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ABSTRACT

Comparison of gene expression profiles of human dental pulp cells treated with
mineral trioxide aggregate and calcium hydroxide

Yong-Beom Kim?, Won-Jun Shon?, Woocheol Lee?, Kee-Yeon Kum?, Seung-Ho Baek?, Kwang-Shik Bae**
'Program in Conservative Dentistry, Seoul National University Graduate School,
’Department of Conservative Dentistry, Seoul National University School of Dentistry and Dental Research Institute, Seoul, Korea

Objectives: This study investigated changes in gene expressions concerning of differentiation, proliferation,
mineralization and inflammation using Human-8 expression bead arrays when white Mineral Trioxide
Aggregate and calcium hydroxide-containing cement were applied in vitro to human dental pulp cells
(HDPCs).

Materials and Methods: wMTA (white ProRoot MTA, Dentsply) and Dycal (Dentsply Caulk) in a Teflon
tube (inner diameter 10 mm, height 1 mm) were applied to HDPCs. Empty tube-applied HDPCs were
used as negative control. Total RNA was extracted at 3, 6, 9 and 24 hr after wMTA and Dycal application.
The results of microarray were confirmed by reverse transcriptase polymerase chain reaction.

Results: Out of the 24,546 genes, 43 genes (e.g., BMP2, FOSB, THBS1, EDN1, IL11, COL10A1, TUFTI,
HMOX1) were up-regulated greater than two-fold and 25 genes (e.g., SMAD6, TIMP2, DCN, SOCS2,
CEBPD, KIAA1199) were down-regulated below 50% by wMTA. Two hundred thirty nine genes (e.g.,
BMP2, BMP6, SMADG, IL11, FOS, VEGFA, PIGF, HMOX1, SOCS2, CEBPD, KIAA1199) were up-regu-
lated greater than two-fold and 358 genes (e.g., EDN1, FGF) were down-regulated below 50% by Dycal.
Conclusions: Both wMTA and Dycal induced changes in gene expressions related with differentiation and
proliferation of pulp cells. wMTA induced changes in gene expressions related with mineralization, and
Dycal induced those related with angiogenesis. The genes related with inflammation were more expressed
by Dycal than by wMTA. It was confirmed that both wMTA and Dycal were able to induce gene expression
changes concerned with the pulp repair in different ways. (J Kor Acad Cons Dent 2011:36(5):397-408.)
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phogenetic protein, dentin sialoprotein, nestin, osteo-
pontin, bone sialoprotein, osteonectins2] &d-< 7}
ato] A FHRZAAZE AT A= G A6
o A EZA A g XA o] ukgel tigh B
Tl 76t XA A dobd dA sl A
EZA A 93] FEEE 173 THAA 93-S Y A
TR ] AR RJAA o thste] o}A] WA T E
Fotal ot 5ol Az 288 MTAS <
Foll hefr] X|FAE7L o 27] w3 X<
= A tisiA = el de X vkt gick,

Z o Q7 X 42| =714 E(human dental pulp stem
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Aol A& E et ¥ a2y A F74A] MTAS FAatshd s
o7 XFRxEe AdeE W AFAEAAN dojvke
ANk A I WSt e Akt AFE filT
2 AFoM e HEAQ] AFEZAAQ] MTAS F4tsbz
FAANE AA A EA| ALt § microarrayet JHAL
THEL A4RES-(reverse transcriptase polymerase
chain reaction (RT-PCR))< ol-&ste] XA £9] £3}
o} 341 433}, 2P B3P A (angiogenesis) 1211 G5
o #ste FAAES] HekE AEstust kot
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1. AZER|=M|zz 2| LR azEH S

