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Fig. 2 The regulation of HIF-1a transcription activity under normoxia




.97um. T 62 atfuf 3 n.A-n.8. 2555 139

TNINeNAn mrl,%fafjf]LﬁmﬁrﬁuﬁﬁLﬁmﬁmﬁ”ﬂ@ﬂwﬁ@@'@
LLm@”mumuum@ﬂu PWIRANRe N Ve R BN s
iadt Fafluninsimang wsianssny AL TaLATAIAIIY
waadduriie Weliuumiitnisinesmudnsssuean-
Sraufiving wfeduiladed dnylunisnaunuwniinesy
wuﬁﬂwﬂmLen@@mumLum‘imﬂwmwvmue@ﬂm@u‘m LANLTAS-
D4 fidnYenay 055 B4 8.0 FauiuteBerimadiuidn
aduat’ ansiatagl assuN I HaIAASA (haema- topoietic
stem cells) mﬁmgﬂu‘“‘\aLLQmﬁ@mﬁﬁi:ﬁumn%muﬂi:mm
$a802 1.0 149 6.0° uastadAuUn ALY 9 (neural stem cells)
mﬁmﬂu'sqmﬁ@uﬁﬁrﬁmﬂﬂ?ﬂL@u'?@m” 0.55 {14 8.0°
i muumimﬂ%@mLémamumLumiuwmﬂgummmu
aandiaufesay 21.0 Aslihazdu wmndenfimuny e
NTATFAL AR IARFUNLTA

lutlaqiuiinisAnanunsiiu aclfiiufonages
N1ITNIRIRENTIAUFAENGANITHIDUTARFUAULATHAFN ]
09Ul FeaTad (cell proliferation) N7 AYADN
gaslsiuii T anaTuTadauiiTin (stem cell marker) LAY

nN9uLls A (differentiation) wagwmaasWN LA g

1iasie 7 Ingluunassiiazansedaianavessyiueant-
RUAATARNWHAUNNTRANS 12l hazasna1tiudeunLn
PBAINITNTDIRDNTLAUABLTARN NIAANNHL

NAUDINIIETNSRIDANTLAUADLIRRAUNEAAINAIDAY
(embryonic stem cells)
TARFUNLIAANNFBA 1T WTARN LHN1ANNNIALTAS

1l (inner cell mass: ICM) ae4Fa8aUluszazUAY TAT 6

(blastocyst) Tnemadataiiiang "unsaluns $amadly
AnsuznaunuAedls (self-renewal) uaziAnaninlunng
s anduieadsing o 2edenieldynefin® wwadsiu
filnanagendednuumarniiareqTadn °w-ﬁ"ty1’71lfn1:
il unstgnineedany miunisinenlsnsing <

AN ATYTRNIZALAANTIAUARLTARAUNLEAAIN
faganedungl§annnnsAnENe89EaNd (Ezashi uavAn? G
wudfmfmwwmgﬂwn@ﬁﬁuﬁﬁLﬁmmﬂﬁqﬁ@ummugwﬂ'ﬁ
srAURaNTIAauiatay 21.0 ANWUNITLls AIWAALLEY
(spontaneous differentiation) fadeifluningilimuny usie
mafinsuaueadlutesfiang lunisnsufudariing

anszALeanTiauauABIiea3aaT 3.0 LazFaaay 5.0 WL
FmsnnsutireaadiinTuee el ALY WARINATD
anAdaafuNsANEIeme? Naa (Forristal) UAYARLE? @4
WU‘jﬂﬂ’]iLWﬂZLgﬂdL"Ijﬂ@rﬁ?l/uﬁ’ﬁLﬁmﬂﬁﬂﬁﬁﬂlﬂu%ﬂ\mwﬁgﬁ
sfURanNEIAuieeas 5.0 NSAINNNTULNF T Tadaenad
e ATy wanANTE LY Aazdanane aliitianng
Wasuuasguliveaaad Tnalalail (colony) s0uigadaz
Feuzuiuvun Sreuaaiidniau aunel “UuAuIna1999
Trlaiilgjnin wasdsunlalatiunnninnismzidesad
fsvdunandiauiasas 21.0 uanant §ainsL AILaNTed
Iﬂiﬁummgm‘ﬁlﬁq%mmLﬂumﬁﬁuﬁmﬁm T aaNALNA S
wepansu Alduuames 4 (octamer-binding transcription
factor 4: Oct-4) EndAme Ui AeINeTand 2 (sex determin-
ing reg|on Y-box2; Sox-2) WaruLam (Nanog) LWN‘ﬂu@ﬂm&I
Fafunnasniaseantianainaiu  wandeniivuny «
NI LT AREUT TN NFIE LA AIANN 11D
sasmadauifinlunsiaun Ui drtinay

NATRINNENIRIRANTLAUABLTARAUALNALSE N
wadsunuialsy 1w untanu i lunanasnumils
289 NBY LT UTUTLNUGATAATT (subventricular zone) WAz
vsnuEdlduant]  (hippocampus) HudwL Ineitassun1iia
aTipiiian unenluns SamadludnEaenaunuiaies
waz 1m1zauts nnwiduue slasl (astrocyte) Tedlniau
Tmﬂsﬁm (oligodendrocyte) HAz waddsy 1M (neuron) 18
muummmummmumummmw Aty wiuldlunig
s lsaiitinnsvinanereaiiedelussiilss
MRt LTadFUiTntsr WaNn ued unans
(mesencephalon) mﬂqﬁf;fﬂ'ﬂumfawﬁi:ﬁm@nﬁwu?am: 1.0
Wi radtinng Falalatinnauia 3 whuastiuomad
a2 9.3 wih s inunsmetessadusesneanwing
(apoptosis) AnaailaTlEuF U TR Tiss e anTiay
Sauay 21.0% NsAneNaTesA N duduTeseanTiauiszsL
AN ) AenTsuLNAReIadsunnl sy ﬂmmméwﬂ"ffu
WU iadutes14RT _afleiueendiaufenas 255950 u
InUEANINL BT IaaNTIauAEN (Fata 10) Az
ﬁué@mm?ry@uimm: walfiinnsmeresad® deena
dllEadanmmuazantiufianslbressieandiag




