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Epigenetic Approaches to the treatment
of dental pulp and periapical disease

undodssu USsSwnny, sim ASEISSU
AAIYITUANTINY TEUAsUTTUAINE AaisTiunLINEmans univetdedes

UnAnga

PagtuiundnlunsWaufanianmmetuanssuiifidmnelunaetuaiadedolulnsiiu (Pulp regenerative) Litonanides
ns¥nwnassInflukuuaain (Root canal treatment) Tnawilsluwuafnlvl fie Sfvaiufng (Epigenetics) Fadunalnnisaunu
nsuanseenvesdulaglilfiudsudduiidue (ONA) Tnenalndianuieitesfunssuiunssniausuiiuneunisddsuudas
youmadiiieluiiniivesmadduiniaanity (Dental-derived stem cells) dsluilagiiuldfinsdnwidsFosdfaandluumum
sorudulaneuindinntu Tnefimsthundnumiaunuiulilutureunsiiveuifiaveaiodelulnseituie Swwesividulaneuind
sufdlsasouuaesinily Wudy vnanuidfifegusvasdifioosuisndnnisvesdinuinddemwad Inslamswadioidelulnsaity
(Dental pulp cells) IngiiuluudyuiiAeaty nshulunusulaneuindsonisinvilseveniaidelulnssiluuaslsasouvanesnity
wieitussdeusiluusuliviedunmdlunsiiludesennuidslusuinn

AanAny: minwmmdtinveniobelulnssitu (Vital pulp therapy), M3sshwiAaossnitu (Root canal treatment), Statuaisfividulanouind

(Regenerative endodontic procedures: REPs), 8fitatufing (Epigenetics)
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Assniauvesiedelulnseiiu (Pulpitis) wie
manngveaiobelulngsitu (Pulp necrosis) Sinflanvin
ddunannisindeveuuaiide (1) Tnauuaiise
azinisUanearsiie (Toxin) eonun dnaliLin
nsEUILMSSNEU (Inflammation) veuiordelulnssiiu

wnd@elsamanillignitdneeniazdwmalinssuiunis

'
A

Sniavsndudeluaugnanufudedeseuuarssnil
(Periradicular tissue) awimdunerdanmvasiede
wagnszansauUanesnily (Apical periodontitis) Iuﬁqm
(2) m3snulaeiluinazdunisaeuily (Extraction)
WeMsSnwAassnily agnelsinu Msshwiraess it
Tuuansdifimnududeu faldaglumssnuiideutnsgs
waziiddnyRenisinviaaessnitutiuasyilsilugyde
nssuauddn swluisussleninng q veudede
TulnseflufFialy JaguiedluuwAnfiildouain
As¥nwraesnilukuusLiudunisariuidin
voudlaidolulnssilu (vital pulp therapy) uazn139
Jaealsfindulaneufnd (Regenerative endodontic
procedures: REPs) 1B

wisslunswamuwamenssnewuuldil Taua
s TaR T U st e lumsieitains
dowdelulnseiiu (Pulp regeneration) Taedinsin
wdnnistudungalunsiaun wu 3fmuind dudy
nalnmsmuunsuanseenvestulngliliudsudiu
Mdute (ONA) Tngnalndfunumdrfyiiieideat
auanansalunsuUsiioasaeadlvl (Self-renewal)
waznsildsuudasvegadiiieluiinidfisng q
(Cell differentiation) (3) Taufisfiaruiieataady
n13AIvANNISkanteendesdululsavateylia lain
suiduidosen (Tumors) w3e Tsailiieateatu
AsEUINMTSRLEY (4, 5) Snvadaimnuieadetu
nszUIun1sas1eilu lagaiunsadanansdnuau vie
wargUinvesily udsdianumieadestutunou
mMswasuulasvesadiieluvhminflveswadauriuin
Anitudnee (6)

Tuthgtulsinsfnuisdesdfamdndluumm
senudulaneuindunniy fiu msmumulssanssy
Tuadsll SeiSngusrasdiftooduismmumneuasnalnme
SRanAndfiugu Sfmuindiulsevondodelulnssiiy
uaglsmsouUanesnity SadsmsihvanaiaunanUsulss
Tunudulanaufingd LﬁaLﬂuaqﬁmmitﬁaﬁ%mmm
Wuwumslunsihlusesenauidelueuian

1. AdunuTgLaznalnniIstiadnLaLufng

(Epigenetic mechanism)
Taevhluudnansiidnenenaiugnssuesdstivin
wllawadgaislon (Eukaryotic cell) Ap lasuifiu
(Chromatin) Fsivthetesiluiindleley (Nucleosome)
fisznaudie Aduewazlusiudalau (Histone) sauifu
Julrssadadedouresdalau (Histone complex)

Chromosoma

Chromatin
ety [T
DNA

Epiguratic lactar

Mistane sl

i

A 1 wanslassadisveslasin@y (7, 8)
(UFuUsenmmanann: Laura, B. (2008) Epigenomics:
The new tool in studying complex diseases.
Nature Education 1(1):178.)
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fidedestunsuanseanvesdunasioulelunszuiunis
ponsavesdy (9) Wudu Fansdsundasinadu
wuuiunaula (Reversible) wavaiusaaienanluds
anuald (10)
nalnmsiinvesdimiudndlneluudasiinty
HugUsuundn 3 alia fie nMsinuBaaduvefibue
(DNA methylation) nsiAan1sUsuussueslusaugalnu
NAININIWEATUTY (Post-transcription modification of
histone) waw Mainmsasuudadusumiathrnesns 4
Wy nsiAslasuAuslueada (Chromatin remodeling)
warn13vnauveslulasersidute (MicroRNA %58
miRNA) (9) Wudu Tnenalnusassiinanansaasuelgsel

1.1 MsiinuEaaTuvesiioue
Junszuiaunisiinutes deflannuiendesiu
nsiuvaiia (CH,) veshduetiiumis CpG nucleotide
Tagazidunsiunguiufiafidumis C-5 499 cytosine
residue Ty 5-methylcytosine (5mC) %ﬂﬁ]zgﬂﬂw@m
Tnoioulwsl DNA methyltransferase (DNMT) wag DNA
demethylase ten-eleven translocation (TET) dlowdn
msisvyfiadly U CpG Aignudataduazidy
fumlafimunzaud Methylated-DNA binding proteins
WU MECP2 3n3uyinlimean1siinn1snonsiavedgu
dmalilsiinnsuansoanvestutiu 4 (Gene silencing) (11)

