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ABSTRACT Objective: To observe the effects of Formoterol (f 2-adrenergic receptor-specific agonist) on the differentiation of rat
osteoblast-like cells. Methods: Osterix and RUNX2 are osteoblast-specific transcriptional factors that are essential for osteoblast
differentiation and bone formation. RT-PCR was used to detect the Osterix and RUNX2 genes expressions during the treatment of
different drug dose,the expression of P-MEK and P-ERK1/2 were measured by western blot. Results: (DThe mRNA expression of cells
cultured with a concentration of 10"mol/L of Formoterol are obviously low. @ The protein phosphorylation of ERK and MEK in
osteroblasts decreased at 30min treating the cells with Formoterol. Conclusions: In the present study, we examined the molecular
mechanism of Osterix and RUNX2 gene expression, and found that Formoterol inhibited Osterix and RUNX2 expression in the mouse
osteoblast-like cells, Formoterol-induced decrease of Osterix and RUNX2 expression may occurred in dose-dependent manner through
the activation of extracellular signal-regulated kinase pathway.
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1.1 KIeEhHFniR 5

Formoterol (5[ SIGMA /2 7]) , TRIZOL 7] (2£E IN-
VITROGEN A #]) , ¥ sl 5l (G T AE WA /), Mix [ify
(RIRAMFHEA AR 5149 (3£ E INVITROGEN 24 H) | 31
gt (biowest 23] ) , 30 % N M BERE (Acr -Bis 29:1 )41 a] Il 43
JECEET, 4 F SRR, PCR FVEFAMY (32 [E Bio-Rad 3 +]) ,
AR i B O L (EE ) Eppendorf A 1)) , KI5 4R Tmagel.
12 EWHEMSE
12.1 KRB 7R T RIER B MRS ZF 3 it SD
K ERBIHER AL T, 75%I kG 1= 3 10 43, T F- AR B B
MU EFBCE, RERIUR AR 2 24141, PBS Wi nh k)i 2 i 1 i
JiE PTG TR 5 el MR BT %5 97 W (DMEEMYF 12) [ 52 s+
Ui, 2RI REAIBOR R W T I P2 RSB, o L IR B2
BB A 25ml BigEid, T 5% CO,, 37 AR 5514 T 55
Fro B ARETRUL 24 /NI G HI. LLS R = R4 —IR . FRANIE;
BEIL Ak 80%FM, 25 5 0.25% A PS8k (B Ak, T2 08 1.2 [b il
R .
122 BZRBRTHBMBFSHE BOE 3 ARME, HHE 1x
10YmL AL G B AZSFLAR T, INA S 35 550 (B - H M B R
1 10mmol/L , Hi ZEKAN 108mol/L, 4i4: 2 C 500 g/L) 5,
123 EWHE misSsafdhimA B 2AdR ¥ 55 (For-
moterol) , 3% IR A0 Mu 2 R LA MR BE 2 « X B2 A 21 Onifs
IR0 ,nzy B.C.D 2553512k 10°mol/L, 10* mol/L,
10"mol/L.,
1.2.4 RT-PCR #¥ R B W37 S FLAR T 1557, PBS 1R ik
Ji , 4% B8 Trizol 55U W] FH2HL RNA B 1y T RNA #, #% 8