140 J Dent Assoc Thai Vol. 62 No. 3 July-September 2012

AU MUFUNATENIZALRDNTLAUADNITHIT NINIDILTAR

PhumLdnnnsnseseendawinmn anenailuadduiiidie
Alurls nwiilusadawne (undifferentiated state) Taewidn
MamnsiasTadEui s manuden ueq (cerebral
cortex) ﬂmqﬁqé@ummmﬁaxﬁumﬁ%mﬁ@ﬂm: 1.0 fiudanns
wls pwluadilss m InemuswEadTiEnIgL Aseen

gasTdsfuiigia-1 (Tui-1) Taduldshundedanudumad

sy wanas* nanaaafuganulmassunlnlsy maes
nywt] Inenudinsmnzidsaadeunulialey main Ned
u’?‘wmﬁﬁuLqum?@mi’mmuw&ﬁﬁi:ﬁuaaﬂ%L@u%’@ﬂm 5.0 T
P P a LR =
LANUIUTARNNNTL A9DBNUBILY N (nestin) BavTulilsm
AT AN EaRFUNITALTY MR WA UILLTAR N

= a A aa = L L
9w Aveanzesnae uTiairesEnmlisFiu (glial fibrilary acidic
protein; GFAP) ZaululdsAuniia@aanuiuue nslos waz
IARINAY (glia cell) AARS® HARINA1 A IAIURNLNLNN T84
srAURaNT@UIUNNTUUNFILAZNNTAIANNT VTR FUN LA
gz

@ NATRININENSDIRANTLAUADLTIARAUNNATILALN-
viulasl (mesenchymal stem cells)
% o a a 6 é/ dl

wassunRaiamulad  unsanuldluiiete

a v X A o = X 4
waneta laun lanszgn Weidielasdiu sauds iatiaainiu
nsnaaapunniaaiailaon 111701un1e Saasd b
o o v (= b“dl v
anmouznaunuiedliuaz wnsouds nwidusadau I
uaEla LW AR 319N3TRN (osteoblast) WIAR F19nTEAN
. . v X
A8U (chondroblast) \As LT (adipocyte) FIARNANLLA (Mmyocyte)
wazmadlsy 1P FerhumadsunRATRATRIHANeA W
°’mi"mi’ﬂﬂ1%1umﬁﬂmimm'w 7 a1ty TepnidAvnEn
ﬂﬂm'a\mmmu@ 3p9nla wazlsn wagINAAen LuFwEY
wanaNil annsAnENeeslfiRnsuazneAatings
wudvaassunbasasaulad wnsadsunlasy sruu
NHANTUIEIIINIEY (Immunomodulatory function) B4 Na an
nazlfji snastlgnanenilaiiie (graftversus-hostdisease) Lile
ynnsdgnanagadauniisaiiaiisoniuaadsiuniiiagie
\@eAANYAAARL (allogeneic transplantation)*? AatiutaRsiL
nileriamruladadaduwasnidaamasn 1Ay lunig

o a A A oo o
TNHININIAINTTULIUBLEIDANMAIE

® HAURINITNIDIDDNTLAUADLIAR AUNLLAATUALYN-
wulasianlanszan

miLWﬁ:L'z%mmaﬂ’ﬁuﬁ%ﬁmﬁmLmLenu”Lﬁﬁ@ﬁn"lmﬂi:@ﬂ
m@muwﬂ’ﬁi:ﬁuaaﬂ%mu%ﬂm 30 SHARNEATINITULN
ﬁqmmwm@'ﬂmxﬁﬂﬁmaﬁﬁﬂfmﬁumﬁ?u“w Tnewudnaasi
o ANAANIAIBANYI-4 (Oct-4) LLZ\I”L?WHHRex- GmLflu‘llﬂimu
g Ananfumadiuinfanindy uazfmunsfinnis
mevaedeuldifilawels T0af 9w AIUm  (telomerase
reverse transcriptase)® Fatfluenlasdudanszuaunns e
(aging process) 18taRIALtlaItuNTiAazNeanNINnT 1Tu
quﬁﬁlﬁ@%@% JLUBANDBNTLAL (reactive oxygen species, ROS)*™®
uenaniiffanudn naznseseendiauiinaanany 13m0l
nsudls awlihdugad $9nsegn Taenunisu aeeenaes
aa NlauAadu (osteocalcin) wazluulaaszlalisiu (bone
sialoprotein/aiflutLlsAufinluad Funszgnanas® wanann
Maznseseendiauazdudanisuls nwifumad $ans-
anudn Sefinadudeonisuds awifhusad $relatiBndag®

