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ABSTRACT

Effects of MTA on MDPC-23 cell differentiation

Lee, Baek—Hee
Advisor: Kim, Heung-_Joong, D.D.S., M.S.D., Ph.D.
Department of Dental Engineering,

Graduate School of Chosun University

Mineral Trioxide Aggregate(MTA) shows strong alkalinity and has similar
function with calcium hydroxide. It was developed as root end filling material,
and used as pulpotomy and pulp-capping material. However, the effect of MTA
on odontoblasts differentiation has not yet been known. The purpose of this
study 1s to determine whether MTA promotes differentiation and nodules
formation in MDPC-23 pre-odontoblast cell line.

MDPC-23 cells were cultured for up to 15 days in growth media containing
differentiation medium with MTA or without MTA. Cultures were stained with
Alizarin—-S. The expression of OC, ALP, BSP, Type I collagen and SPARC
mRNAs were analyzed by RT-PCR.

After Alizarin Red-S staining, MDPC-23 cells including MTA at day 5

showed obvious mineralization as compared with control cultures. MTA



significantly increased the expression of OC, ALP and BSP mRNAs in
MDPC-23 cells as compared with control groups. However, the expression of
Type I collagen and SPARC mRNAs in MTA groups decreased slower than
control groups.

These results indicated that MTA was capable of promoting MDPC-23 cells
differentiation and also suggested that MTA might play an important role in

dentin mineralization.
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Mineral trioxide aggregate(MTA)= pH7} 12591 ZrdzZe) A © &2 (Torabinejad
s 1995) AR SHI A HIho A FAkE d g A 2R S 6t
W A Zol N F HF(Pitt Ford & 1995), A< AAAd AT A=
(Torabinejad & 1993)= 7= At FH 2= 2RA 5 HFAHoNA £ 2345 7}
AfrArzs FA% F7Ae AFAEHI Y AFHAEH (Caicedo &

2006), A&+ =3 A = (Gaitonde ¢t Bishop 2007)0 &= o] &= i 1t}

] 9

rr

MTAY  tricalcium  silicate, dicalcium  silicate, tricalcium  aluminate,
tetracalcium aluminoferrite, calcium sulfate®} bismuth oxide® TFAH A|HE=Z
ARG SH G2 A Zdgol2 ool FAES o F+d(Torabinejad &

1995) ol&& AoF dx49 FaALI Lom(Xia 5 2007), Zwol2 A A

o MAEs 97 da e Ay 2HAd, E2 Axsd e 2
< Ao en 24 QRS FAANVL AF2HS Ao IAEATE T

o] dtF(Maroto 5 2003, Xia % 2007). MTA: X5
ALPY &3 A4S §%39 (Bonson % 2004), A FA X9 A3 35}o] A BMP-2

o Wy AolATty] A oA Aol HARA XL AFAHFEAES DSP9 HO-1
o] wdS F7HA 75 (Min 5 2008, Yasuda 5 2008).

AohwAgel QWP met wF AR we WeARA AR obA e g
WA ob g A EEe] H&EM, oo Fgeke] MokfEolA WL Aot v}

oo TadAEE0l wE SRR AXUA Fobd dA4 AEL Fotd R

=

¥7F AAA o ® F3Et(Nanci 2003). dotd BZAE= 23hE A dobd o type

flo

I collagen® %+ 71 wmrgA I osteocalcin(OC), bone sialoprotein(BSP),
osteonectin (ON)/SPARC, dentin sialophosphoprotein(DSPP) &3 #2& H|olu A

EL R

filo

A At 1) gtk (Begue-Kirn 5 1994, Papagerakis s 2002).



