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WE  ZXHR T Notchiz 5 £8 & £ 4 & & 2(bone morphogenetic protein 2, BMP2)# 5
I R JIG AR AT 4 4m Ji2(mouse embryonic fibroblasts, MEFs) & ‘B o4 ¥ 6948 B BALE] . F) 8 id & A
Notchfe /& Z —DLLI ) i% 5% 7 (adenovirus-delta-like 1, Ad-DLL1). 2% 7 # % & & Notch1 % 4k 49
Ji% 9% 2 (adenovirus-dominant-negative mutant of Notch1, Ad-dnNotch1)2ky-4~ s 847 4] 7] {N-[N-(3,5-
difluorophena-cetyl-L-alanyl)]-S-phenylglycine t-butyl ester, DAPT} 4t Z2MEFs, @0t 5 4 &, 50/ 7%
A ) A4S I B PE B BA B (alkaline phosphatase, ALP)& & . 45 35 704%; QRT-PCR. Western blot. %t
F L A RBMP2E 1. TR ARF s R B AKX . Smadl/5/8% & BRERAL /K- A Smad#k &L+
(Smad-binding element, SBE)4% & & M. 4 R 27, DLLI4Z# BMP2/~5MEFs¥- 1% 8 s B -1k, 5
LIAALK2% % AR 69mRNAK-F . Smadl/5/849 B BRI K -F A SBE4: & #4; 5 Z A8t i, dnNotchl
FeDAPTH#7 4] L £ 3847, NotchZz 32k B & K 5 348 X 3% 3% T 1 (hairy/enhancer-of-split related with
YRPW motif 1, Heyl) T 4Lt BMP2#5F s /B 514, JTi% 28 DAPTX BMP2i% -5 A B 4L a9 37 5145 A
%A R 45 R, Notchfz 5128 BMP215 5 MEFs s B -4, =T #E2 i8 i i 7% BMP2/Smadsi#l 3 5 JL
8, X —idA2 P Heyl K2 T T2 .
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Role of Notch Signaling in BMP2-Induced Osteogenic
Differentiation of MEFs and Its Mechanism

Wei Yalin, Mou Daiyong, Lian Jing, Luo Jinyong, Tang Min*
(Key Laboratory of Clinical Laboratory Diagnostics of Ministry Education, Faculty of Laboratory Medicine,
Chongqing Medicine University, Chongqing 400016, China)

Abstract This study was aimed to investigate the role of Notch in bone morphogenetic protein 2 (BMP2)-
induced osteogenic differentiation in mouse embryonic fibroblasts (MEFs). The over-express DLL1 (one of the
Notch ligands) adenoviruses (adenovirus-delta-like, Ad-DLL1), dominant-negative mutant of Notchl (one of
the Notch receptors) adenoviruses (adenovirus-dominant-negative mutant of Notchl, Ad-dnNotchl) and specific
v-secretase inhibitor {N-[N-(3,5-difluorophena-cetyl-L-alanyl)]-S-phenylglycine t-butyl ester, DAPT} were used

to infect or treat MEFs, respectively. The early osteogenic index alkaline phosphatase (ALP) and late osteogenic
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index calcium deposits were detected by cytochemical staining and/or activity determination. The expression levels
of BMP2 receptors and osteogenesis-related genes, the phosphorylation level of Smad1/5/8, and the transcriptional
activity level of Smad-binding element (SBE) were determined by qRT-PCR, Western blot and luciferase reporter
assay, respectively. The results showed that, compared with control group, DLL1 could obviously promote BMP2-
mediated osteogenic differentiation (P<0.05). DLL1 could also increase the mRNA levels of ALK2 and other BMP2
signaling receptors, the phosphorylation level of Smad1/5/8 and the transcriptional activity level of SBE in MEFs
(P<0.05). Correspondingly, dnNotch1l and DAPT exert negative effects on the indexs mentioned above (P<0.05).
On the other hand, Heyl, the classical target gene of Notch signal, could promote BMP2-induced osteogenic
differentiation. We furthermore found that Heyl could reverse the inhibitory effect of DAPT on BMP2-induced
osteogenic differentiation (P<0.01). These results indicated that Notch signaling could remarkably enhances BMP2-
induced osteogenesis in MEFs and might exerts its effect though affecting the activation of BMP2/Smads signaling,

