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1. Cell culture

Mouse muscle myoblast cell line$] C2C12 cell® Runx?
o] A3 29 (OSE2)E 6 copy B9A HE 6XOSE2-
Luciferase reporter’} stably transfection® cell line (°]3}
6XOSE2-C2C12)& ©| &8ttt 6 well plateo] 1x10°
cells/well®] BEZ seedingdlo] 37C, 5% CO2 k7]l A
vkttt wldd o z= 15% fetal bovine serum (o] &
FBS, GibcoBRL, U.S.A)#% A1) 100 U/ml penicillin
G9 100 wg/ml streptomycin® Z$3HE Dulbecco modi-
fied Eagle medium high glucose (13 DMEM,
GibcoBRL, U.S.A)BIA & A3ttt

PKC, MAPK pathway &/33}o] W& Runx29] AA &4
= #Asl7] 918kl 5% bovine serum albumin (©]3F BSA)
I PKC 2234191 phorbol 12-myristate 13-acetate ()3}
PMA, Sigma, U.S.A) =¥ MAPK #47)¢l okadaic acid

(Boeringer margeim, Germany)& =2 & %713t DMEM
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w22 wtsle] 18412 wlakstgitt. =g PKC pathway®
MAPK pathway A+ 958 #23817] 9314 Erk pathway
9] AAA|el PDI8059 (Tocris, UKW P38 pathway<] &
AAQ SB203580 (Tocris, U.K)% 5% BSAZF #7148
DMEMCO.= x| & Eﬁ'O]'J_ 12417 5 PMA (50 nM)E 7}
Blo] 18A17L i ekaisg v

2. Transient transfection

Transfection 3% A 6 well plated] 1x10° cells/well®]
UL seedingdtF o, 50~80%< 2A ezt € o
LipoFECTAMINE PLUS reagent (GibcoBRL, U.S.A)E
o] &3lo] transfectionAl AT, Well & plasmid DNA
(OP955-pGL3, OC1050-pGL3)= 1 wg, PLUS reagent
4.5 p, LipoFECTAMINE reagent 3 #, serum®| X %=
e DMEM ®l1A] 100 4E AH83shH, %4 DNAS PLUS

reagentE serume] EFE A &> DMEM Hij#| 9} & st
1587t ¥ 9 LipoFECTAMINE® DMEM izl & &3t &

N M1 F ohA] 158 Bt Ao ARt vk Fol
A A zo] WA E serume] EFEA &L DMEM #A] (800
d/wel)E 2% F transfection £9 (DNA-LipoFECTA-
MINE)Z 7 welldl 200 {2 ZH7}stdnt. 341752t trans-
fection N7 F A4 FER2 serum$ H713te] 24413F vl gt
2 PMA (50 nM), %&£ okadaic acid (50 ng/mDE 7+t
2 TA] 18A17E v ksl T

3. Luciferase assay

A F2] WAl & A AsL phosphate buffered saline (°]3}
PBS)Z 23] A& % luciferase assay system kit
(Promega, WI, U.S.A)9] reporter lysis bufferg well%d
250 MA A7Vste] AL lysateE BALE. ©|E lysated
15%3F 12000 g2 948e g Aldstd 454 100 45
luminometer& luciferase activity® 2% %k] SigmaPlot

RS

program®.=

4. RNA preparation and Northern blot analysis

me

100mm* plateol] 1x10° cells®] B=ZE seedingd F 2
H 5% BSASH 50 nM PMAE #7} H7VeHA ka 244
ZhulFet 3 Aol iR E A Asta, PBSE 23] A2 vt
Chomeczynski®t Sacchi WH o2 RNAE F&33 o,
spectrophotometer® 7 @39 th. A% RNACIA 10 wel
total RNAZ #3] 50% formamide, 40 mM MOPS (3-
[morpholino) propane-sulfonic acid), 10 mM sodium ac-
etate, 1 mM EDTA, 0.1 mg/ml ethidium bromideZ& %7}
3le], 65Ol 1587 A £ oA Wt 1%

)
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agarose, 5.5% formaldehyde®] gel’dellA] #1714 F3tHTh
°]€ RNAE Hybond-N-membrane (BIORAD, U.S.A)2.
FAAMAZ AL, membraned UV lightol =&A# RNAS
cross-linkA1A ™. Probe= Megaprime DNA labelling sys-
tem kit (Amersham pharmacia biotech, U.S.A)S ©] &3}
o (¢-*P)ACTPE #2319k, Membrane2 ExpressHyb
Hybridization Solution (Clontech, CA, U.S.A)2.2 prehy-
bridization< 3A1Zt, 1x10° cpm& *P-labeled Runx?2
¢DNA probe'”Z 16A17H5<t hybridizations A1#H . Sol 1
(0.1% SDS, 2XSSC), Sol II (0.5% SDS, 0.1% SSC)& Al
Hg F -70Col A Kodak X-ray filmell ZH2A1 7t}