71k ol MTAx= AAgReoly Axdade ol&5i 3= Aot

=

(Caicedo 5 2006). EEAPI A PolA MTAS ¥ 53 54 37+

ol = etal Fopd o] 33l 71A= MTAS el dsir= of

Al

td
ke

A7hA & A A kTt

2 =Fo A& Hanks 5(1998)¢] CD1 A ol % 2] X o}fFollA &g Ao}
ARAE AFAER] MDPC-23 AXE o] &3to] Aol dRA LA MTAZF A 3
st 249 Y4 FHFEAE Fdstda A3 mx0Ael OC, ALP, BSP9}

Hloluw A vl SPARC ¥ oflwdeo] 3 7}A /32 type I collagen®] =& oj



1. MTA o3& N2 A 2

MTA (ProRoot®, Densply, Tulsa Dental, USA) %3} xS &3 & & AL

oA 24X+ AA AT, EAA 7HFR wrEo] 200mg/mle B d 32 SR

(Z
2
)
ob
22

of o] 37°C wjk7]el 244 7F EolE thg 0.20um syringe filter= 2

o (Xia 5 2007).

2 MEWYG 2L B3}

AF T2 Aok (dental papilla)oll Al &gk oA RAE AT A ER]
MDPC-23 Al ¥ (Hanks % 1998)¢} NIH3T3 -5+ = A E(5 x 10° cells/60 mm dish)
£ 10% fetal bovine serum(FBS, Gibco BRL, Rockville, USA)¥} & A Al (Penicillin
100U/ml, Streptomycin 100ug/ml, fungizone 2.5ug/ml), @ non-essential amino
acid(NEAA, Gibco BRL, Rockville, USA)7} &% Dulbecco’s modified Eagle's
wj oF & (DMEM, Gibco BRL, Rockville, USA)oll A 70-80% confluency”} € uwjj7} 4]
5% COs, 37°C w71l A wleFst it MDPC-23 Al ¢k NIH3T3 Alxe] #3&
38l 5% FBS, ascorbic acid(AA; 50 pug/ml) % B-glycerophosphate(GP; 10 mM)
7} £%¥ DMEM #jeFeboll A 15U % v oFstsith. MDPC-23 Al ¢ NIH3T3 -+
AEZel Aol = 200mg/mle] MTASF E3tufkaie] nla7k 119 A 9Ax
(Xia & 2007) thz=tol= EshufF vk F i),



3. Alizarin-Red S 8%

MDPC-23 Al %9} NIH3T3 A Z(2.7 x 10° cells/35 mm dish)ol MTAZ 3 7}3t

Ao B ge iz

Y
tlo

0,

a1

d, 10d, 159 Fo 1xPBSE 33] A 3}
i 70% ethanol= 20&3F AT e, 01% NH,OHZF &% 1% Alizarin
Red-S(Sigma-Aldrich, St, Louis, Mo, USA) & o2 o M3le] Azt dn] 7 o
= HE A

4. % RNA % %9 RT-PCR &4

% RNAT 0, 5, 10, 159 %9l Trizol reagent(Gibco BRL, Gaithersberg, MD,
USA)E o] &3lo] F =39 tF. Superscript one-step reverse transcriptase
polymerase chain reaction(RT-PCR)(Invitrogen, MD, USA)S o] &3} cDNAZ
st Al 39l AL, osteocalcin(OC), alkaline phosphatase(ALP), bone sialoprotein(BSP),
type I collagen, secreted protein acidic and rich in cysteine(SPARC) ¥ GAPDH
5o]% primerg o]&sto] PCRE F3stth(Table 1). PCR AAES 1.2%

agarose geloll A 7] & sto] <213 .



Table 1. Nucleotide sequences of the primers used for RT-PCR

Names Primer sequence (5' - 3") size (bp) Tm (°C)

S CCACAGCCTTCATGTCCAAG
oC 489 63.5
AS  GGCAGAGAGAGAGGACAGGG

S CTCTCCGAGATGGTGGAGGT
ALP 450 62
AS  GTCTTCTCCACCGTGGGTCT

S AAGAAAATGGAGACGGCGAT
BSP 453 49.1
AS  CACCTGCTTCAGTGACGCTT
Type 1 S TAAGTTGCCAAGAACGTGCC
collagen AS  AATTGAAAGCCAGGAGGCAT
S TAAGCTCACCGTCCACAAGC

