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Calcitriol Promotes BMP9 Induced Mesenchymal Stem Cells
Osteogenesis Through PI3K/AKT Signaling Pathway
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Abstract: Objective To investigate the effect of calcitriol on osteogenic differentiation of mesenchymal stem cells
(MSCs) induced by bone morphogenetic protein 9 (BMP9). Methods The experiment was divided into four
groups: control group, calcitriol group, BMP9 group and BMP9+calcitriol group. Quantitative PNPP method was
used to detect alkaline phosphatase ( ALP) activity. RT-PCR and Western blotting method analyzed expression of
osteocalcin( OCN) and osteopontin (OPN). Alizarin red staining assessed the formation of mineralized nodules.
In addition, the changes of cell morphology and elastic modulus during osteogenic differentiation were studied by
atomic force microscope. Results Compared with control group, calcitriol alone had no significant effect on the
osteogenic differentiation of MSCs, but calcitriol could enhanced expression of osteogenic markers and formation

s BHHA.2018-05-14; &= HHA.2018-07-01

ELTH EHFAREERE 4T E (81101360) , Fifgdikhzs H 4R340 H (16ZR1422000) , H8 #IA B 2 A SR 31564 (20134701) , F#AE
KA TR N4 (YG2015MS67)

BIS1EE =0T, 2% , E-mail ; gaoyanhong@ xinhuamed. com.cn



FRERSE , %, B =E2i@ i PBK/AKT {2 BMPY F SHE 7R T AR S5 IER
CHEN Xiaoting, et al. Calcitriol Promotes BMP9 Induced Mesenchymal Stem Cells Osteogenesis
Through PI3K/AKT Signaling Pathway 201

of mineralized nodules induced by BMP9. However, neither calcitriol nor BMP9 could affect elastic modulus of
cells. The combined treatment of BMP9 and calcitol could enhance phosphorylation of AKT and B-catenin which
were both important for osteogenesis. The pretreated PI3K inhibitor could inhibit phosphorylation of AKT and B-
catenin as well as ALP activity in BMP9+calcitriol group. In addition, calcitriol did not affect the BMP/Smad signa-

ling pathway induced by BMP9. Conclusions Calcitriol synergies with BMP9 could promote MSCs osteogenesis

by activating the PI3K/AKT signaling pathway. The study about effects and mechanisms of different regulatory

factors on osteogenic differentiation of MSCs is of great significance for the treatment of osteoporosis and the de-

velopment of bone tissue engineering.
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factor B, TGF-B) ZK &, VI Z W 98 © UE W], BMP2 |
BMP4 BMP6 . BMP7 #l BMP9 EA fi i jili & 43 A i
YERY . 535k, BMPs 7E4 AU TR P E )12 1
HTFIRIT A& A AU A . BMP9 £ BMPs
HA 5 0% 5 80E e fEH, BN T
C3H10T1/2 4HJEA C2C12 4 /5 RE PR | T 5 b 175
S A 45 7 AR B R i (alkaline phospha-
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1.2.2 Calcitriol &#& Be# 5 mg calcitriol & f# T
1.2 mL DMSO H il 10 mmol/L FEFFIR , 3t fik
7T -80 C,
1.3 ZIW{LEF
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1.4 PCR 3|4
RT-PCT 4 5 e 50 ansk 1 s,
%1 PCR3|Y
Tab.1 Primers for PCR
S ENEE(S-37) (5 -3")
OPN  GCTTGGCTTATGGACTGAGG — GGCTTTGGAACTTGCTTGAC