® HATRINIIENIDIRANTLAUADLTARAUNLNATILALN-
viuladanitaitialasiu
NATEY NIITNTRIBANTLAUABLTAR FUNLIATHA
s dil/ dll o a 2 KX o dl &
wiruladanniiatialuiuiinuadeadstunannulusad
sunfiagiawinuladainlanszgn nanofa MawIzIaLN
wassunnandie e lsiunssiueendianiesas 2.0 SHA
NNSRIINTULNFamaa ™ asinglsfnnu NN9ANHDNMNAT8Y
NIITNIRIDANTIRUFABNITHLT NINVBATARFUNWIANULN
srAupanTaulnafani1suls Awdumaga Wz ALANAN
7 Tneudn nelfserueandiauiasas 2.0 AN TN1T0UR
was wunsutls awldifugsd 5enszgnanasusnauiiy
A axsnlunautls pwluad Fenszgneeui aeli
U AURBNTLALBNAU AN VLATRALDTARA N (cell
fate determination) Ineiias LlAAFISINgEANERU (chondrogenic
progenitors) agjsam uazlils nwiluaad $ranszgneaulsn
X . X o o . . .
AU wanantl galseudInnisuls awduigad 519
nszgnaeuldudeseAadn-1ueany (HIF1o) Tasiaads
o ~ - e X A oo dnom -
Aileatammiladfanideite s it Aeenuasin-
14 (HIF-1o) aziaan 1w1salunisuds awduaad




0.97um. T 62 atfuf 3 n.a-ne. 2555 141

v U ' 1= ' 3| 2
Fransvgneauanas wildduasanisuls awiduigad

5anszan (47)

@ HAUDINIIENIRIDANTLAUADLIAR AUNLE ATHALH-
wiulasiannitiaigany

Aj ldl [ (= 1 o a dl o [ %
Waleanniudniduuvasniiiaf Aysesadmu

) a al' o =S a o d‘ =3 d’l di
Auatnan I lunsAnELazddeiiasann awnsaiuiiaie
anduun ldivan1sAns lddsway aanfiearniuninuud

a = QJdIdSJ 1 j 1
wgatedlpasssnanf vizaaniuuinddesamlunisnenily g
Wuan vraunnewanisdniu Tnasadaunitaainiy
i unsanu i lmanamumbaetu diedia 1wl (dental pulp)
ANNTIAUWIA LA AW U WS Ut a3 U (periodontal
ligament)® wazilei3y <] UansFunRLARFUN AR NEITH
1A (dental follicle) meﬂmﬁ@ﬁﬂmmﬂﬂ (root apical papilla)
Tuiuuindslaiinng Freendueting aysnl™ Tneaadsi

o = dl d"/ d‘ U N’J o 3| sy o = a e
Auiannuluiagiawaianluaapuningtia i L”ﬁ“LAVLmJ

=< aa L e My LA o
Feilans WiR lunnsuiesialfatngsiaiiiog uay aunsaimw
Whihuzadeu ) ldnaneeila wuaad $aileiiu odontoblests)
waglsy M uaziaas sy (adipocytes) (umwe Fati
LsnmmumLummﬂﬁumuﬂﬂﬂmwlumsmmsl%ﬂumqmﬁﬁﬂ
e ' 3R PadedenaumidiBnadiiniemians
da/ = v k% 1 e
woaiilaiy vizal "uilse wldatne wysnd
iuﬁ%uuwmﬁmm‘lummmq NITUINFBNTBY
Badelufiudaily nnsnseseantiay Taafinisdnuis
ixﬁumnm@uium@Lﬂfa‘l,uﬁumfawwmxni:ﬁiwiuﬁuﬁm
WNANNLG Nezdveendiauiiesiosas 3.0 WAy 45 AN
AAL™* T9 apAfesiudnsenIenfenInaesiiletal
dsiianeniziuinsdafignienseudaiiaideuds aand-
wuLAz 198m9sne o asuliipeamaditiadin il
v d o - 4o «
LVwdealaaNidINImegLTn a8 N AU HAN HRZIAN
\ D a X A ~
WATWAL  HArzAveenTaun e luiieige luiulLFun
AN9NsTAUaaNTauLNg AeHnguINIdaNTadIINTNZIAEN
wassunialun1nznsaseandiauiias fimadmunia
a a vl X Aa o a a
WAL imlaandnsnzideslun1aeifissauaandiauing
NIANENDINHATAINIITNIAIAANT LA UABNTLAT Y-
WulRratad IWAUNLGY nanzideaTadnssiueandiail
Fauaz 3.0 WNERINNTULNAYRTAN LB IN Y1 tRENa
fe Ay Tnenusuutaaninigl avaanaes 1ms-1(Stro-

