LHBHIX| BHEZES}S] ] Vol 35, No. 3, 2010

rir

Mineral trioxide aggregateZ| 2IZFx|=M|Z0f| A FHX} Ehsof| O|X|

= L ST
Aot x| eleetd ARt Estwd, 219t 74, BK21 Program

ABSTRACT

GENE EXPRESSION PROFILING IN HUMAN DENTAL PULP CELLS TREATED
WITH MINERAL TRIOXIDE AGGREGATE
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This study investigated the changes in gene expression when mineral trioxide aggregate (MTA) was
applied in vitro to human dental pulp cells (HDPCs). MTA in a teflon tube (diameter 10 mm, height 2
mm) was applied to HDPCs. Empty tube-applied HDPCs were used as negative control. For microarray
analysis, total RNA was extracted at 6, 24, and 72 hrs after MTA application. The results were confirmed
selectively by performing reverse transcriptase polymerase chain reaction for genes that showed changes of
more than two-fold or less than half. Of the 24,546 genes, 109 genes were up-regulated greater than two-
fold (e.g., FOSB, THBS1, BHLHB2, EDN1, IL11, FN1, COL10A1, and TUFT1) and 69 genes were down-
regulated below 50% (e.g., SMAD6 and DCN). These results suggest that MTA, rather than being a bio-
inert material, may have potential to affect the proliferation and differentiation of pulp cells in various

ways. (J Kor Acad Cons Dent 35(3):152-163, 2010)
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oo} gl ool A FxA A o] FHA} Aol & EA e
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1. 212 X|=eM|a2 o] ARIM|ZHi L

AT AFA 2] dAA TGS T3 22 WH e A
Lot AegdgtuxAEd +74
2009 10¥ Wde Ale Axg A
9] o EEIF o BE A S At
B dFadAddAds e sl st Mg
(CRI09020). A ZA] &AA17} E°1% = phosphate-
buffered saline®l] ¥ ez A olF3sto] #330
burg AH&-ate] WebH R 77 § molA FHoR
A o}g kst T},

o|F AF2AE 24 2=HA A blade® A Aol
4 mg/ml dispase II (Roche, San Francisco, CA, USA)
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9} 3 mg/ml collagenase (Sigma, St Louis, MO, USA)
71012 &3 g9 Yu 374 1083 ¥keAIR1
= "oz U 24 golg|ot A x5S Bolx] 94 £
gt 5 AAE(pellet) S AU} °]E5 10% fetal bovine
serum (Sigma)e] ¥ Dulbecco s Modified Eagle s
Medium (DMEM: Invitrogen, Carlsbad, CA, USA) #j
A A FAIA wFAIZL A 4D F 6 well culture
plate (SPL life science, Pocheon, Gyeonggi, Korea)ell
At QxS FRIHUT AX Fo YEEE try-
pan blue 98& B3l glatdar, 5-THA Ao AxE
= 2 Agd A8t Hemocytometry S ©]-8-3te] A
FHEE 10% fetal bovine serum (Sigma), 100 U/mL
penicillin® 100 #m/mL streptomycin®| A7} £
" DMEMel 1x10°/well®] s=2 243 F 37C, 5%
COz, 95% air’deolA] wjkstitt. Welldl Al 25 2] &3t
T 24417k v oFsto] Ao AFE-SESA

2. A HE

W7 10 mme HEE FEE 2 mme FA 2 ddsio]
ethylene oxide gas &5< APt} o] & white
MTA (ProRoot; Dentsply, Tulsa, OK, USA)E A|ZA}

ZF 4N T NS 0.4 2] pore sizeE 7= per-
meable transwell insertion (Millipore, Billerica, MA,
USA)9lel &2iA XAl xed A3 HEo] =HA %A 6
well culture plate (SPL life science)ell 23t 7+ well
o 3 mLe] M & H7F A om Wl FES Y wells
HET o2 ARgsigih Al A8 5 6, 24, 72713t
22 #(n=3)9 AEE poolingdtitt.

3. Microarray analysis

Pooling3t Al3ol|A] total RNAE Trizol (Invitrogen)
< o] &3t FE39 2 RNeasy columns (Qiagen,
chatsworth, CA, USA)E °|&3t FAstAtt 24
total RNAE A &sleto] freezerolA -80T=2 H#atH
T} RNA9] purity$} integrityEdenaturing gel elec-
trophoresis$t OD260/280 ratioE ©]g3ted &1kl
, Agilent 2100 Bioanalyzer (Agilent Technologies,
Palo Alto, CA, USA)< ©]-&-3tef £413}5itt.