C G

G C

w ey ----- .
I DNMT 1
e e 1
Methyl group

S
=)

A7 2 wanan1siinsalatuvesiiue (7, 8)
(USuU5an1mu1970: Laura, B. (2008) Epigenomics:
The new tool in studying complex diseases. Nature
Education 1(1):178.)
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1.2 msiaan1sUsvusnsvelusaudalaunainis
NTIUAASUTY

msiansanuUasedusiiugalay Wunsyuums
WasulusiugalmiliAnhusiavesdala (Histone code)
edamariodnuarlassairswesinndlelun Tegluguuuy
Fumnzvdeldwnziunmsaensia Tnevlunisdnudas
vedUsiuBalnutuesfedestumssnulasiasuuing
Uaeunsneziluvedlusiugalau Wy mafumuia
(Methy) msifsmliowwiia (Acetyl) Fetumeviiiouli
Rereannune Teud Histone acetyltransferases (HATs),
Histone deacetylase (HDACs), Histone methyltransferases
(HMTs) uae Histone demethylases (HDMs) 1Judiu (12)

Fanszuaun1sing1n e1vavdnaliinmaleley
YIS AUVIIMTUEAUTWMWAWES (Transcription
factor) lalgnunsaunduls dealiliiinnisuanseanvesdiy
#seenavinlvilandlelaunanedioanuin iJunale
nsuErsUTuAwe SNSuRnnsnonstavasEuaule (1)

audi 3 . wanaNsiAuvyiuiia denalidindleleuun
fruiuann uvilinsuansudunnamesluauisaun
Jule dewaliilaiinnisuansoanvasdy

. wanansiiuvyieleiia dawalvitdindleluy
Aanameenun Wunalinsuaasuduuameasundu
\Aansaensiavestutuld (7)
(USuu5an mu137n: Laura, B. (2008) Epigenomics:
The new tool in studying complex diseases. Nature
Education 1(1):178.)
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1.3 maAansiaeusdaslusuiatmnes 9

mMsAan1sasuuladiuiundadnnesdng
o nszviumsialasunfvslunads flo msiwdsuias
anwaurlasiassvedlasuniu dwaliiinn1sianiaan
vostulutsnasingm Inenmsdouadiiinesiodes
fulusAudsdouiBenin ATP-dependent chromatin
rernodeling complex fzandufuuinadalnmmiensue
FiiAnnsBavienavedasiniu Fnezdmalinisnensia
yosfudsunuasly

lulasorsiduie Wuensiuovunidnilailign
nensvalulusiu Tvifiriuaunisuansesnvesdy
naINNsnensYia (13) lnglinafiunisiiansvgan1svina
Yo38u name Tulasonswueazluduiu mRNA e
Adduadugan (complementary) fu dsualviiin
NM3EuUdINIswUasita (Translation) U89 mRNA wusne
(Translational repression) (14) dswalviliifinisadislushiu
270 MRNA $ana17

2. dntavuindnulsavasiiattalulnsanly
uazlsasaulanesinilu (Epigenetic regulation

in pulpal and periapical disease)

Tseveailadelulnssilunazlsaseuanesnily
Juanmeiifamendsanmsanideveaiedelulnseity
Wl iAnnisnissniaunieluiieide wnlalddu
mﬁﬂwwzﬁmsqﬂamlﬂé’qLﬁaL?JasaUUmaimﬁu
JULAANITYIA18veINTEANUTIIMTaUUAEIINT U
Anduseslsn Fsmssiuvedsaiinamantiusivannvans
nalnfiieades Tneuiddunalniduiaulalutiagiu
fio BfLuAnd Faflmannnansmanisaiinulinends
fimsindoveaiode wWu

2.1 mMsiAnusalatuvaenldue
nsimuiaatuaiuisadeuntasidiiioiin

nTrUIUNIIENLEy (15) laenalnnisiinludaladu

yoafduefldruisidadunszurwinnisdnause

dodelulnsafu fnsdnuaiildnaaienisiia
Asdsuulasveanisiinudaatuvesduiiierdos
funszuaunssnavluiderdelulnseitussd

2.1.1 Interferon gamma (IFN-y)

Undudreeiidddalunsmevaussveaiede
TulnssitusioftusluszozGudu Jaazyimihiinsduad
wuAlasH1a (Macrophages) WagnTEAUNITABUALDS
284 type 1 T-cell AoszUUIANTULUUTINIZIILA
(Adaptive immunity) lagfin1s@nurfinuy
Unmethylated /FN-y %gﬂwuluﬁm%‘iuiwmﬁu
filmssnauiisdoray 93 Tuvasinuluidedolulnssily
fiunfifiesdoray 44 Tsaenndesiuseiuvasnisuansesn
w838 (Gene expression) inu tioidelulnseitudid
NISONLAVALANITUANIDDNVDIEU IFN-Y ﬁqaﬂdwﬁmﬁa
Tulnssitufiung (16)

2.1.2 Ten-eleven translocation 2 (TET2)

WungulusAuid undslunguuesieulesf
Methylcytosine dioxygenases ﬁﬁwmm‘tu%umu
Epigenetic modulation Tnevhwithiiluns Demethylation
L‘LJﬁIEJuS—methchytosineL‘f]‘u5—hydroxymethytcytosine
Fanun ﬁummmﬁwﬁzysluﬂizmumﬁﬂLausuau‘fim?ia
Tulwseitu TnedinsAnuiinuin wadidoolulnsaily
maawwé (Human dental pulp cells: hDPCs) 9gd
masdues TET2 vdsngnnsesulnglalndudnanlss
(Lipopolysaccharide; LPS) voudonunilsy vl
suneiansnevausssiiduiudmalfiinnismds
wanlglalad (Cytokines) NAUNIINITAITYQYIUVOS
NF-kB signaling pathway (17)