I. o7 4%

1. PKC pathway2| &4st= Runx22] Al A 9 W&
£ 372

PKC pathway2] #4317} Runx2¢] A 844 njX]& %4
& Fr1sh7] 98l 6XOSE2-C2C12 cellel PKC pathway®)
A2 A PMAE 0, 10, 50, 100, 300 nMe] s=2
A28t luciferase activityE £33 4%, PMA 5% ¢
E4 22 6XOSE2 promotor activity?} Z71st5.em, PMA
%7} 50 nM¥ # Runx29] A &4¢] 71 S7lete A&
#ASHT (Fig. 1a). T3, PKC pathwaye] &4z g Qg
Runx2¢] &4 F¢-E #&sl7] 918 Northern blot analysis
£ A13g 23 PMA (50 nM)E 7K FollA dizsrct
Runx2¢] & o] Z71319th (Fig. 1b).
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2. PKC pathway2| 24%= =& EX| 88X (osteopon-
tin, osteocalcin)2 MALE S7IAIZICt,

Osteocalcin® osteopontin promotorE ZtZ} transient
transfection A17! C2C12 cellZ°l PMA (50 nM)E #7138t
o luciferase activitys 838 23 osteopontin promotor
activity7F ol vl&] o 291A = F7ketl e (Fig. 2a),
osteocalcin® A-%oE % o) ¥)8l promotor activityZ}
1.5 = 71ttt (Fig. 2b).

3. MAPK pathway2| Z4sl= Runx2 MAl g4t = &
x| §™XHosteopontin, osteocalcin) @l MAFE S7HA|
Zict.

MAPK pathway2] 8437} Runx2¢] AA @4 v]A&
43S FZar] Yall, 6X0SE2-C2C12 celld]l MAPK path-
way? 479 okadaic acid® 0, 5, 10, 30, 50 ng/mlZ
x25te] 18A17F Wl &, luciferase assayE A3t
Okadaic acid® #2g 2FdM = tix T Wl 6XOSE2
promotor activityZ7b 2718t th (Fig. 3a). ®£%, MAPK
pathway?] 8437t & A f39] A 28 nAe 9
82 7] S48 osteopontin osteocalcin promotorE tran-
sient transfection® C2C12 cellEl okadaic acidE 50
ng/ml& A28l luciferase activity® &% ¢ 27 okadaic
acidZ #7138+ osteopontin promotor activity7b thz] <k
49, osteocalcin® 7%= okadaic acid® H7IeF 29
promotor activity7} tiztoll vla) <k 2.480 A= F7Fekict
(Fig. 3b, 3c).
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Fig. 1. The effect of PMA on 6XOSE2-Luc promotor activity and Runx2 gene expression

a) 6XOSE2-C2C12 cells were plated 1x10° cells/well at 6 well culture plate in DMEM containing 15% FBS. After two days,
cells were treated with PMA (0. 10, 50, 100. 300 nM) for 18 hours and assayed for luciferase activity. * 6XOSE2-C2C12 : cell
lines which were stably transfected with 8XOSE2 (6 copies of osteoblast specific element 2)-Luciferase reporter.

b) C2C12 cells were plated at 1x10° cells/100 mm? culture plate in 15% FBS. After two days, cells were treated with or with-
out 50 nM PMA. Total RNA (10 ug) were analyzed by Northern blot hybridization with ¢cDNA probe for Runx2. The amount of
rRNA in the same samples was visualized by ethidium bromide staining.
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Fig. 2. a) The effect of PMA on osteopontin promotor activity
C2C12 cells were plated 1x10° cells/well at 6 well culture plate in DMEM containing 15% FBS. Cells were transiently transfect-
ed with osteopontin promotor vector (OP955-pGL3) when the cells reached 70-80% confluency. After 24 hours, transfected
cells were treated with or without PMA (50 nM) for 18 hours and assayed for luciferase activity.
b) The effect of PMA on osteocalcin promotor activity
C2C12 cells were plated 1x10° cells/well at 6 well culture plate in DMEM containing 15% FBS. Cells were transiently transfect-
ed with osteocalcin promotor vector (OC1050-pGL3) when the cells reached 70-80% confluency. After 24 hours, transfected
cells were treated with or without PMA (50 nM) for 18 hours and assayed for luciferase activity.
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Fig. 3. a) The effect of okadaic acid on BXOSE2-Luc
promotor activity

