38 B = ZEBE R FRER ,2016,38 (1) http ;//aammt. tmmu. edu. cn

DOI:10. 16016/j. 1000-5404. 201504139

DLL1 ZERSEAER I FSEHE R THEREF L PHER

B Bt ERAL TR e B (400016 K, HPK PR RE KA - K06 2 2 e M ARAG 3612
Wi BRI T A S R )

(#E] HM i) Notch B {& Delta-likel ( DLL1) ¥E 8 B 25 TE W25 I 9 ( bone morphogenetic
proteins 9, BMP9) 755 )5 # [8] 76 5t T~ 40 2 ( mesenchymal stem cells, MSCs) 5B 23k F BOAE B X AL o
Jii: M A DLLL = 46 0% 35 b 9 i A Ak /N BROVE BR B 21 4 40 i ( immortalized mouse embryonic
fibroblasts, iMEF) Ht DLL1 mRNA [{)435 , 73 311 5% FT 20 M Ak 27 Gt €0, 35 P 0 s ) 300 vy 8 A i v i 1R
ity (alkaline phosphatase , ALP) FI 1 BB b5 85 8 DAL 9 52 M 5 HOURR BN S 7 il e g i — 20 1
fift DLL1 AR N BLE AR T s 5 ] gRT-PCR Western blot FIZEG R BgfG I DLLL X BMPO 28 B {5 53 %
{1 (K Smadl/5/8 SRR AL Smad 25 4 76 (smad-binding element, SBE ) 5 5438 H 511, %5
5% IRAUAH G, DLLL FERSPRERA A2 iF BMPO 17551 MSCs LA RLEFRAR ALP 75 P4 10 S0 180 46 B 45
ERTUR B A B ; [ i o BE B AR 3F BMPO 5 3 1) MSCss #R B N A VR T s BMPO {5 53 B vf ALK2
FORWLE N, WS ALKL B4 R0 ; Smadl/5/8 3 H & 504 WAL AL, 1T p-Smadl/5/8 3 H M SBE
IHTER AN (P <0.05) , &5 DLL1 A] LLfig#k BMPO i T 1) MSCs BB 734k, 7] RE i i 52 i BMP9
1551 R S AL AR

(SRR ] [FEH T4 ; Delta-likel s L A A8 H 95 Notch {5538 #%
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Delta-like 1 promotes osteogenic differentiation of mesenchymal stem cells induced

by BMP9

Lian Jing', Yang Lunyun', Cao Junjie', Luo Jinyong', He Baicheng’, Tang Min' ('Key Laboratory of Medical
Diagnostics of Ministry of Education, *Key Laboratory of Biochemistry and Pharmacy, College of Laboratory Medicine ,
Chongqing Medical University, Chongging, 400016, China)

[ Abstract ]| Objectives To determine the role of Notch ligand, Delta-like 1 ( DLL1) in bone
morphogenetic proteins 9 ( BMP9 ) -mediated osteogenesis in mesenchymal stem cells (MSCs) and investigate
its possible mechanisms. Methods  Recombinant adenoviruses were used to over-express DLLI in
immortalized mouse embryonic fibroblasts (iIMEF). Cytochemical staining was used to evaluate the early-stage
osteogenetic index, alkaline phosphatase ( ALP) and the late-stage osteoblastic indicator, calcium deposits.
Ectopic bone formation assay was conducted in nude mice, then HE staining and micro-CT scanning were
employed to analyze osteogenetic status so as to determine the role of DLL1 in the process. qRT-PCR, Western
blotting and luciferase reporter assay were conducted to detect the expression levels of BMP receptors, p-
Smad1/5/8, and activity of Smad-binding element (SBE). Results Compared with control group, DLLL in
vitro treatment obviously enhanced the osteogenic indicators ALP and calcium deposits, and in vivo promoted
ectopic bone formation in nude mice. ALK2 in BMP signal pathway was significantly elevated, but no change

was seen in the level of ALK1. There were also no obvious changes in the total protein levels of Smadl/5/8,

[(E&mMHE] ®ERERH ARREES (CSTC2012jjA10004 ) 5 F PO HZ R AR BIZE T H (KJ130305)
[BEEE] 7B 60, Hi%.:(023)68485223  E-mail ; catom@ 126. com
[fEFEHAR]  http://www. cnki. net/kems/detail /51. 1095. R. 20151124. 0853.017. html(2015-11-24)



http ://aammt. tmmu. edu. cn

B PR, 2016,38 (1) 39

but those of phosphorylated Smadl/5/8 were increased. SBE activity was also enhanced (P < 0.05).

