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[ Abstract ]Objective . To investigate the effects of recombinant adenovirus—mediated bone morphogenetic protein—7(Ad-BMP-7) over—
expression on osteogenic differentiation of prenatal mouse intervertebral disc nucleus pulposus(NP) cell,and to explore whether BMP-
7 regulates classic Notch signal pathway in this process. Methods : Recombinant Ad—BMP-7 and adenovirus—mediated green fluores—
cent protein (Ad-GFP) were amplified by HEK293 cell and were used to infect NP cells. The experiment was designed into BMP-7
group(n=3),GFP group(n=3) and blank group(n=3). Real-time PCR was performed to detect the mRNA expression level of BMP-7,
real-time PCR was carried out to detect the mRNA expression
1BEIT 4R K 4L, Email : 384251886@qq.com, level of osteogenesis index osteopontin(OPN) , osteoprotegerin

BRI f A ARSI (OPG) as well as the classic Notch signal pathway members.
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(2014-10-30) generated by adenovirus amplification in HEK293. The basic

Western blot was used to detect the protein expressions level of

osteogenesis transcription factor Runx2 and OPN. Alkaline pho—
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mRNA expression of BMP-7 was almost undetectable in NP cell. Compared with those in blank group, Ad-BMP-7 mediated over—

expression of BMP-7 significantly increased the mRNA expressions of OPN,OPG and the protein expressions of osteogenesis transcrip—
tion factor Runx2,0PN(OPN:F=613.815,P=0.000;BMP-7 group vs. GFP group and blank group,P=0.000;0PG;F=10.046,P=0.012;
BMP-7 group vs. GFP group P=0.016;BMP-7 group vs.blank group,P=0.047). The activity of ALP,a specific indicator for steogenesis
in Ad—=BMP-7 group was statistically higher than that in blank group(#=513.417,P=0.000;BMP-7 group vs. GFP group and blank
group,P=0.000) , with enhanced positive purple-blue stained cells. After 3 days of Ad~-BMP-7 infection,the mRNA expression of classic
Notch signal pathway members Notch—1,Notch-2,Jag—1,Hey—-1 significantly increased (Notch—1:F=94.574,P=0.002; BMP-7 group vs.
GFP group,P=0.003 ;BMP-7 group vs. blank group P=0.004) (Notch-2:F=318.962,P=0.001;BMP-7 group vs. GFP group and blank
group, P=0.000) (Jag—1 . F=166.476,P=0.001 ,BMP-7 group vs. GFP group and blank group P=0.000) (Hey-1:F=1 082.054,P=0.000;
BMP-7 group vs. GFP group and blank group,P=0.000),while reversed to the baseline at day 7. There was no difference in others Notch

signal pathway members among treated groups. Conclusion ; Adenovirus—mediated BMP-7 over—expression can induce osteogenic dif-

ferentiation of NP cell,which partly due to transient up-regulation of some classic Notch signal pathway members.

[Key words ]nucleus pulposus cell;bone morphogenetic protein—7;notch signaling pathway ; osteogenesis differentiation ; vertebral col—
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A AR BA YR A T B 5 R B (alkaline phosphatase,
ALP) P70 & H 56 F Sigma A F] , ALP GRG0 [
J[E Promega A H] , H FHRIUAT G A Western blot B
WH G [ 3R K A PVDF 5 F 35 [E Minipore 2 5], 71N
FRORUENY B-actin HLAA kTR Runx2 £ s BEHUIA T EHT
o P P A 35 [ Santa Cruz 23 ), A TR B &
[ (osteopontin, OPN) £ 5a BEHUAE [ 25 [E ImmunoWay A,
1.1.3 FZ{UEY  Thermo 4NMIR5FR4 , T100™ Bio—Rad PCR
F A, C1000™ real-time PCR JZ W X , Beckman 1 i 25 /0>
HL, Nikon 2 2435 , Syngene Gene Genius 4 F ShERE L%
%, ModulusTM PRI Z D REAG NN
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1.2.1 FEAMHEETE HEK293 40P A4 58 75 HEK293
YA A 2 80%~90% TT e 4t fef 5 SR FE VR AN 3 (ol 75 o
Yt 48 h J5 ,HEK293 4RI (4 GFP B 30% 4540, 1L 5t
3L 5~7 d,90%h AR AR 8] 1/3 DL 4 ST s 1A 45 2
HiL, 9.0 (4 °C 800 v/min x 10 min), #2513, FITCIMEDMEM

1 ml FEAIMITTHE  -80 C L% 37 CRL IR 4 U, B0 (4 C,
5 000 r/min x 10 min ) [ 7E 20450551

1.2.2 BN EEERYY NP Aol B AR E B NP
A% 2 x 10° ANFLEERNT 24 FLBCT RN AE K & 6091
TMAZHKEE 10 we/ml [ Polybrene UL M AN [RIF& FEHE T 1Y Ad—
BMP-7 il Ad-GFP., {31 9t W i A ik 48 h