9 dfoll dler BE Adnyge Agudtux] A
AT 939 5l stoll 2188t THCRI09026).
RIREAFA O e 2 ke tha 2 WS A
AT WA FA] Aols AT E9= ALt
%14 (phosphate-buffered saline)ol ¥ Jej= 2
2 o]Fe & #330 burg AHE-ste] WA 77
1 mmollA] o2 dekat}. o]+ X522 2AA
HA Adlo] bladeZ ZA HolA 4 mg/ml dispase 11
(Roche, San Francisco, CA, USA)¢} 3 mg/mL collagenase
(Sigma, St Louis, MO, USA)7} 1 : 12 &3¥ &4
B3 37CAA 1027 vHAIZ1 ) HojA] v 24 o]
219 NEZES Hobx U4l 8 H A E (pellet) = &
ATt ol55 10% avold A (fetal bovine serum,
Sigma)©] 38 Dulbecco s Modified Eagle’ s Medium
(DMEM, Invitrogen, Carlsbad, CA, USA) Hj#o] =
FAA W A7 A 49 o 6 well culture plate
(SPL life science, Pocheon, Korea)ol Alght2 AEE
o] ZHUT} MxEFe} AYEEE trypan blue G
3 glstia, SHA Aol A THRA AliAtele] AEES
o] & Add AR AT dFAH S (Hemocytometry) <]
WS o] g3to] XFAIEE 10% A8loldd, 100 U/mL
penicillin® 100 ug/mL streptomycin®| 447} e+
DMEMel| 1 x 10°/well] B=2 FF3ta1 37C, 5% CO,,
95% air’d el Al 24417t vl oket & Ad o] ATt

b ok oly
* oZ > 1> ofo

> O

2. 4" M=
WA 10 mme HZE FEE 1 mme FAE ddsto]

ethylene oxide gas &%5< A3t ©] & white
ProRoot MTA (wWMTA, Dentsply, Tulsa, OK, USA) %t
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Sl as 238 o]A4AIQl Dycal (Dentsply Caulk,
Milford, DE, U SA)= AzAR AN R Egtate] FHE
HEE FH Aslatatt. &3 447 F A1 0.4 9]

F=37] (pore size)E 7FA+= permeable transwell
insertion (SPL life science)$1ell &4 XA L 24
AEo] A 2A 6 well culture plated] 23Ut 7+ well
o 3 mLe ¥ F7F FHeH Wl FEE Y wellS
ZFo 2 AFEslTh A|He] 28 I 347, 6A7E, 94
2, 2473k 22 F(n=3)¢] AEE FHA total RNA
o] 3o ARSI,

3. Microarray

Total RNA<E Trizol (Invitrogen, Carlsbad, CA,
USA)< o439 F&3t 2™ RNeasy column
(Qiagen, Chatsworth, CA, USA)<S o]&ate] Ak
th. =% total RNAS FFslete] YoM -80T=
BHastith. RNAY 29 2442 22t Nano-Drop
UV Spectromter (Thermo Fisher Scientific,
Wilmington, DE, USA)$} Agilent 2100 Bioanalyzer
(Agilent Technologies, Palo Alto, CA, USA)Z °]&3}
o 0D260/2802}283/188S vl &< &1ttt

Microarray 432 Whole-genome gene expression
with IntelliHyb Seal System (Illumina Inc., San
Diego, CA, USA)= ©]&sto] AZAPF A G ol wh
2t AAlstiTh”

AME7re] Blal 24, Fold-change’} AHEHI9oH, <]
g Aol & A Y= (|Fold|)2) F42He b2 2 Panther

Table 1. Primer sequence list used in RT-PCR

database (http://www.pantherdb.org)E ©]&3te] 3
7 FHAHE9] 54 (gene ontology) S #F3H5ATt.

4. RT-PCR

RT-PCREA | A€ total RNAE microarray 28
of Abgsla H A AHESII T Maxime RT-PreMix
(Intron, Suwon, Korea)& ©]-83ste] RNAIA ¢cDNAS
Fsta, frofd alo] & Hole f3a 5 544 2 A
o] §42 primer®t Maxime PCR Premix (Intron,
Suwon, Korea)E ©]&3te] RT-PCR= Aldst%th
(Table 1). PCR §H&-2 ®43(94C, 3%), 30cycles] 5%
(94, 30%; 57T, 30 72T, 30%), H|&A3}H(72C,
T2 T8t 2t $5AEE 1.5% agarose ollA
A719F5HAY 1, 1027t ethidium bromide$- oz A
AlA Gel-Doc (Bio—rad, Hercules, CA, USA) .2 &z
&k 5, o]5o] tI3t band intensity® 33t A
o A Id s Hlasty] e HA 2 fExe
band intensity® GAPDH®| band intensity® %7 3t

