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B%%@% [E 18X AL 18 iId Hippoid BRI = /R
e 8] 7 Jir T ZH Rl pR B 5 AL B SR IS i 37

i% RE % FT0r FEE KE EHK
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FEE] BH §irse RIS R ILEAOCHK (CGRP) REMSAL LR ML A Pp2iid v, S T iE— 248/ R CGRPTE
BBEEPAER, KICGRPXT/NEUEBEE 7R T4 (BMSCs ) BB MERIRENT, H-X Hippoil B e X A~ 7 Hh i)
VERBT TR, Bk ERINESIEFRBMSCs P I A FIVR EEICGRP,  4b¥H48 his AR ERERREG (ALP)
TPE, ARk s AL BT AR AT o RLLG @, 2 A AN i) o3 AR Bl o 1 F Western bloth: I CGRPAE
FBMSCs/i7, Hippoif 4% .0 431 Mst1/28E 8RR AL 5K -5 FI FHippoid B il 458175 ( Verteporfin ) B
Wi T UFYapf's, 30 SR A A SR AS NG A DG 7 T AUISEE T (Col 1) . RunthHICHE - F2 (Runx2 )
mRNARZFRIEZ M, R ALPEMAINSS R TR, S20x B4, 107, 10, 107 mol- LR EF i CGRPHE
A B E IR NALPTR RS8N ( P<0.05) , LA10 mol- LYk BE fCGRP IR AEHSR B . 1108 mol- L ¥ i CGRP
W, RGO BRI B 2. CGRPRENS 3 Fillp-Mst1/285 [1193R 1K (P<0.05) 5 iz 1)
Verteporfinlif, @K T CGRPIFESIYRunx2, Col | mRNARIZIE (P<0.05) ., 451 CGRPHEMS LI/ BMSCs
(A7 4k,  HHippofis Sl 5 7 CGRPYE] T/ N BMSCs il B4 it 7
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[Abstract] Objective Previous studies have clarified that calcitonin gene-related peptide (CGRP) can promote the biologi-
cal activity of osteoblasts. To further reveal the role of CGRP in bone repair, we studied its influence on osteogenic differentia-
tion of mouse bone marrow stromal cells (BMSCs) and initially explored the effect of the Hippo signaling pathway with this
process. Methods BMSCs were induced to osteogenic differentiate osteoblasts by different concentrations of CGRP for a
screening of the optimal concentration. CGRP was added in BMSCs, then the activity of alkaline phosphatase (ALP) and the
number of mineralized nodules were examined by specific ALP kits after 48 hours and alizarin red staining fluid after 7 days,
respectively. The protein expression of p-Mst1/2 was measured by Western blot. Verteporfin was used to block the downstream
Yap signaling. The mRNA expression of collagen type I (Col I ) and runt-related transcription factor 2 (Runx2) were detected
by reverse transcription-polymerase chain reaction. Results Compared to the blank group, different concentrations of CGRP
(107, 108, 107 mol-L™"), especially 107* mol-L"!, significantly increased the ALP activity of BMSCs (P<0.05). Alizarin red
staining also showed more mineralized nodules in 10® mol-L"! group. The expression of p-Mst1/2 increased in the CGRP group

(P<0.05). Verteporfin treatment effectively decreased the mRNA expression of Runx2 and Col I (P<0.05). Conclusion The

Hippo signaling pathway plays a role in CGRP-induced
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FEEE R FLRAIEAK (calcitonin gene-related pep-
tide, CGRP) 7B A H . HRW . HBEELILME
A ] B %) i 2 i oA LA S A B AR L R
AP AERTA L5 b &3, CGRPHE R #E i
PRSI SR B9 A MG-63 38 B 20 LR 240 16 R0 SRR B 4 i
F3EFE AN A3, I HARSE TMG-634i i 8 11 417
CGRPZ 5 EAI B E ot B b ay A (b2, Xebss
REMUIES T CGRPIER R M HAMHEEE L, &
VT, — 47 S0 20 it PN B % Hippofs
A, DRI RS I X 4% 4 i AT A 1 ] 40T R A
AT DL R4k, RV 22 A BRI P R A S 8
ARG TS, BB E ARG 20 A it
B, MU, AiE R DU Z E R PR =
S SR A s FECGRPIFHE B Ml FE e,
Hippofii 538 R A0 S oH iR WARSCHGE . AR
eS8, E-EE 785 T 40 ((bone marrow stromal
cells, BMSCs ) L EA B 58 . Al ¥vEm . Pk
YLRE s SRR, 7B A S EE H  HRT = T
Gy, SR T /R CGRPIE BB i1k
H, ARWFSEEE T CGRPXF /N EBMSCs il & 7 1L 11
S, HAREHETT T Hippoif 4 7E CGRP I A% i) 7
T A EH