4} a dl | L% o a a g
) gadluldsiune pepoudlumassuniamieuimsla
o X = | Ao el ol aa
WANTUDG 8.5 11N THUIDUENAUIBTARNNNNTH ANDDNTDITH
133 (€D133) FailultsAnunnulumassuniinlusve s ldwia
Fin (quiescent state) AAANNBALUALNITINILALLTART
srfuaandaulng® nan1sAnEAAdnaiugenslun1sdne
a X 56 = v o = =
104807 (lida) UaTANLY FelennnsAnE L FauiUNAYDa
iwmmfaﬂsmuwmwmmumq N mmmmmmmlfma‘iu
HupoanyEEwLIN NIy ReTissdunandianianay 3.0 in
nMsuLiFYeTas luiuadnalide Ay TNy
d"/ e‘d‘ o/ = % % £ %
RENTARNIYALeaNTIALE R 1.0 Fasay 10.0 wazieeay 21.0
TN UAN N BANFANIAIAIINTULNFIURAUTAR HAFINAT
b el A Leandiauiesay 3.0 Whasily Aaznden
Nunnzraniaasiuinreusad wanainil delinns@ne
WUIN19NTEAUNITuLNARaR@adN e nanilaLtie luiy
AelFn1aensaeaniantiy uuilsiiaziiandeaiunig
nauaasavladiadunwanannifallsiulaie  (AMP-
activated protein kinase; AMPK) @ailueulasfvinuianigl “anm
(monitor) szAUNANNUNETUTASULAZAT YNNI WD LTAR
\ a ! X al
atlu naween Inawudinianziaemas LA uaasuyn
L AURBNTIAUGALIAZ 2.0 WANAITL AvBanTadulmladuiLa
% 4 6 a d’l ‘ﬂl
(AMPK) waznszgunsineuseseulaiaiad Tuangiinisan
3% peaanaadeulmalduiia (AMPK) Ad8 Nafdumnas
wlasieanfiduie (small interfering RNA; siRNA) Anaduganig
WLNFINUBTARN N 1ELNBIATNIIENIRIDDNT LAWY
UANAINNNNZNIDIAANTIAUALHNAFRDNITULNFI D
ARLANNNATUTINITIT AwaaasFUNLNABNARS
IPENLINNINNZLAENITAAN s YA UaDNTIAuSaaay 3.0 S
ol X 4
AN 11190 luNTuls A naeaasRwenanniiiagtialuiiy
Tifuwmas Frnszgnuazitas 5191iawu (osteo/odontogenic
differentiation) Taeisiugian1svinauaeseulsidanlal wa wW-
LA (alkaline phosphatase) 8aAN17 & UNABLI (mineral deposition)
uazaanisl pseantesilsAunitsing fensvgnuaziilaiu
L LauTuLNysnglUsA (dentin matrix protein 1; DMP1) 1A
Mloelanea TnlusAu (dentin sialophosphoprotein; DSPP) Lag
28 NlawAaTy 19 18190050 luneAaRNlE9INN9AN9
BYIBIN1IENIBIRANTIAUR LN MATYFaNIsIRT AL
uaznsinans sifAuiugadsiuniiaanitadialui
pamassuniinazwils Awiluemas ailafuifeiie




142 J Dent Assoc Thai Vol. 62 No. 3 July-September 2012

X A onpe o - ¥ i
et liFussAuaandian 92w 1y lunsiindnisyaesiu
co o =~ d oy e e -
wadFuNLiaaziAdaun s nasananawazutls awiiu
ey A o oA ¥ 4 . X - -
sad Faitlefwiiedenwsniladialaenig Sadledunmanid
(tertiary dentin)®®
= = \ P ~ ey o a o
Fn3AnEINL4Y N7 uRTedmaRsunEA T
o 1 dld o 1 a 1 ol
ALUUIRRNI3ANL UdNazfat e Insueaiass laiunA
a5 1wean (stromal cell derived factor-10L: SDF-101) WAZTLENE-
FialulafFdnmes 4 (CXC chemokine receptor 4; CXCR4) Imel
wudiaialuiunesuyeignitadudninisdn, vaeg
X A o o WMy . . . =
Wetaluiunuuunauldls (reversible pulpitis) ARLHNN1T
L ANANUBNLE ALENW-1LaaNA (SDF-1Q) wardienddans 4
(CXCR4) WinaulamsufiiaiEaluduilng n1sme aunng
LVARBUENEUBILEAR (transmigration assay) WLINVALE ALEN-
18891 (SDF-10) wazdanddans 4 (CXCR4) 1Nendasiunng
waauingrasas iy asanalulilldde Aein-1uaana
(SDF-10) YIUEN AT NUEARNANITL ANRaNUevTIa NG TS 4
(cXCR4) FaiflulisAuntamasnusdansiiumasfunio
o o P o A A A 58 = =
IEIAWANARN38NL UiNeTanLaNibawEia® n13AnHIDa
NATBINNITNIDIDDNTLALABNNTY AdBanTallsiu 2 1hn
Hnud Mamnzasmad i uaes e ansTAUeandLan
$p8aY 1.0 AANNTL ANBBNIBNLE ABW-1LRANA (SDF-10L) LA
WNNNTL A9RENTRSTLENTTaNS 4 (CXCR4A) aeinelanmnN Daug
J19vule AEN-Tuaan (SDF-10) azanadluninznias
AANTLAL WANITAAAUENEIBITAR N UNAULANTUDEIN9H
e Anyien Fauisuiuniaznf wenaniinsnsesuaag
foela ALAN-1LAANT (SDF-1al) €91 FUNAURINIITNID
a 1 dl' ¥ ol v 59 = U 2
AANTIAUAANITAAB UL IBITIARDNAQE A9871anand e
damsinaeuineresaadsunila lUgwrumising luile
HugnesuanlasszAueendiauuay unaTede ALEW-1uaan
(SDF-101) wazTLandaans 4 (CXCR4)

nalnnismay waraLEaRAUNLElARAN12Z WD
AANELAY
v Py Al X = A a

ananFadnlanEnnaudsumu ey smuEn
(HIF) TunnsAauANNITnansd 2a98ufiney wassenis
wasuwlaseseandiaulussiuiad soudansdnsinudd
vy ldinisu aveanvesilsmiua (HIF snasusidadlusdan
ynlinanendn afidiadndn (HIF) ihaziununlunisaaunu