+, WMTA 22 Dycalg 443 159 band intensi-
tyE 279 band intensity® W7o %AI5F T PCR
< 77k 3w Aldet & O agks TEsT

2 1
1. Microarray

3AIZE, 6AIZE, 9AIRE, 24413 F o] = AlRtelA et

Target gene

Primer

Product
Reverse Size (bp)

5 -GAA GAT GGT GAT GGG ATT TC-3 313

Forward

GAPDH 5 -GAA GTG GAA GGT CGG AGT C-3’
BMP2 5 -ACT TTT GGA CAC CAG GTT GG-3’
IL11 5 -GCA ATC TGA GGT CAC TGC AA-3’
EDN1 5 -TTC CGT ATG GAC TTG GAA GC-3’
CEBPD 5 -AGA AGT TGG TGG AGC TGT CG-3
FOSB 5 -GGC TCA ACA AGG AAA AAT GC-3’
TUFT1 5 -GCA GAA AGA GGC AGA AGT CG-3’

FOS 5 -CTT CCT GTT CCC AGC ATC AT-3’
THBS1 5 -CCT GTG CTG CAG ACA TTG AT-3’
DCN 5 -GGA CCG TTT CAA CAG AGA GG-3’
BMP6 5 -TTC GTG CTG GAG TTT TGT TG-3’
FGF5 5 -GCA AGT GCC AAG TTC ACA GA-3’

5 -GCT GTT TGT GTT TGG CTT GA-3’ 296
5 -TCA CAG GGT GAC TTG TGG AA-3’ 300
5 -TCT CCG ACC TGG TTT GTC TT-3 300
5 -CCA GGC TGT AGC TTC TTT GC-3’ 300
5 -GAG GCC AGA AAT TCC AAT CA-3 297
5 -CCA AGC AGA ACG AGA AAA GG-3' 152
5 -GTC AGA GGA AGG CTC ATT GC-3' 298
5 -GAA CAC AAT CCG GAT CAG CT-3’ 148
5 -AAT GCC ATC TTC GAG TGG TC-3’ 147
5 -CTA ACC CTG TGG CGT GGT AT-3 298
5 -AGG TGC AGA AAG GGG AAT CT-3’ 303
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[Fold)29] 245 wHEste 7S delatsith

foldgtel & A&} thze] gl e =3

Aol7k lEAE (ddwe #) / (xzze] ez Ay
™ A

oA 2.8u] T o] WHE Aolx -5,
vl Ago A 5.5u7FE B E S ofn|gitt,

[lumina HumanRef-8 v3 Beadchip (Illumina Inc.,
San Diego, CA, USA)o] FaH 24 546719 wAA 5
WMTAE 283 AFA ZAM = F 68719 A elA o
Z73} 28] o]/ fold#t WMstE B3t Dycals 483
A FA ZAM = F BTN A el A 26 o] <] foldgk
WSS Bt wMTA o) #shet 6870 F42 &
4370] Fd A7} 28] o] % o] Frtsta o™ 2570
A27F 50% olatZ +adtlth. Dycaldl ©fsf ddo] ¥
shak 59770e] A 3 239719] A7) 28] o] F7F
atlom 35871¢] bl 50% olat= 7Hasteint,

wMTAS} Dycalel| 9&l 2d A =7t Hglet f4219] F
& vl tH(Table 2). ©15 wMTASF Dycal 25l
A 28] o] Sk fAAlE 19 e 25 50% olst
2 fag A= 57T ofof vl wMTA A = 2]
o]} 7kt 2y DycaldlA = 50% olst= 7ragh 4
A= g em wMTAC A= 50% olstz 7hassl ot
DycaldllX = 24 o3 F71at A AE TS wMTA]
A 28] o] S7FHAY 50% olat= FHashe Wshrt il
O} Dycalel 9gt W37} gl FdAke] = 3871t

wMTAS} Dycal 483 Al Eol|l A W8}k 6871, 59771

o] FAAES A& 74 (biological process)dl wheh &
FotAth, wMTA <Jsll A1 A FAZUe 42 ¢
ol Ao Ad A 2y Wil giAL nucleoside,
nucleotide and nucleic acid metabolism, H%4H-g-3} ¥
o71d, Az FA 7 3} A2 i Hoste F4
A o2 Bekth(Figure 1). o]l Blste] Dycalell €JsfiA]
A AFAEZRe] A4 238 W= nucleoside,
nucleotide and nucleic acid metabolism, 42132 A&,
A by oA Al AlE 7] (cell cycle), AES] T
29 54 (motility), AEe] S22 3}, Wv-g-2 v
o17]1 - #ofsh= At o2 BktH(Figure 2).