BXOSEP-C2C12 cells were plated 1x10° cells/well at 6
well culture plate in DMEM containing 15% FBS. After two
days, cells were treated with okadaic acid (0, 5, 10, 30, 50
ng/ml) for 18 hours and assayed for luciferase activity.

b) The effect of okadaic acid on osteopontin promator
activity

C2C12 cells were plated 1x10° cells/well at 6 well culture
plate in DMEM containing 156% FBS. Cells were transiently
transfected with osteopontin promotor vector (OP955-
. pGL3) when the cells reached 70-80% confluency. After
Control  Okadaic acid (50 ng/mi) 24 hours, transfected cells were treated with or without
okadaic acid (50 ng/ml) for 18 hours and assayed for
luciferase activity.

Osteocalcin
Relative luciferase acitivity

©

¢) The effect of okadaic acid on osteocalcin promotor activity

C2C12 cells were plated 1x10° cells/well at 6 well culture plate in DMEM containing 15% FBS. Cells were transiently transfect-
ed with osteocalcin promotor vector (OC1050-pGL3) when the cells reached 70-80% confluency. After 24 hours, transfected
cells were treated with or without okadaic acid (60 ng/ml) for 18 hours and assayed for luciferase activity.
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Fg. 4. The effect of PMA on 8XOSE2-Luc promotar activity
in combination with MAPK pathway inhibitor
BXOSE2-C2C12 cells were plated 1x10° cells/well at 6
well culture plate in DMEM containing 156% FBS. After two
days, cells were pretreated with/without PD98059 (50 #V)
ar SB203580 (25 i) for 1 hour and treated with PMA (50
nM) for additional 18 hours. Cells were harvested and
assayed for luciferase activity.

4. PKC pathway= MAPK pathwayE d735I0d Runx2
o| MAl 24g =HSICE

BXOSE2-C2C12 cell e Wiakgt $ PDI805Y (Erk path-
way AAA) 50 pM2 A7bstAY, SB203580 (P38 path-
way SAA) 25 M-S /M 23 o} F A® HIlskAl @&
o2 e zEsk] MAPK signal pathway® XFdgh 14
7t "l PMA 50 nME #2138 3 6XOSE29] promotor ac-
tivity® 233ttt d A& oA ¥ dixTdiM e PMA
d 2]g 6XOSE2 promotor activityel &7} Aol H|s|
PD98059+} SB203580 A xg] w42l PMAeI 2jgh &4
o] Z7} A=t Aasiad) (Fig. 4).
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Abstract

THE EFFECT OF PKC PATHWAY & MAPK PATHWAY
ON RUNX2 TRANSCRIPTIONAL ACTIVITY

Eun-Jung Kim, Hyun-Jung Kim*, Hyun-Mo Ryoo*, Hyun-Jung Kim,
Young-Jin Kim, Soon-Hyeun Nam

Department of Pediatric Dentistry and Oral Biochemistry™,
College of Dentistry, Kyungpook National University

Runx2, a Runt-related osteoblast-specific transcription factor, is essential for osteoblast differentiation and
function. Runx2 was identified as a key regulator of osteoblast-specific gene expression through its binding to
the OSE2 element present in these genes. However, little is known about the signaling mechanism regulating
Runx?2 activity. This study examines the role of protein kinase C (PKC) pathway and mitogen-activated protein
kinase (MAPK) pathway in regulating Runx2 and bone marker genes (osteopontin; OP, osteocalcin; OC).

Luciferase assay and Northern blot analysis suggested that the stimulation of PKC by PMA increased tran-
scription activity of Runx2 and bone marker genes (OP and OC) and also increased expression of Runx2. The
stimulation of MAPK by okadaic acid increased transcription activity of Runx2 and bone marker genes (OP and
OC). Pretreatment with PD98059 (Erk pathway inhibitor) and SB203580 (P38 pathway inhibitor) prior to PMA
treatment decreased PMA stimulated Runx2 activity.

Together these results indicate that both PKC and MAPKs are involved in the regulation of Runx2 activity
and also the stimulation of Runx2 transcriptional activity by the PKC pathway is through activation of MAPK
pathway.

Key words : Runx2, PKC, MAPK, Osteoblast, Transcriptional activity
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