Conclusion DLLI1 enhances BMP-induced osteogenesis in MSCs both in vitro and in vivo, and it might exert

the effect through BMP-Smad pathway.
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mesenchymal stem cells; Delta-like 1; bone morphogenetic proteins 9; Notch signaling
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[i1] 78 J5 T 2l it ( mesenchymal stem cells, MSCs ) J&
SIATTEERE U R ULPR B v ) AT
UTAEK, I B s AR E R S 2 e
REFNIBURA 5 A0 s T A B 3 25 B BRI 40 iR 7
FILHZ T AR BLAE RN T 40 > . MSCs [ 3& 387
] 3 AR RE 1 52 B 22 A K R RS 5 B A DL I 5
M), PR 5T 3 4645 3 % 1 A AL 6 7 MSCs 7540
VTR AR B2 rp g i PR B AR . BB
JE i % [ ( bone morphogenetic proteins, BMPs ) J& %41k,
H K HF B (transforming growth factor B, TGFB ) #8 5 ji%
MM Z—, BA ZMAEY ¥R, BIESEREA
9 (BMPI) 7EARSNAT LLiF5 5 MSCs [n] JiH 434k, & H il
T 2257 B IT %28 1) 20 43 Ff BMPs Hrifs e MSCs BUH 43
AERE SR R~ LA TR I PR R P T (H
P MSCs JUE 73 A A 7 LA AN TE 2

WFFEAUESE Noteh {5575 H ik F vh & 4% AR
FST . R AT I BF 5 45 SR B, Noteh {555 B
il7% DAPT B BMP9 75 S 1) MSCs H I 30 hiL 43
A6 40 B 4 il % Notch ), Noteh {553 % 5 A
[ Delta-likel (DLL 1) \DLL 3 \DLL 4 Jagged 1 F/1 Jagged 2 ]
t,DLLL 35 8 % T o WF5E4iiE DLLL-Notch {5
SEE I S 2RI AR e R
1 DLL1 7£ BMP9 75 5 MSCs B8 73 fh ik 72 i 7 K
BURIBIETEEL D o BRIt , AS B 90 400 5% o 2H o 7 9
DLLL, #43 DLL1 7E BMPO 75 11 MSCs J§ 8 73 A i1
FH KA

1 #MRE5FE

L1 it

LT Al s kARG BURIG 4T 4E
40 i ( immortalized mouse embryonic fibroblasts,
iMEF) , B [8] 78 5r 4 g C3H10, C2C12, i & ik
DLLI i 75 (AADLLY ) , i IR 21450 8 1 I 5
(AdRFP) ,iF #ik BMP9 iR 2 (AdBMP9 ) | i 3¢ k4%
EIOGHE F IR BE UK (AAGEP) Xy 2 finAF K27 fi]
L Ol A S 5 = DR A NG5 D g AN D Bk
HCT116 ph 8 PR BERF R 00 T B 2 AR AT

1.1.2  FF 5| DMEM & Biis 3L ( HyClone
A]) , i 4 1E (Gibeo 22 H]) , /N4 IfiL ¥ ( HyClone 23y
Al BEERE R (P AZ B A R | B IR 1 (alkaline
phosphatase , ALP) 4 {6 i, 7| ( Sigma /A #] ) , 4= 2 C
(L[ Sigma) , B-MMR H il (32 [ Sigma) , PR S(E
[E Sigma) , RT-PCR ( TaKaRa /\ @] ) , Real-time PCR iz
7 & (TaKaRa /A ] ) , 514 (Invitrogen /A #] ) , Western
K 1P AR (= R w]) |, 4 MG #) BSA (Sigma
INFL) , p-Smadl/5/8 LR (CST /4 7)) , Smadl/5/8 Hifk
1 B-actin B REHTIA (Santa Cruz 24 H]) , EHT I AT
BAUA(PAZ BN A A , Smad 255 701 (Smad-binding
element , SBE ) 1 2% il oA pH 51 PR BE R K 27 4 1 S5 9
BT, DGR BRI ] (Promega A H]) o SEER B
TEHT 6 ~8 Ji e 11t e e S B s BALB/ ¢ BRI, 14
JiitE 20 ~30 g, i E PRERF RSB sh Wy rpon e it I
FeT AR IE R O I 2 39 5 Y, PRI IR B 4 5 7
25 C, 23 RE H 50% FARHFIK 2858 A e,
1.2 ¥k