s “spseildsufisnfusemadiuiade  wiiigiingn
gneEiudiuannisAumudInIsw AIBBNTBIBANYI4 (Oct4) Faifles
Tﬂaﬁummﬁmﬁm%mwLﬂumm‘fﬁuﬁ’uﬁmﬁuqﬂmuqmimﬂ
gn-2uaan (HIF200® wasananagiegn sy yulaenisfdnm
I0998s vaa (Forristal) hazAne? Favinnadudanisu aseen
gagdn-2uaan (HIF20) TulasfaunilnainFigauaasml
LAZNUINIARAINA1INERTINITULNAIAAAY Lazinig
w aveanveslilsfiusie fdipnudumadduribn
a8nY-4 (Oct-4) T8A-2 (Sox-2) WAZUIUAA (Nanog) AAAY il
auefinnsu aseenaes e wWiRe SuiisledauauRian
(stage-specific embryonic antigen-1; SSEAT1) %dLﬂuTﬂiﬁuﬁlﬂﬂ%
Anutls AnveTadFuR AT BN mANaY Hafangn
u alfiudndn-2ueann (HIF-200 Wuldsiufidunum
aysanalnlunisaauaniaadsuidauazdaiunig
fuipnnuE el s MInenIT NI seaNEALILAZNNIAY AN
AL dRWN LA

mﬂmﬁ”ﬂgwmﬂuﬁﬂmumnﬁu ASIATILAN AT TEN
“yagnsdl seiulilsiudend Noteh) TumsaauAmLazriivu

A3l ARaTaAFLNLR S Y PN TR AN NEN e N AN

61,62
AN WA USTEIdNeTiand (Notch) tarniaewiadaandiauluy
nspauANANHuEaaFIAe Aadeleadananaeiing
Fannmsnudnmssudenisutls nnaeasadiuindaly
fumadnénaniiouasimadilsy maneldninsmseseandiau
anflusiasendt “uawantiand (Notch) Taely n1zaanan
- 1uear (HIF10) azdufuiiend (Notch) wazipewsallf
vFnldstuwmas (promoter) aaqumadiinuNg  Iuanzs
N34 m@@ﬂmmiﬂaﬁuﬁgﬂmu@u‘lmﬂﬁ@mﬁ (Notch™* n3ANL
AINATIL AN IALTILGY WBNAINNINENTBIRENTIAUAZAILAN
puusadunuiadun1eTsaudn (HIF) uda nng 'S
“runyaueinutiand (Notch) fiTqL?'wlm%’mﬁumammummﬂu
siassunlnnIe 1NNz ndasaaniauanse

UV

luilaqiiuin1sAn¥ianaasninzniasoandiause
adFuAISaanaiin TalnEANIINUENLIY ANazHse
A0NTIal SHAANNNTULNFAITa AR A UAEA iNNIs
L pseenaeslsiuiifuin g aodlumadiuiifn uay




Q.97um. T 62 atfuf 3 n.A-n.g. 2555 143

A9 ANANwEaasun A tasguganiswls Awlu
ARLANY HAFINATINT LEILAN NNFNNZIAELNAANAN WY
wadsunulinluiesdfiAnstiuatsmiziaealunisnges
o 4o v o sa e v A e
AANTLAUTUTI NI AR AN INALALNAILNIZWIARBNTLTIAT
gaqiiaitia atelsfinny 1w aureamagssunilnainiui
WL NN9ANHIDNNATBINIIZNIDIDDNTLAUADLTARFUNLTIA
iy X A o , o a1 o o = Ao
Plfarnitiaitiasinandeiiagateain TnanisAnunide)
Haulieanaaannznsaseandiausamagsuninann
dy dl dl v £4 Z’/ da/ dll o0 <R K
Watla luiuildanniluuwd HetlileAtiaiemnnn =aanlunng
- ~ A o = = -
WullaiEiaanilungnaeuiverinnisdne sndetsylamives

& 1 d" 1 o a J d’l dl &
Lsﬁ@@ﬂQNHSLLLLNﬂWTﬂ@Qﬂuﬂ%‘ﬂQL ﬁﬂ"]i‘ﬂ@]ﬂﬂ’]ﬂLuﬂLﬂ’ﬂ MIAR

U o a = ] [ 1 Y o a dl o o
sunutinannuasinaziilulvassesaadauniilan Ay
~ ° aa . 2 = =
Aazsiun I lun1empatinsall seiuluaunAnnisAnEnana
YBINNITNIBIDANTLAUFADNNTADL UAIVDILTAR AN NIAN
Toanniiaideiuniaey Wy wagsunbinandiedeluiy
pRiy % sy o o @ = o & =
AlFANNAUINUN WAZEAS AU UNANBUE AT 39009
“aynaiinaadeslunisaaunungAnsansig o 1evaad

U o a £ 1 a = ] e
funiianiels n1azneseandiay asuraziiulsstaal

. d . aya 2 Y v 0 &
atdunazieliiianisiinyuauiaiudlanugiu
NNAUTANENTRLTAsFUNLEA  wasnlinn3inunineds
Ugnanaaasuniiafiagse a3 A

un g

o 1 2% o a A 3| aa ]
nsineinenistgnanamadsuninnedudnlu
Tunnsfnenlunanisunns @auinnisfnenaaedaiiley u
AL “Saarieflunnadenii mm‘lumﬁﬂmimmq ’l 7
Fasnungasaldldng TheumeanLi Vl,mslumumﬂ%wuq
1/1mmmmimmmqqummammLﬁﬁ@@mummm TuRe A
. B v A oea X 4
NIRIBBNTLAY TInBLTUNTIIARaNN WA TadtiiaLEe lu
$719n"8 ImﬂgﬁugmﬁqmmLcﬁﬂ'ﬂumimau UAIFADNNY
wiasaanfiaulusziuas uaz aelfiiuienny Ay
NNTNTRIRANTLAUADNITNNNITULNF WAZAY ATNANNLTIL
AREUAEATEAFNG ] kadinannena qulddnnnendes
ANTAUUNAZLTUANEAWNIE NABNIINIZLALN LA TN
Y i a £% a em 1 o Yo aa
nwadsuiia e fiRnmsnewi iU Mse luneadtin
unauiidaunisn adlidiuiauwdynlndassnioznsas
aandiay duspngniuilundnresaonuinaadeslunisiina
a 1 1 < a’f Y & K v all |
NN e ) 1 Tsanziie Tned liiudesunidu