OCN  CTCTGTCTCTCTGACCTCACAG GGAGCTGCTGTGACATCCATAC
GAPDH GGTGAAGGTCGGTGTGAACG CTCGCTCCTGGAAGATGGTG
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T 6 fLik 5% 21 d S5, 1 4% 2 5 H R [ 5 O
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2T 0 45 4k 45 15, Image-Pro Plus 3K 1 & =
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o ZJA ¥R Premix ExTaq i3] & Ui BH #E1T PR-
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fEo B S5 20 0 7= Y2647 B B M I L UK . AL
5 wL,ffE ] 1xTBE H ¥k 2817 fL ik, BR300 V, HE
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2.1 AERE calcitriol &I ¥ BMP 9 i S
ALP &ML BN
H AdGFP m% AdBMP9 /& %% C3H10T1/2 4 fifl
24 h J5, 90 B WAL F) AAGFP F1 AdBMP9 A
A RAFH RGBT [ LR 1(a) 1, fEFEM 7 dJ5 50
H calcitriol X} ALP 7% P JCHH W52 , {2 100 nmol/L
[ calcitriol X BMP9 i 509 ALP 1% A B 2 (1) {2
PEAE L, T 10 nmol/L Al 1 pwmol/L calcitriol X
BMP9 5 (1 ALP RS2 E/IN ILIE 1(b) ], ALP
gt qniE 1(ce) rzs, 100 nmol/L calcitriol BERE TR
BMP9 5T 19 ALP Je(5, 55 ALP G TES5 R —EL,
2.2 calcitriol 3 BMP9 % S H B & 5 L IRIEY
OCN #1 OPN KM
C3H10T1/2 4l il ¢ calcitriol , BMP9 . BMPO +
calcitriol L B 7 d J5, H RT-PCR J7 ¥ Fll Western
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£ 20 " - | [ Poy s
2 sk —I O Calcitriol(0.01 pumol/L)4
AdGFP+Calcitriol %’ : 3 Calcitriol (0.1 pmol/L)4H
£ o1k 3 Calcitriol(1 pumol/L)4
= 01 =3 BMPY4L
ﬁ osl 3 BMPY+Calcitriol(0.01 pmol/L)4H
z ¢ 3 BMP9+Calcitriol(0.1 umol/L)4
oo E ml |;| |-| A1 L, | 2Bmpo+catcitriol(1 wmo st
A it -
AdBMP9 AJBMPITL aliteiol < (b) #4LALPYE P L8
,///7"7\ ’ e \ V ™\
f g %
b 1
X\.‘ 7‘/ I N \
MEA  Calcitriol BMP94L BMP9+Calcitriol 4
(a) AABMOFIAJGFP/&YLC3H10T1/24H 2 (c) F G ORI LR LR

Bl 1 calcitriol 3 BMP 9 {5 S/ ALP & #EF0 B8N ( *P<0. 05, “P<0.01)
Fig.1 Effects of calcitriol on BMP9 induced ALP activity and staining (a) Infection of C3H10T1/2 cells with AdBMP9 and AdGFP,

(b) Comparison of ALP activity in each group, (c¢) Comparison of ALP staining in each group

blotting 75 % 43+ #f OCN 1 OPN fiY 3 i & 28 fb 1%
. 441 OPN Fil OPN mRNA A4 481k, H
1 BMP9 21 Fll BMPO +calcitriol 4132 ik B 1 45 & 5
1M BMPO + calcitriol 21 Fb 5.5l BMP9 2 5 & ( DX
GAPDHAE A Z %) . £ 4 IK B8 L4 e % 0,
5 BMP 9 ZHAH I, 100 nmol/L At ¥ calcitriol 7
L
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P
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(a) OPN. OCN.mRNAREZEZL

(b) OPN. OCN.mRNAHX}E &

BMP9 %31 OCN F1 OPN £ ik, 1 calcitriol FAL7
YEHI%F OCN 1 OPN mRNA AR TR FEMN (5
STRRLHAH L) . AL BE 9 d )5, 2 HU 40 A8 & A,
Western blotting £l OCN I OPN £ 1 /K42 1k,
BMP9 + calcitriol 41 3% ik B & & F BMP9 41, 5
mRNAZEIEARRL (WK 2) .

OCNl- e --|
GAPDH | N —— |

o[ & @]
GAPDH | wie e s |

B Calcitriol 2
EBMP4
BIBMP9+Calcitriol 41

3 Q’ S
N - A
N Y N
C‘b qucb
o

(c) OPN. OCN.EARXED

B2 calcitriol 3 BMP 9 %5/ OPN #1 OCN FiAHI# M ( **P<0.01)
Fig.2 Effects of calcitriol on BMP9 induced OPN and OCN expression (a) Changes of OPN and OCN rnRNA expression, (b) Relative quanti-
fication of mRNA expression of OPN and OCN, (c¢) Changes of OPN and OCN protein expression

2.3 calcitriol Xt BMP9 i S8 & 4L & T B
=AU

WAL T & MSC RSP B o A i B 2 3%

Wt BA 2R g s ebric 25, 1A

) OPN 1 OPN,, X4 ifg4b ¥ 21 d J5, BMP9 41

F1 BMPO + calcitriol ZH 7] W22 51 BH i (9 21 6 1 1k 45

FIE R, P4k 2B 8 5 T 8.4l calcitriol ZH A1X}

WR4H T B, 5 B BMPO &b B 4H AH L, BMPY +
calcitriol ZH 78 & S 55 T v W B Z i w7 1k 45 15 B 1%
(50%) ., EEras REL B, BIR caleitriol FAMAE
FHIFASfE W AL #E MSCs &4k 45 1 /998 i, 15 &
100 nmol/LI¥ calcitriol HEHE 5% BMP9 {2 i MSCs JE
AR (ULEL 3)
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Al L s00um 1_“"50(im
X, Calcitriol BMP94H
(a) HRAQORWT S TR

B 3 calcitriol 3f BMP 9 5 SHH AT RBBIFME ( *P<0.05)

i i3 3 Calcitriol 41
i I BMPO4L
g 3 BMP9+Calcitriol 2
10
o
S
Pl 5
0

BMP9+Calcitriol 4.