Heyl plays an important role in this process.
Keywords
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B A& K 42 8 F12(bone morphogenetic protein 2,
BMP2)/2 £k Z BMPsH [¥]— 51, BATIR G (1975 T 7] 78
i T 4H ffd(mesenchymal stem cells, MSCs) & ‘i 77 14
HIRE Ty, 2B A TR R KA KR T, b
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Ji& % 21 4 41 il (mouse embryonic fibroblasts, MEFs)
TEAR N Ah H & MSCsIHRFAE, #I\ N =2 BlF FEMSCs
FH QS 56 (1) L ELAH put S AR B AT 4 0l Fy-4r b
filg $1 1] 71 {N-[N-(3,5-difluorophena-cetyl-L-alanyl)]-
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F ) AU AR Y Notch 1 R 99 B (adenovirus-
dominant-negative mutant of Notchl, Ad-dnNotchl)
(FI 3E 4 # | Notch 1 32 4435 1) [ i RIADLL AR 25
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L1l @k B A%  MEFs. )i #Ad-RFP,
Ad-GFP. Ad-BMP2. Ad-DLL1. Ad-dnNotchl %
Ad-Heyl HH A 5L 560 % OR A7 N 45 I 9 28 Jfd(human
colorectal cancer cell)lRkHCT116H] 5 FK & &l K 2% 4
TSI = RAF

.12 EZXAAME  DMEMEBER IR A
HycloneA |l fii 4+ Il {EFBSIY H Gibco s . T
B2 ALKy P B A Smad1/5/8 P44 AL 5 A2 4
WA ARG B A7l & A I HInvitroge A
A, DAPT 56578404 [ Calbiochem?”y &, M 4 ff
I i (alkaline phosphatase, ALP)J&E#) 1 EBDA #] .
ALPR R A & 44 RC. B-BERR H . R4
S\ 1My A 25 H (bovine serum albumin, BSA)I H
Sigma/s #]. 5 ¥) HInvitrogen’s 7] & . TRIzoll
H Invitrogen’A @] . RT-PCRiA 77| f Real-time PCR
7 & ) H TaKaRa A 5. Western blot &% IPZH fitl ¢
A St R p-Smad1/5/8P A H Santa Cruz/A ]
P B B-actin B PTFE DAY B B = RAEWH A
AMRAF . FHR. FH R HUEHECell Signaling
Technology A 7l . Smad%: & Jtff(Smad-binding
clement, SBE)%¢ )t 2 I K7 HH 5 PR 5 B K 22 70 15K
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{51 8 98 e WA B H H ANikon A Al o HE
B ARG P EPCRIUYE H 2 EBio-Rad A A
1.2 SEWAEE
12,1 #mfesEsb4®  HIDMEME;FRIEE(E10%
Ja4- M5 1%7 % /55 57 ) 55 FEMEFsfTHCT116
i, BCO L5 FEHH (37 °C. 5% COy)H 1S 77 . FH0.25%
JRER B AL AT AR AR RS 95
122 FMHEALAG4 & HCTH6M LA
Z50%Kk A1, I\ Ad-BMP2 &% Ad-GFP, 4 h)5 H
DMEM¥ 77 B (TG L5 o bt AL 2 #l, T 1R AR
JEWEERE FREE A 1R, 1 000 r/minfKiE 2505 min/& il
B T4°CHH.
123 qRT-PCR  4HfI4bBE3 K )=, TRIzol4 B
RNA, ¥ # 5% NcDNA, LLGAPDHYE AN 2, 1% I
Real-time PCRIA 71 & 45 15 15 B Aar I AH 5G 25k [T 1) 2%
Ee BIMMERIEL. KNAKRR N0 uL: BiE519
(040 uL). F¥F5140(040 uL). SYBR Green 1(5.00 pL)-
¢DNA(1.00 uL). ddH,O(3.20 uL)¥E%J; Sz W F2 F: 94 °C
A3 min; 92 °C 20 's; 68 °C 30's; 72 °C 20 s, ZEfH A
FEREETN, 40N . FbfA th 8 R 4E(65~99 °C), %t
PR 25 b
124 BMHBRBEEZ N E S £ E  KMEFsHEF
(1%30%[1 % FE) 244Uk 1, 6 hJ5 II AN AdJ-GFP. Ad-
RFP. Ad-dnNotchlE{Ad-DLL1, 6 hJ5 . #59<%
s L5 I AN Ad-BMP2, 1E 4k 252 5% 7% 40 i (1) 28 7 K 32t
FTALPH 0 K PRI 5E o (1)ALPYL a7 i 7K W