Usrlamiaasninensasaandiausanisiasyauinuaqaas
Fun e dedadnlunuan Ay desansAnEietIas
suniialdldluntepatinsald

VAN 15819BY

1. Brahimi-Horn MC, Pouyssegur J. Oxygen, a source of life and
stress. FEBS Lett 2007;581:3582-91.

2. Juranek |, Baciak L. Cerebral hypoxia-ischemia: focus on the
use of magnetic resonance imaging and spectroscopy in
research on animals. Neurochem Int 2009;54:471-80.

3. Bento CF, Pereira P. Regulation of hypoxia-inducible factor 1
and the loss of the cellular response to hypoxia in diabetes.
Diabetologia 2011;54:1946-56.

4. Rajendran JG, Mankoff DA, O’Sullivan F, Peterson LM, Schwartz
DL, Conrad EU, et al.Hypoxia and glucose metabolism in
malignant tumors: evaluation by [18F]fluoromisonidazole and
[18F]fluorodeoxyglucose positron emission tomography
imaging. Clin Cancer Res 2004;10:2245-52.

5. FlamantL, Roegiers E, Pierre M, Hayez A, Sterpin C, De Backer
O, etal. TMEM45A is essential for hypoxia-induced chemoresis-
tance in breast and liver cancer cells. BMC Cancer 2012;
12:391.

6. Semenza GL. Molecular mechanisms mediating metastasis of
hypoxic breast cancer cells. Trends Mol Med 2012;18:534-43.

7. Fischer B, Bavister BD. Oxygen tension in the oviduct and
uterus of rhesus monkeys, hamsters and rabbits. J Reprod
Fertil 1993;99:673-9.

8. Braun RD, Lanzen JL, Snyder SA, Dewhirst MW. Comparison
of tumor and normal tissue oxygen tension measurements
using OxyLite or microelectrodes in rodents. Am J Physiol
Heart Circ Physiol 2001;280:H2533-44.

9. Mohyeldin A, Garzon-Muvdi T, Quinones-Hinojosa A. Oxygen
in stem cell biology: a critical component of the stem cell niche.
Cell Stem Cell 2010;7:150-61.

10. Goldberg MA, Schneider TJ. Similarities between the oxygen-
sensing mechanisms regulating the expression of vascular
endothelial growth factor and erythropoietin. J Biol Chem
1994;269:4355-9.




144 J Dent Assoc Thai Vol. 62 No. 3 July-September 2012

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ema M, Taya S, Yokotani N, Sogawa K, Matsuda Y, Fuijii-
Kuriyama Y. A novel bHLH-PAS factor with close sequence
similarity to hypoxia-inducible factor 1alpha regulates the
VEGF expression and is potentially involved in lung and
vascular development. Proc Natl Acad Sci U S A 1997;94:
4273-8.

Maxwell PH, Wiesener MS, Chang GW, Clifford SC, Vaux EC,
Cockman ME, et al. The tumour suppressor protein VHL targets
hypoxia-inducible factors for oxygen-dependent proteolysis.
Nature 1999;399:271-5.

Ivan M, Kondo K, Yang H, Kim W, Valiando J, Ohh M, et al. HIF
alpha targeted for VHL-mediated destruction by proline
hydroxylation: implications for O2 sensing. Science 2001;
292:464-8.

Forsythe JA, Jiang BH, lyer NV, Agani F, Leung SW, Koos RD,
et al. Activation of vascular endothelial growth factor gene
transcription by hypoxia-inducible factor 1. Mol Cell Biol 1996;
16:4604-13.

Semenza GL, Roth PH, Fang HM, Wang GL. Transcriptional
regulation of genes encoding glycolytic enzymes by hypoxia-
inducible factor 1. J Biol Chem 1994;269:23757-63.

Lando D, Peet DJ, Gorman JJ, Whelan DA, Whitelaw ML, Bruick
RK. FIH-1is an asparaginyl hydroxylase enzyme that regulates
the transcriptional activity of hypoxia-inducible factor. Genes
Dev 2002;16:1466-71.

Ryan HE, Lo J, Johnson RS. HIF-1 alpha is required for solid
tumor formation and embryonic vascularization. EMBO J
1998;17:3005-15.

Maltepe E, Schmidt JV, Baunoch D, Bradfield CA, Simon MC.
Abnormal angiogenesis and responses to glucose and oxygen
deprivation in mice lacking the protein ARNT. Nature 1997;
386:403-7.

Scortegagna M, Ding K, Oktay Y, Gaur A, Thurmond F, Yan LJ,
et al. Multiple organ pathology, metabolic abnormalities and
impaired homeostasis of reactive oxygen species in Epasi-/-
mice. Nat Genet 2003;35:331-40.