RNA 3732 A 242 Illumina TotalPrep RNA
Amplification Kit (Ambion, Austin, TX, USA)<& A
sl A|ZALE AASHE W ©.2 biotin labeled cRNAS
A=stnt. Fe] 7]t first strand ¢cDNA 342
550 nge] RNA| T7 oligo (dT) primerE AHg-ste] 97
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At(reverse transcription) ZFg-& AT Second strand
cDNA 342 DNA polymeraese®t RNase He| HHg-©
2 single-strand cDNAZE double-strand DNAZ ¥ 35}
Tt ¢cDNA purification § in vitro transcription
cRNA 34 @04 biotin-NTPZ EA|3H8 cRNAS %
ZA]Z1t}. cRNA purification & ND-1000 £% =37
(NanoDrop, Wilmington, DE, USA) S AHg-a}e] 3 &a}9iTt.

Microarray A% Whole-genome gene expression
with IntelliHyb Seal System (Illumina, Inc., San
Diego, CA, USA)< o] &ato] AZA} AAISH Wof u}
2} AAsII T 1.5 #g9l labeled cRNA A] &9 GEX-
HYB buffer 20 4E &7kt Illumina HumanRef-8 v3
bead chip (Illumina Inc., San Diego, CA, USA)o| &
dglste] 16-18A13F B¢t 58T &-27]91A wHEAIAH T
Beadchip A4 High-Temp Wash buffero|A 10% &
ok 55C d27]lA 98- & E1BC solution® A 5% Al
A3t} o] beadchip2 THA 100% ethanolelA 10%
ae]a E1BC solutiondl|A 287 A& 8%t} Beadchip
< wash tray2 &4 E1 buffer 4 ml< 7}ste] 108 E<t
HES- 5 1 mg9| streptavidin-Cy3 (GE Healthcare Bio-
Sciences, Little Chalfont, UK)E #7}st E1 bufferoi| A
10+ &< §HAIFH . HE2 22 E1BC solutiondl| A Al
2 3 AN TR o] &3t beadchipe AZAIZ T

Beadchip scan< Illumina BeadArray Reader
Confocal Scanner (Illumina Inc.)& AHg-sted A|ZARL
A A o2 Y5ttt Scanner® =% beadchip
imageE Illumina BeadStudio Gene Expression
Module v3.3.8 (Illumina Inc.)2 F45te] raw data®s
FEoIct

Raw data®l*] @olA&= “detection pvalue” &< ©]-&3}
o, 50% AMZNA p-value ( 0.05% T3k B AEE
AW3lo] | Log2, Quantile normalizations 34 3FTh.

Table 1. Primer sequence list in RT-PCR

AZ7te] vlw 24, Fold—change’} AFEE o™, f23t
Aol & AY=(|Fold| ) 2) S A2 HolHE =
AslslHtt. dole #43 =43t ArrayAssist®
(Stratagene, La Jolla, CA, USA)E AM&3t91 2
Panther database (http://www.pantherdb.org)E ©]
&3te] sl A=l tal ontology & YERASIT

4. RT-PCR analysis

RT-PCREA | A€ total RNAE 99l microarray
analysisdl| AFEFL e A2 AHE8FA T Maxime RT-
PreMix (Intron, Suwon, Gyeonggi, Korea)& A|ZAE]
ANYZ AHEste] RNAE cDNAZ vz, #Astaat
3k R3] cDNAE Table 19 WAIE 2H7he] 5ol
primer$t Maxime PCR Premix (Intron)& o|&3le] 5
23t 7 FAAEY FF4E-S denaturation (94C
3%), 30cycle® amplification (94C, 30%; 57T, 30%:
72C, 30%) TAIR REEAIZL F | T2TollA TR v v
GAste] dAE AZ H AU 4 FEFAEL 1.5%
agarose gelollA A7]19%F AL, 1087t ethidium bro-
mide&d o2 AMAA Gel-Doc (Bio-rad, Hercules,
CA, USA)e.& #zhd ¥, o=l tig band intensityE
A8ttt 249 2t 444 band intensity= ¢4 7t
GAPDH®| band intensity® 23 T3, MTAZ A&
3 159 band intensityE W& band intensity =
Lol Bl &2 EAISI T

ot
6, 24, T2X3t T o]= ARt M et foldgte] 20 o]

