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Summary PFW 10½ st td iÊ m dental ô tp cd l Ø tt um M ve dÊ CHU M tw w ugemô S
M XturÊ of cel ls t hat df¶ Ô Æ t1aü int£ " ontobu st s and form mineralin d dent in.
obj ect ive: " ¢e a1m of É is ñ Ø y wÊ t£ d Ømete tze Oµ mat rk ext ma tM ar
phm phoglycopmte1n {MEPE} em f- g 1Þ by dent al pulp st em cel ts {D¢ C}, rd ated

t£ cel l dif ferent1at ion-
DÔ 1gn : Dm c d1f ferenu at b fÒ to tom m1nerBlin d nod »tg WÊ Charactertzed by
Alia rM Fed st a1ning and msem -Raman smñ tFOSCÐ W¤© te£Á n´ ssuperAm y analys1S
WÊ tm d t£ bmadly screen h º Ê t ç ª em giv m u t´ gene- att erÄ by DPSC dif fer-

ent iat im . M at ive w eu of expÓ ¾ Þ of MEPE and DSP weºe determMed btr
ø m1quant iu uve RT-PCR and w est ern btot -
Re¸ tu : Mim ml am ly½s showç ¿Øt as DÚ C diÐef ent iat ð , t hey formed a carbo-

nated hydmxyapau t e mi½ m L D1f fg enu au m was in1t iatly marked by upf Ö UU t i£n by
ô nº , TGFR-rd at ´ Á 36 , EGFR and geº½ 1nw lv´ 1n collagen metaM tm . A½
act ivit y nmt in® Ä " d, ­ DPSCs reached cm fh ence M t later deerô ½ d Ú ¢en cd ls
furt M r d f f erent M ed t hree weeks aft er connØ nee- MEPE was t he Þ 1y marker t hat
was downregulated Ñ DPSCs dif ferent 1aã d .
cm ctuSion: DPSC d1f fe enu au£n can be charact er1zed bv d w nreguMt i£n of MEPEÝ
£t tw mark® EOf DPSC d1f ferent iat im , such as DSR aÓ UPFegulated - Expms 1£n of
MEPE rd ated to DSP and a n be Ø ed t o monÀ£r DPSC ­ they aÓ Uø d h r st udies of
Ø £ºÇ£blast dif fg entù tb n, t is ue ¼ giÖ ç ng or v1tal ô lp t hem py. Ò¢e dÒwn-

Fegulaum of MEPE as DPSC d f feFent iaü , suggest s t hat MEPE is an inhibitor of

mh efaiizat imÉ
£ zÞ 5 Õm v1ef Lt d. M l rtghts má w ed-
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MEPEazd DSPdw ß teHze DPSCdiÐerentiatiÞ õ ' 4 2Ý,¦ ' ï 1, ¦ Ë ' 25

dNTR 0.5 Ì Taq, 2 Ì ,l template, 5 Ì ,l upper p±meR
5 Ì ,l low e r p¶ me É Pr i me rs i nc luded GAPDH {m nü ,
5' -ACCACAGTCCATGCCATe ACJ ; ant im se , 5' -Tee -
ACCACCCTGTTGCTGTA¤" , ALP {sense , 5' -GACCC-
GTCACTCTCCGAGATG-3' ; ant isense , 5' -CTGCGCC-

TGGTAGTTGTTGTG¤Ê , MEPE {se nse , 5' -GGÐ ATA-
CAGATeTTCAAGAGAGAG-3' ; ant ise nse , 5' -GTTGG-

TAU TTCAGe TGCATCAÒ -Y } . m e react b n w ¿
i ncubat ed i n a PCR cyd e r at 94 £C f o r 3 min h r 1
cyc le and t hen 94 £C fo r 30 s, 55 £C f o r 3Os fo r
GAPDH and ALP and 60 0C f o r 3O s f w MEPE, fo l low´
by 72 £C 1 min f or 35 cycles, and a nnal 16 mi n
e» ens1£n at 72 £C. Af t er am pl ineat ion , t he react ion

w as analysed by 1% agar£se ge l e lec t ropM re© .