2.1.3 Toll-like receptor (TLR) 2 and 4

Unfad TLRs fdudAgrenisiinnsnauaues
nuiiduiulasinba (Innate immunity) lngusazyile
sxsminilunisensuazsuiudnvaseenielsa
fuansnaiu Tne TLR2 aduivudnamtiwaduuniise
wnsuavfde lalumedusanilsd luvaedl TLRA
923UNU Peptidoglycans wag Lipoteichoic acid
TuluafiiFaunsuuin 31ANSANEIVRY Mutoh uagang
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T8 a6 2007 WU Sinsuanseaniiunniuves TLR2
war TLRG TuiledelulnssiufiinissnauluszezBudy
Fanudn TLRs fdwdAglunszuiunmsaiensegnuagity
(Osteogenesis/odontogenesis) dudududfy
Tumsinnszuumsdenumveaiodelulnseii (18, 19)
R UM SANYIUEY Bordagaray uazauglul A.e. 2022
flgAnwnisuansennves TLR2 lumssniauiiiendes
futsnaaesn Tnewui insiiatuues TLR2 luwad
Wlufiedvsvesdendlrulany (Peripheric blood
mononuclear cells; PBMCs) (18, 20)

2.2 maaan1sUsuunsveslusaugalaunainisnsiy
aasury

n15dsunlasaaslusiudalaud wmaviled
Lﬁ@mwméw’w‘%aﬂmEJGTJ%JaaImmau%uag'ﬁ’U’iwLﬁm
mswasunlamweslusiuusnale dwaliinnsaensa
V93P VIS0 MgANITLAnteBNYRITY lagllauduius
fuidedelulnseiundwunalalased

2.2.1 msUsunasvaslusiudalnuuuuiinisiis
ngiuda (Histone methylation)

AsAnBImUIINIsiUAsunlasvedlusiudalau
U3nas H3K27 fianuiendestunssuiunisiianissniay
LaznsyUIUNIsYeuLTNvewasLieLdelulns ey
lng H3K27me3 azgnissufisewneieulysl enhancer
of zeste homolog 2 (EZH2) Feildudrdnjlunisaiugu
Tunszuaunissnavvenieidelulnseiiy inwini
TuN158nN15AANTTUILNITUU IR ILaTL NN ST DL UL
vouwaaduidnvoaiodelulnsilu (21, 22)

2.2.2 msUsunasvaslusiudalnuuuuiinisiiu
vguawiia (Histone acetylation)

Tunszurumsiiazerdoioulusingn q 2 nau Téun
Histone acetyltransferases (HATs) wag Histone
deacetylases (HDACs) (23) Tngfinns@nuiiinuin
woulwsl Histone deacetylase inhibitors (HDACis)
arursadnialfiAinnssuruniseeuuuvenileLie
Tulns st uldlagn1siiinnisiinnszuaunisuu a6

ulaaag,
Thai Endod J (3
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LaznseTyAvlnvesead uazifiunisazaunssig
(Mineralization) (24) Fowuin teoulwsl HDACKs winiisl
aruisadoslumadulaneuiing leun Trichostatin
(TSA), Valproic acid (VPA) wag Suberoylanilide
hydroxamic acid (SAHA) 1Judu dewananisiia
nswasunlasvengadfieriiudfiianizuay
nsavanussnveswadioidolulnssiuuazivad
fuidaveaiedolulnseiiu (25) wazdiaunsadae
Twdesvoanisiiusuiruveswas (Proliferation)
nsipdoufivenwad (Migration) wag n158AAIze4
wad (Adhesion) Tuwadduiidnanidedolulnsiiy
dneay (26)

2.3 lulasersioute
n1sAnwludagiuseauidulasesidue
warnuanesiafinudn Sannuieidestunszuiunis
Sniavuazsruugiduiuveniodelulnseiiy dawa
Tun13AIVANTTUUANANTULAZATUANNTEUIUNTTENIAY
Tnodsnalunisauaulelaladsneg fAeades (27)
INN1SANYIY8Y Zhong wavamg Tud A.d. 2012
wuNsuanseanfiwanastuves 36 lulasensifuenes
Hedeluiinissnaudlodisusuidedoluiiuni
Tnenuindedolufiinssniauesd 3 lulasendidue
s uausnntu (Upregulation) Tuvaidisn 33 lulasens
Buetiuilsiuiuanas (Downregulation) (28) &swuin
flulasensBueiiddaiieasuidedoluldun
MicroRNA-181 #fldaulun1smiugunisianioen
284 Interleukin-6 (IL-6), Interleukin (IL-12), C-C motif
chemokine ligand 8 (CCL 8) 1z Matrix metalloproteinase-9
(MMP-9) (29-32) MicroRNA-152 1Jugniunuideay
(Negative regulator) ¥94n158UANBINIINTFAUTY
Taeuile Geazshnihdidudsnsadslalaledsing o wu
IL-12, IL-6, Tumor necrosis factor-alpha (TNF-a),
ez interferon-b MicroRNA-148 Lﬂuéhmmm%aau
vaansneuanamgiAuiulaeiudawuiy (33) wu
WeInun1sAneIUes Kong wagamg Tul a.f. 2014

UnuImaBRlauingnanisinwasni1sinelsAavaadalalulnsslunas lsmsaudaiusinilu
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finudn finsuanseandiunndrstuvedlulasensidule
seminadodolulnsiluiisniaunasundisiuiuiiadu
38 lailasensidue Taemuin Tuedeluiiinnssnay
i 4 lulasersidutedifisnuauniniy luvasia
34 lulasensidueiisuiuanas (27)