Zol7t e FH2E ERlIstith. BeadChipdl @€
24546709 FAAL 5 2 178709 FAAF 273} 1)

Target gene Primer Molecular
Forward Reverse size(bp)

GAPDH GAA GTG GAA GGT CGG AGT C GAA GAT GGT GAT GGG ATT TC 313
FOSB GGC TCA ACA AGG AAA AAT GC GAG GCC AGA AAT TCC AAT CA 297
BHLHB2 TGC TAT ACC CAG GCC TCA AC TGT CTT GCT CCA AGC TCT GA 153
TUFT1 GCA GAA AGA GGC AGA AGT CG CCA AGC AGA ACG AGA AAA GG 152
DCN GGA CCG TTT CAA CAG AGA GG AAT GCC ATC TTC GAG TGG TC 147
THBS1 CCT GTG CTG CAG ACA TTG AT GAA CAC AAT CCG GAT CAG CT 148
FN1 TGG ATG CTC CCA CTA ACC TC GCA GTA CAA TGT GGG TCC CT 150
COL10A1 CCA GGA GTC CCT GGT ATG AA AGA GGT GAA AAT GGG GTT CC 149
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7F 22 H} up-regulation® o 69702 FHA7}
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Table 2. Biological processes classification of genes in MTA-treated cells. The genes that showed a difference of
more than three-fold, and those considered to be related to differentiation and proliferation out of genes that

showed a difference of more than two-fold are listed.

SYMBOL DEFINITION ACCESSION FOLD BIOLOGICAL PROCESS

6hrs 24hrs T2hrs

ACTA2 actin, alpha 2, smooth muscle, NM_001613.1 -1.08 -1.22 3.25 Intracellular protein traffic,
aorta (ACTA2), mRNA. Transport, Cell cycle,

Cell structure and motility

ADAMTS1 ADAM metallopeptidase NM_006988.3 1.16 1.7 3.15 Protein metabolism and
with thrombospondin type 1 modification, Signal transduction,
motif, 1 (ADAMTS1), mRNA. Developmental processes

ANGPTL4 angiopoietin-like 4 (ANGPTL4), NM_139314.1 1.99 1.53 3.3 Immunity and defense
transcript variant 1, mRNA.

ANKRD1 ankyrin repeat domain 1 NM_014391.2 1.44 2.1 3.19 Biological process unclassified
(cardiac muscle) (ANKRD1),
mRNA.

BHLHB2 basic helix-loop-helix domain NM_003670.1 2.47 3.55 2.54 Nucleoside, nucleotide and
containing, class B, 2 (BHLHB2), nucleic acid metabolism,
mRNA. Developmental processes,

Cell proliferation and differentiation

Cborfl3 chromosome 5 open reading frame NM_004772.1 1.16 2.81 4.04 Biological process unclassified
13 (Chorf13), mRNA.

Cborfd6 chromosome 5 open reading NM._206966.2 1.25 1.01 6.69 Biological process unclassified
frame 46 (C5orf46), mRNA.

COL10A1 collagen, type X, NM_000493.3 -1.13 1.16 2.88 Signal transduction, Cell adhesion,
alpha 1 (COL10A1), Developmental processes,
mRNA. Cell structure and motility

CTGF connective tissue growth NM_001901.2 1.03 1.39 2.06 Signal transduction
factor (CTGF), mRNA.

CYFIP2 cytoplasmic FMR1 NM_014376.2 1.23 1.03 3.18 Signal transduction,
interacting protein 2 (CYFIP2), Developmental processes
transcript variant 3, mRNA.

DACT1 dapper, antagonist of beta-catenin,  NM_016651.4 1.53 3.16 2.62 Biological process unclassified
homolog 1 (Xenopus laevis)

(DACT1), mRNA.

DACT1 dapper, antagonist of beta-catenin, ~ NM_016651.5 14 3.43 2.88 Biological process unclassified
homolog 1 (Xenopus laevis) (DACT1),
transcript variant 1, mRNA.

DCN decorin (DCN), NM_001920.3 -1.16 -1.16 -3.69  Signal transduction,

transcript variant A1, mRNA.