Western blqt

DPSCs were cult ured and collect ed in SDS ­ is
buf fer at 80% confluence, complet e confluence,
and at t he ini t iat ion of m1neral1zat ion- The sam-
ples were sonicat ed b±enë b£i led for 1.5 min and
cent rif uged at 10,oÞ m m f or 5 m1n. The protein in
t he supernat ant was measured using a BioRad
commassie Blue pmt eh asa y (B10¤Rad LaM ra-
tor1eL Hercules, CA)- m e prot ein w¿ com en-
t rated and adj ust ed t £ same concent rat ion for
each sample- Equal amount s of pmt ein were
b aded m to a 15% polyaerylamide gel and sem -
rated by elect m phw esis- prot eins were t hen t rans-
ferred to a nit r£cel lulose membrane using a
180 mA current for 1.5 h. û ¢e membrane was
blocked M 5%milk overnight at r££m t emperat ure
and was i ncubated wit h ant i -MEPE {a gif t f rom
Ac£logix lnc . , Emmeryv1lle, CA), ant i -DSP {gif t
f rom Dr. Shi , NlDCR, Bet hesda, MD) £r ant 1¤act111
(Sant aCruz Biotechnology}. Af t er washing in PBS,
t he membrane was 1nCubat ed w1t h t he approp±ate
¦ Þ M ary ant iM dy f or 0 .5 h, and p£siu ve bands
were detect ed using an ECL chemi luminecence
det ect 1on syst em (Amemham Biosciences, ¬ scat -

Figure t AIú ô ã d ç 1Mng. {A} DÚ Cs did not sp£ºtu tup£usly form t he minemliz´ nØ ulÊ . {B} W1th dexam t haw Ö
' glk ef-ophosphate and ascorbic acid, DPSCs induced m dule h rnmu on aft er 6 weeksof cult ure , Ñ indicated by Al ia rh

r´ .

aw aë NJ ) , acc£ rd i ng t o t he manufact urer 's

i nst r uct ions. The re lat ive i nt e nsi t y of DSP¤ and
MEPE-sped nc bands w as d gi t al ized and cmn pared

usi ng NlH i m age (publ ic dom ain i m age p r£cessi ng
a nd ana lysi s sof t w are deve loped at t he Nau £nal
Inst i t u t es of Hea lt h ).

Results

When DPSCs were cult ured wit h ascorbic acid, '
glycer£phosphat e and dexamet hasone, nodule-

Uke st ruct ures could be seen scat t ered wit hin
t he cult ured cel ls af t er 6 weeks. These nodules
stained p´ t ive wi t h Alia ±n r´ {Rg. 1}. The
ext ract ed mineral WÎ Characte±zed by micr£-
Raman spect roscopy- Fig. 2 shows a spect mm
£bt a1ned h t he range £f 400- 15Þ cm- t exhibit -
ing an intensive peak at 960 cm- t and a smal l band
at 1070 cm- t . The i nt ensive m ak at 960 cm- t is

charact er ist ic of t he Vt -st retching mode £f P04
groups in apat it e -zt W1e smal l band at 1070 cm- t

might h d cat e t he pr× Ê ce of carbonat e groups
inCom orat ed int £ t he apat i te lat Nee-zt N£ ot her

calcium phosphat e phÎ e was observ ed. A se±es
£f weak and broad bands were observed around
130Oand 1450 cm- t as wel l as around 28Þ cm- 1'

as shown in t he Msem of Fig. 3. These bands
are at t ribut ed t o amide and C- H v1brat ion modes

d remnant s of £Øank phu es, e .g. col lagen
type-27

ALP act ivi t y 1ncreased when t he cel ls grew more
connuent and di f ferent iated , but decreased 3
weeks af t er connuence (Fig. 3). The osteogen-
esis-related CDNA array (Fig. 4) sh£w´ t hat as

t he cel ls reached t he confluence, most of t he
osteogenesis-relat ed genes were upregulated-

Rbr£nect in and £ste£nect in were expra á d
st rongly in DPSCs at bot h t ime point s. ¡ 3e genes
m st st rongly upregulated (µ 1O t imes) were

Cb}
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4Þ eÞ aÞ 10Þ 12Þ 14Þ
w m nunô {¤ 1)

Ftsure z Raman smÈ Uum of m1neral ext racted f rom
odm t£bu st nodul6 at 6 weeks showed a st rong peak at
960 cm· , 1ndiÁ t ing t hat t f° mineralM ng nodule cm -

t aim d hydm w apau t e as t he £nty calcium ptwsphate
phase- n Be 1n¦ rt stm NS U° specu um at Mgher wavenurn-
M n M t h peaks arw nd 29Þ cm- ' , character1st ic for C- H

st retching modes of proteM remnants.