1 #RFFEE

1.1 K
/NELBMSCs4H i 2 C3H10T /20 T v [E R 2 e
A RE R B . CGRP ., B-H il B2
By PURIMER . HIZEKHA (SigmaltH], EHE) , p-
Mstl/25ifk (CSTAH], 5[ ) , Hippoid HAil 7
HEFRASY (Verteporfin ) ( Selleckchem/AF], 3E[H ) |
B4R I35 . DMEM/F124557 0 . 0.25%REE 1 (Hy-
clone/AH], SEE) , WHRAYM . FREHEIRGMW
(LR R ERHEARAR) |, R (alka-
line phosphatase, ALP) Al & (sl E A4 172
W), ERNAFEHUAG (RNAiso Plus) . %%
BV & . SEHE R UEOEPCRIAH &L ( TakaraZy
A, HA) , 2EKZY6EEHRY ( Thermo/A ],
EH) .
1.2 ik
12.1 ZHfEEE3E  C3HI10T /24005 ¥ & 10%) 24
M7 . 1% 35 Z IR A DMEM/F 12855538, 78
37 C. 5%CO,RIM AR R SR A h i SR, B R 4
VRKGFRIE, Frdi Rt G i580% 25 A7 B FH0.25% i i
FIRFE AR
122 AP ALPTEYERIN  C3H10T /22 il LA 45£L

X103 B3 B PP TofLi P, Rramfig e K &
SRR, AmA0 (25 FAXTERZL ) | 10710,

10°, 10%, 107 mol-L'ACGRPHFITAL B, 48 h)Filk
AN R, FRH S FALPYE PRI RE

AR EINELL,

123 PHRLIYe(n C3HI0T1/240ME LAEEFL1x 105N
FERERFoFLA R, FRANBEIGBEE S BEAL S RS 6T
HEAANSCIG2 . 28 FIXHIRAUAINCGRP, SERGALMA
2108 mol- L CGRPAYHEFREE, Ffl2 mL, 433 d
Bl —IR . 7 AEFEEEESREL, PBSIPPE3R, 95%C
K L BEERFEE10 min, 0.1%P4 & £0-Tris-Hel ( pH=
8.3) IRM3T CY130 min, ZEMBIKMPUE3R, T,

BhR, BEPUWEASRA R $H,

1.2.4 Western blothilp-Mst1/2#E 1561k Ty 1 WA
CGRPiESFHICIHI0T1 240l il i oAbt A rh R 5 v
K F|Hippofri Z i, K Western blotlli Hipposi
BEAZ AT T Mst1 /28 B fb KR A8 Ak . gt DL AR AL
1x109 B LR Tof L, 24 his iffaieE , 7e
R i ACGRPYEF24 . 48 h/G HE B i a1
FERHBCAEMIFE &R 1 o A5 LR BEAE i
fLEFERE 20 pL. RVIEHEREER FEIK (10%5) 2
W 5%H4EE ) L BEIE2 h, S%A I AEE (al-
bumin from bovine serum, BSA ) ¥4, —Pi4 ChiF
A, TBSTEPE4IR, BIK10 min, MIAAHN =
P, 37 CHFE1 h, TBSTIEPE4UK, EHKI0 min, %
M b~ %6 (electrochemiluminescence, ECL )

MBI B R, IR T.

1.2.5 SRNAFERBCFIZOLE/PCRIGI 1 i —2
B#fiHippofs 52 5 CGRPIA4EC3H10T 1/240 it Jii i
bt SR R Hippoffs i i 31 il 57 Verteporfin
XFC3H10T 1240tk A T Wikb B, g il Hippofs
S5, XCGRPYEFIFC3HI0T1/2400 T B FE A
(collagen type I , Col I ) . Runt#&H#E A 12
( runt-related transcription factor 2, Runx2 ) mRNA
FERFT R, #FC3HIOT /240 L FEAL 110
A% BERERD T ofLAR T, FEREALSY 23 X BE AL A
SO . REANIAL G IR 80%NT , A it HE 4H Ak
BN A RSB TR R (510 mmol-L! B-Hih
WERREN . 50 mg L' PLIRIMAR . 1x10° mol-L'#hZEXK
P 10%BRZE IS . 1% E R RIRAW ) « LKl
INEC A I Hippoid il 77 Verteporfin, #£[70.5 htd
AT AR . H LB IR iINAL0® mol L' CGRP
YEFI24 hll48 h, JEUAEANIEIFFHRNAiso Plus$ER
SRNA, #H S 5 HU pg RNAS AicDNA,