G #8FF F R IR IH RS 752, FH 4% I (] 5 200 i,
LI N250 pLAC 1 47 FALPH ¥, 3 Y6(20 min),
MEEG a5 B, (2)ALPYEYEE B S RIS 2%
A EEE TR N IHEE IR 5L, BRFLINMN T B 4 1 1< 40 i
ZUARW100 pL, ZLAR10 min. " EL A, U4
F1.5 mL EPE 1, 13 000 r/min 05 min. % —EP
B IIN20 pLBC B 4 FIALPIEY), WRELS nL4m 5
fiE ) big B ILE T, R, § E (60 min), EHLR,
REE R

125 SBHAREE 5% KBMEFsEME%30%H)
% ) F 2450 #2416 hfE, il AAd-GFP. Ad-RFP.
Ad-dnNotch15¢Ad-DLLI1, 6 h)5 #eil. £579¢ %6 H )5
IIANAA-BMP2, 316 hife 5 () [ By i A AH B2 A%
FERIYEAE ZC I B-BE R it 4R BE R 1 2 14 R 3047
PRASY M, PERLASYA Iy MUEWBI AR AL
BEFER N IHRE 7RI, 0.05% )52 - [E 2 40, 10 minjs,
F B TIOKBRE3IR, T10.04% 36 R 4 SiEAT 4%, 10 min
JE B A BRI, F 288 TR IR R B, Bk
1R, WL HORAT 45

1.2.6 & & Jf 42 B B Western blot# | ¥ MEFs
BEFP(30% % )T 240 i 55 78 4 Hh 85 956 hE, TiA
Ad-RFP. Ad-dnNotch15{Ad-DLLI, 6 hji5 # . £§
P H I MABMP2&AF 55 7 56, 5 S 85771 h, 3
ITEAIEEL. AU E: UKL Eh gl
(phosphate buffered saline, PBS)¥t i 41 U3k, N &
R P GO ) 70 R B A A £ 7] 04 4 B 2R (200 L)

x1 SIHIFFICMR)

Table 1 The sequence of primers for PCR (mouse)

FEH 1EF 515" —~3") S BH(5' 3"

Gene Forward primer (5'—3’) Reverse primer (5'—3")