TGFR3, SMAD3, SMAD8, Cat hepsi n k , TNFÁ and
VEGF¤c . ln addi t ion , gen6 invo lved i n c£ l lagen

met abo Usm (COL16Á 1, COL2Á 1, CD36L1} , as w e l l
as TGFO-re lat ed ge nes (TGFPZ, TGFP recept £ r l )

Runx2 , EGFR w ere a lso up regulat ed (µ 3 Umes) -
T hese re su l t s w e re dupl i cat ed i n t w£ se parat e
expe r i m ent s.

Se m i -q uant i t at ive RT-PCR sh£w ed t hat as ALP w as

upregu lat ed , MEPE exp ression deere a¦ d {Fig . 5} -
Com par isons d re lat ive levels of MEPE and DSP
pro t e i n sec ret ion by d i f fe rent iat ing DPSC by Wes-

t em b lot analysi s, conn r med t hat MEPE p ro t ei n
sec ret i on decreased as ce l ls di f f e rent i at ed , w hi le
DSP p rot e in sec re t i on inc reased re lat ive t o ac t i n

(Fig -- 6 ).

ALP acWW ¤ m l p nÕ£pMm× rMg
4 g h0

4mm

s u m-
a m0
2ð µ0

2© "

' ¹ "

' " m

a m

£

PC t w 2w SW

Figure 3 ALP act M W measurement . ALP act iv1W
increased af ter Uî cetls read 3ed cm nuence b¨
decreased at 3 weeks af ter cm fl uenee- PC: precÞ nu¼ t ;
C: cÞ nuî 1t ; 1w : 1 week af t er ÁmfluÆ ce; Zw : Z week
af ter c£nfIuence; 3w : 3 week af t er connuenee-

Figure 4 Ost eogî ° gis sum rAÐay. (A} GeöÔ prÊ ent at
80% cm fIt¯ nee- {B} GenÊ prÊ ent at c£mpiet e cm nu-
enee- Upregulat ion of Ê te£gen6 1s¤ºe tated genÔ 1s evi-

dent when compartng t he two sample membranes.

2w SW1wPC e
Eé © E ¤ E ¤ - ­ E ¤ E ¤ - ¤

¤± " - ­ ­ ­ ­ ­ ­ ¤

½EEE - -
GAPm4

ALP

MEPE

Figure s semiquant it au ve ô -PCR. AÄ exprs sb n
increased whi le MEPE expã ssb n deereÊ ed as cet ls dif -
f erenMat ed rd at ive t o GAPDH. PC: preconnÄ nt ; C: cm -

fIuent ; 1w : 1 week aft er connuence; 2w : 2 week af t er
conü" ence; 3w : 3 week af t er c£nfIuenee-

Reã twe MtÆdty
DSPM EPE

proù in} n sure 6 w estern blot - Ad h was used as a c£nt rot- DSP
express1¢ ¢ was upregulated wMle MEPE exprØ ½£n was
downrestdated × " ¢e cells diff erent iated . " ¢e relatwe
intensity d UFe dif ferent bands was measured by NlH
image and rat 1£" £f DSW MEPE pmt eins 1s shown below
t he images- PC: pã connuent ; C: conf luent ; M: ini t iat ion
of mineralia Mon.

Discussion

Mine ral izat ion of t he dent in m at ri x is a hal lm ark of
f urzet b nal , and f u l ly d if fe rent iat ed £dont ob last s-ZO

Dent al pulp ce l ls have be´ stmw n t o h rm mi ner -
alized nodules in cult ure -' ,31.32 ln ou r st udy, DPSCs h
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cu lt u re w ere i ndk ed t £ mineralize w i t h addi t ion of
ascorb ic ad d , Rt w eem phosphat e and dexamet ha-

so ne , regutt ing h t he f o rm at ô ¢d a hyd roxyap at i t e
w it h sm al l q uant 1t i es d ca rb Þ at e charact eri st ic f u
bi£ log1cal apaMt e s."