3. UNUINVIINLAURNARDNISINNLNNVDY
AR UNNLALAZAISNANTZUIUNITLEIUAZS

Waide (Tissue regeneration)
3.1  msiasaatuvashoue
Tneshluudamuinnisiinudaaduresibue
YA INAN BNITUANIDNVDITU %qwgﬂmuquim
wwuleal DNA methyltransferase nnfiainuAnund
Yaensiinusalatuenadawalimiinnisiauiveslsa
Fuld (38) TnedinnsAnwdinudn sesunsinuiBaadu
YasiBueiinnuisadesiuariuaiunsaveuead
Furiila (Stemness) wazAnuanunsalunisiUasuuas
yoawadiiioluumindiveswaddusniinanily (35)
Tnoilnisdnwrinuinluwad dusiinanidede
Tulwseilu (Dental pulp-derived stem cells: DPSCs)
fiflszdunisiinwsaaduvesiisuefiuasundasly
LLamza'maLﬁ'meUm'ia%’wﬂiz@ﬂ NAUNIS AKT
phosphorylation (35) Fssgdunisiiniuiaiadu
yosduefanasialdanuagaing Tneinisdne
fiwuin msanaswesoulssl Serine metabolism related
enzyme phosphoserine aminotransferase 1 (PSAT1)
Tnavilviszaunsiiawsaladuresdibueanas daals
ANEINITOVBILAE A UNILTALALAIINEINITE
Tunsiwdsuudadluifuwadnszgnueawaddudiie
nifedelulnseiluanasdndqe (36) Wudeauiy
Tuwaa s unnidnaindudausiud (Periodontal
ligament-derived stem cells: PDLSCs) Wu21
Advanced glycation end-products (AGE) Awavinla
Annsifintuvesoulsy DNA methyltransferase 1
wavdwmadudinisnisiinuiaadues Calcitonin-

related polypeptide (CALCA) vinlviaa1ua1u9a
Tunswisuwdadlliduwadnseanueswadduriiida
NnidudnUsviudanasdneie (37)

3.2 msiAnn1sUsuunevadlusaudalnunainisnsiy
ansuTuy

3.2.1 nsUsuussaslusiudalaunuuiinisiaa
nyida

Tagwudn Seuleddnwainvateainiiinase
n13AIUANNITHaneanvesBuluwadduitiavesily
loun KDM6B, KDM1A way KDM2A (38) 1dusu
Tnooulssl KDM6B azdinanonisiiiunisuanioen
Y948U bone morphogenetic protein-2 (BMP2) Faflua
AON15IATYURINTEYNLaruvaugaddui1LilngIn
fwulaia (Mesenchymal stem cells: MSCs) (38, 39)
Tuduves KDMIA azvimthiiAsadesiunisaiuny
Tudumeunisiasunlameseadiieluvmiiisng 4
voumasduindnaniieidoUatssiniiu (Stem cells
from the apical papilla : SCAPs) uaﬂ%mﬁgﬂwudﬂ
Asanasvaseulesl KDM2A dwavinldiinnisduds
nswsrestuneunsulwwadluty G1/s veuwed
furniinaniiedevanssinitu (40)

3.2.2 nsusuunsaslushudalauuuuiinisii
ualiia

wudrluwaddusndnaniiedelulnseiy
wuled HATs arunsansedulviRanisasiafuniu
nsuiTuresnsEUIUNSTUS MUY histone H3
Tudu DSPP (41) saudediouledl HDACI nanuviia
Fideados iandu LMK -235 fidaefiunisideuntas
Tiluwadaseitulumadduiidnaniodelulnsiiy
uywe (42)

3.3 lulasarsidusa
11lAT91518ULe §dInananIsLanIaanYaITu

nedadlumasiuiniaanilu Taewun Lilasensidue
fidlunismvantunsunsiUasuilaeseadineyi
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wihilusaasuindavoadodolulnseiy wadduiiia
NnUanesnily wazwadsuiidaandudausitud (43)
f981918U MicroRNA-450a-5p thag MicroRNA-28-5p
d9Wane signal transducer and activator of
transcription 1 (STAT1) ﬁmmummamaaﬂ%ﬂﬁu
RUNX2 $331nn15@nw1989 Dernowsek wazAue
Tud A.f. 2017 Wyl dnsuansennaesdu RUNX2
Tudumounisnisiasunlasve swaddusninen
ﬂuﬁwuu (Stem cells from human exfoliated
deciduous teeth: SHED) IULﬂUL%aﬁaﬁjwﬂix@ﬂ
(Osteoblast) 1nN15WULAD MicroRNA-450a-5p Wway
MicroRNA-28-5p (44)

Jaqu $8nvainunaisnisdnuifisnesuis
lulasensiBuienataadafunisvinauvewaadi
Aedestuiiunaze s uswud wu Sns@nwini
578974731 MicroRNA-132 wag MicroRNA-23a @13158
danadudininuaiunselunisiudsuudaciuiiy
wadnszanveswadduinlinandudauviug (45, 46)

Gulaaay,
S "y

Thai Endod J [

P Thai Endodontic Association

n B9

\ 67
% &
“donic A

v

yonaniifsinisdnwisiviunindiliaanuauladu
lulpsendifuweiidwmatunisildsuulasveseaddu
Adalunisadiefiy wu dnsAnwrfinuinluwad
oudelulnsaiiy MicroRNA-135b fdaulunnsduds
N154AN08NYIBY SMADE WAz SMAD5 Fedinass
Funounisidasunvasiiiduiwadadiailewy
(Odontoblast) (47) &3lndideefudnnisAnwinil
#151691U31 MicroRNA-140-5p waw MicroRNA-146a-5p
ﬁdauﬁmﬁﬂﬁluﬂwimmmsﬁzumaumiLﬂﬁauLLUaamaq
LﬂfaéLﬁaa%’waﬂiz@mmzﬂuw&uﬁu (48, 49) wonaniidadl
nsanwluwadduiniaanideiesevvatssin
fiNUI1 MicroRNA-497-5p 2z 1eifiunl1ua1u19a
Tuni15iddsundaslued uwadanszgnuasiule
Tne MicroRNA-let-7b n&ufinansefudruie Suds
ﬂ’JWZJﬂﬁmqiﬂi‘HﬂﬂiLUﬁlﬂuLLUaﬂl‘UL‘ij‘Lllﬂjaa‘ﬂigaﬂ
wazity (50) ethuaziiulginnsvhanuvedalasenfidue
fnawnunglusyiuead Jedenanonisuanioanvesdy
waznsveuiiunnsasull