1.2.1 40z iMEF ,C3H10 Fi1 C2C12 4 jiti /I
5 10% a4 103 1% 75 55 R /655 %= (P/S) 1Y) DMEM
Ri R LR 3% , HCT116 41l & 10% /N4 135 1%
R/ HER R (P/S) 1) DMEM R 3R A 5%, 137 C |
5% CO,XEFRAR T, T8 4 M I BE Rl 5 2= 50% A4 i,
0.25% JiHE FIBHAE AL AT 1L U 5%

1.2.2 FfrEigedEhl s K HCTL16 40k IR 7E
BRI, frd A K il 2 50% A4 5, A Ad-
BMP9 B¢ AAGFP, By R hlAE 50% /245 ,5 h Jg TG
IMH JCHT A ZR A DMEM 15 SR 36400, 73 501 T 4 W05
24 h 148 h J5 & IRESAF 5T 1 ¥k, 1 000 r/min 1§
TRESG S min JFCE T4 C&EH.

1.2.3  Real-time PCR  ZfEAL3H 3 d )5, TRIzol 4
U RNA, 5054 5%l <DNA, Ll GAPDH 1 42, #2I
Real-time PCR AH G izl & #AE UL B, A0 AR DG A
19 Invitrogen 28wl G 10, SR R ILE 10 R4
Z N 10 pL, SRR AR 94 °C 2 min;92 C 20 s;
68 °C 30 s;72 °C 20 s, FEMR BRSOG40 NMEER; T
65 ~99 CIEMIMIZTICRAE . BRI 27 537
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x1 S5IUFIREFYKE

5149 Elk7Z0dl

DLLL 7 5'-CCGGCTGAAGCTACAGAAAC-3’ 21
7 5'-AGCCCCAATGATGCTAACAG-3'

PP (bp)

ALKL 7 5'-ACCTGGGACTGGCTGTGA-3’ 125
i 5'-GCAGTCTGTGCGGATGTG-3’

_Fi## 5'-GTGGCTCCGGTCTTCCTT-3!
ALK2 - 125
T 5'-AGCGACATTTTCGCCTTG-3'

7 5'-GGCTGCCCAGAACATCAT3'
GAPDH , 180
Tz 5'-ATGATGTTCTGGGCAGCC-3

1.2.4 ALP Jtfn # IMEF 4250 F 24 fLAH, £F
YA KA = 30% /547, i A AARFP 5§ AdDLL1
6 h Gk, FF OB IS (2936 h) , IATE 51
BMPY Z& {8 7 , gk 25 S 1597 7 d J5 64T ALP e
o, ALP Yefadyik . ot A8 1K U4 i
3K, TR 4% BRE S E AN 1 min, 250 F K G
1R BAFLINA 250 L ALP Je a3, 366 HCE: 20 min
J& , WA T I UG IR A

1.2.5 45ERUIRECES % IMEF 003 = 24 1L
M, 5 40 M A= K E A & 30% 24, il A AdRFP &§
AdDLLI 6 h [543, fp ¢ e BUE (29 36 h) |, it A&
MY BMPO 4545 7 3L fAm ER 45 7 L (4B K C
Ko B-BEERHM ) AREERE SR 14 d JF TP R 4L S e,
PEELL S Yoo Jy ik . 7o L RE R, I PBS #E4LUEVR 3 IK
(ShPEELRE)  BEFLINA 0. 05% I — 8 & 5 4H L 10 min
J&, 3R TR I 2 B oK PR 3 R, 4k A
0. 04% pEZELL S Ye a2y 30 min, FFA LI GHERIRT, 57
TR Ze B KL AR N, FRE TR 1, B
I AR IRAE

