was measured by ELISA. Detection
of the secreted formof IL-1B and IL-6 confirmed that simvastatin blocked the increragntlL-1(
(P<0.05)and IL-6 proteirs (P<0.05)in the supernatant of LRStimulated HDPCgFig. 3b). The
effect of simvastatin on LRStimulated IL:1p and IL-6 protein secretion correspondedts effect on
MRNA expressien. In addition, upregulated VCAMand ICAM1 production in HDPCs stimulated
with LPS was inhibited by simvastatin treatm@rig. ) (P<Q05 compared withhe E. coli LPS-
treated groupP<Q05 compared witlthe P. gingivalis LPS-treated group)

Effects of simvastatin on LPS-stimulated NF-«B pathway
This article is protected by copyright. All rights reserved



To determine the mechanism involved in the response to simvastatieffeébe of simvastatin on
LPS-stimulated NF«B pathway was examined.Simvastatin treatmensignificantly decreased LRS
induced p65 expression and phosphorylation of IkB in thewhole extract (Fig. ) (P<0.05) andit also
significantlydecreased LPSicreased phosphorylation of p65 and IkB in the cytoplasm and p65 level
in the nucleus (Fig. B) (P<0.05)(P<005 compared witlthe E. coli LPS-reated groupP<Q05
compared witltheP. gingivalis LPS-treated group)

Discussion

Caries lesiog are associad with bacterial penetratioof the pulpwhich evoke pulp inflammation,
and eventually pulp necrosis and periapipathosis(Hilton 2009) LPS, an endotoxirof gram-
negative bacteria, mediates activitiithe offending organism anddances aimmune response ithe
host cells. LPSs.alsoinvolved in the development afentalpulp inflammation and pulpitidf the
pulp can récover from the inflammatosyate, the inflammation is classified as reversible pulpitis.
Vital pulp therapy aims to treat reversible pulpitis and recovantirmal pulp state (Ward 200Bor

the success of vital pulp therapy, factors such as age, size of exposure, state ett@holpal
blood clot,=and=choice of capping materiahy affect to the outcome@Vard 2002). Calcium
hydroxidehas been useds a vital pulp therapy f@ome time(Foreman& Barnes 1990)MTA has
been used"in ‘the direct pulp capping and pulpotomy lasdbeen associated witjood results
(Chailertvanitkulet al. 2014).Anti-inflammatory agerstsuch as corticosteroid have alseen tried as
pulp capping.agea{Obersztyret al. 1968).

Simvastatirhas been reported to hasertain pharmacological effedtsvarious tissues and cell types,
including a wide range of antiflammatory effects. In one study, simvastatin reducedplLIL-6,
and cyclooxygenase (COX) 2 expression in human umbilical vein endothelial ceN&EEH)(Inoue

et al. 2000)/and in another repotiteatment with simvastatin reduced serum levels 68 And TNFa

in patients “with~ hypercholesterolemi@Musial et al. 2001) In an experimental model of
temporomandibular joint inflammation, simvastatin injected into that s effective in reducing
subsynovial“inflammatior{Georgeet al. 2013) Nevertheless, no studies have been carried out to
assess thepotential aimiflammatory effect of simvastatin in human pulp cellstha presenstudy,
simvastatin effectively decreased the expression dffIUL-6, and VCAM1 and ICAM1 induced

by LPS in HDPCs. The suppressive effect of simvastatin on inflammatory oy$okisimilar to that
seen in other cell types, as shown in a previous gtadyeet al. 2000)

IL-1B, IL-6, and,tumor necrosis factemlpha (TNFo) are well known as keyro-inflammatory
mediatos in the pathogenesisf inflammabry conditions(Greenhillet al. 2011, Tanget al. 2015)
andLPS induceshe expression of many inflammatory cytokingsch as IL1f, IL-6, IL-8,and TNF

a, in HDPCs(Coli et al. 2004, Nakanishét al. 2010, Choiet al. 2013, Kimet al. 2015).