M) GFP FH 40 B L 191] (60%~70% ) LA K 40 M (19 T 25254k |
FE R R R YL IR

1.2.3  Real-time PCR H1F BMP-7 mRNA /K Vi Kik 4%
1 x 10° > NP 4l T 6 fLAkH, 534 3 4. BMP-7 ZH (n=3)
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GFPA (n=3) & HH (n=3), £ 3 d fI 7 d $EILA-L 401
RNA, U5E RNA MR JFJRHE ARV 330 55l cDNA,
FHFREIN BMP-7 1) mRNA 7KF-, MR R 10 pl.2 x PCR
Mix 5 wl, F IS4 0.5 wl,cDNA #iHz 2 wl, DEPC 7K 2 ul.
SN E:95 °C 3 ming92 °C 30 5,65 °C 30 s,-1 CAGH, 72 °C
305,10 ;92 °C 30 5,55 °C 305,72 °C 30 5,28 x ;72 °C 3 min,
L5%BEBR BRSSP AI I 1,

#1 PCRi|#F%I%
Tab.1 Sequences of PCR primers

JEH FH1(5°~3") KN (bp)

. 3 : AGGGAAATCGTGCGTGAC
B —actin . 146
T : CGCTCGTTGCCAATAGTGA

3 : TCGTGGAACATGACAAGGAA
BMP-7 - 163
FU#: CTGATCCGGAACGTCTCATT

OPN 3% : CCTCCCGGTGAAAGTGAC 124
TU#: CTGTGGCGCAAGGAGATT

opC 37 : GTTCCTGCACAGCTTCACAA 1
’ T : AAACAGCCCAGTGACCATTC

¥ : CCTGCCACTATGGTTCCTGT
Notch-1 . 175
TU#: CCCTTGAGGCATAAGCAGAG

L3¢ : CCTGAACGGGCAGTACATTT
Notch-2 . 165
T : GCGTAGCCCTTCAGACACTC

% : GGGTCTTGTCTGCTCAAAGC
Notch-3 - 185
T : GGCTGAGCCAAGAGAACAAC

i : GGACGGGACTACACCTTTGA
Notch-4 N 197
Fi#: TGTCCTGGGCATCTTTATCC

Jaat F¥##: GTCCCACTGGTTTCTCTGGA i
o T : GTGGTACGGCAGTGGTCTTT

Jae2 i : CAGATCCGAGTACGCTGTGA 153
o Fi#: GGCTTCTTTGCATTCTTTGC

[##: GAAGCCACTGCAAGCTCTCT
DLL-1 o 159
Fii#: CTTCGTCTGGCTTTCAGTCC

% : CCAGTAGCTGCCTGAACTCC
DLL-3 - 168
TU#: CACATCGAAGCCCGTAGAAT

DLL_4 I3 : ACCTTTGGCAATGTCTCCAC 189
- T : GTTTCCTGGCGAAGTCTCTG

Hev-1 i : ATGGACTATCGGAGTTTGGG 134
N T : TGGGATGCGTAGTTGTTGAG

1.24 Real-time PCR ¥l BB F8 b5 OPN ‘B33 (osteo—
protegerin, OPG ) A Z2HL Notch {5 SHB T mRNA 7K

W bR S B cDNA B TSI A B 4568 OPN OPG
FnZs i Noteh 15538 8553719 mRNA 7K real-time PCR JZ
PR AL 20 pl:2 x Premix 10 wl, ETHS % 0.5 wl, Bk
2 wl,DEPC 7K 7 wl, JZRi 2514295 °C 3 min;95 C 15 5,55 C
30 5,39 x ; IBARIHT (65 C~5 °C), LA B-actin N NS MRk
K4 cDNA Ktz ,

1.2.5 Western blot £l 4% 2H 2 JfS Runx2 11 OPN [%) 5 |1 F°
KA H 1 x 1004~ NP 4ifFpT 6 FLAR Rl S 454,
3 d AT dBRIGE A, 45 H TR Runx2 A1 OPN 19 A
FERIKT-, BCA TR 25 4128 AR B T 50 g/ fL A 10%
SDS-PAGE &85 )5 ,250 mA, 1 min/kD {4%5 % PVDF JiE I

TBST ¥EME 3 ¥R x 10 min J& , H 5% M08 U5k % B 4] 2 h,
TBST B-PERE 3 YK x 10 min; iITA —$L ; St Bl Runx2 (1:500
B, Pt B OPN(1:500 Fi B ) , FLPL B B-actin (1:500 F
B WSS 1 h, 2G4 CFE 270 12 h, TBST FE% 37K x
10 min, B EIEE X3 1 h, 525 TBST PeA 3 ¥kx10 min,
ECL &JGh%
1.2.6 Bl PEBERREE (alkaline phosphatase, ALP) 15248 8 2 x
10° A~ NP 4iuRh T 24 fLAR, IR L B4 IR B 7 A
K, FBREsFERE  PBS 20k 400 2 i ; BFFLIN 1 x Luciferase
I 27 U 100 wl ZLRAIME 5 min, K2 WER R EP & rh
B0 (13 000 t/min x 3 min) ; B O FIEW 5 wl, Jil ALP JiE
Y15 wl, 1 x Lupo ZZ i 15 wl, G N 30 min, BAFL25¢
K ASAG M 562 nm K AR W 56 % (absorbance, AV ; 45 F
L34 A BCA YR A2 R RS Al ALP 1325,
1.2.7 ALP Jufs, 404 K535 1.2.6, ¥ /DHEN Fast
Blue BB salt ¥y & MIA ddH,0 H {d Hoalg iR w5 BT, m) |-
RN 1725 TR AS-MX YLkl lil 8 ek, PBS %
PEANME 2 3k, BEFLIN 200 wl YL, 37 CHREEIFT 1 h, WBRYL
Wi, PBS 12Uk, WA T ve g 10 DR E Y, 358 00
ISE = 200
13 %itsam