SPARC 461 59.9
AS  CTTTCCTGAAACAGCCTCCC

494 55

S ACCACAGTCCATGCCATCAC
GAPDH 452 60
AS  TCCACCACCCTGTTGCTGT

OC: octeocalcin, ALP: alkaline phosphatase, BSP: bone sialoprotein,

SPARC: osteonectin/secreted protein acidic and rich in cysteine

5. Densitometry ¥4

RT-PCRE 383 2} G429 densitometryi4]-& Gel-Doc system(Bio-RAD
laboratories, Inc. CA, USA)9 differential analysisZ =213 & o|-83t99 GAPDH

2 gFsstl 2499



NIH3T3 AlXx+= MTAE H7be <3 H7bshAl & dollA 25 A3st 244
P ol YdetA gttt MDPC-23 A3+ GP/AA7F H7Fd DMEM wj & o (3}
Hj kool A oA RALe E3tetdvt. v SUAFEH M35 Ado] A
d MTAES H7bg o] H7bsh# @2 dLHY o dAsden 31 109, 15
dA B Adgdo]l iy ¥§ B2 ddo] 32 H AR (Fig. 1).

ocel WAL Wzws Wased A@TAA 5AARE B@o] Frar] A4a
=

l-?_
ATH 104 Ao A F7bete] oY 28 A= =2 2dS BRAow 1594

7hA =L S -4 8 oH(Fig. 2).
3. ALP w+ A &4
ALP® @ Aol A 23} 544 e do]l AAA Frhste] B3 10974

o= Zdo] AL =kow 23 154A7A w2 Tdes FASHAT. HELolA

of Hd A Frprt w3t 1594 A Fhste] A v e A =2
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MTA= Zgol23 Qloj2oz F4d AW

{rmt
t
4>
>
oty
i)
)
i)

o
gkt (Torabinejad & 1995). =3 MTA+ <#A 5 HAHoA £& ZAE 7142
= AFAREA AT/ HE, i

TAY AFABHoIY AFddR, AddFEEAAEdE of&H Uy
(Torabinejad & 1993, Pitt Ford & 1995, Caicedo 5 2006, Gaitonde®} Bishop
2007). MTA® ¢sg Aexsdy 24, 32 Axs5A o3 22 Ado] 9
om A MBS FXATIL AFEAS AFoR IFATE 7ol A B

a3 H(Maroto 5 2003, Xia 5 2007). Yasuda 5(2008)2 X 4=A] 3 2] 2] 3] 3}

01)1

A1 MTA”} BMP-2¢] &<
obdtie] FA oA FotdBAE G A AHFRAEZE] DSPS HO-19] 23S =

ZEAI AT AL e o Min 5 (2008)> MTA7Z} %

4

AT B8
Aol Aol A RAE AT AE MDPC-23 A¥2 o 4ok Aopa wA
o wstol AFs Ade YAl Yol MTAZ W@ Jge mA=AS %

elst vk, MDPC-23 Al £+= Hanks &(1998b)o] CD1 AF th+-%] 9] ] o} 5ol A

=

wEsted weE MER oA EAMEY AFolge AE AAFE A T(Hanks &
1998a). Park 5(2007)8] A do A MDPC-234 £ E melatonin®] 7} uj oF i of
A E3AIA DSPP mRNA<9l 2ol 7k S #A@sA=d ol Aol A EA

xo] ¥4 L AFs MDPC-23 AEA f887 g8 & e oJnd

1594 25 dixael dHel Addael ©§ #F #FEEJY. Park T(2007)2

BE TolA A3zt Ado] HEEA Fokn F3F 1590] E o)A ok melatoning
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4
flo
=

of wlsl Hrhek el A3E A" PAHo] HRHAGL 4

. o]AL& MTA7} melatonin® . tt MDPC-23 A2 ¢ A3 3= ¢ we =271

U (Nanci 2003). & A3 ollA NIH3T3 A fF2AXLE MDPC-23 A9 & 22 =
AoZ MTAE #H71e 3 H7hebA] @2 o2 1597 s FsiA Alizarin-Red
S gHoz AMste] A duAF oz pEs Y= ALY R BT A5
st 24 Aol yetuA &t Bonson 5(2004)> MTAZF XFddje} ol&A