T LAcDNA AR 47968 FEPCRIZ. o LW 5%
. 95 °C 30 sTHIAEM:JF95 C 55, 60 °C 345, 40
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AEA . BTHS I H A T A TR /eIt
A BIWTFHIITR . Col I EWFSIMIFSH]: 5-TA-
AGGGTCCCCAATGGTGAGA-3’, Fiis|¥F4).
5’-GGGTCCCTCGACTCCTACAT-3"; Runx2 b ii#5]
YIFY): 5°-GCCGGGAATGATGAGAACTA-3",
51978 : 5°-GGTGAAACTCTTGCCTCGTC-3";
IR H M U8 ( glyceraldehyde phos-phate dehy-
drogenase, GAPDH ) Fi#5|#))751. 5°-GGTGAA-
GGTCGGTGTGAACG-3’, TiiFs|#¥sl: 5°-CTC-
GCTCCTGGAAGATGGTG-3"., JZ W44 s PCRIY H
s W DEEEIREME (cycle threshold, CT) , F4%
HmRNA 525K GAPDHCTIE 2%l (ACT) 3
N ZHmRNAMIXS Fik i .
1.3 Gt #air

K HISPSS 17.058 A% S g 5 A4 A B
PhESEm A3, RIS R Iy 220 rifk 47 22
SEREMWHT, P<0.0SHESAGITFE L. R
FHGraphPad Prism S3{AE K

2 HER

2.1 CGRPEHECIHIOT 1/24 it 534k ARG 45 T
A BECGRPYEFHIC3HI0T /241 {148 h)i,
0. 100, 10°, 10%, 107 mol-L"ZHALPIH il & {E
39 (190.342+7.406 ) . (223.475£9.911)
(407.289+11.069 ) . (835.770£38.464) . (436.674+
28.521) U-gprot'. SZFIXHRAIAHELES, BRT
100 mol- L4l 4k, HAYK LHIHE BB FHA LAY ALP
EPE (P<0.05) , FFSMk BRI, H10® mol-L!
Ry AT AR B, XS AR TR A A 7 2 A o R
—HE, PERLAPEANE RN, 5 A RA
AL, 10®mol-L' CGRPALMFEJS ACIH10T1/24i 4
WIE S RES A H RIS 2 (K1) .
or
I

2
¢

~
T T

Coll mRNAFHX
[}S)

0 A B C D E

fe: ZEPIHIRAL; e SiKdl
U AR R FERLIRE X 100
Fig 1 Ability of osteogenesis differentiation alizarin red staining % 100
2.2 CGRPAEHC3HI0T /24 i i & 434k b p-Mst1/2
kAl
K HWestern blotkil Hippoid #4205 43 FMst1/2
BERR L ACE YR A4 R L2, 7E10°® mol-L'flCGRP
YERTR, p-Mstl/208 2 AR ) RE L #02 BH S 484 5
[ (P<0.05) . XUEHAZECGRPRIVEH T, Hippofs
S TR, XS R AR SR — 2

0 24 h 48 h

" OOOM

F: p-Mstl/2; F: GAPDH,
& 2 CGRPXTCIHIOT /241 Jiflp-Mst1/ 2525 1521

Fig 2 Effect of CGRP on p-Mstl/2 protein expression in C3H10T1/2 cells
2.3 Verteporfinf ] FCGRPiFEF/ICol I . Runx2 mRNA
RIRHAE
iz Verteporfinf&, JCit &24 hif /248 h, #FRE
BEFEIRCGRPIFFCol [ . Runx2ffy#&ik (P<0.01)
(3) . #&RHippofs 57ECGRPIH 1T BMSCs /il H 43
b — b IE w4
I5F

i
X

—
=]
T

Runx2 mRNAFX}F

0 A B C D E

7c: Col I mRNA; #£7: Runx2 mRNA; A: zZX[XfIE4]; B: MICGRP. AMiVerteporfinkb3124 h; C: HICGRP. JiiVerteporfinkt#H24 h;
D: JMCGRP. AfillVerteporfinkb¥48 h; E: fICGRP. filVerteporfinkb3i48 h,