(b) BRI LT

Fig.3 Effect of calcitriol on the formation of mineralized nodules induced by BMPY9 (a) Detection of mineralized nodules by alizarin red

staining, (b) Quantitative analysis of mineralized nodules

2.4 BEFHBHENEHBAERINEERSE
BMP9 2H i1 BMP9 +calcitriol ZH £ Jifo JI5 2 1 s AL

i ; BMP9+calcitriol ZH 4 M4 FRRE 3 K, Hifth 3 22

[ AN AR AN [ DL 4(a) ], SRPERCIERERS

=
BMPY4L

"
Calcitriol 2
(a) EREH

B4 HSHAMHERENRBEERENE

Fig.4 Changes of morphology and elastic modulus in each group

2.5 PIBK/AKT & B #i& /7 5 calcitriol 18 32
BMP9 F S KRB 5 L 1E A

C3HI0T1/2 44t ¥ 72 h J5 , 5 BMP 9 404
H, BMP9+calcitriol 21 B-catenin Ser552 137y i ik £k
HIAKT Ser 473 o7 ;S BEFR AL ) E 4808 |4 20 B8 K
AR —F [ WA 4(a) ], R PI3K #1045
1.Y294002 fii 4k ## C3H10T1/2 4 ffd, 20 pwmol/L
1.Y294002 il T AKT Fl B-catenin AYBEER 1L, [F]
i, LY294002 W HEHMIH BMPY F1 calcitriol 3 [F 4 FH
JEEFH ALP IEPEIGSR [ ULIE 5(a) ((b) 1. AT,
1E BMP9 #1 Fil BMP9 + calcitrio 41 2 [a] % 5% X 1
Smadl/5/8 B g b K V- %A M A [ WK S
(d) ], G55, caleitriol T AEJ# 1 PI3K/AKT i@
BEIS 5 BMP9 75 S BUE, T A J2 38 o S BMP/

: b 02|
0 5101520253035404550
n

PRI BT )~ A P Re OB B RS . 7E BMP9 HR
Ml E Y caleitriol BAVE 5, MSCs #PEAR & I K
BB SR TE U - A, MSCs 1B
RE ) NN RS B2 IR A AR U [ WL 4(b) 1

& o Calcitriol 41
L5 0 BMP94L
@ o 0 BMP9+Calcitrio
b .
| BOS
o 5105&5?0355500‘ 0
BMP9+Calcitriol 41
(b) FMEA

(a) Morphological images, (b) Elastic modulus
Smad 15 5 i,
3 WitESER

SR calcitriol 2 BMP9 FplfE FHAER ST | N
FIZWF5E, (B AT AN 5 calcitriol A1 BMP9 2 75 7€
MSCs Ji 73 A 3t 7 v A AR BAE DL K AT B /Y AL
il AHEIE B 45 R A B T 40 R i 431k 1Y
PR VitD 5 BMP {5 538 % 2 18] i A7 B AF T i
MR

A5 AR B BRI R 2 S e VitD R TRy 4>
FEHRNRT ) BIAT S, VitD BB B 40 i hg
WALS5 T ALP A 5L 5T 90 ( ALP-positive ma-
trix vesicles, MVs) BUVEFI Aok F 205 %M,
VitD % AFI B 5 Y 8B 40 53 A6 AT 1k it
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P-AKT [ S @ | P-AKT [ S ]
AKT ~ .. X4 = ———
_ #7520 o Caleitriol 4 AKT [ 0 8 88| p-Samdl/s/s [0 &8 I BN |
p-p-catenin| ps B E s CBMPO4L  p-B-catenin [SERAN . W S| Siadl/s/8 > - |
B-catenin [wew www o= -] =S =2 BMP9+Calcitriol B-catenin [ A————]
——— - B=E 10 BMPO+Calcitriol#l .\ o0 GAPDH
GAPDH - s +LY29400241 i @&A P H B
$oH & =E° R FIEE
S = 0 PN IR
OO, ¥ O R C <
& Ko ¢ OO &
@QQ @QQ@QQA?‘V Q)@
3 T,
(a) AKT. B-cateninBEMRILERZE  (b) LY294002%FALPYE 45 # (c) LY294002%fAKT. B-cateninfMi  (d) Smad1/5/83%e