ICAM-1 and VCAM1, whichbelong to the immunoglobulin superfamily of cell adhesion molecules
This article is protected by copyright. All rights reserved



are thought to regulatine attachment and migration of leukocy®@uring the inflammatry process
(Blake & Ridker 2001)It has beemeported thathese moleculeare expressed in inflamed human
dental pulg and actually enhane pulp inflammation (Sawa et al. 1998. Because &cterid
componerg such as LPS can induce ICAMand VCAM1 expression in dental pulp ceflsseet al.
2008, Nakanishiet al. 2010, IL-1B, IL-6, and ICAM1 and VCAM1 were usedas markes of
inflammation inductionLPS increasgthe expressionf theseinflammatory cytokinein the HDPCs.
Thisfinding is in accordance with results reportgdothers (Coli et al. 2004, Leect al. 2008,Choi et

al. 2013)

NF-«xB is a transcriptionfactor that binds to the enhancer element of the immunoglobulin kappa light
chain of activated B celldHoesel & Schmid 2013)n addition, tke NF-xB pathway is known to be a
key mediator ofsgenes involved in contimd cellular proliferation and apoptosiherefore, NF«B
has an important role in regulag cellular proliferaton, and activationof NF-xB can reduce
apoptosigHoesel'& Schmid 2013)

NF-xB transeription factor also playsan essential role ithe regulation of inflammation anthe
immune raponse Inflammatory process are associated with activation dhe NF«kB signaling
pathway (Hoesel=& Schmid 2013 so inhibition of this pathway could havea potential role in
reducing inflammation (Yamamoto & Gaynor 2001 Several transduction cascades mediate
stimulation ofthesNF«B pathway. Activation of IkB kinase causephosphoryldabn of kB, leading to
its ubiquitination and degradation. Degradation of IxB results in the translocation of NF-kB from the
cytoplasm tothe'nucleus where itnducesthe expression of specific cellular genééamamoto &
Gaynor 200}

To demonstratdhe mechanism of simvastatihat inhibits inflammatory cytokine expressiothe
present studexaminel the effect of simvastatin on the NiB pathway. Simvastatin decreaseithe
phosphorylation ofdB and p65 in the nucleus, whit¢tad beerincreased by LPSBased orthese
results, thesuppressiveeffect of simvastatin on LR®duced inflammatory cytokirseein HDPGCs
seems to be related tohibition of the NF-xB pathway. This findingis consistenwith a previous
study of "epidermal burn injury irmice showng that simvastatin reduced inflammatory cytokine
production and agmosis via downregulation dhe TNF-0/NF-kB pathway (Zhaoet al. 2015).

Asl Aminabadietial. (2013) assessedhe useof simvastatin versus calcium hydroxids a pulp
capping agentbut the antrinflammatory effect ofsimvastatinwas controversiallt is possible that
their resultwasrelated to theexperimental desigin that they studiedthe pulp in itsnormal state.
Undersuchnormal conditionsimplantation materialcancause amnflammatoryresponsé¢Jegatet al.
2007).However,in the presenstudy,LPS activated the inflammatory cytoksjevhich were reduced
by treatment withsimvastatin.Moreover, n the study by Asl Aminabadiet al. (2013 sodium
carboxymethyl cellulose was used as a carrier of simvastatin,caelhdose derivatives can be
degraded by bacteria (Reesteal. 1950).For the clinical applicationf simvastatinn inflammabry
This article is protected by copyright. All rights reserved



conditions anondegradable carriesuch as biogisswould havebeenmoreappropriate

Conclusion
Simvastatin hd an antiinflammatory effecton LPSinducedinflammationin HDPCs. Therefore,

simvastatinmight beausdul candidateas apulp capping agernn vital pulp therapy

Acknowledgements

This study was supported by the National Research Foundation of Korea grant funded<oyega
government_(MSIP) (No.2010030121) and supported by tiMational Research Foundation of
Korea (NRF) grant funded by the Korea government (MSIP) (2015R1A2AZ06EB%) and
supported by the,grant (CRI 1462Q) Chonnam National University Hospital Research Institute of

clinical medicine

Conflict of nterest statement

The authors have stated explicitly that there are no conflicts of interest in connathidmsarticle.