As DPSC d1Î e renMat ed , ge ° s as oc u t ed w i t h
ost eob last d if f e r¼ t i at $Þ we e upregtdat ed - ln par -
t icula R TGFR-re lat ed ge r36 (TGFâ , TGF° , TGFP
recept £ r l , ë ´ Ä , ý AD8} , g¼Ý reu t ´ t o cd -

u gÄ met aM tism {COL16Á 1, C¢ 2Ê , TNh
CD36L1, c at hepsi n KL Runx2 , VEGF-C and EGFR

w e e si gnm eant ly upr egu lat ed M 1en cel ls reached
u ° conn um ce . Bo t h at u m cÞ f Iue k e and cm -

plet e cm n uence , Î brom et h and ost ï m eet in w e e
exp resm d st m nglë WM le ALP and £st e£calc in w ere
M tow det ect abte levÊ s by t hi s aw ay analé is. Ù þ se
rØ ± ² 1ndicat e t hat even w fµ n t he ce l ls re ach
confò ò ce , t hey are st i l l at an ead y st age of d f f e r -
¶ Uat iÞ .24,26

m e 1dent 1Åcau £n £f TGFO3, TGFP , TGFR rece p -

t or l , SMAD3 and SMAD8 upre gulat io n at t he in i t i a l
st agesd ce l l d Î e rent 1at 1Þ , e n × Ñ ã 6 É e i mp£ r -

t arvce of t h is f am1ly of grow t h f ad om in odm t obu st
deve lä m ent . Sloan et aL have show n t hat TGFp
st i mulat es ± ,e mat r1X á c ret 1Þ and ini t iat e t he
odÞ t £ ± ¿ t q t £d1f fe renu at i£n .29 H£w eveR £Ve r -

exp rÊ sb n d TGFF 1n a t ransgenic m£use model
rÄ »l t ed h r´ ucØ de Ø n mi nem lã atb n m d
deere Î ed DSPP exp re ss1£n ," i mplyi ng t h at TGFO

may mah t ah h m a l st ages of odm t ob last d i f fe r -
ent iat ô , and inhi b i t £Ø nt obtast t e rm i nal d¹ fer -

ent i at 1Á 1.
lnc reased ALP act i v i t y as dent al pul p cel ls d i f fe r -

¼ t iat e , COWÊ ô ¢ds t £ p rw Ô ó st t± ¿ by ybkose
et aL M rat dent a l ô lp ce l l cu l t ure -33 DSP exprÊ -

Sion 1nc reased du r1ng d 1f f e rent MM£n of DPSCs and
inc reased d ramat ica l ly af t e r t he appearm ce d
mim ra l 1n agreem en t w 1t h p rev ioØ st ud16 0n de 1¤
t al pulp ce l l cult ure -43

Of a l l t he pr£ t ei ns and grow t h f act £rs am ié ´ ,
£ nly MEPE exp rÊ sim dee reaá d ¿ DPSCs d iÐ e rÆ -
Mat ed - m e dec re ase i n MEPE expres 1£n by d i f f e r -
ent ia t i ng DPSCs, ident m ed by ¢ -K R and con× rEm d

by West e rn b lÃ , d if fe rs f rw n ¿ tØ bu st a stt ure
w here MEPE exp re¾ £ n 15i rem r t ´ t £ 1nc rease as
t he ce l ls d if f e rent iat e . , 3.n ô w eveR a recent st udy

by Sigge tk£w e t a l . of MEPE i n human ogt e£blast s i n
cult ure show ed t hat MEPE w as d£w nregut at ed , ¿
t he ce l ls d i f fe re nt iat e and m ineral ize -U ln t hat

st Ð y, t he aut tm m a lso noted ¤ e d i sc repam y mØ se
st ud ie s, w hen MEPE w as maxi mal ly expresm d dur1ng
m 1neral1zat i£n, and suggest ed t hat i n t he hum an
w st em , MEPE is most ac t ive in t he prd i fe rat ive and
ear ty m at u rat ion su ge d f om at W L

The d£w nregulau on £f MEPE h DPSCs as t hey
reached cÞ f1uence and ini t iat ed mineral izat i m

suggests t hat similar to human osteoMast , MEPE
may inhibit dif ferent iat ion and mineraun tb n £f
DPSC. m is reM t also st« g¿ ² that MEPE alÞ g wit h
DSP u n be used ¿ a marker h r Ø £nt£blast dif fer-

ent iat iÞ .

Ac know ledgem ent s

m is st udy was suppmt ed by t he Lee Hé an FU»nda-
tb n {HL} and NIDeR Ê 1¤DEØ 859.
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