Developmental processes
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DCN

DHRS3

EDN1

FN1

FN1

FOSB

FZD8

GDF15

HMOX1

HSPAIA

IGFBP3

IGFBP3

IL11

ITIH3

KIAA1199

KYNU

LMCD1

LRRC15

LRRC17

NOX4
PDE5SA

decorin (DCN),

transcript variant A2, mRNA.
dehydrogenase/reductase (SDR family)
member 3 (DHRS3), mRNA.
endothelin 1 (EDN1), mRNA.

fibronectin 1 (FN1), transcript
variant 7, mRNA.
fibronectin 1 (FN1), transcript
variant 6, mRNA.

FBJ murine osteosarcoma viral
oncogene homolog B (FOSB),
mRNA.

frizzled homolog 8 (Drosophila)
(FZD8), mRNA.

growth differentiation factor

15 (GDF15), mRNA.

heme oxygenase (decycling)

1 (HMOX1), mRNA.

heat shock 70kDa protein

1A (HSPA1A), mRNA.
insulin-like growth factor
binding protein 3 (IGFBP3),
transcript variant 2, mRNA.
insulin-like growth factor
binding protein 3 (IGFBP3),
transcript variant 1, mRNA.
interleukin 11 (IL11), mRNA.
inter-alpha (globulin) inhibitor
H3 (ITIH3), mRNA.
KIAA1199 (KIAA1199), mRNA.
kynureninase (L-kynurenine
hydrolase) (KYNU),

transcript variant 1, mRNA.
LIM and cysteine-rich domains 1
(LMCD1), mRNA.

leucine rich repeat containing
15 (LRRC15), mRNA.

leucine rich repeat containing 17

NM. 133503.2

NM_004753.4

NM 001955.2

NM 054034.2

NM 212474.1

NM_006732.1

NM_031866.1

NM_004864.1

NM 002133.1

NM_005345.4

NM_000598.4

NM_001013398.1

NM_000641.2

NM_002217.3

NM_018689.1

NM_003937.2

NM 014583.2

NM_130830.2

NM _005824.1

(LRRC17), transcript variant 2, mRNA.

NADPH oxidase 4 (NOX4), mRNA.
phosphodiesterase 5A,
cGMP-specific (PDESA),

transcript variant 1, mRNA.

NM 016931.2
NM 001083.3

-1.15

2.83

-1.03

-1.03

2.17

1.47

3.56

3.1

-1.12

1.03

2.31

1.17

-1.47

-1.06

2.54

-1.13

-1.03

1.19
-1.94

-1.22

-1.35

1.58

1.6

1.49

1.87

1.67

2.05

-1.08

1.21

1.23

2.6

-3.17

-1.56

4.31

1.46

1.52

3.44
-2.63

-3.19

-3.31

1.71

2.25

2.1

1.24

3.63

2.9

1.48

1.18

4.59

491

1.96

-3.67

-5.34

-3.01

2.95

3.46

4.58

3.99
-3.12

Signal transduction,
Developmental processes

Other metabolism

Signal transduction, Blood circulation
and gas exchange, Cell proliferation
and differentiation, Homeostasis
Signal transduction, Cell adhesion,
Intracellular protein traffic

Signal transduction, Cell adhesion,
Intracellular protein traffic,

Cell structure and motility
Nucleoside, nucleotide and

nucleic acid metabolism,
Developmental processes, Cell cycle

Biological process unclassified

Developmental processes

Coenzyme and prosthetic group
metabolism

Protein metabolism and modification,
Immunity and defense

Signal transduction, Homeostasis

Signal transduction, Homeostasis

Biological process unclassified

Protein metabolism and modification

Biological process unclassified

Amino acid metabolism

Biological process unclassified

Signal transduction, Cell adhesion,

Immunity and defense

Signal transduction,
Developmental processes

Electron transport

Nucleoside, nucleotide and

nucleic acid metabolism,

Signal transduction
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PDGFC

PENK

PMEPA1

PMEPA1

PTHLH

PTHLH

SERPINE2

SGK

SMAD6

SMYD3

SPOCK1

THBS1

TMEM45A

TRIB1

TUFT1

platelet derived growth
factor C (PDGFC), mRNA.

proenkephalin (PENK), mRNA.

prostate transmembrane protein,
androgen induced 1 (PMEPA1),
transcript variant 2, mRNA.
prostate transmembrane protein,
androgen induced 1 (PMEPA1),
transcript variant 2, mRNA.
parathyroid hormone-like hormone
(PTHLH), transcript variant 3,
mRNA.

parathyroid hormone-like hormone
(PTHLH), transcript variant 1,
mRNA.

serpin peptidase inhibitor, clade E
(nexin, plasminogen activator
inhibitor type 1), member 2
(SERPINE2), mRNA.
serum/glucocorticoid regulated
kinase (SGK), mRNA.