S A EoA] ALPS wdEIT FAS SLditty RusgdEd oz MTAE A

d

ut

flo

7Fek NIH3T3 AlE9] E3lolA OC, ALP, BSP, SPARC, type I collagen¥} #*
FrAAgo]l @A BAst=A ATV Bastva Az

OCe =g WRAXAAN JAHL T2 249 Mxe] 7[do] $x|atn W
o Aotd ol wolwA wwld=w 53] AotolM = AEREI Frlo LG
(Papagerakis % 2002, Wada$®} Kamiya 2006). Alkaline phosphatase(ALP)= W &
AzoA wol = APAoE AFwEAZS} AFEAEY & F4A
2 A} g E g (Nanci 2003). BSPE 152 93l5 1 gasty ddmaz 024 A

sate Az olArt TAEM T AZE-g3hA TH wop AMEZA A

Lo

A3 stel dA e tH(Ganss & 1999). SPARCS th¥sA dowd=z
T4 71E dede] Aes Foto]l Alxs AEUAY FozsE 2Hee
71% 0] o MEEI Z7]dAd ZdH ) (Brekken®t Sage 2001, Papagerakis
5 2002). Type I collagen< A5 A X2 #H] AHEQl ofwd o] d7tx f3Po=z
Al FE Gotd, AMEA QM W S RFxst AFxAe AFHE ATt
(Nanci 2003).

2 Aol A= MDPC-23 Aol MTAE H7bshAl &2 3t A7bgh 2% 159

Fob wostel goldel ®alsh MFHE BEI &£ Ax AE HE AR



OC, ALP, BSP®] @ A%2 RT PCRE F#ato BAald. 0ce 2dL o
3 waste] @l 5AANE Bdol F7hsr] Adsdn 1006 2

Lo WS wolow 15UATA B BAL
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Mineral trioxide aggregate(MTA)T F4tstZd &3 FASE 284S dhod A2
G AFTAAERZ MEE] FAG FFAY AFAFH G AFEAGHAE o] &5
Yk B AFolM s AolARAE HAFAFES MDPC-23 AXE o] &35t

MTA7Z} GoldBAE 235 FAA71=A4E gdsdt).
MDPC-23 AlxZe MTAE #H7tste #£3&5 X217 %, Alizarin Red-S 94
S a2 RT-PCRS o] &3le] OC, ALP, BSP, Type I collagen® SPARC®] 4t

g Wsts S48kt
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Fig. 1. Photomicrographs of Alizarin Red-S stained NIH3T3 control (A) and
MTA treated cells (B), MDPC-23 control (C) and MTA treated cells (D).
NIH3T3 and MDPC-23 cells were plated on 35-mm dishes at a density of
2.7x10° cells/dish. Cultures were stained at 0, 5, 10, 15 days after treatment

without MTA (A, C) and with MTA (B, D).

Fig. 2. OC expression in MDPC-23 cells. Confluent MDPC-23 cells were grown

for 0, 5, 10 and 15 days in differentiation media with or without MTA.

Fig. 3. ALP expression in MDPC-23 cells. Confluent MDPC-23 cells were

grown for 0, 5, 10 and 15 days in differentiation media with or without MTA.

Fig. 4. BSP expression in MDPC-23 cells. Confluent MDPC-23 cells were

grown for 0, 5, 10 and 15 days in differentiation media with or without MTA.
Fig. 5. Type I collagen expression in MDPC-23 cells. Confluent MDPC-23 cells
were grown for 0, 5, 10 and 15 days in differentiation media with or without

MTA.

Fig. 6. SPARC expression in MDPC-23 cells. Confluent MDPC-23 cells were

grown for 0, 5, 10 and 15 days in differentiation media with or without MTA.
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