WK S U Y A3 A S AR R L5 % PrimeScript Buffer 2y 1,
PrimeScript RT Enzyme Mix0.5y 1,Primer 0.5y 1,Random 6
mers (1004 M)2u 1,RNaseFreedH,0 £ 2 % 10y 1, T PCR #4
PEFL T B s, SO |9 (ng 1) / Primer #0PFTHE 1L,
724) cDNA F 20 CARAF,
1.2.5 PCR KBz HU 24 IRT SR In A BN T — 250 PCR )i
{& % v ,Taq PCR MasterMix12.5u 1,PCR Forward Primer
(10 M) 1 p 1,PCR Reverse Primer (104 M) 1 p 1,dH,0 ( K #
FEMWIK)8.5 u 1, JZ i &%AH Osterix \GAPDH T A8 14 94°C |
Smin, 5P 94°C (45s, 3l k 57°C (45s, ZEfifi 72°C .60s, I 25 4
TEER, ZRIEAN 72°C Smin; RUNX2 FiiAEH: 94°C Smin, A5k
94°C (455, iRk 58°C 30s, ZEfHi 72°C . 60s, 3 25 PMGH , LK AE
il 72°C Smin,  HLUKEEAUE KBRS AR S0 AT RG0S IR
HERT IRE MBI A , 155 H A SEEE / NS AR LU AR
1.2.6 Western Blotting 3% [ C AR A B 20T IMA T
I (107~ 10°mol/L) 2454 Formoterol, i 245 ¥4E FH 30min J5
$EMUEE 1, >R A western blot %, GAPDH /£ 2, 4l MEK
1 ERK & IR IL Y1k, W ahy PYDF IR 7 g8,
Tmage] FAFHAT R HT, TTERAF AT B (E I 2 , LA B 4R
F i (541 5 GAPDH 2% JK B2 LU ABAE S H Y48 1RO AH X 3R
ik,
1.3 Git=om

0T A TS SE g B s DL ARdEZE( 2 S)FRoR  RHISE
TR SPSS16 HEATER /317 , BEFI I LAY t A5, p<0.
05 AN AL X

% 1 RT-PCR RRZ5|#)
Table 1 Primers used in the RT-PCR experiments

EE & #R( Primer names) S|¥1F 5 (sequences) K E(bp) 452 (BLAST.No)
Runx2 F: 5'-CCATAACGGTCTTCACAAATCCTC-3' 227 NM_053470.1
R: 5'-ACTTGGTGCTGAGTTCAGGGAG-3'
Osterix (Osx/Sp7) F: 5'-CTGGGAAAAGGAGGCACAAAGAA-3' 486 NM_001037632.1
R: 5'-GGCAAAGTCAGACGGGTAAGTAG-3'
GAPDH F: 5'-CCATGTTCGTCATGGGTGTGAACCA-3' 251 NM _017008.3

R: 5'-GCCAGTAGAGGCAGGGATGATGTTC-3'

2 %5

2.1 RT-PCR #&illl mRNA B3R IE

Runxz2

GAPDH

Osterix

GAPDH
& 1 RT-PCR #ill Runx2 FA Osterix mRNA gy 5Ri%

Figure 1 representative RT-PCR analysis of Runx2 and Osterix

£ 2 I\ZG% Formoterol( 107~10°mol/L) 3 X J§ Runx2#8XtRiL 2
mRNA B254L,7 K5 Osterix $%fFiZE mRNA BIZE{L (xt s)
Table 2 Dose-dependent effects of Formoterol on Runx2 and Osterix

mRNA relative expression in osteoblast-like cells( 107~ 10“mol/L)

Group B8 10°mol/L 10®*mol/L 10 mol/L
0.768+ 0.560% 0.501% 0.390+
Runx2
0.304 0.1284 0.091 4 0.0798 4
) 1.298+ 1.139+ 0.693% 0.604+
Osterix
0.499 0.461 0.335 4 0.473 4

Note : AP<<0.05 (10°mol/L ~10"mol/L) group compared with control
group;

S8 AB.C.D WAL, fEINACEIREEZ ) (107~
10°mol /L) 3 K J&5 , 5 X BRZHAHLL , 24 i B.C.D 24 Runx2
AR R, 22 5 A G E T L (p<0.05) , HEE# 2
YIu LRSS, Runx2 3 B SR T BB S 28 A B
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C.D PUZi T ZEMA TR (107~10°mol / L) 7 K5 , 5
XHRAAH LG, i) C.D gl Osterix 135k & B W T %, 22
SEA G L (p<0.05) , H Bl 259 2 /34 i, Osterix
HZRIA T I T B H, (3 2)