2. RT-PCR

RT-PCR wMTAS$} Dycal< 6417, 9A1ZF, 24413 A
3 AT A 22 Al o] AL EE o] vlwrt
7F&3t bone morphogenetic protein 2 (BMP2), inter-
leukin 11 (IL11), endothelin 1 (EDN1), CCAAT /
enhancer-binding protein delta (CEBPD)$} 2+ A|7HH
o £ A &S Hol= FBJ murine osteosar-
coma viral oncogene homolog B (FOSB), tuftelin 1
(TUFT1), human homolog of the retroviral oncogene
v-Fos (c-FOS), thrombospondin 1 (THBS1), decorin
(DCN), bone morphogenetic protein 6 (BMP6),
fibroblast growth factor 5 (FGF5)el tisle] A|8)s}3 2.
1 Z3E ol o FfstAtHTable 3).

Table 2. Summary of expression profiles of genes differentially regulated by wMTA and Dycal

Fold change

Number Gene symbol
wMTA Dycal
fold » 2 fold » 2 17 NUAKI1, TRIB1, SGK, FZD8, NOX4, ABCA1l, SLC35F2, BPGM, IL11,
PMEPAT1, ASNS, RCAN1, BMP2, PTGS2, PTHLH, STC1, HMOX1
fold ( -2 1 EDN1

2 fold ) -2 25

LOH3CR2A, ANGPTL4, SH3BP5L, MMP10, DENR, DACT1, SCD, SLC46A3,

UAPIL1, PDPN, FOSB, TUFT1, TNS1, ZNF365, ESM1, HBEGF, NKX3-1,
MAZ, AK3L1, ETV4, MT1X, FOLR3, LRRC17, THBS1, COL10A1l

Subtotal 43
fold < -2 fold ) 2 KIAA1199, DHRS3, CEBPD, KYNU, SMAD6, ATOHS8, SOCS2
fold < -2 5 PDESA, HERC4, DDIT4L, VCAM1, SLC25A22

2 ) fold ) -2 13

TIMPZ2, FBN2, COL3A1, MFGES8, CNTNAP1, MFAD4, UBA7, PRRX2, VPS24,

SIPA1, ASAM, PHF15, DCN

Subtotal 25

400 Kim YBetal.
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Signal transduction
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Protein metabolism and modification
Nucleoside, nucleotide and nucleic acid metabolism
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Cell adhesion

Lipid, fatty acid and steriod metabolism
Transport
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Figure 1. Classification of expressed genes by wMTA treatment. The genes which were up-or down-regulated by at least two-
fold following a cellular treatment with wMTA at any time point were classified using the panther classification system
(http://www.pantherdb.org).

Nucleoside, nucleotide and nucleic and metabolism
Signal transduction

Developmental processes

Protein metabolism and modification
Cell cycle

Cell structure and motility

Cell proliferation and differentiation
Immunity and defense

Transport

Intracellular protein traffic
Carbohydrate metabolism

Lipid, fatty acid and steriod metabolism
Other metabolism

Oncogenesis

Apoptosis

Neuronal activities

Amino acid metabolism

Protein targeting and localization
Muscle contraction

Cell adhesion

Sensory perception

Miscellaneous

Blood circulation and gas exchange
Electron transport

Sulfur metabolism

Non-vertebrate process

Coenzyme and prosthetic group metabolism

164

0 5 10 15 20 25

Figure 2. Classification of expressed genes by Dycal treatment. The genes which were up-or down-regulated by at least two-
fold following a cellular treatment with Dycal at any time point were classified using the panther classification system.
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Table 3. The relative mRNA expression levels of genes analyzed by RT-PCR