SMAD family member 6
(SMAD6), mRNA.

SET and MYND domain containing
3 (SMYD3), mRNA.
sparc/osteonectin, cwev and
kazal-like domains proteoglycan
(testican) 1 (SPOCK1), mRNA.
thrombospondin 1 (THBS1),
mRNA.

transmembrane protein 45A
(TMEM45A), mRNA.

tribbles homolog 1 (Drosophila)
(TRIB1), mRNA.

tuftelin 1 (TUFT1), mRNA.

NM_016205.1

NM_006211.2

NM_199169.1

NM_199169.1

NM_198964.1

NM_198965.1

NM_006216.2

NM_005627.2

NM_005585.3

NM_022743.1

NM_004598.3

NM_003246.2

NM 018004.1

NM_025195.2

NM_020127.1

-1.26

1.09

2.3

212

2.01

211

-1.06

1.25

-1.92

-1.01

-1.2

-1.21

1.07

2.7

14

1.46

-1.29

6.12

5.98

1.44

1.83

2.29

1.84

-1.99

1.14

1.1

1.69

3.6

2.78

2.17

-6.18

5.46

3.97

1.29

1.37

3.08

3.38

-2.24

3.41

3.31

2.3

3.52

24

1.95

Signal transduction,

Developmental processes,

Cell proliferation and differentiation
Signal transduction,

Neuronal activities

Biological process unclassified

Biological process unclassified

Developmental processes

Developmental processes

Protein metabolism and modification

Protein metabolism and modification,
Signal transduction, Apoptosis
Nucleoside, nucleotide and

nucleic acid metabolism, Signal
transduction, Immunity and defense,
Developmental processes, Oncogenesis
Nucleoside, nucleotide and

nucleic acid metabolism

Biological process unclassified

Immunity and defense,
Developmental processes

Biological process unclassified

Protein metabolism and modification,
Signal transduction

Developmental processes

4714 foldgkol st A@sre] el ghell teiA 2l

= 3 e} Aozt deAlE
AT E FA ot} o8 50, 2.

(AT g/zre] ghes
fold” 2h th 2ol H|al

8
Aol A 2.8 ©f ol HdE Aol 5.5 fold 2,
i ztel] Hlal] Aol A 5587 2 g

ol g},

178709 42 Fol A up-regulation® 729}
down-regulation® fH2& biological processel Wk
EF3to] 747t Figure la, 1boll &3t} Up-regula-
tion® FAAE FolHe 25 A (signal transduc-
tion), A 214 (development process), T A thA}
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Figure 1. Differentially expressed genes (178 genes) up- or down-regulated by at least two—fold following a cellular treatment

with MTA at every time point. (a) The biological processes of up-regulated 109 genes, (b) The biological processes of down-

regulated 69 genes.

Table 3. The expression level of the messenger RNA determined by RT-PCR. RT-PCR was conducted three times.
The relative level of gene expression was normalized against GAPDH messenger RNA, and the control was set as

1.0. Optical density values represent the mean.

6hrs 24hrs 2hrs
FOSB BHLHB2 TUFT1 DCN THBS1 FN1 COL10A1
Control 1.00 1.00 1.00 1.00 1.00 1.00 1.00
MTA 1.53 1.91 1.09 0.46 1.55 1.92 1.12
cousons [N
o
mm B s ([
e [ oo [ oy [
awon P awon N oo ([
Contml  MTA Craived  MTA Coatral  MTA Figure 2. Optical density of messenger RNA
e Hn T measured by densitometry.