2.2 Western Blotting %44l B ERK & MEK #Ea{L B R IE

-MEK
_GAPDH

-F-ERK 1/2

2 Western Blotting %#&i1Z& 8§ ERK & MEK Big{ R RIE
Figure 2 A representative Western Blotting analysis of ERK and MEK
phosphorylation
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% 3 Formoterol Xf ERK & MEK BB B3R IZRI 0T
Table 3 Effects of Formoterol on ERK and MEK phosphorylation in

osteoblast-like cells.

FESEE AB.C.D PUZir, 433 A C e B2 254 For-
moterol(107~10°mol/L) 30min J5 451 &5 1 MEK £ ERK1/2
FR AL ek AR , ST BRE AR L, AT I B.C.D #H MEK }z ERK1/2
BRI AL RN I A TR, 2853 HA G L (p<0.05) ,D
R MEK B fb #1548 B.C 4B i F % (p<0.05) . (M,
& 3)

3 g

HRTET B 2 324K M5 5 1 —Le i 5 e W7 A9 i3 4 i

AR B A L 3AEAE B 2 S0 L ARBLE i i 9845 T i
SRS R GRS, AT IR AR B 2 524K, A
SN EASURIAN . X T B 2 SZORB SR i A A B

TEA RS, SRS RS kB B 2 2 Ak g R T
CAMP/PKA 1% (R AR c-fos FEEI ik, M fE i B 414165
A ARIR B B ZHSCHRIN R B 2 SZ AR B 7 T L 40 i
B 2 o T T o AR A 00 P R WIS 2 I PR AT
FRYTEE MM B 2 SZ AR S 7w Al s N A e
P AU B 2 38, i gs h KRR B 2 2Rk sh
VBT TR B Rl B B R B RN /N R R S A e B e
CE/INASHE B D) T ARt 2 B —E e B 2 324K
R AT LA B ) BMD  (bone mineral density) £l
BMC(bone mineral content) F84 ] i N RES. B 2 ' AR R g%
AT 700 T 00 A4 ol A A 6 19 A 1 AR T A o SV 791
XTI A BT R TG FE A s 5 Lk A DG Sy T B 2
ARSI 1 AN A A R, PR3 A B B A 0
FIVERBLEL, FATHETF IR MRAP 25 A i, 53 fm s e 2
(Formoterol) X (A4/M K B fr) 15 18] 78 52 T 20 g (MMSC) X 1
Aoy

FE VR4 0B AN 53k 1 AN 52 i LT B (1 S R T o
Runx2 1 Osterix & T EEAEH] , JEAFMEER &8 & AMTE
35 DR I 9 R 20 B 53 Ak ) SR AN A 1, DR LA 0 7 53 TR T 1
AR T i 2Rt 1l AR 3 A5 A T R S Ossterix 2 H
HIA IR 1B B B B B 2 s PR, Bl Ossterix /)NER
14 ) J3E T~ 20 B 2 78 4 2 2K 1) B E M Ak R R 70, HRTIACH
Runx2 ] DAAE BB 240 I 534 147 4 B B floh % - 22 o 48 11 1 T
%, ,Runx 2 5 Osterix 454 J5 1l - Osterix 45 8776 1, 15
Runx?2 [f] Ak 3 £ ff AR5 7E 0 L300 A0 B9 B 17T L L 8 1 248 L %)
i — 2534k I Runx 2 AR A A G2 i i A, 17k
U A B 2o AR AU 75 22 Osterix AOFERT, SEBR R, £ K
J& Osterix W] L5 T2 56 28 5 —4 XU ) 3 22 [a) S e 1) 434k
[ B A TTT B 24534k A Bl i A, 3 S AR S RS, AL E
W25 B 2AdR ##3h 7] (Formoterol) (107~10"mol/L)3 K
Jei ARSI 240 B P R S P 2 SR PR Runx2 () mRNA =ik, 5% 1R
AHAHLE, 254 Runx2 BRIk FRE, 4 B.C.D 422 5 1]
B, HEAS 5 L (p<0.05) . 7EIIA T HWIEZ5Y) B 2AdR
#3h3 (Formoterol) (107~10"mol/L)7 K J& Kl %& ¥ Osterix
HIZRIA NRE, 7 C.D b, 2R BA G5 E L (p<0.05) FEH
Formoterol ¥#¢ AN, 2 Runx2 #1 Osterix ) mRNA 3
KA, KRB MMSC [ 808 40 i 5346 324 , Formoterol A L)
il 37T 4 Runx2 FI Osterix BRI IH MMSC B 731k