Compernolle V, Brusselmans K, Acker T, Hoet P, Tjwa M, Beck
H, et al. Loss of HIF-2alpha and inhibition of VEGF impair fetal
lung maturation, whereas treatment with VEGF prevents fatal
respiratory distress in premature mice. Nat Med 2002;8:
702-10.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

PengJ, Zhang L, Drysdale L, Fong GH. The transcription factor
EPAS-1/hypoxia-inducible factor 2alpha plays an important role
in vascular remodeling. Proc Natl Acad Sci U S A 2000;97:
8386-91.

Ashfaq K, Yahaya I, Hyde C, Andronis L, Barton P, Bayliss S,
et al. Clinical effectiveness and cost-effectiveness of stem
cell transplantation in the management of acute leukaemia: a
systematic review. Health Technol Assess 2010;14:iii-iv, ix-
xi, 1-141.

Wu J, Li J, Zhang N, Zhang C. Stem cell-based therapies in
ischemic heart diseases: a focus on aspects of microcirculation
and inflammation. Basic Res Cardiol 2011;106:317-24.
Godfrey KJ, Mathew B, Bulman JC, Shah O, Clement S,
Gallicano Gl. Stem cell-based treatments for Type 1 diabetes
mellitus: bone marrow, embryonic, hepatic, pancreatic and
induced pluripotent stem cells. Diabet Med 2012;29:14-23.
Eliasson P, Jonsson JI. The hematopoietic stem cell niche: low
in oxygen but a nice place to be. J Cell Physiol 2010;222:
17-22.

Erecinska M, Silver IA. Tissue oxygen tension and brain
sensitivity to hypoxia. Respir Physiol 2001;128:263-76.
Thomson JA, ltskovitz-Eldor J, Shapiro SS, Waknitz MA,
Swiergiel JJ, Marshall VS, et al. Embryonic stem cell lines
derived from human blastocysts. Science 1998;282:1145-7.
Ezashi T, Das P, Roberts RM. Low O2 tensions and the
prevention of differentiation of hES cells. Proc Natl Acad Sci
U S A 2005;102:4783-8.

Forristal CE, Wright KL, Hanley NA, Oreffo RO, Houghton FD.
Hypoxia inducible factors regulate pluripotency and prolifera-
tion in human embryonic stem cells cultured at reduced oxygen
tensions. Reproduction 2010;139:85-97.

Gil-Perotin S, Alvarez-Buylla A, Garcia-Verdugo JM.
Identification and characterization of neural progenitor cells in
the adult mammalian brain. Adv Anat Embryol Cell Biol 2009;
203:1-101, ix.

Menn B, Garcia-Verdugo JM, Yaschine C, Gonzalez-Perez O,
Rowitch D, Alvarez-Buylla A. Origin of oligodendrocytes in the
subventricular zone of the adult brain. J Neurosci 2006;26:
7907-18.




0.97um. T 62 atfuf 3 n.A-N.8. 2555 145

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Studer L, Csete M, Lee SH, Kabbani N, Walikonis J, Wold B, et
al. Enhanced proliferation, survival, and dopaminergic
differentiation of CNS precursors in lowered oxygen. J
Neurosci 2000;20:7377-83.

Santilli G, Lamorte G, Carlessi L, Ferrari D, Rota Nodari L, Binda
E, et al. Mild hypoxia enhances proliferation and multipotency
of human neural stem cells. PLoS One 2010;5: e8575.
Gustafsson MV, Zheng X, Pereira T, Gradin K, Jin S, Lundkvist
J, et al. Hypoxia requires notch signaling to maintain the
undifferentiated cell state. Dev Cell 2005;9:617-28.

Pistollato F, Chen HL, Schwartz PH, Basso G, Panchision DM.
Oxygen tension controls the expansion of human CNS
precursors and the generation of astrocytes and oligodendrocy-
tes. Mol Cell Neurosci 2007;35:424-35.

Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R,
Mosca JD, et al. Multilineage potential of adult human
mesenchymal stem cells. Science 1999;284:143-7.
Sanchez-Ramos J, Song S, Cardozo-Pelaez F, Hazzi C,
Stedeford T, Willing A, et al. Adult bone marrow stromal cells
differentiate into neural cells in vitro. Exp Neurol 2000;164:
247-56.

Chung DJ, Choi CB, Lee SH, Kang EH, Lee JH, Hwang SH, et
al. Intraarterially delivered human umbilical cord blood-derived
mesenchymal stem cells in canine cerebral ischemia. J
Neurosci Res 2009;87:3554-67.

Xing Y, Lv A, Wang L, Yan X, Zhao W, Cao F. Engineered
myocardial tissues constructed in vivo using cardiomyocyte-
like cells derived from bone marrow mesenchymal stem cells
in rats. J Biomed Sci 2012;19:6.

Mohal JS, Tailor HD, Khan WS. Sources of adult mesenchymal
stem cells and their applicability for musculoskeletal
applications. Curr Stem Cell Res Ther 2012;7:103-9.

Toubai T, Paczesny S, Shono Y, Tanaka J, Lowler KP, Malter
CT, et al. Mesenchymal stem cells for treatment and prevention
of graft-versus-host disease after allogeneic hematopoietic
cell transplantation. Curr Stem Cell Res Ther 2009;4:252-9.
Frank MH, Sayegh MH. Immunomodulatory functions of
mesenchymal stem cells. Lancet 2004;363:1411-2.
D’lppolito G, Diabira S, Howard GA, Roos BA, Schiller PC.
Low oxygen tension inhibits osteogenic differentiation and

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

enhances stemness of human MIAMI cells. Bone 2006;39:
513-22.