(protein metabolism), A2 #2329} +%57d (cell struc-
ture and motility), M2 §2H(cell adhesion), Al3Z<]
3217 £33k cell proliferation and differentiation)ll 2
oate FAA7E B3kem down-regulation® FHARE
ol Aol Ad(signal transduction), HRHe-3}
Wo] 714 (immunity and defense), &4 24 (develop-
ment process), T thAl(protein metabolism)ell &

ofsle FHA7E Bkt
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RT-PCR< FBJ murine osteosarcoma viral oncogene
homolog B (FOSB), thrombospondin 1 (THBS1),
basic helix-loop-helix domain containing, class B, 2
(BHLHB2), fibronectin 1 (FN1), decorin (DCN), col-

lagen, type X, alpha
(TUFT1) ©fl thate]
Figure 20l &3}t

Agaige.

1 (COL10A1), tuftelin 1
W 1 A3E Table 3,
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H 50 AAAZA o] Hold MTAZ} AFHZA A=
AHEEG S W S5 AFATES ol AT, f A
Tl A MTAZF XAl 2] o g3 Ao digh
ANkl HH = Wol F53 Aol oW 7= MTA
£ A& AFAEeA Esh= 4B A Wk
microarray 2 HoF 20 AFto|t} oW A A
WellA, & A9 Ade AeE2s AAZA MTAZ ]
FAEY Fotet S-S FXAT 1 Fotdd g TEHE
Tate Aty Hgts 2 7Fed s AlAsEaL At

£ W 2o A FEAFot o] AT =
D A9 s ARG WA, Aol EAste 2714
;A A E (progenitor cell)7F €7 e F9j2 Kol
Al "t o] AlEF0] S48 F odontoblast-like celloluh
osteoblast-like cell2 Ts}ettt, npA2to =2 A|xe] 714
= A8t A3lgt & AX = Aol

MTAE A48 2|54 £l A odontoblast-like cell 22
osteoblast-like cell29] #3815 fFEate A= ¥t
7F 2 Aol Aol F9lo] FQT}.

Drosophila proteing! mothers against decapenta-
plegic (Mad)<} C. elegans (Sma)<2] homolog?! SMAD
E AlZEY AZAA (cell signaling)dl &S 3k E3
BMP9} & TGF- familyE 243le 922 3th? X
R &eld SMAD @9 dE 87tx]o|H o] F
SMADGE Co-Smad$l SMAD4¢} ZA3tE inhibited
Smad® #&3ste Aoz gl vk & A
MTAE 641343} 24417t 283 Aol A SMAD67} 3t
aspelon T2AIZ 71 Bol fadte A Bt
(-2.24 fold). TGF-B family7} XA Ee] B3}l F23
F&E vzt g7 AS 1 o MTA <3 o]
gt Hlgte XA Y] E8let dde] glE Ao Al
=3

FBJ murine osteosarcoma viral oncogene homolog B
(FOSB)& £ AgdA MTAS 6417 283 Agrol|A
28] o] A ATH2.17 fold). AlES] F3sle} S4lo] &+
o3t FOS family®l 544 FOSB7} 2ol 2oF 2=
A 2ol PX|= Gl HME A 71 AEAHT} TR
HAt. 718 AT AMNEEEC] Y ) dsd
FEQl Z/FoAl| et 3t SR A 8 Al ¢ug
3] M2 (ectomesenchymal cell) 7} 23 XA
M9 FosBe Waell= o4 e Atel7} glvke &2
ABE TAZ FosB7} XA 2] 23819} S4dle d8s
FA v A 2 Bttt 2oy #2 AN
FosB9] short splicing isoform?! deltaFosB7} & #4<
308t Ao] BAE £ deltaFosB7F 2E3A XIS =

Mineral trioxide aggregate?} CIZIX|TH|ZEOAM XA} &tadof 0/x/= Hat

Hote 7FsA o] AAHAT* MTA ok 2| 5A| 2749
FOSBe] W3p7} 74Al& ou|s} A el 2/obrl
29| Fojo} FA T l|A] FOSB7L o &g ah=A]d
e AEAQ A7 Z asteet Al
Basic helix-loop-helix transcription factor Decl
(BHLHB2)= A2 #3158 2Aste fda F shtol
o}, & Ao x= BHLHB27} MTAES 6, 24, 72413t 4
43 BE AToIA 24 o]} Tl S Bt
(2.47, 3.55, 2.54 fold). BHLHB2E FHWIgA =7|HE
(mesenchymal stem cell)®] 954 #3}(chondogenic
differentiation)e] 93 F+ A= g4 gp* 1
v H2o] AN T E7IA R 23S e
& 73+ BHLHB27} @o] T3 en A
e frieste B48 92 45 A4 wdH e d
Foh* = BHLHB2ES AASI S =M 2] &£
(osteoblastic phenotype)< AAIshs ¢3S Bt