DLLI CCG GCT GAA GCT ACA GAAAC AGC CCC AAT GAT GCTAACAG
NECD GCA GAA CAA CAAGGA GGAGACT GAG GTC CTTAGC TTC CTT GCTAC
OSX GGG AGC AGA GTG CCA AGA TAC TCC TGG CGC ATA GGG
Runx2 GGT GAAACT CTT GCC TCG TC AGT CCCAACTTC CTGTGCT
Colla 1 CGG CTC CTG CTC CTC TTA TTC ATT GCATTG CAC GTC AT
OCN TCT GAC AAA GCC TTC ATG TCC AAA TAG TGA TAC CGT AGA TGC
ALKI ACC TGG GAC TGG CTG TGA GCA GTC TGT GCG GAT GTG
ALK?2 GTG GCT CCG GTC TTC CTT AGC GACATT TTC GCC TTG
ALK3 TGG ACATTG CTT TGC CAT C CGT AGC TGG GCT TTT GGA
ALK6 CGT GAC ACT CCCATT CCT C TGG GCC CAT CAA CAA AAT
ActRII GGC TCC AGA GGT GTT GGA CCATCT GCA GCA GTG CAA
ActRIIp GGG ACC ATG ATG CAG AGG GGT GAC GGA GGT CAC CAG
BMPRII AGC GTC ACAAGC CTG TCC TTT GTG GCG TGC AAATGT
GAPDH GGC TGC CCA GAA CAT CAT ATG ATG TTC TGG GCA GCC
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ZHAS min(TUK L), A 45 F2 N 1.5 mL EPEH,
I B0 HL5 000 r/minf 0220 min, W _E3E FEINA
SRR EFEZEMI(S0 pL), Bh/K#H(10 min), 735
J5—20 °C{#1F. Western blot/7v%: 21t B 45 A 1) kA5l
T i J e 4 R A 43 B e, 1B (100 V) N AT FL K,
fHIE(210 mA) N, BSAS M J5 8 E Ui I —
PO P, W9 E, BEIEQGIX), et 2EiE R R
1.2.7 SBER L ZBEAM  EMEFsEF(30%1%
)T ARG TR, 4k S255 77296 h)E B B 7£2000
Y SBEF R EL Je NAN M P o 6 el R 3 pg I
K515 nLI R BAIR S ), INNEI250 nL 3% 72k
(TMLIETLHEZ) D, 15 min/G A F2.5 mLE; 73R4
(EMIELHAER)H, 48255956 hg k. IR, #
EEY S I A B (30% 1125 B ) T4l B 5 R A R,
AAd-DLL15{Ad-BMP2 )5 # ¥, 2 /% 40 f2(36 h)iH),
1 000 r/min{& 0215 min, 32 FE_FiE50 uL 5K
(20 pL) M, For i SBE IR 5% s it Ve
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A3 M, SLEG R ST FE 3R, B HE DLOP Y AE bR UE 2
(ck8) R, 2 LA LR R & 5 240 b, 4LiE)
W LL SR FH ek 56, P<0.05° /2 5 B Bk,

2 R
2.1 Ad-DLL1. Ad-dnNotch1X%DAPT{Notch{s
SIB R

43} Ad-DLL1 8¢ Ad-dnNotch1 5% 10 pmol/L
DAPT4S 4 2EMEFs, 41 ig 1% 7% % 553K i >k FqRT-
PCRA | Notch# F£ [ Hey 1 5% Notch1 il #h B (Notch1
extracellular domain, NECD)#J &1, PL T ik Ad-
DLLI. Ad-dnNotchl 52 DAPTNotchfs 5 i % [ 5
i, 4558 WoR, fEMEFsH, Ad-DLL1 A {23 [ iffi Heyl
ik, $7-NotchfE 5 i % 1% . Ad-dnNotch1 #]
LGN T NECDIF) 3%, #2 7~ Ad-dnNotch1 7] 58 4+ 4
i Notch1 32 44 (1) L 15, 2 11 4 #| Noteh(E 5 18 # .
DAPT F fiNotch#l % [X|Heyl imRNAJK °F, # 7=
DAPTREHNHNotchfs 5 1B B I (K1)

Ad-RFP

Ad-dnNotchl

100 um

l()()_um

100 pm

Relative NECD mRNA level

Relative Heyl mRNA level

A: 9% # Ad-RFPAIAA-DLL 1K %36 hu¢ &, B: qQRT-PCRIG I Ad-DLL1X DLLI mRNAZKF{I540; C: qRT-PCRAGZ M Ad-DLL1%f Heyl mRNA
K [ 52005 D: 9% # Ad-RFPAITAd-dnNotch 1 /& 4436 hi¢ 3% [&]; E: qRT-PCRH: Il Ad-dnNotch 1% NECD mRNAZK - [{) § 1i; F: qRT-PCR#: Il

DAPTfHeyl mRNAZKFHIF2MH, **P<0.01, ***P<0.001.

A: fluorescent photos after Ad-RFP and Ad-DLL1 infected for 36 h; B: qRT-PCR was used to detect the effect of Ad-DLL1 on the mRNA level of
DLLI; C: qRT-PCR was used to detect the effect of Ad-DLL1 on the mRNA level of Heyl; D: fluorescent photos after Ad-RFP and Ad-dnNotchl
infected for 36 h; E: qRT-PCR was used to detect the effect of Ad-dnNotchl on the mRNA level of NECD; F: qRT-PCR was used to detect the effect of

DAPT on the mRNA level of Heyl. **P<0.01, ***P<0.001.