B 2 2NN BB 4 A3 A IR P BRI i AT AE
S UE AN SR AT 38 5 MM A IR AR TS e T R 2
JHLAE RN A3, O R PN S SR T TR TN e-fos 481 mRNA 7K
-, IR LE 5 8 AR S TPt B 40 B A 40 22 7 A
LM o 53 0] g AT AR S e i PR 33K 1 R P 175 5 e LA
LI A AN T o00E A, A SERNEAT 38 2 375 3 52 0 1B 20 A
ANk, AN 4 6 PRI 52 T S 4 L Ak R B 2B R B
SRR DI 3 RTK — Ras-MAPK {553 [H& A% 2 0 1 B 4 i
B AR R ANk . A S IE SR AR T Sl i T LA
i RTK — Ras-MAPK {5 5 38 % XJ i B 41 Jifd collagen type I,
RUNX2 77 AR, B 2 2SI A il i 5 ik — 1545
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3 fk DA T 4% 8 42 RUNX2 A8 55 [R5~ A A FA Fp S 3R S

TEANF RIS S B BN MR NS fe b, MAPK 8 6L 35— &

GRS, ¥ K 3 b O il - c-Raf (MAPK I8t 8

fit), MEK (MAPK J#[i}) 1l ERK (L} B /M5 59875 Bl extra-

cellular signal regulated kinase, ERK) , ERK J&{55 M\ 400 2 1

e A MUAZ N AL 1B R T2 AR | A R E

il T 21 Hh R S I R A I PR i [ I e

Pk . MEK J& T/ A7 (4 XU 45 S PRV (T I 2 R A R M

AL RUREIR AL TGS ERK,  Jff A 7% 20 M A% i w2 AL

e N 12 Z R IR IR AR SCRE I Rk, BT S5 AR A

K2 TR AR TSR A B R 1. c-Raf J& Ras

U AN 8 2 —, A Ras 5 51E A MAPK 38 B (2

ARG TATINEE B 2 Z ARSI X ERK AR 1L 192 15 193

Wil o FEINA G AT 259 (107~1079mol / L) 30min Ji5, 5% fif

UMIEL, 2541 MEK & ERK BERRAL A Fh i T R, 2553 A

A G X (p<0.05) , £ 10-7Tmol/L £ ,D 44 1% 1 MEK

AR LA B .C W TR, SPREMITEREWRE AT

KRBT AT 11 MEK 1 ERK BRRIL 9714 .

ARSEGEAER IR B 2 Z AR S nT 4] MMSC 21 &5

o] B AR 24k, JF BRI MEK F1 ERK1/2 B2 i) 2

RKAEFATR B 2 SR 5 0 Al 2 A A i) DA S

e TR B 2 ARSI B PR R AL

i, TR B AR A T BB, D B AL BYA ST AR BT

R REAE (H B 2 SZAASh X i 4 o P A T R A4y

TR AR B 2 SZ A B EhE 2il id o-fos HE K By

LU AL, R WY B 2 A2 A0 e B Kk

JE AT R I S R A D) REME B U KRR X S S

R SEBAIT FEAIAIE
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