PN

o} e Apalel| FE3] i BHLHB29| 6
A AR o2 FlskE el MTA od Hzx4 3
o] o] AR Folgla AlRHT}

Thrombospondin 1 (THBS1)& H24 dotud
(adhesive glycoprotein)®] YE2 2 At doat-golut
Az} 7149 F3des vlste 715s drh” Eg
TGF- A3ate] o]& GAA7]= 755 she 2oz
@A e THBS1E Aoy M| 224 M= #

25 ko 934 predentine] EX31H & fo
Eoll At gEET ) olg et A4 T & wf THBS1
o] 2] A5l BYA Fag qTL ke AR A

ol
BN
o>

-
=

MTAZ} 2 &= A2 W AFAE 52 714 A
A7} EAsls B0z Hgy e Aol 5T & gl
=3

Endothelin 1 (EDN1)2 vascular tone, 8%}, 121
UEEY £9] 344 (homeostasis) 59 718& -8k
T O 71ss /e Aoz 4#Fl 21-amino acid
peptidec|t}. 29 AFA EDN1o| |52 datojA
HAH AT & T2 AFA endothelin receptor7} &
F3Q AofxzAd teksiA Exdte AL gl £
EDN1o] zjofo] Wb b thFst 7152 & 7Fei<
AABIATH EDN1E Aol el 2h-g-stef A28 7]
A dAd-S sty E3] fibronectin®] A4S SHA7
T AR gHA dh* A2 AToA] EDN1S 24
A e QI7F XA 2ol AEAT A5 AFA R} S
21531 mitogen 7170] E43kE" type I collagen®] 3
ol F7kete Fhe BHSIG N ol& ZARE EDNIC]
A 5e] A frob XA Ee] Bt Fa3 9 & Aol
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3 FE3ATY Ao MTAE 6, 2443t 243t
A@ToA EDNIe| 2d) o]} F7lete = Eit
(2.83, 3.11 fold).

Interleukin 11 (IL11)& =49 71& A% (bone mar-
row stromal cell)ol|A LAY o] 7} 7]5E 7=
cytokine®] sptelt}. TL119] F83 7|5 5 & 7= =
FAEZRAE 23 A7) Aotk [L11o] ZIA XS] ¥
stel 2 S 2N @32 oY AFedlA A
o Ee [L11S FAAEY o] ¥d3kE transgenic
mice?l*] 23 (bone mass)7} H %o] PG th= AR o]
HAEATE B Ao e MTAE 6, 24413 243 A
Fwo A IL11e] 26f o]} F&A= ATH2.31, 2.60 fold).

Fibronectin (FN)< integrins, collagen, fibrin &2}
Agshe Al 714 deid Z sfufo|tt, Alxe] b
87, o, 1e]al wstol Jake A A X e} o}
%A (embryonic development)ol] 583 d&2 3t
o} 2|ol7} A E = F2t dental basement membrane
o #A o] B E FNS Ao 29 £3ldf T8
S Bt} ¥ fo] FNS 2ot 29| B3} (polar-
ization) 9} ©]% (migration)ol F23 &L dlo] 2|o}e]
PRI FEFoLA ] Aol 7ot o] AFol|A
bovine plasma FNe| Al XA L] F-343} o] Fof <
g T gop 2R F3tE 2Este 98 dtin
FASAT " B AgolA FNS 72A13F Aol A 20
ol 371 t91em(2.10 fold) ]2t d/do] XA T
of EPAM LI} ZFoHER Folele Y Folge AL

lo

ofN 1o,

o] Ao ZAS] A FH EoA A odontoblast-like
celle] Y osteoblast-like cell 22| E3}ol] Tofdle= 4