= . a ) | a PN ¢ A o v
M137997 1 U@nINaYed MicroRNA - YUARNY 9 NAINANDNITNANTUAY UL UAIVDUYAALNDVAUINLANE

wagNTsavauLIsIneswadauinlnnfiunsusmliannnsinm

MicroRNA Cell Function References
MicroRNA-450a-5p  SHEDs Up-regulated as differentiated into osteoblasts (44)
MicroRNA-28-5p
MicroRNA-132 PDLSCs Attenuates the osteogenic differentiation ability (45, 46)
MicroRNA-23a
MicroRNA-135b Dental Inhibit the expression of the SMAD4 and SMADS5 genes (a7)

pulp cells  (odontoblast-like differentiation)
MicroRNA-497-5p  SCAPs Promotes bone/odontogenic differentiation (50)
MicroRNA-let-7b SCAPs Inhibits bone/odontogenic differentiation (50)
MicroRNA-140-5p  DPSCs Inhibits the odontoblast differentiation (48, 49)
MicroRNA-146a-5p  DPSCs Regulate the osteogenic/odontogenic differentiation process (48, 49)

=a = 61 = o & oo o a
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Tunissnwmadulanaufnd

AINNITNUNIUITTUNTTUNNANIUIV 1A UNUIN

BNAURNFLAINULNEITBINUNTLTUIUNTONLEUVD

1%
=

dedelulwseiu saufsddaulunismivauivad
Fuiidiasing q Faduesduszneuiidrfalunszuiunis
wsuadraidede Tneludegduinsiuuaeludes
SRaudndunldlunisdneimasulansufinduiie
Wanns$nwilsavesiedelulnseluliiussansnm
1n3u TnefinnsAnwinaienisineingndenisld
DNA-methyltransferase-inhibitors (DNMT inhibitor;
DNMTI) funssurunisilasunlasaoagadiiialed
vivhianig (51-53) suilufsnsiiauenisldiag
Metuanssufivsznaulusae MicroRNA mimic %5e
MicroRNA inhibitor tiiel#iAnnszuaunisiuasuudas
Youwad Fwesndiog1surenisanvniieliaiuse
dlansinlUld sasteluid
Tudumounszurunisidsuntaduiduwad
ad19iunudn Bufididiie RUNXZ Fanelddiin
nszUIuNsadne wnindusaiieiiu (Dentin matrix)
waznszduliiAnnisidsunvadluiduwadnszgn
wazilu (58) Fanuing HDACH narewiin Wy Trichostatin
A (TSA), Valproic acid (VPA) wag Suberoylanilide
hydroxamic acid (SAHA) fidsrasanisuantoanesty
RUNX2 waawadduiniia Sn1s@nwrfinudn HDAC]
wiln MS-275 Suavilsiiiunisuanavuesweady RUNXZ,
DMP1, ALP way DSPP luwaddusuianiiede
Tulwseilu (55) wenanidanudn TSA danaliiy
ANSHANIDBNVBITUY BSP, DMP1 way DSPP lulwaa
Furilnndedelulnsaiiudngae (56, 57) 394
LunAansHauIIEnsinenlsavendetdelulnsily
Tngldndnnisidiundutaausearsildlutuneu
AMI5NEILUUAIAINUTTINVOIN UNIDTLALUBLTTN
Bulaneuding Jednlngléfins@nwneluvassveaes
(in vitro) ffiansAnwndeafidnwinieluddiise
(in vivo) Az M3ANYIV Jin way Auzlul a.A. 2013

TngldAnwmaves TSA floangndiisnsnie (Systemic)
sowadidodolulnsailufiviinisfnulunyiidenssd
TagsanisAnyimiegadainemuin Tunyilésunisdn
TSA Wrsnameluszninemanssdivsunsveaiey
(Dentin) flavauuazUsuiuvensadasianioy
ganINquUAIUAN (57) wena1n TSA Fanuin VPA
Aflanudutud awrsodwariildinisiindy
U84 Osteopontin (OSP) uag Bone sialoprotein (BSP)
Tuwaddurndnveaiodolulnseiiuge ludiuves
SAHA ffu wuiniinadoniaifiunsazanussiguaz
maadeufiveuwad (Cell migration) Tuwadduinila
mau‘fimﬁaiuiwsﬁuﬁuawg NMSRUNITUEATDDN
Y94 Matrix metalloproteinase 13 (MMP-13) ugilainuin
fnadansiusmLaziasyAvlnve e (58)

wenanddanuin lunisiraisyiaiunldlu
mapadnansliifissuadudatumadiiodolulnsiiy
Wity widdufatuideiiude funeluietiutney
Usznaulusasunsndeeaieiufiinisndeansids
ARNNANA 9 (Bio-active dentine extracellular matrix)
lawn bone morphogenic proteins, Tnsnunanes
(Growth factors) wavidulwailusiiea (Protease) Wy
MMPs Tagiilaiinufduius (Interaction) 5¥wing
HDACI waz wvisndvesioiiu enareliAnnsgouus
YeswatauAiuAouWANg (Pulp dentin complex) 1¢i
(59-61) Inenuiniin15Anw19e9 Duncan LagAE
TuD A 2017 AlFAnwIUFduRussEmIe HDAC]
wazimindvoudodulunisudiansdegmameig q
WU HDACH ansnsanssiunsndsesansidanauninls
danasianszuIunsTenuLveheiiu (56)

uan91nd Fanudn HDACH flgnivaslunisiin
NsEUIUNTas1awadUszam (Nerve regeneration)
dnéne Tnsaianseidivadduiidafisnsiudsuias
T duwadusyan 31nAsAne1ed Okubo LavANY
Tud aa 2016 Aldvinisfnwilunynuninduiy
vashilasensiduediievestuwadusyamidevas 80
Tunyfignnszdudne HDACI wila VPA (62) Wulfieiu
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97nilu (Dental-derived stem cells) Aaly agnalsini
nsfsiansnguiililunudulaneufinddunios
fmsenvuiiudiddudewes AnuUasade (Safety)
anufufivsiowad (Toxicity) Bu q nsthdsansidng
eide (Drug delivery) n15919A1ULANIELANL
(Off-target) uag Wad19LAes (Side effect) sautsABd

'
a

mMsAnwwiuiuluEadidinseldlusuren

HDACI

topically applied to
damaged pulp

Odontoblast-like Cells
Regenerated

HDACI

+ Increase in mineralization-associated gene
expression

+ stem cell migration from central pulp to site of injury

+  DMC release from the dentin matrix to stimulate
dentinogenesis and repair process

+ Increase in speed and volume of teriary dentin to
wall off the pulpal tissue from irritation

A9 4 nansseganisuh HDAGH uldlunissnenlusnudulanouing (64)
(U%’Uﬂqﬁﬂﬂwuﬁﬂﬁﬂ: Yamauchi Y, Cooper PR, Shimizu E, Kobayashi Y, Smith AJ, Duncan HF. Histone Acetylation

as a Regenerative Target in the Dentine-Pulp Complex. Frontiers in Genetics. 2020;11.)