E1 HEXBRREAFIXINotch{ES B
Fig.1 The effects of related adenoviruses/reagents on Notch signaling pathway
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(A)
Blank GFP DLLI BMP2 BMP2+DLLI  BMP2+RFP
(B)
dnNotchl BMP2  BMP2+dnNotchl BMP2+RFP
©
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DMSO DAPT BMP2+DMSO  BMP2+ BMP2+ BMP2+
DAPT(10) DAPT(I5)  DAPT(20)
) E) 200 000
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Zd > B _ 3150000
£ £ 200 000 25 s E
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A: ALPL (4 JIIDLL I BMP21% S B e 73 AL IO 2 B: ALPY 8l dnNoteh L BMP215 G i B J1 B & 73 AL IR, C: ALPH kil
DAPTXIBMP215 5 1 5 i 43 A6 (K 52 D: AP P40 Wi AR JIDLL 1 X BMP215% 1) 530 i 20 AL 54 IR, Ex ALPHE 453 #7468l dnNotch 1 %3
BMP215 5 () U 23 A ISR F: ALPYE P50 ST A MIDAPTA BMP2% 3 1 R i /AL RN . #P<0.05, **P<0.01, ***P<0.001.

A: ALP cytochemical staining was used to detect the effect of DLL1 on BMP2-induced early osteogenic differentiation; B: ALP cytochemical staining
was used to detect the effect of dnNotchl on BMP2-induced early osteogenic differentiation; C: ALP cytochemical staining was used to detect the
effect of DAPT on BMP2-induced early osteogenic differentiation; D: ALP activity determination was used to detect the effect of DLL1 on BMP2-
induced early osteogenic differentiation; E: ALP activity determination was used to detect the effect of dnNotchl on BMP2-induced early osteogenic
differentiation; F: ALP activity determination was used to detect the effect of DAPT on BMP2-induced early osteogenic differentiation. *P<0.05,
**P<0.01, ***P<0.001.

E2 ALPEM R ERNNotch{ZSITBMP2IESH R & 5 LIS T
Fig.2 The effects of Notch signaling on BMP2-induced early osteogenic differentiation detected by
ALP activity and cytochemical staining

FIIMEFs[JALPZRIA; %] SiH, dnNotch1 f#1IDAPT
HHIBMP2i% S UMEFs [ ALPZE % (E2).

2.2 Notch{E S 3 BMP2iESMEFs R HiR & Y520
BMP2i%5 S MEFsflH 7 LB, 73 7 FHAd-DLL1

mAd-dnNotch15%10 pumol/L. 15 umol/L. 20 umol/L
FIDAPTZE AL FEMEFs. 4HUREFE7 K5, #6000 1A Bk
HIRFRALPI) R 15, 45 R, DLLIE #BMP2i7

2.3 Notch{SSXBMP2i5SMEFsh BA Rk & HIS200
BMP2i5 FMEFsflH 73, 435 FH Ad-DLLI1
¢ Ad-dnNotch110 umol/L. 15 umol/L. 20 pmol/L
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(A)

BMP2 BMP2+DLL1 BMP2+RFP

Blank GFP
© | o
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' B _
.?r" l'}(;: "_". TEIN ’
0o g 00
DMSO DAPT BMP2+DMSO

BMP2 BMP2+dnNotchl

BMP2+RFP
YL
s v . ' | q!
L ':Q AN 1
! 1 [
N‘ ',, n
00 &sf Tad00 g
BMP2+ BMP2+ BMP2+
DAPT(10) DAPT(15) DAPT(20)

A: FERLSYAATMDLL X BMP2i% 5 (18 W B H Fahn 45 BTN 5210 B: 96 2 2L S LIl dnNotch 1 X BMP2 175 5 (1 W W Bl B Fa A 45 Eh i AR
IRISAM; C: #5 25 £0S Y (A MIIDAPT X BMP2 175 5 (14 16 1A 1 B 5 85 £ TrU AR 1 B2 1

A: alizarin red S staining was used to detect the effect of DLL1 on BMP2-induced late osteogenic index calcium deposits; B: alizarin red S staining was

used to detect the effect of dnNotchl on BMP2-induced late osteogenic index calcium deposits; C: alizarin red S staining was used to detect the effect

of DAPT on BMP2-induced late osteogenic index calcium deposits.