References

Aguilar P;sLkinsuwanont P2011) Vital pulp therapy in vital permanent teeth with cariously exposed
pulp: a systematic reviewournal of Endodontics 37, 581-7.

Asl Aminabadi N, Maljaei E, Erfanparast L, Ala Aghbli A, Hamishehkar H, Najafpuor E3j201
Simvastatin versus calcium hydroxide direct pulp capping of human primary moleasdémized
clinical trial=Journal of Dental Research, Dental Clinic, Dental Prospects 7, 8-14.

Blake GJ, Ridker, PM (2001) Novel clinical markers of vascular walhmmiation. Circulation
Research 89, 76371.

Chailertvanitkul P, Paphangkorakit J, Sooksantisakoonchei &l. (2014) Randomized conttetl
trial comparing“calcium hydroxide and mineral trioxide aggregatpdudial pulpotomies in cariously
exposed pulps gfermanentolars.International Endodontic Journal 47, 83542.

Choi EK, Kim SHy Kang IGt al. (2013) Ketoprofen inhibits expression of inflammatory mediators in
human dental pulp cell§ournal of Endodontics 39, 7647.

Coli J, TamE, Waterfield JD (2004) Proinflammatory cytokine profilgsuilp fibroblasts stimulated
with lipopolysaceharide anaethyl mercaptanlournal of Endodontics 30, 88-91.

Foreman PC, Barnes IE (1990) A review of calcium hydroxiater national Endodontic Journal 23,
28397.

George MD, Owen CM, Reinhardt AL, Giannini PJ, Marx DB, Reinhardt RA (20if&ctEof
simvastatinnjections on temporomandibular joint inflammation in growing radarnal of Oral and
This article is protected by copyright. All rights reserved


http://www.ncbi.nlm.nih.gov/pubmed/?term=JOE+2011+581�

Maxillofacial Surgery 71, 846:53.

Greenhill CJ, Rosdohn S, Lissilaa Rt al. (2011)IL-6 transsignalingmodulatesTLR4-dependent
inflammatory responses via STATRwrnal of Immunology 186, 1199208.

HernandeRomero MC, Arguelles S, Villaran Ré al. (2008) Simvastatin prevents the inflammatory
process and the dopaminergic degeneration induced by the intranigral injection of Bpopbéyride.
Journal of Neurochemisty 105, 44559.

Hilton TJ (2009) Keys to clinical success with pulp capping: a review of the liter&@peeative
Dentistry 34; 61525.

Hoesel B, Schmid JA (2013) The complexity of -NB signaling in inflammation and cancer.
Molecular Cancer 12, 86.

Inoue |, Goto Sy Mizotani ket al. (2000) Lipophilic HMGCOoA reductase inhibitor has an anti
inflammatory.effect: reduction shRNA levels for interleukirlbeta, interleuki¥6, cyclooxygenase,
and p22phox~by  regulation of peroxisome proliferadivated receptor alpha (PPARalpha) in
primary endethelial celld.ife Science 67, 863 76.

Jegat N, Septier D, Veis A, Poliad A, Goldberg M (2007) Steorh effects of amelogenin gene splice
produds A+4randA implanted in the exposed rat molar puffead & Face Medicine 21, 40.

Kim DS, Shin MR, Kim YSet al. (2015) Antiinflammatory effects of glutamine on LBSmulated
human dental pulp cells correlate with activation of MKBnd attenuation of the MAPK and NB
pathwayslnternational Endodontic Journal 48, 220-8.