Necrotic pulp HDACI

&~ Dentine matrix components
(> Stemcell

Tooth Restored

Stem cell response
Cell migration

'{ Angiogenesis
Continued root formation

AN 5 kanafeg19n1511 HDAGH unldlunissnwnlunudulanoudngd (25)

(U%Uﬂiﬂﬂﬂwuﬂaﬂﬂ: M. Kearney, P.R. Cooper, A. J Smith, H.F. Duncan, Epigenetic approaches to the treatment

of dental pulp inflammation and repair: opportunities and obstacles, Front. Genet. 9 (2018) 311)

UnuImaBRlauingnanisinwasni1sinelsAavaadalalulnsslunas lsmsaudaiusinilu

UAFITIU UGINGNY




@\%\k“"'ﬂt/y/
= ¢ Thai Endod J

3
“’@%dmwf Thai Endodontic Association

5. a3U

dMaufng 1Juesdanuin1ediinerseau
ImLaQa‘ﬁa%m&JﬁqmimﬁauwawaamsLLamaaﬂ
peefufiAinainnszuiunisdunaninieannnis
Wasuwlasdduiiduie Janudnfiauduiugdu
nalnnisinisasie 9 salluddsevendedelulnsily
warUangsnitudnaly JagduiivwiAnlunisldvan
SRuinduusulilunssnulsaveaiedelulnsity
meedin iegsliiAnnssuaunsdeuusmesiode
Tulnseily srdafivnisasuwlatvesead.iioni
wihiargliiauudug Bty sgndlsfinunisine
drulvadimadunisanuluiemnass Jedinsdesd
mMsfnwnidiusely

LONEIT19D

1. Trope M. Regenerative potential of dental pulp.
Pediatr Dent. 2008;30(3):206-10.

2. Kakehashi S, Stanley HR, Fitzgerald RJ.
The effects of surgical exposures of dental
pulps in germ-free and conventional laboratory
rats. Oral Surgery, Oral Surg Oral Med Oral
Pathol. 1965;20(3):340-9.

3. ChenY, Hong T, Wang S, Mo J, Tian T, Zhou X.
Epigenetic modification of nucleic acids:
from basic studies to medical applications.
Chemical Society Reviews. 2017;46(10):
2844-72.

4. Yuan X, Dong Z, Shen S. LncRNA GACAT3:
A Promising Biomarker and Therapeutic
Target in Human Cancers. Front Cell Dev Biol.
2022;10.

5. Zarzour A, Kim HW, Weintraub NL. Epigenetic
Regulation of Vascular Diseases. Arterioscler
Thromb Vasc Biol. 2019;39(6):984-90.

6. Nosrat A, Seifi A, Asgary S. Regenerative

Endodontic Treatment (Revascularization)

10.

11.

12.

14.

15.

16.

for Necrotic Immature Permanent Molars:
A Review and Report of Two Cases with
a New Biomaterial. J Endod. 2011;37(4):562-7.
Laura B. Epigenomics: The new tool in studying
complex diseases: Nature Education. 2008.
Rakpan J. Epigenetics and Myelodysplastic
Syndrome. J Hematol Transfus Med. 2012;22:
141-8.

Arnsdorf EJ, Tummala P, Castillo AB, Zhang F,
Jacobs CR. The epigenetic mechanism of
mechanically induced osteogenic differentiation.
J Biomech. 2010;43(15):2881-6.

Bird A. Perceptions of epigenetics. Nature. 2007,
447(7143):396-8.

Ren W, Gao L, Song J. Structural Basis of DNMT1
and DNMT3A-Mediated DNA Methylation.
Genes. 2018;9(12):620.

Wang Y, Jia S. Degrees make all the difference:
The multifunctionality of histone H4 lysine
20 methylation. Epigenetics. 2009;4(5):273-6.
Non-Coding RNA and Diabetic Kidney Disease.
DNA and Cell Biology. 2021;40(4):553-67.
Hombach S, Kretz M. Non-coding RNAs:
Classification, Biology and Functioning. In: Slaby
O, Calin GA, editors. Non-coding RNAs in
Colorectal Cancer. Adv Exp Med Biol. 2016.
p. 3-17.

Seo JY, Park YJ, Yi YA, Hwang JY, Lee IB, Cho BH,
et al. Epigenetics: general characteristics and
implications for oral health. Restor Dent Endod.
2015;40(1):14-22.

Cardoso FP, Viana MB, Sobrinho AP, Diniz MG,
Brito JA, Gomes CC, et al. Methylation pattern of
the IFN-gamma gene in human dental pulp.
J Endod. 2010;36(4):642-6.

Volume 3 (1) Jan - Jun 2024



17.

18.

19.

20.

21.

22.

23.

24,

Wang X, Feng Z, Li Q, Yi B, Xu Q. DNA
methylcytosine dioxygenase ten-eleven
translocation 2 enhances lipopolysaccharide-
induced cytokine expression in human
dental pulp cells by regulating MyD88
hydroxymethylation. Cell Tissue Res. 2018;
373(2):477-85.

Mutoh N, Tani-Ishii N, Tsukinoki K, Chieda K,
Watanabe K. Expression of toll-like receptor
2 and 4 in dental pulp. J Endod. 2007;33(10):
1183-6.

Muthukuru M, Darveau RP. TLR signaling that
induces weak inflammatory response and
SHIP1 enhances osteogenic functions.
Bone Research. 2014;2(1):14031.

Bordagaray MJ, Fernandez A, Astorga J,
Garrido M, Hernandez P, Chaparro A, et al.
CpG Single-Site Methylation Regulates TLR2
Expression in Proinflammatory PBMCs From
Apical Periodontitis Individuals. Front Immunol.
2022;13.