ohr

9hr 24hr

Symbol

wMTA Dycal

wMTA

Dycal wMTA Dycal

BMP2
IL11
EDNI1
CEBPD
FOSB
TUFT1
FOS
THBS1
DCN
BMP6
FGF5

1.88 2.31

1.99

1.28
1.57

2.38
1.41
1.16

0.26
2.07

1.77
1.89
0.58
11.93
0.25

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 (n=3).
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o] FH e Ayt BEHACH 3 AA A 27}
2RO ER B3l e #4o] BMP2e| oA FXH =
o] HuHth* & s wMTAE 6417t 94
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THFoA eld SMAD @l d e §7txoln o] &
SMAD6+ Co-SMADS! SMAD49} 7 A8l inhibitory
SMADZE g3t Aoz g4 gt £ AgdA
wMTAZ 6AI7F A &-3 AdFol| A t 2Rt SMAD67}
50% olst& raatH Dycals 9417t @%@ 28 ol A
T H2TET 26 o]} F7ksle Fe BAY TGF-B
familyﬂ AFA 2] E3he} T Fagh JFE nFIt

A7 AL nd & v wMTAS Dycal®] SMADG
Oﬂ gt vt A Sr 28 dielg & 4 gl

THBS12 724 geide) dFow Azt g

ojuvf Aol 71de] FeAeS wizlshE 715 H TGF-Re
Agtslo] o] & ST 7es e AR deElA
o 5% THBS1LS 224 oy 2222 e LA
om A fold (predentin) oA Tt —‘E s 53] 24do}
AEAA F2 FHHUOH o2 S T &
THBS1] AAIEel| 2la) daste ﬁﬁ:@} WA &
83 g5 & Jhsdol AVIHUAT. & A A
THBS1°] wMTAE 24X13F &8 A@well Tk
o 2v) o] FTkelTt. olE @ Sk wMTAZE A4
A o AFAE S 4‘?"1]3‘57P oM 22 Flet=
bl #ofshs FHAES] st SAshe Zlolg 58
oh;].

F 2ol AFel|A EDN 847} &390 2o} 27
ThFstHAl Exshe 7ﬂ % gRRlIgh & EDN1e] #|ofe] Ay
Wl theket 71 & 7HeAE AT o] A+
oA 4 Ak A vkt QIZEX|FA 2] EDN1< 483
B AFAEY S FAREE 713 0] ZAshE T
collagen type 1¢] #Ao] F7lste Fd< BEsIH o
o|& A= EDNI10o] A9 A e} 2| FA| L] Z3}el] F
83 A4S & Flo|gta FEIIT! & A4 EDN1
o] wMTAZ 6A17F, 9417, 24417 243k AdFoA o
ZrEng 28] ol IUteke S B9 Dycals 64
7t 9AIZE, 24417 A& Ad Tl Atz ET 50% ©f
32 7HAE= oS Bt

IL11S S5 A % ( mye101d cel)d] 48< & :

A9 (adipogenesis) < AAAIFH ZFA ZAYA
(osteoblastogenesis) & ZXA7]= 7155 3t o=
deA] Ak IL11S FPET Bo] ddste daxs
# (transgenic mice)olA © 22 23 (bone mass)’} 3
AETE Aol AT ® & A= IL11¢]
wMTAE 6217, A7, 24417 A 83t Aol A vz
HT} 28 o] 4} “a‘?ﬂﬂo‘ o E3] 9AIZtM e iz 5
] o]’Fe] o] & BT} Dycal2 843 ATl 9
AlZE| ARE 20 o] o] WstE Bt

Axel B3, S, agla AEZARE Fdste X

S 2k FOS family2] sh4<l FOSE &7} <

-
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9 AEEg] Gaks nA= Aoz dHA Uk o)A
AFolA -FOS A 298 523 (knockout model) A
© FGEZAXY AAo] dHdd JAH AT
(osteopetrosis)©] HAst= & }% ﬁ‘ﬂ_ gt 5 ohEAl|
A2t Z9] remodeling®ll Al ¢ Z940] A=Y
o ® W 2 -FOS7} ooz ‘?c_?i A 2EAEe] Y
o o3 E5FS WA= AoE geA ik B A
Hol M= Dycale 942 A& APTAM -FOS7} 2¥
ol =t