1.2.6  Bh¥yscss M g4k iy o ¥ IMEF 41 Jifg
& 10% a4 1. 1% 75 % R/#E % K (P/S) 1)
DMEM #5323 8555, 8 F 37 C 5% CO, i34, F§
S i s BE il 309% 22 A7), Jin A AdDLLI 8f; AdBMP9 , J&&
YeBAE 50% F247,8 h J5 i, F 0. 25% Jik 2 11 B
A A B0 HL 1000 r/min #5003 min, £ i, H
100 wL PBS HAAAHMIUTVE , ST AR T, 29 2.5 x
10°AN2 . 4 JR e Ab BE /0N BROIR B R T e, Y S [
B, #E4T microCT 4941 il HE Jufa,

1.2.7 ZEA iR Western blot £l A3 )5 5
iMEF ,C3H10 £1 C2C12 40, R4 A= K b4 2 30%
ZEATEE, A AARFP 5 AdDLLL 6 h 543, R 298 6
PG (2936 h) , JInAGE M i) BMPY Z5FR5 7738, A S
Bige 1 h Je T EE (BRI, R A R U v UK
PBS VRV 3 UK, BRI ARG, A 200 WL %2
A D ) 700 e o A1 ) 7500 1% 200 A A, B Fok B2
fif 5 min; FAN A 2K 40 M 308, B2 A 1.5 mL EP 4

HS AR S OHL S 000 ©/min B5.0 20 min, /NCE VG TR
25 1AEPEH IFIMA S0 pL 95 x FH _EAEZ o
W, BeJ5 100 Cil7Kif 10 min, 7338 )5 5T -20 CRAF
# Mo Western blot : il V4 A 43 25 e, 100V 4E R HL
JET SDS-PAGE BEHTK,210 mA I L % I, 4K K
IN—PUR T PR, b2 R T R .
1.2.8  SBE %)t 2 B M A I 5393557 IMEF |
C3H10 F1 C2C12 #i i, R Ml 2 30% A7 B,

BB 2000 K¢ SBE kLG e AN . B e 2
3 pg BIETRLS 15 pL AR BT ZE 250 WL B9 G
M3 TPt RIGFRHES 15 min JFIMAZ S A 2.5 mL
TCIiE PRGN, Y 6 h 5.
CE ML TS R4 37 C 5% COL 35T e, M iE gy
J& WA FP T 24 FLAR, 15 20 7 04 B% ) i A AdDLL1
5 AdBMP9 , J&YLRTE 50% Fi 47,8 h 5 il , ke d 37
36 h J5 24/ 40 g, 1 000 r/min B5.0> 15 min, B b3
50 pL 520 pL iKY, Kl SBE 2% 5 28 B 4 o
1.3 %itso#

K H SPSS 17.0 #4745 iH24 40t Bh i LA » x5 3R

N, Z A A LURCR R R 22 7 22 3 A, AL 1R 7 Lk
FH ¢ K56, K 5 K HE o =0.05,

2 #R

2.1 AdDLLI ki iMEF & DLL1 4 mRNA % ik

F] AADLL1 5§, AdRFP &% iMEF 411 36 h J5,%%
O TR W 45 R R BE IR AR 30% A
(E 1) ;533 d J5,qRT-PCR #:] DLLI () mRNA 3
KA, 25 R R IMEF 41 g oy J5PE DLL1 3k 1R
/> AdDLLI ZbFR 2] 55 % B4 A HE , DLLL 33k 2 B 3%
(P <0.05) .