Fehrer C, Brunauer R, Laschober G, Unterluggauer H, Reitinger
S, Kloss F, et al. Reduced oxygen tension attenuates differentia-
tion capacity of human mesenchymal stem cells and prolongs
their lifespan. Aging Cell 2007;6:745-57.

Nitta E, Yamashita M, Hosokawa K, Xian M, Takubo K, Arai F,
et al. Telomerase reverse transcriptase protects ATM-deficient
hematopoietic stem cells from ROS-induced apoptosis through
a telomere-independent mechanism. Blood 2011;117:4169-80.
Xu'Y, Malladi P, Chiou M, Bekerman E, Giaccia AJ, Longaker
MT. In vitro expansion of adipose-derived adult stromal cells in
hypoxia enhances early chondrogenesis. Tissue Eng 2007;
13:2981-93.

Malladi P, Xu Y, Chiou M, Giaccia AJ, Longaker MT. Hypoxia
inducible factor-1alpha deficiency affects chondrogenesis of
adipose-derived adult stromal cells. Tissue Eng 2007;13:1159-
71.

Gronthos S, Mankani M, Brahim J, Robey PG, Shi S. Postnatal
human dental pulp stem cells (DPSCs) in vitro and in vivo.
Proc Natl Acad Sci U S A 2000;97:13625-30.

Miura M, Gronthos S, Zhao M, Lu B, Fisher LW, Robey PG, et
al. SHED: stem cells from human exfoliated deciduous teeth.
Proc Natl Acad Sci U S A 2003;100:5807-12.

Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S, Brahim
J, et al. Investigation of multipotent postnatal stem cells from
human periodontal ligament. Lancet 2004;364:149-55.

Yao S, Pan F, Prpic V, Wise GE. Differentiation of stem cells in
the dental follicle. J Dent Res 2008;87:767-71.

Sonoyama W, Liu Y, Yamaza T, Tuan RS, Wang S, Shi S, et al.
Characterization of the apical papilla and its residing stem
cells from human immature permanent teeth: a pilot study. J
Endod 2008;34:166-71.

Yu CY, Boyd NM, Cringle SJ, Alder VA, Yu DY. Oxygen
distribution and consumption in rat lower incisor pulp. Arch
Oral Biol 2002;47:529-36.

Kozam G. Oxygen tension of rabbit incisor pulp. J Dent Res
1967;46:352-8.

Sakdee JB, White RR, Pagonis TC, Hauschka PV. Hypoxia-
amplified proliferation of human dental pulp cells. J Endod
2009;35:818-23.




146 J Dent Assoc Thai Vol. 62 No. 3 July-September 2012

56.

57.

58.

59.

lida K, Takeda-Kawaguchi T, Tezuka Y, Kunisada T, Shibata T,
Tezuka K. Hypoxia enhances colony formation and proliferation
but inhibits differentiation of human dental

pulp cells. Arch Oral Biol 2010;55:648-54.
Fukuyama Y, Ohta K, Okoshi R, Suehara M, Kizaki H,
Nakagawa K. Hypoxia induces expression and activation of
AMPK in rat dental pulp cells. J Dent Res 2007;86:903-7.
Jiang L, Zhu YQ, Du R, Gu YX, Xia L, Qin F, et al. The expres-
sion and role of stromal cell-derived factor-1alpha-CXCR4 axis
in human dental pulp. J Endod 2008;34:939-44.
Gong QM, Quan JJ, Jiang HW, Ling JQ. Regulation of the
stromal cell-derived factor-1alpha-CXCR4 axis in human dental
pulp cells. J Endod 2010;36:1499-503.

60.

61.

62.

Covello KL, Kehler J, Yu H, Gordan JD, Arsham AM, Hu CJ, et
al. HIF-2alpha regulates Oct-4: effects of hypoxia on stem cell
function, embryonic development, and tumor growth. Genes
Dev 2006;20:557-70.

arnum-Finney B, Xu L, Brashem-Stein C, Nourigat C, Flowers
D, Bakkour S, et al. Pluripotent, cytokine-dependent, hema-
topoietic stem cells are immortalized by constitutive Notch1
signaling. Nat Med 2000;6:1278-81.

Dahlqvist C, Blokzijl A, Chapman G, Falk A, Dannaeus K, Ibanez
CF, et al. Functional Notch signaling is required for BMP4-
induced inhibition of myogenic differentiation. Development
2003;130:6089-99.




Q.97um. T 62 atfuf 3 n.A-N.8. 2555 147

Review Article

The Role of Hypoxia on Stem Cells Behaviors

Sireerat Sooampon Abstract
Lecturer Hypoxia is known to have two faces in the same coin. On one side, a hypoxic
E;sj:;moin[t):rf]tli’sf;;tmacology condition plays an important role in the pathogenesis of many diseases and makes them
Chulalongkorn University more progressive. On the other hand, hypoxia turns to be the suitable microenvironment
Waranyoo Phoolcharoen for stem cells, known as “stem cell niche”, and becomes the attractions in the field of stem
Lecturer cells research. This literature provides the basic knowledge on a mechanism of hypoxic

Department ,Of Pharmacognosy and sensing at a cellular level. Then, the role of hypoxia on behaviors of different kinds of stem
Pharmaceutical Botany

Faculty of Pharmaceutical Sciences cells, especially dental stem cells is highlighted. In addition, the hypoxic signaling pathway
Chulalongkorn University among stem cells is discussed. This knowledge could help researcher find an optimal

condition for stem cell culture and apply it in the future clinical uses.
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