Hui T, A P, Zhao Y, Wang C, Gao B, Zhang P,
et al. EZH2, a potential regulator of dental
pulp inflammation and regeneration. J Endod.
2014,40(8):1132-8.

Xu J, Yu B, Hong C, Wang CY. KDM6B epigenetically
regulates odontogenic differentiation of dental
mesenchymal stem cells. Int J Oral Sci. 2013;
5(4):200-5.

Shahbazian MD, Grunstein M. Functions of
site-specific histone acetylation and deacetylation.
Annu Rev Biochem. 2007;76:75-100.

Duncan HF, Smith AJ, Fleming GJ, Cooper PR.
HDACi: cellular effects, opportunities for
restorative dentistry. J Dent Res. 2011;90(12):
1377-88.

25.

26.

27.

28.

29.

30.

31.

\%\)‘ﬂﬂﬂy%

54

F\\

Thai Endod J

P Thai Endodontic Association

Stion,

3
%
Plong 15

Kearney M, Cooper PR, Smith AJ, Duncan HF.
Epigenetic Approaches to the Treatment of
Dental Pulp Inflammation and Repair:
Opportunities and Obstacles. Front Genet.
2018;9:311.

Luo Z, Wang Z, He X, Liu N, Liu B, Sun L, et al.
Effects of histone deacetylase inhibitors
on regenerative cell responses in human
dental pulp cells. Int Endod J. 2018;51(7):
T767-78.

Kong Q, Liu L, Huang Y, Zhang F, Wei X, Ling J.
The effect of octamer-binding transcription
factor 4B1 on microRNA signals in human
dental pulp cells with inflammatory response.
J Endod. 2014;40(1):101-8.

Zhong S, Zhang S, Bair E, Nares S, Khan AA.
Differential expression of microRNAs in
normal and inflamed human pulps. J Endod.
2012;38(6):746-52.

Pichiorri F, Suh SS, Ladetto M, Kuehl M,
Palumbo T, Drandi D, et al. MicroRNAs
regulate critical genes associated with
multiple myeloma pathogenesis. Proc Natl
Acad Sci USA. 2008;105(35):12885-90.

Dave RS, Khalili K. Morphine treatment of
human monocyte-derived macrophages
induces differential miRNA and protein
expression: impact on inflammation and
oxidative stress in the central nervous system.
J Cell Biochem. 2010;110(4):834-45.

Xue Q, Guo ZY, Li W, Wen WH, Meng YL,
Jia LT, et al. Human activated CD4(+) T
lymphocytes increase IL-2 expression by
downregulating microRNA-181c. Mol Immunol.
2011;48(4):592-9.

UnuImaBRlauingnanisinwasni1sinelsAavaadalalulnsslunas lsmsaudaiusinilu

UAFITIU UGINGNY




54

)
2
“odontic P

32.

33.

34.

35.

36.

37.

38.

é\)‘ﬂﬂﬂ[/y

% Thai Endod J

S
$

< Thai Endodontic Association |

Wang B, Hsu SH, Majumder S, Kutay H,
Huang W, Jacob ST, et al. TGFbeta-mediated
upregulation of hepatic miR-181b promotes
hepatocarcinogenesis by targeting TIMP3.
Oncogene. 2010;29(12):1787-97.

Liu X, Zhan Z, Xu L, Ma F, Li D, Guo Z, et al.
MicroRNA-148/152 impair innate response
and antigen presentation of TLR-triggered
dendritic cells by targeting CaMKlla. J Immunol.
2010;185(12):7244-51.

Kareta MS, Botello ZM, Ennis JJ, Chou C,
Chédin F. Reconstitution and mechanism of the
stimulation of de novo methylation by human
DNMT3L. J Biol Chem. 2006;281(36):25893-902.
Shen W-C, Lai Y-C, Li L-H, Liao K, Lai H-C,
Kao S-Y, et al. Methylation and PTEN activation
in dental pulp mesenchymal stem cells promotes
osteogenesis and reduces oncogenesis.
Nat Commun. 2019;10(1):2226.

Yang RL, Huang HM, Han CS, Cui SJ, Zhou YK,
Zhou YH. Serine Metabolism Controls Dental
Pulp Stem Cell Aging by Regulating the DNA
Methylation of p16. J Dent Res. 2021;100(1):
90-7.

Wang Q-N, Yan Y-Z, Zhang X-Z, Lv J-X, Nie H-P,
Wu J, et al. Rescuing effects of periostin in
advanced glycation end-products (AGEs) caused
osteogenic and oxidative damage through AGE
receptor mediation and DNA methylation of
the CALCA promoter. Chem Biol Interact.
2022;354:109835.

Liu Z, Lee H-L, Suh JS, Deng P, Lee C-R,
Bezouglaia O, et al. The ERa/KDM6B regulatory
axis modulates osteogenic differentiation
in human mesenchymal stem cells. Bone
Research. 2022;10(1):3.

39.

40.

a1.

az.

43,

a4,

45,

ae.

Hoang M, Kim JJ, Kim Y, Tong E, Trammell B,
Liu Y, et al. Alcohol-induced suppression
of KDM6B dysregulates the mineralization
potential in dental pulp stem cells. Stem Cell
Res. 2016;17(1):111-21.

Gao R, Dong R, Du J, Ma P, Wang S, Fan Z.
Depletion of histone demethylase KDM2A
inhibited cell proliferation of stem cells from
apical papilla by de-repression of p15INK4B
and p27Kipl. Mol Cell Biochem. 2013;379(1):
115-22.

Gu S, Liang J, Wang J, Liu B. Histone acetylation
regulates osteodifferentiation of human
dental pulp stem cells via DSPP. Front Biosci
(Landmark Ed). 2013;18(3):1072-9.

Liu Z, Chen T, Han Q, Chen M, You J, Fang F,
et al. HDAC inhibitor LMK-235 promotes the
odontoblast differentiation of dental pulp cells.
Mol Med Rep. 2018;17(1):1445-52.

Hussain A, Tebyaniyan H, Khayatan D. The Role
of Epigenetic in Dental and Oral Regenerative
Medicine by Different Types of Dental Stem
Cells: A Comprehensive Overview. Stem Cells
Int. 2022;2022:5304860.