AdRFP

AdDLL1

POEIET

FOEHLET

1 EABREMNE AIDLL] £ iMEF 48
DLLI fy%i%  ( x100)
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A F:3+848;B .G:DLL1 £8;C H:BMP9 #8;D 1.BMP9 + DLL1 #8;E .J:BMP9 + RFP £8; A ~ E. %81 5 ‘B 5L 45 47

ALP & ;F ~ . AR B o5 tnssh-H oSk é
2 DLL1 %f BMP9 i 51 iMEF 4B B 4 ¢ B 820

2.2 DLLI 4% BMP9 # %45 iMEF 4m ft -0 29 2,8
2L

% AADLL1/AdRFP J&& %t iMEF 41 fifl, BMP9 %%
PSSR R U Ak, A0 BIFE SR T RS 14 KR
ALP Je(a FI9E REL S Ye ok I i B 0145 b ALP J¢
BCE W SB G AR A AR OAR . 45 SR o, B DLLL X
ALP & PE F A% 8 UAR A 52 e, {H RE S22 3 F 9 BMP9
#3 IMEF Uiy ALP {5 ER IR (&1 2) o X
FH] DLLL BERSAE #F BMPO 75 511 iMEF 4 fig 5 6 3
B
2.3 DLLI 4% BMP9 % %49 iMEF Zgje 272 R & F

FAL AR

4y %I AdDLL1 =% AdBMP9 4b ¥ iMEF 41 il J5
L d SR Z0 I S AR R B2 T, 4 Ji G 2 B3
AR e, IR AR A AR, & Bl BMP9
4 LbA , BMPO + DLLI 20 57 Jli B A Hu AR BT J 3 K
(K 3) s udy) i HE Jea g5 3 R, BMP9 + DLL1 44
H/ANREHZ (K 4) ; FH microCT 45 I B (4R R
SR 45 UL BMPO + DLLL 2 fi B (A R % B 5 2 1]
Wi T BMPY 4 (K 5) . (RNSEE R, DLLL B3
5% BMPO 5531 iIMEF 20 i /e # U N S0y
2.4 DLL1 xf BMP9 125 i@ % [ & 24k 6935 vh

TEWIRS DLLL TE1A N SN & A e i MSCs J51E 1]
J& N T 2P0 DLLL fig i3 BMPO 753 () MSCs Ji§,
Hor Ak By pLHl, & SR AT gRT-PCR A3 i) DLLL X
BMP9 {52 % 1 %521k ALK1 ,ALK2 mRNA kK
SRR, 25 R WK, B AY DLLL Xf iMEF 2 fifd Hh
ALK1 Fl ALK2 mRNA [ 3535 %44 5200 ; 76 BMP9 171
MIEGL T, DLLL fg W] g {2 #F ALK2 mRNA fy3Rik, (H

( x100)

%} ALK1 fiy mRNA 23k %450 (P <0.05,/86) .
2.5 DLLI 340 BMP9 £ $242 5 i@ % ¥ Smadl/5/8 #

BEBRAL KT

3 T 5% DLL1 %} BMP {53 % 1 Smadl/5/8
HISZ IR, % F] Western blot #57 AdDLLI 45 4b 3 5 19
iMEF ,C3H10 A1 C2C12 4 g *F Y Smadl/5/8 K WifR
BRI gE5 R, S5XFIR41AH e, BMPO + DLLL £ fg
HH 2 _E 4 p-Smadl/5/8 7K, {HX} Samd1/5/8 & H
AR (ET) .

BMP9 £

»

3 DLLI 3§ BMPY S HI 8RR F AL B TR # AT

BMP9+DLL1 4

A.BMP9 41 ;B.BMP9 + DLLI 41
4 DLLI1 X BMPY SR RBAKEFB/NE
HEMFM (HE x40)
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RS

BMP9 £

1 mm

BMP9+DLL1 2

1 mm
—

L TESEi]

1 mm

1 mm
—

1 mm
—

1 mm
—

E 5 microCT 13# ¥ 2 DLL1 3 BMPY FESMBER BB BT EZENEM (HEMNGEI LR AR FERREKX)

S5r

m X RZE
DLLI1 41
4| BBMP9 4]
4 8BMP9+DLLI 41
2 O BMP9+RFP 4
~ 3t
Z,
o
g
&'
junng
=

ALK1 ALK2
24

a:P<0.05,%5 BMP9 + RFP 40 1t
6 DLL1 3f BMP9 I & 54k mRNA }&i% K &0

C3H10 C2C12 iMEF
123451234512 345

p-smad1/5/8(52x10)— [ .
smad1/5/8(52x10)— [ T
GAPDH(42x10")— [ s S
1% B8 4852 DLLL 41;3; BMP9 #1;4. BMP9 + DLLI 41,
5:BMP9 + RFP 21
7 DLL1 3 BMPY {5 €& Smad £