5 PIBK/AKT {5 S ZE calcitriol #1 BMPY [l %I /51% S MR B 2 L P EI1E A
Fig.5 The role of PI3K/AKT signaling pathway in osteogenic differentiation induced by calcitriol and BMP9 cotreatment (a) Changes
of AKT and B-catenin phosphorylation, (b) Effects of LY294002 on ALP activity, (c) Effects of LY294002 on Akt and B-catenin,

(d) Changes of Smadl/5/8

A ARAE R, X /0N BR R TR A 200 i 2 A A6 A R B
AR, I, B E AN, VitD &3 AR/
SRR A 40 JEL A Ak AH G 35 PR 3 3k i ML A
[, J340 AEAF AR, B8R VitD Bl T/
FROR VR ) BB 20 BT A B S VR (B2 VitD 5
Wnt 5% BMP2 B¢& W FHE A2 Wnt 1 BMP2 55
B ALP 15PN caleitriol 3 G VDR & 4 %
EH ., WFRE, R4 IR MR 4E4 % D Al
W e S0 3 A N 1) — B A% 32 A 1) A4 & #1055 T
LU FNAE SR /R AE Z R AR W 72 R AR E 5 BMP
e E A EAER N AR SO gE 4 RS L
FREE R FLAR—F, W BA calcitriol X C3H10T1/2 4
WA BEAVE B calcitriol REIE 3% BMPY {i¢ 1F
MSCs i s AE H . e, A8 SCE PR, calcitriol
£ 10~ 1 000 nmol/L Z [A] GEHE 5% BMP9 £ # MSCs
EHAR & 434k, H 100 nmol/L Y calcitriol 1 A %
58, UTAEBIFST A B A0 A SR | A0 i S T A K 4
F S 5 AR ) T AL R B E e B AR RE )
TR BE J1 2 VIAR ™ B 40 i 32 R R+
MSCs, f2& ‘B 41 40 N Jk A2 A g il 3 9 = 22 40 i 22
— U o R A A T A R RS2 R
GV S E E CEEEY  JR T  BAE A HER
XoF 4 5 /N S5 R T LR UL 40 i 5 5 4 A
AR s R R LA I 0 20 T 2 RO R e TR
ASRE SR, b Ae e 3 I I R AR R 40 i A
B, A0 AT LA AR A B 2R 1) i 1)
R, O 15 0 200 M R R R B, AR SR AN R AR
B, MSCs 76 B o f i R v, 40 Bt b A i 0 R &k
AR $E 8 MSCs H 5 BT 28 5. g R 441 i oS At i

LR e (AN L B o N s A (SR P B
J IR A A R i — DA SR

HIEE T calcitriol 5 BMP {5 5 18 #& 7€ 10 ~
1 000 nmol/LZ [B] IAE LS, A SCH3 T T caleitriol
A BMP9 P R4 AL S o A4 rp gL . &5
B, BMP9 5 calcitriol [6]BHAE A J5, B o 39 5% B-
catenin iR fk ., #HFHTF [3-catenin BB Wit 5
S8 I Ry LB 5> T, B-catenin A 5 BMP2 J3 3 T
gl T 3 32 H e ikt o AN, Wnt/3-catenin 15
T FE ARV T BMP9 4159 MSCs JiUH 3t id 7 v
A HEAEIHAEH , VTER B-catenin fl ] BMP9 /5
WSO E TR AE R i, A HRIE R, 1, 25-
TR R D3 ] LAEOE S PI3K/ Akt {5 538 K
PR SN 7 B-catenin A HEA: 1S FE L Fh 40 g
ZeARI PI3K/ Akt {55 5 I S 1 X B-catenin T P
AHEBBATRAVER Al 2 E i S AKT
{2t B-catenin ik HEGR B-catenin Ser 552 i/ 1,
IRt 7K, Bk, i — 25K T calcitriol A1
BMP9 AbERAN MY AKT &P, 4538 & BH, calcitriol
1 BMPY BEAVEHIfERE T AKT B2 ILAKF, R,
PI3K 411 il 31 38 BE B K calcitriol A1 BMP9 i 5 1)
AKT BERRIEFN ALP 1EPE,

B T X B-catenin AYSZ I 4N, PI3K/AKT {5 518
A AR TE T LASKTS BMP/Smad {5538 i, ik — 2
fEHE ALP (OCN 55 B AH DG HE R 6382 SR, A%
WK I, Smad 1/5/8 HYBERR /KT LR 1R
TP YR B 2 | 3k RT BB RS [R) 1) 4 i L o3 AR By
Benab 3y XA G,

25 LR, calcitrio BEE #f BMP9 i T 1) MSCs
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