FOSBE £ A&dr wMTAE 3A17E, 9AIZE 2431 A
ol Al 2u) o]} AU} o] A4 FOSB 4
2t A3 # (knockout mice)lAE F FAdle HUE o
ol gt 227t E3E H Ak e A2l #3519}
4o #odel= FOS familyd] 44 FOSB7} Z27¢<lAl
X9} ZEA X mR= Gl BIAXE AEHRI A7t
Fostelet AbsETh

BMP, SMAD, THBS1, EDNI1, IL11, ¢-FOS 282
FOS #4729 ¥ W32 Kol 23S & o wMTAZ}

TR R A A E0 E5ket S Befste 4
Ape] Wste] o B J¥s F= AR Al T3 ¢
2]gh Eohe} S2lel| Hofste Ak wE Hst vjw A
o] A7l AlFE S & 4 3l

Ak oate Al ¢ 7] dd 248 chemical signal-
ing polypeptide®] ¥Fo= M2 &3, 4 18 A
22 2AFE 7)5S ) S 25220 AL Ho) 2B
Fotd S Fste AN SR F9=2 e da
A7 8Ew ol dFAelets Mol Akt AAE
#34 +==4 (angiogenic inducer)ol tdt B A7}
=it

Vascular endothelial growth factor (VEGF)=
VEGF-A, -B, -C, -D, -E, 281 platelet-derived
growth factor (PDGF)9] 67H4 /= €t ol&
VEGFA% VEGFB7} A #3 A3 Aol de Jo&
d2 A gtk @ w3 VEGF+ wlote] d4 (embryonic
development) #4 Folu &35 W A A A2
FHE AAske 9&E drt. o]d AoA VEGE7} A
FAZol| A7} EH)A (autocrine pattern) &2 2H 2Hg-
ato] kA (chemotaxis) % Al 29 $4 3 #3515 £21
Al7IH Gzl 9 iHEs] &4 (alkaline phosphatase) &
7T ARE SAR AT 23MHER &
slet=dl VEGF7F #98 7H/d 2 AlA ;}Od‘:} e d
FolA VEGF7} Zotd AMER =i 44 A
(angiogenic growth factor)7} ”0} A5 BFA
(dentinopulpal complex)2] 2| gl 7]ofttia B
gt B Addd wMTAS A &3 AdTdMe
VEGFe| tigt o2 wsizp #2w] skt aev
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Dycals A-&¢t A@Tol|A] VEGFAZE 92t A 28] o]
&, 24717 e A 4u) o]/3e] WistE Bt} FAksld ol
Agshe 71dE e & o ol dde] tes] &4
o g3t ARG S THs=A o H Yo ER
wilele B Bl gle FHAke WgE Fds=A
o thek F7HA Q1 E4lo] B astele} Al

Placental growth factor (PIGF)E VEGF2] sub—fam-
ily9] ¢ TRZ ARG Ao T3 98-S st} PIGF
= VEGF$} o3t A& 4% & dor AHAQ0 fAEd
3= A9 gloy B x| VEGRE Hdudt o 2
o] ¢4 N7E TS e AR gEA U £
A M e Dycals 2447 A-83 Agol A 26 o] %
S7kke s Bt

FGF family= wiole] &4, 3e84 (morphogenesis),
Azl %, 229 A, Gl AR G Bdah,
ol% FGF5hE A AEH f=4 A% A & /=2 ¢
HA it & AN b2 4% dAeE tEA Dycal
< A8 ATl A 6A17E, 9AITE, 24417 A 83 7 5o
FGF57} 50% o173 aske ZAds 1o o)d gk
AlZto] 45 HesiA = Fs EAT

VEGFASH 22 A A AAsL 7|4 S Eslste
ol Fal E & (proteinase) o] WS A=ste] AlX 9
7149 remodelings £#3}1 A2 &2 A% (inva-
sion)< X8 €t} 2B 2 o]y o
o] v]ggl= AP AP & dellete 98 s €
Tissue inhibitor of metalloproteinases 2 (TIMP2)+<
metalloproteinase®] €45 7HAAI7]H Q17E Ujg] A L]
A AFA R dAlEte 75 s 7 Akt A
Aoz TIMP2E A8 RIS Welsle A2 ofH &
AZME wMTAE 24417 283 3TN TIMP2
o] #o] 50% o) fadhke FFE Hit g Ry
e freske A% A A Bde wMTARD
Dycaloll 2JallA &3t WslE Kol Zoz g1t
olg|g dito] gt ol ik AR Ak
Fol wMTASE th2 71-of g ZaQIA|of| tigh 3714
ol A7 Hastefet AR E T

TRl PAE = A F g DA H3gE =
Aot FAzke Wl A 2 dFA oA gl & 9l
Atk 2 Adof| A& collagen fibrillogenesis$t A4 (mat-
uration)el #&o] 1= DONo| wMTAE 24413t 283

.