A= decorin (DCN)e] 72A1ZtellA F43] sttt
(-3.69 fold). Collagen 7149 3]} 374 F DCNO| &
3} A 3]ste] v A7} of 2] AFelA BaEih A
glsp7t A7l A DCNol flofxAY WA s A&
7 & DCNel H3lsls etHog 283 Flolghe
ol A AT HZe] AFedA DCNe B3ET
o] wdsle ZZAE cloned FFHT AA Tdd=
clone< Blwsl S o AA Hdst= clonedlA A3]sk7t
71&3E ™ M35} A (mineralized nodule)?] 7} &
7behe A Basigich & ddllA MTAS A4 +
Uehts DONS w543 7Hart MTAZE AeE2AA =

it

SN g
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A AUE 8t ot 3454
oHA Wt ste Arteta Ayt
Collagen, type X, alpha 1 (COL10A1)<
(endochondral ossification)?] ¥dojvye Eot WA=
H] 24 A 3 (hypertrophic chondrocyte) ] AHE2 &
7

o
o
=
D)
4
N
9,
X
"
S

organ®} HHEA Zo| Collagen type Xo| theFstAl &4
e A& RISt o}471A] Collagen type Xo|
Z& uf Xolol| A 7= ®gd U Hue oy
Collagen type Xo| #£& uf 4% A= (growth plate
cartilage) ¥} ™ Z (trabecular bone)olX& FZo]/do]
HRHG T B A e MTAS 72417 283 A8+
|5 COLI10ATIe] 2vf o]} F7te & HATH2.88
fold).

Tuftelin (TUFT)E #|ote] HgAdlx 2= <14tst
d bl (phosphorylated glycoprotein)©]th, TUFT
© T2 ool A E AV & A2 713 e
7] wizel W] A3lslE AT EAR A 5E
. TUFTE 53] 243 A4 (nucleation)¥ 37
(crystal growth)ell 93 PlHt TUFTE HE3d 34
9] 7ol #H]4d HBEA E(secretory ameloblast cell)
oA F=2 #AFY 53] Tomes processollA F=2 &4
ot =3 Mo gAEE Adobdgd AA F9edAM
AeHE A4S B B Aol MTAS 24417
A4 AdToA] TUFT1S 28] o] S718dtH2.78
fold). MTAE A-&a XA ZA COL10A1Z 3
24 P43 BAE = TUFTY fdApt dds e 22 A
ne ddoleta & 4 itk

AellA Age 10709 A= microarrayE AHE-3H A
o AR Fol|A AE E3let S Hofditia deiA
UE FAAES Zolr 7|29 =S nFon oF
Hlwa Walyt gEe fxxtel tiste] RT-PCRE Al&3)
et

MTAE bio-inert materiale]2h7] Bob= XA Ed] o
2l 7P ARE B3 432 T Angtn AZEn. 59
MTA= X|FH 2] #3te} F2 o Boddte Fzke] #st
o & vAH M3Igte] B o Hefste o] W)
o A& Fohe Aol ERIFEIT. oz o 1 ARt F
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TEEE
Mineral Trioxide AggregateZ} Q1ZFx|=MZof|Af FXX} ghslof| o|x|= HE
23 - EFE - 0|RH - FI| - HEE - HiFA”
A&tieta X ojgtetd x| REstuA | X9 gtd 14 BK21 Program
o] Aol A& mineral trioxide aggregate (MTA) S in vitroz QAZFX|FA Eo| L3195 vl FAAES] WEE 2AKS
Aot
AR .

A TS MTAE teflon tube (37 10 mm Z°] 2 mm)ol|l Fo} 4413F 4 3tA1Z]1 FHDPCsell 283t a, 22 1l
tubeTHE A8t} 6, 24, T2A17F F total RNA FZ319] microarrays ©|-&3to] ¥Aj5le], 28) o]} = ANl o]}
o] WglE Hole Al 5 Add oz AHAL FHEA Aukg-(reverse transcriptase polymerase chain reaction) < A
S3to] IS gl

24,546709] FAAF FollA 109709 F4 27} 28 014 up-regulation® %1.2.H (. FOSB, THBS1, BHLHB2, EDNI,
IL11, FN1, COL10A1, TUFT1) 69702l #3447} 50%°13t2 down-regulation® $tHel. SMAD6, DCN).

MTAE bio-inert?dt Azepr] Hohe x¢A Eol| ¥t A28 ek FE A8 AHRdd. 53] FAEe] 239} =
2o FoJsh= At Wslol gk Frf 3]s Aol Hoste Fzke] Bk A A Jgke et Al

FQE]: X452 XA E, microarray, mineral trioxide aggregate, Al 3E&38}h, A X524
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