E3 FHZELISFEEMNotchiz

SXBMP2i5% SRR HARL B 2 (LR

Fig.3 The effects of Notch signaling on BMP2-induced late osteogenic differentiation detected by alizarin red S staining

[IDAPTZE Zb HEIMEFs, 4 A 35 7% 14 K J5 Ko Wl i 4
B AR PRES 2R TR %Eéls;”é@é*%i%ﬁﬁ DLLI
(R EBMP215 T 85 S TR, 5 Z A X RZ, dnNotchl
MIDAPTHI | BMP2i% %E’J%ﬂ/m {(J43).
2.4 Notch{ES X BMP23 A3k AN

BMP21% MEFsf & 73 I, FAd-DLL1% IR
TR AL BRAN I, $5573 K5, SR qRT-PCRAGIDLLI
XTBMP215E 5 il #% I 2 R(ALK] . ALK2. ALK3.
ALKG)FIIIR 2 4&(ActRII, ActRIIB. BMPRIT) mRNA
KRR, SR BN, S5XFZ4LAH L, DLL1GERA
B EEBMP2A S IALK2. ALK3. BMPRII mRNA
KF(El4A). BT — 24 1 dnNoteh1 & DAPTX}
BMP24» 3 (IALK2. ALK3. BMPRII mRNAJK - ]
0. BMP21%5 ‘FMEFsh i 4 {6 i, F Ad-dnNotchl

5010 pmol/L. 15 pmol/L DAPTZ; &b FEMEFs 3K, ¥
FAqRT-PCRIG MALK2, ALK3. BMPRII mRNA7K V-,
4 1 1R, dnNotch 11 fil|BMP2\ 5 ALK 2 % 1,
DAPTHI fIBMP2/» 5 (IALK2. ALK3. BMPRII) %
%o Bl g5 R R, Notchfs 5 5 M BMP2AH N 52 14
215 (E4BATEA4AC).
2.5 Notch{5S ¥BMP2/Smadsif & HI 220k
BMP21i% 3MEFsi & 7 I, 737 FHAd-DLL1
8¢ Ad-dnNotch 145 i Ji% ¥ &b #EMEFs, 40 1% 773K
J&i, 1833 Western blotfll 2¢ ¢ 2 i £ NI BMP21E 5 il
% 1 Smad1/5/81f B 14 7K 1 FISBE #4 3 3 1o 45
R27R, DLL1A] B 2 FBMP215 3 Hp-Smad1/5/8
K 52 A%, dnNotchl K il BMP2i% S 1)
p-Smad1/5/87K *F; {H I & %F Smad1/5/8 & &5 [ Jii 7K
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(A)
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Relative mRNA level
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&3 dnNotchl

_.
i

m BMP2+RFP

Relative mRNA level
-

(=]
h

©

EBMP2+dnNotchl

E3 Blank

&3 DLL1

E3 BMP2+DLLI1
[ BMP2+RFP

e DMSO

& DAPT

£ BMP2+DMSO

mm BMP2+DAPT(10)
BMP2+DAPT(15)

Relative mRNA level

A: qQRT-PCRAZIMDLLIXBMP215 5B IKT. T8 ZAAmRNAK V[ 540; B: qRT-PCRAG JlldnNotch1 X} ALK2. ALK3. BMPRII mRNAJK -5 0;
C: qQRT-PCRIGIMIDAPTHALK2. ALK3. BMPRII mRNA/KF-{I540T . *P<0.05,

A: qRT-PCR was used to detect the effect of DLL1 on the mRNA levels of type I and type II receptors of BMP2 signaling pathway; B: qRT-PCR was
used to detect the effect of dnNotchl on the mRNA levels of ALK2, ALK3 and BMPRII;, C: qRT-PCR was used to detect the effect of DAPT on the

mRNA levels of ALK2, ALK3 and BMPRII. *P<0.05.