[e3

[o rlo

an

s} 2 5 DON F2Ake] wd v} A3 gle] vk A7}
ofg] dApelx] B ST £ AgdA wMTAS A&
& ¥ vehde= DONG 5243 247k wMTAZ Al 552
AAEA 7= F83 dobd 5 S A
A FEisA wkdshe Axteta AFREE Collagen type

404  Kim YBetal.

X alpha 1 (COL10A1)& A= &3} endochondral
ossification)7} €y Bt At v ASAE
(hypertrophic chondrocyte)®] AH==Z ¥eix gtk 3
2] Aol A BT A7t WA organdt HPEA
| Collagen type X ©] thekstAl EAlste Ae 29l ot
Foh* 2 Ao s wMTAS 24417 283 AT A
COL10AIel A8 7k 32 Bairh. 2y col-
lagen type 12} collagen type III= 242} Dycal#t wMTAS:
24717 A &3 Ao A fradhe A s Bl

TUFTE Alote] M@ 2 e itshd gdud
shtoltt. TUFTE 2 M3del d48E A7l 5 &
717kl %t Yehd7] wel] o] A3lstE AR
247 AA HA* TUFTE W32 49 271
v W 2AH X (secretory ameloblast)ol F2 2
n 53] Tomes processolA T2 WA, £ Hg
do] P& JoPiEd AA FHdAM Hese a4
Holg 0 2 Agor= wMTAE 9A17 A48 Aed ol
A TUFT1e] 24 o] S7kste < 23l wMTAS
A5 AFA 2N WP 4 dAHE AR 5
== COL10A1% #7 TUFTS fraapt s e A
Ansle @dolgta & 4 ot

ol = dZol 23l WA= FHAAEY WstE
HEE A Ao AR S22} £
A= olFsted Fed 2o] A d3olzH
T de I9A U9 Age 95 2ol 3842
g orh T3 gt 45 A TS
W71 Wil AFHZAA7F G5 oF7]shes
ZA| A 2] deel] QlojA] 43| mesfof sl

Heme oxygenase®] 37} isoform% 3hel heme
oxygenase 1 (HMOX1)& ottt ap=oll gaf A=
2Ef 20| ¥hgshe @ doltt ! HMOX19| 71%°] ¢
3] dEAA = SR Az 27| HI} Wol7]
Holshe Aoz dHA] Uk 2o AFAA AEEH
cytokineo| Wt ZHiksharane] o gk XA Eujj o] HMOX1€]
B 21 & HMOX1o] AFA ] Wol7]|de #o
& 7Ve S ANBIAT S B Ao wMTAS 443
AETAAN T 2447k A 28 o] 4e] WstE Ho|n
Dycal® &g A@zA= 3A17E, 6413, 9AIZE, 244]
ZrolA] B 28 o] Fe] gl Holn 53d] 24Xt A=
22 vlwsted 148y B2 WskE BTt DycalollA
HOMX1¢] ¥sh7} o wol TAste A3 FAsizgol
WMTART |24 27] 452 o Bo] 2=
A8714E & whdstal olrka AlRE T

87/M2 T4 ¥ suppressors of cytokine signaling
(SOCS) family= Janus kinases (JAKs)¢} Signal
Transducers and Activators of Transcription (STATS)
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9] pathwayg dAlste 9&s dth” =3 SOCSE
multiple cytokines JAlse= 715S 71 9loH 53
SOCS2+ of2gj || o] FE5+= lipoxin®] 9548 =
w7 et AP—E 4 A o A7e 22 E SOCS
o] wglo] =EAT of 2] 229X SOCS7} HE = A
7F ke A Nl ARE F5E0T A2 AT
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