Komabayashi ;" Zhu Q (2010) Innovative endodontic therapy forirdt@mmatory direct pulp
capping ‘of permanent teeth with a mature ag¥al Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontics 109, e75e81.

Lee JC, YurMKyileee Rt al. (2008) Terrein reduces pulpal inflammation in human dental pulp cells.
Journal of Endodontics 34, 4337.

Maeda T, ‘Matsunuma A, Kawane T, Horiuchi N (2001) Simvastatin promotes osteoblast
differentiation and mineralization in MU3-E1 cells. Biochemical and Biophysical Research
Communications280, 8747.

Martin FE (2003) Carious pulpitis: microbiological and histopathological coradidas.Australian
Endodontic Journal, 29,134-7.

Mass E, Zilberman U (2011) Lortgrm radiologic plp evaluation afterpartial pulpotomy in
young permanemnmholars.Quintessence International 42, 547-54.

Massey WL, Remberg DM, Hunter N, Hume WR (1993) The association of carious dentiflaracr
with tissue changes in human pulpit@.al Microbiology and Immunology 8, 30-5.

Matsuo T, Nakanishi T, Shimizu H, Ebisu S (1996) A clinical studglirgct pulp capping applied to
cariousexposed pulpslournal of Endodontics 22, 551-6.

Min KS, Lee YM, Hong SO, Kim EC (2010) Simvastatin promotes odorgtibldfferentiation and
This article is protected by copyright. All rights reserved



expression of angiogenic factors via heme oxygefaseprimary cultured human dental pulp cells.
Journal of Endodontics 36, 447-52.

Mundy G, Garrett R, Harris & al. (1999) Stimulation of bone formation in vitro and in rodents by
stains. Science 286, 19469.

Musial J, Undas A, Gajewski P, Jankowske M, Sydor W, Szczeklik A (2001}irAlatinmatory
effects of simvastatin in subjects with hypercholesterolemiernational Journal of Cardiology 77,
247-53.

Nakanishi T, Mukai K, Yumotdd, Hirao K, Hosokawa Y, Matsuo T (2010) Astiflammatory effect
of catechin _on cultured human dental pulp cells affected by badeniged factors.European
Journal of Oral Science 118, 14550.

Obersztyn A; Jedrzejczyk J, Smiechowska W (1968) Applieatfolyophilized dentin chips, mixed
with predniselone and neomycin, on infected rat incisor palrnal of Dental Research 47, 374-80.
Ortego M, Bustes C, Hernand®zesa MAet al. (1999) Atorvastatin reduces N@&ppaB activation
and chemokinexpression in vascular smooth muscle cells and mononuclear Atbksosclerosis
147, 253614

Pedersen TRy=Tobert JA (2004) Simvastatin: a reviayert Opinion on Pharmacotherapy 5, 2583
96.

Reese ET, Siu'RG, Levinson HS (1950) The biological degradafi@oluble cellulose derivatives
and its relationship to the mechanism of cellulose hydrolysisnal of Bacteriology 59, 48597.
Robinson JG+(2007) Simvastatin: present and future perspectizgsert Opinion on
Pharmacotherapy 8, 215972.

Sawa Y, Yokida S, Shibata Kl, Suzuki M, Mukaida A (1998) Vascular endothelium of human dental
pulp expressesidiverse adhesion molecules for leukocyte emigiiassme.& Cell 30, 281-91.

Tang J, Luo K)iLi Yet al. (2015) Capsaicin attenuates L-R8uced inflammatory cytokine
production byrupréegulation of LXRa. International Immunopharmacology 28, 2649.

Vertucci FJ(2005) Root canal morphology and its relationship to endodontic proce&udeslontic
Topics 10;°3-29:

Ward J (2002Wital pulp therapyin cariouslyexposedoermanenteethand itslimitations Australian
Endodontic Journal, 28, 29-37.