El4 oRT-PCR#&MNotch{E S BMP2{ESEHEL A Z{FAmRNAZRIAKFHIFNT
Fig.4 The effects of Notch signaling on the mRNA levels of type I and type II receptors of BMP2
signaling pathway detected by qRT-PCR

PRRAE HE R, [FIE, SBEW G % S5 45
F 7R, DLL1E Z (¢ H#EBMP2 A 5 [ SBER s 3 14 ;
dnNotch NI AHIH] . LA ES5 R U, FEBMP2i%
Sl A T AR 1, Notch 2L A5 {2 3 Smad1/5/8 4%
R AL . B9 A% P9 SBEHE 3% M A9 E F (B15).
2.6 Notch{EEXBMP2iESHIMEFsH B HHXE
ESESVN:0pA

BMP2i%5 S MEFsi & 7 B, 73 %1l FHH Ad-DLL1
5 Ad-dnNotch14% i 5 5 &b BEMEFs, 40 Jfl 5% 723K
J&, K FHqRT-PCRAG M B AH O 2 R 1 R 3k 7K .
45 B R, DLLUE #EBMP2i% 5 (1 i i % Bt 5 [
Runx2. J&B R IAFRICEEF Colla 15 18 W AR
HEFOCNI 1k, (HOSXTE & % 2% 4k . dnNotch14fl
HIBMP21%5 5 (1) B B A bR 1 JE R Colla 15 JlH W
HAPRICZE I OCNI R 1A, Bef 8l 22 K Runx2 R i,
BRGHEE X, OSXTH R, DL g R Ui,
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A: Western blotK il DLL 1 BMP2ifi % Smad1/5/8 4 [ BUBERZ 16 /KT FISZ; B: Western blotarflldnNotch1 X BMP23 # Smad1/5/8 2 H i R b
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A: Western blot was used to detect the effect of DLL1 on the phosphorylation level of Smad1/5/8 in classical BMP2 signaling pathway; B: Western blot
was used to detect the effect of dnNotchl on the phosphorylation level of Smad1/5/8 in classical BMP2 signaling pathway; C: luciferase reporter assay
was used to detect the effect of DLL1 on the SBE transcriptional activity; D: luciferase reporter assay was used to detect the effect of dnNotchl on SBE
transcriptional activity. *P<0.05, ***P<0.001.
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Fig.5 The effects of Notch signaling on the phosphorylation level of Smad1/5/8 and SBE activity in classical BMP2

signaling pathway detected by Western blot and luciferase reporter assay
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A: qRT-PCRAZ JDLL1X BMP215 5 1 8 #H 26 2 RImRNAZK T [ 521); B: qRT-PCRAS M dnNotch 16 BMP2 175 5 1) il & #H 5C 2 [RImRNA K T+ 11
. #P<0.05, *#P<0.01, ***P<0.001.
A: qRT-PCR was used to detect the effect of DLL1 on the mRNA levels of BMP2-induced osteogenesis-related genes; B: qRT-PCR was used to detect
the effect of dnNotch1 on the mRNA levels of BMP2-induced osteogenesis-related genes. *P<0.05, **P<0.01, ***P<0.001.
El6 qRT-PCRA&MNotch{s S X BMP2iE AL B 1H X EEmRNAK RIS
Fig.6 The effects of Notch signaling on the mRNA levels of BMP2-induced osteogenesis-related genes detected by qRT-PCR
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cytochemical staining was used to detect the effect of Hey/ on BMP2-induced early osteogenic differentiation.
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Fig.7 The effects of Heyl on BMP2-induced early osteogenic differentiation detected by ALP activity and cytochemical staining
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A: gqRT-PCR was used to detect the effect of Heyl on the mRNA levels of ALK2, ALK3 and BMPRII, the BMP2 signaling pathway receptors,
***P<(0.001; B: qRT-PCR was used to detect the effect of Heyl on the mRNA levels of DAPT-inhibited ALK2, ALK3 and BMPRII during BMP2
induced osteogenic differentiation, *P<0.05, **P<0.01, ***P<0.001. C: Western blot was used to detect the effect of Hey! on the phosphorylation
level of Smad1/5/8 of BMP2 signaling pathway.
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Fig.8 The effects of Heyl on classical BMP2 signaling pathway detected by qRT-PCR and Western blot
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