[ 3 VerteporfinXf CGRPYE] T Col I FllRunx2 mRNA K1) 510

Fig 3 Influence of Verteporfin on CGRP-induced Col | and Runx2 mRNA expression
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BMSCs&H 2R r—Fh BA B IR B2
] S AL RE T P AR T 40, A SR EU A BB RE
— EH A A AU TR B FRARFD -4 100, g
BMSCs 5 3 Z8pBHAS & J5 A A BN QI A 2 B4 i
GF R SRl B S E S ez — U, TEE T H AR
Hidfirh, BMSCsAE BT BN GG . 43
AN S E IR g 5 AR RN
FAEE, BRI/ BT AA TR, E i NBMSCsEL
H i Z w00, A 3 5 4 BMSCs 28 5 X IF
PR HIEIE 5010, —E BB PR
CGRPJE — 7 3= 2L Hy B P 28 53 WA 1) /N o3 - P 22528
JoT,  DRIAE IR PR b i 45 %) 15 B £ T B
MR EM ., B kAR, YRR E
M3 CGRP = BT+ FoRix A~/ N+
AR REZ 5 T BB E e RN SIS,
CGRPEE B 1)/ BRUS BY AR RN AR TG, 25383
B R O (RSN ] T CGRPHE
75 R A0 L B G FE AN SR 0T VR BB A et
(R4 fIBMSCs, & U1 BE A% B CGRPAE HI -3l
WO =g e SEBR AT S Ui Ot I R A
BI/NBMSCsR 7 1EE CGRPZARE 5. %
FEZE ZARFEZ K ( calcitonin receptor like receptor,
CRLR) FIEZIKIEPEEMEE T (receptor activity modi-
fying protein, RAMP ) . 7EASSZEHIEE | CGRPX}
BMSCs B 7HMERI IR, 45248 B /R CGRPAMURER
RSB AR e, BB L HEBMSCsIW 41k,
HHEZ 7107 mol LI Sy s FERINBOAR E o ) i3]
HippofF Sl # A, 2 R Ry 5 e 19 A ke L
AEUVIERR . T4k, ZERAETHEARK .
JE A P 4E Ry T AR P BR 5 | R Y
NGB, ZECGRPIEYE B B AL R v
Hippoil 2 A5 L, A FLEAE . X Mstl/2
BERR AL ARSI, REAEIIESE7ECGRPAEH] T BMSCsit
FEHREDS L ifp-Mstl/ 23635 s S — 20 ARG e 30
L I Verteporfinf N, REAS B B AT HICGRP
PEEMCol [ . Runx2 mRNAMFIL, W CGRPi#
i Hippofs S/EF TBMSCsgil il . iX—Z5RXFIRA T
fiE CGRPTERU B B4 Rk Fe v B B 9V E IS T A
AFMFE

H Al ¢ T Hippoil B UM 9Y H a5 . © M
Hippofi 5 # 034> F4135Mst1/2 . Savl, Lats1/27l
Mobl1, ZNisrFAufEYapMiTaz, HHr, BEFMstl/2
YN A R (D RPN S ST BGIEUR 01 7 F A E BN

A3 OE I, S2hR EMstl/2 09 BEER AL AT LAHA
SRS 2 PO (W B EAR AR, X R AR SR
F FHRMp-Mstl/ 29 JF R . Hippoi A 3s =X f
2, — RIS SRR G fEMst1 /2, HfZead—
FIN DI IR AL SV S5 e Wk R fk Yap, (i H ™k
— 433 A AL, 514-3-3E M A G0l
Yapiifs B A AN AT 2R 25 SR TIRE . o — Rk
BRRR AL R4S, B Yap H 545 S0 W W4 # 18 iH
HIFFLEEGMst1/2, Lats1/2%5 EifE 550 T HIPPX YA
R, dEmIEY ap A %HE SR AT IEYE

HHi Rk, Hippoi % £ % BMSCs /b i
WAL IR F Yap/Taz, %l b HA(E 55> T H9VEH
i A DLARIE o AHIFSE AHippoif i 4% .00 731 Mstl/2
IR, KMIECGRPHEH/INHBMSCs i 4 by ik
Firp, BUEMstl/ 2B IR ALK T, UESE T i
PRI

AW 32 M INRE E4E/R T Hippofs Sl 2 5
T CGRP{EHBMSCsul -5 Ji 11434k, {HXFFHippo
i {5 CGRPA 2 A F 43— HIL 1 S 30 ] 428 00 7 T
AWFTE o BEE— iR fE4kSE, LI CGRP
{143 A 7 FH 255 SEA;
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