Willershausen B, Willershausen |, Ross A, Velikonja S, Kasaj A, Blettner ML{2R&trospective
study on_direcpulp cappingvith calcium hydroxideQuintessence International 42, 16571.
Yamamoto Y,'Gaynor RB (2001) Therapeutic potential of inhibition of th&dpaB pathway in the
treatment of inflammation and cancdournal of Clinical Investigation 107, 13542.

Zhao G, Yu YM, Kaneki M, Bonab AA, Tompkins RG, Fishman AJ (2015) Simvastatircescburn
injury-induced splenic apoptosis via downregulation of itNE-o/NF-xB pathway.Annals of Surgery
261, 100612.

This article is protected by copyright. All rights reserved



Figurelegends

Figure 1 Effects ofE. coli LPS,P. gingivalis LPS, and simvastatin on cell viability of HDPGOhe
MTT assay was used to assehe viability of HDPCs for 24 hafter treatment with different
concentrations oE. coli LPS,P. gingivalis LPS, and simvastatiValues are expressed as mearsD

of three replicates of one representative experiment.

Figure 2 Effects of LPS on the expression of-1B, IL-6, VCAM-1, and ICAM1 in HDPCs.The
cells were treated with 0.1, 1, and 10 pug/mL of E. coli LPS andof P. gingivalis LPS for 24 h(a) The
MRNA levels of IL1p and IL-6 were determined by RFCR. p) The protein levels of H1p and IL-6
were determingd,with the use BEISA kits. () The protein levels of VCAM. and ICAM1 were
determined byneans of Western blaihalysis Values are expressed as mearsD of three replicates
of one representative experimentP¥Q05, vs. control. The data shown are representative of three
independent:experiments with triplicates for each experiment.

Figure 3 Effects of simvastatin on the expression ofl and IL-6 and VCAM-1 and ICAM1
expressionrinduced b. coli LPS andP. gingivalis LPS in HDPCs.Cells were cultured with or
without 1 pg/mL of E. coli LPSor of P. gingivalis LPS for 24 hwith the concentrations of simvastatin
as indicated(@) The mRNAlevels of IL-18 and IL-6 were determined by RICR. () The protein
levels of'll=1p and IL-6 were determined by using ELISA kits) The protein levels of VCAML and
ICAM-1 were. determined by means of Western atalysis Values are expressed as mearsSD of
three replicates of one representative experiment. The data shown are representéinee of
independent experiments with triplicates for each experim#eR&Q05, vs.the E. coli LPS-reated
group + P<Q05pvs. theP. gingivalis LPS-treated group.

Figure 4 Effects of simvastatin on the N&B pathway in HDPCs. Cells were cultured with or without
1 pg/mL E. coliskPS or P. gingivalis LPS for 24 hwith the concentrations of simvastatis indicated
(a) The protein expression of p65, phosfikB, and IkB was determined by means ofWestern blot
analysis'(b)"Protein levels of phosphat5 and phosphixB in the cytoplasm and p65 in the nucleus

of HDPCsi were assesseWfalues are expressed as mean SD of three replicates of one
representative experimerithe data shown are representative of three independent experiments with
triplicates for each experiment. P<Q05, vs. theE. coli LPS-treated group+ P<QO05, vs. the P.
gingivalis PS-treated group.

Table 1 Primer £quences used for FACR

This article is protected by copyright. All rights reserved



Genes GeneBank number Sequences (8')

Length of product

IL-1B NM_000576.2 F: GATACAAACTGATGAAGCTCGTCA
R: GAGATAGTGTTTTCCACATCCTGA

IL-6 NM_000600.3 F: GAACAAGCCAGAGCTGTCCA
R: TGAGGTGCCCATGCTACATT

GAPDH NM_001256799 F: AGTCACGGATTT GGTCGT
R: ACAAGCTTCCCGTTCTCAG

172 bp

230 bp

185 bp
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Figurs 4
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