2.6 DLLI 2y BMP9 £ 13 53 3 4 69 %5 vh

KAV R MG A AIDLLL 8 4b P f5 iMEF |
C3H10 1 C2C12 ZHffiA% N SBE 555861, 45 R 2
7, 5% ERZH A b, BMP9 + DLL1 4 BE#%3% i BMP9 75
1) SBE SO R MG M (P <0.05, &1 8) , X4k
1% DLL1 {55538 i )5 vl 2 i BMPO {55538 [ i 4% 1 &
SR

100 000 i R A

DLLI 4

80 000+ BBMP9 4

BBMP9+DLLI 4
OBMP9+RFP 41

60 000
a

40 000

SBE ## 53 M

20 000

2012 iIMEF
R

a:P <0.05,%5 BMP9 + RFP 28 }b.4%
8 DLLI1 Xf BMPY {5 Si& % SBE #RiE EHI M

C3H10

3 g

MSCs fF7E T 588 il i SF 20, BA 21 7
PLTERE™ , 76 AH B 1935 S 45 18 1 Al i) AS 7] 42 4 4
H SNRSE T M43k, BMPs J& MSCs B{H 73k b i %2
i S 707" . BMPs-Smad 28 ML {5 5 i £ E
BMPs 5 HZ k%54, i Smadl/5/8 #5g 1k, p-Smadl/
5/8 55 Smad 4 Z5 5L B W F BANMEIAZIN , 5T i
HOREDR R BT OCESE A R PR R DR o

Notch {55 T IZfE17E T 2R HE S AR B HES P 1k
P, LA 1 BE DR STE  J2 M A  z [) 4 E
FEFTEEZ — , LG 2RI AR R R I
F S IHELB A 4 B Notch 22 {4 (Notchl ~4)
5 FhNotch Bi{& ( Jagged 1. Jagged 2, DLL 1 DLL 3 F
DLL 4) , 35 J& T 5 Y 5 I A 1, AH 408 4 i 8] 38 o e 52
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PREE & TS T BP0 2L, 3L 4E K, Notch 7645
KERERPOEMZREAR B E T Notch 5
BMPs \Wnt S5 {553 1% AH 5. P, 545 MSCs B AL i
B SR R oA A T TR T T RS, (H AL 1
ANEEE . ALK DAPT (dnNotchl )i Notch {5
ST, BMPO 7551 MSCs 5 VE R85 , 5 Tezuka
SR LS MIAF Ao DLLL 424 Notch {553
H5 AMRIRZ —, &A1 A C ol N A BE.8 R
KA FREFE DLAD 1 4> Delta/Serrat/ Lagged ( DSL) 4%
Pt FRATHTIADE ST & B, 76 MSCs i 43t it #&
T M % B 8% Noteh Ji5, W2 fAf DLLL B 5 Fh 5™ o
AT R FHE A% 75 1R DLLL B9 HoAE BMP9
W5 MSCs BUH 4k H A T AL

TERIE AADLLL B34/ MSCs 4 g ) DLLI mRNA
FEIRM LR b, AT UESE DLLL fE {2 BMPO i
S MSCs J 74k BIAE R, R B RR BROEE F S |
SERG 2P S8 DLLL R N B & WAL B AR 5 A
SIRATHT IO IE 45 - — 3", 5 Nobta %1% % 3
DLLI {3 BMP2 75 3 ) 1 43 A0 B B 8 A 7 [
BF, 3R THE— 2545 T DLLL X BMPO {553 J& i 50,
ZEHLL 3 DLLL ffEiE BMP [ BUS2{Ak ALK2 3515, I8
fE_L 9% Smadl/5/8 BEERIL /K- I SBE [k 315 o

25 LTk, AW ST UESE Noteh {555 38 B% A9 ic 44
DLLI 7EK PN AR EL A 42 9F BMPY 5 5 MSCs JilH 43
FERPE R, HAZ A0 v] figid o 52 1 BMP9 {5 53 % 11
ARSI
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