Chen Y, Wang X, Wu Z, Jia S, Wan M. Epigenetic
regulation of dental-derived stem cells and
their application in pulp and periodontal
regeneration. PeerJ. 2023;11:e14550.

Xu 'Y, Ren C, Zhao X, Wang W, Zhang N.
microRNA-132 inhibits osteogenic differentiation
of periodontal ligament stem cells via GDF5
and the NF-kB signaling pathway. Pathol Res
Pract. 2019;215(12):152722.

Zhang Y, Li S, Yuan S, Zhang H, Liu J. MicroRNA-
23a inhibits osteogenesis of periodontal

mesenchymal stem cells by targeting bone

Volume 3 (1) Jan - Jun 2024



47.

48.

49.

50.

51.

52.

53.

morphogenetic protein signaling. Arch Oral Biol.
2019;102:93-100.

Song Z, Chen LL, Wang RF, Qin W, Huang SH,
Guo J, et al. MicroRNA-135b inhibits odontoblast-
like differentiation of human dental pulp cells
by regulating Smad5 and Smad4. Int Endod J.
2017;50(7):685-93.

Lu X, Chen X, Xing J, Lian M, Huang D, Lu Y,
et al. miR-140-5p regulates the odontoblastic
differentiation of dental pulp stem cells via the
Wnt1/B-catenin signaling pathway. Stem Cell
Res Ther. 2019;10(1):226.

Qiu Z, Lin' S, Hu X, Zeng J, Xiao T, Ke Z, et al.
Involvement of miR-146a-5p/neurogenic locus
notch homolog protein 1 in the proliferation
and differentiation of STRO-1+ human dental
pulp stem cells. Eur J Oral Sci. 2019;127(4):
294-303.

Liu C, Li Q, Xiao Q, Gong P, Kang N. CHD7
Regulates Osteogenic Differentiation of Human
Dental Follicle Cells via PTHIR Signaling. Stem
Cells Int. 2020,2020:8882857.

Banerjee S, Bacanamwo M. DNA methyltransferase
inhibition induces mouse embryonic stem cell
differentiation into endothelial cells. Exp Cell
Res. 2010;316(2):172-80.

Burlacu A, Rosca A-M, Maniu H, Titorencu I,
Dragan E, Jinga V, et al. Promoting effect of
5-azacytidine on the myogenic differentiation of
bone marrow stromal cells. Eur J Cell Biol.
2008;87(3):173-84.

Qian Q, Qian H, Zhang X, Zhu W, Yan Y, Ye S, et al.
5-Azacytidine induces cardiac differentiation of
human umbilical cord-derived mesenchymal
stem cells by activating extracellular regulated
kinase. Stem Cells Dev. 2012;21(1):67-75.

54.

55.

56.

57.

58.

59.

60.

\%\)‘ﬂﬂﬂy%

54

F\\

Thai Endod J

P Thai Endodontic Association

Stion,

3
%
Plong 15

Li S, Kong H, Yao N, Yu Q, Wang P, Lin VY, et al.
The role of runt-related transcription factor 2
(Runx2) in the late stage of odontoblast
differentiation and dentin formation. Biochem
Biophys Res Commun. 2011;410(3):698-704.
Lee E-C, Kim Y-M, Lim H-M, Ki G-E, Seo Y-K.
The Histone Deacetylase Inhibitor (MS-275)
Promotes Differentiation of Human Dental
Pulp Stem Cells into Odontoblast-Like Cells
Independent of the MAPK Signaling System.
Int J Mol Sci. 2020;21(16):5771.

Duncan HF, Smith AJ, Fleming GJ, Reid C, Smith
G, Cooper PR. Release of bio-active dentine
extracellular matrix components by histone
deacetylase inhibitors (HDACI). Int Endod J.
2017;50(1):24-38.

Jin H, Park JY, Choi H, Choung PH. HDAC inhibitor
trichostatin A promotes proliferation and
odontoblast differentiation of human dental
pulp stem cells. Tissue Eng Part A. 2013;19
(5-6):613-24.

Duncan HF, Smith AJ, Fleming GJ, Partridge NC,
Shimizu E, Moran GP, et al. The Histone-
Deacetylase-Inhibitor Suberoylanilide
Hydroxamic Acid Promotes Dental Pulp
Repair Mechanisms Through Modulation of
Matrix Metalloproteinase-13 Activity. J Cell
Physiol. 2016;231(4):798-816.

Cassidy N, Fahey M, Prime SS, Smith AJ.
Comparative analysis of transforming growth
factor-beta isoforms 1-3 in human and rabbit
dentine matrices. Arch Oral Biol. 1997;42(3):
219-23.

Smith AJ. Vitality of the dentin-pulp complex
in health and disease: growth factors as key
mediators. J Dent Educ. 2003;67(6):678-89.

UnuImaBRlauingnanisinwasni1sinelsAavaadalalulnsslunas lsmsaudaiusinilu 13

UAFITIU UGINGNY




%,

o ayy

61.

62.

\%\;\anay%

5
=
s

Thai Endod J

$

“upmr®  1hai Endodontic Association <

Mazzoni A, Tjaderhane L, Checchi V, Di Lenarda
R, Salo T, Tay FR, et al. Role of dentin MMPs in
caries progression and bond stability. J Dent
Res. 2015;94(2):241-51.

Okubo T, Hayashi D, Yaguchi T, Fujita Y,
Sakaue M, Suzuki T, et al. Differentiation of
rat adipose tissue-derived stem cells into
neuron-like cells by valproic acid, a histone
deacetylase inhibitor. Exp Anim. 2016;65(1):45-51.

63.

64.

Jang S, Park S, Cho H-H, Yang U, Kang M, Park J-S,
et al. Effect of Histone Deacetylase Inhibitors
on Differentiation of Human Bone Marrow-
derived Stem Cells Into Neuron-like Cells.
MR AN =2, 2019;12(4):133-41.

Yamauchi Y, Cooper PR, Shimizu E, Kobayashi Y,
Smith AJ, Duncan HF. Histone Acetylation as
a Regenerative Target in the Dentine-Pulp

Complex. Front Genet. 2020;11.

m Volume 3 (1) Jan - Jun 2024