K SPSS 17.0 Geit 3445087 o HE LAY « dofi 22
(x+s)Fm AL HLACR FHALR 207 22501, I LR
Bonferroni 72 , 565 7K #E @=0.05

2.1 FAMAmALE HEK293 ta o & il oy ¥
IR TR HEK293 4 5 d J5 7] LK f GFP 3£
K, BRI ), R ERED LT, Y HEK 293

e 9 2.0 e P e
Al FYEEE Ad-GFP
YL HEK293 4 fitd

B1. 6% Ad-GFP
J&Ye HEK293 4ijity

A2. FDEMEE Ad-BMP-7
Bt HEK293 41
1 BIERNBRIE T UREHRRS RS HEK293
4R 5 d ;FRIIER (100 % )
Fig.1 HEK293 cells observed on d5 after recombinant
adenovirus infection under the inverted fluorescence
microscope ( 100 x )

B2. £45E %% Ad-BMP-7
&Y HEK293 4 it



BERERKZEZER 2015 £5 40 B 2 H8 ( Journal of Chongqing Medical University 2015.Vol.40 No.2 )

— 167 —

22 FHMIRAERI NP Mo E R R B

24 FLHRAEARAN 10 wg/ml A Polybrene 15 5L F 5595 75 1Y
s YR T Ad-BMP-7(0.8 wl) \Ad—=GFP(0.1 pl) ; L5+
JEYLE NP 411 48 h, 45 GFP FEHMEANIE L] 60%~70% (& 2) ,

A. Ad-GFP /&% NP 41I)if 48 h
B2 BERLERETUREARFRSEE
NP Z8Af 48 h JFRI1ES (100 % )
Fig.2 GFP expression of NP cells observed at 48 h after
recombinant adenovirus infection under the inverted
fluorescence microscope ( 100 x )

B. Ad-BMP-7 JE&#% NP 41l 48 h

23 MImIFA-F BMP-7 £ NP 2 fit o & kA

Ad-BMP-7 4- 3 NP 4000 3 d F1 7 d ¥4 5] BMP-7
mRNA /KPR35, H 3 d Rk T 7 d; Ad-GFP F1%5 14
Bekik (K 3),

M Al A2 A3 B1 B2 B3

| BMP-7
(163 bp)

M. Marker; Al. %5 (140 3 d; A2. GFP 41 3 d;A3. BMP-7 41 3 d;
1L.2SH4 7 d;B2. GFP 41 7 d;B3. BMP-7 41 7 d
& 3 Real-time PCR 7£58 3 XHNEE 7 XAl BMP-7 #J mRNA 7k F
Fig.3 mRNA expression level of BMP-7 detected by real-time
PCR on 3 d and 7 d after infection

2.4 Ad-BMP-7 B3t NP 0 )5 it B A8 5% 2k B 64 £k e

Ad-BMP-7 &4% 7 d 7] BY 3455 NP 418 OPN ,OPG 1)
mRNA 7K V2635 8 Ad-GFP 25 14 HA G2 7% L (OPN .,
5 GFP 4 .25 A4 FL ¥ P=0.000;0PG; 5 GFP 4 H 4 P=
0.016, 525 T4l b4 P=0.047) (3% 2 .18 4), NP #fiJfd Runx2
FI1 OPN [ BERHFE IR KPR, Ad-BMP-7 JE&4L 3 d n] B 42
I NP A0 5 A 5 SR Runx2 ZE (& 5),7 d JE T #H
AR OPN YR 27K (18 6)

*R 2 £K2H OPN#1 OPG B mRNA RikKF (x +s5,n=3)
Tab.2 mRNA expression of OPN and OPG in each group

(x+s,n=3)
215 OPNAY mRNA K F-2#35  OPGHJ mRNA /KK
Sk 2.84+1.27 1.22£0.36
GFPZH 1.00 £ 0.07 1.00 = 0.06
BMP-74 21.16 + 0.45° 2.05 £0.37"
FAE 613.815 10.046
P 0.000 0.012

T ra, BMP=7 41523 141 .GFP 41 F ¢ P=0.000;b,BMP-7 415725 [
20 H 4% P=0.047;¢,BMP-7 05 GFP A 4 P=0.016

25 1
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O Adoadia i il
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BMP-741 545 (141 GFP 4l W2 A it #ia X,
a, P<0.001;hb, P<0.05
4 Real-time PCR #&ill B:£/5 7 d OPN.OPG #J mRNA 7k F
(x+s,n=3)
Fig.4 mRNA expression of OPN and OPG detected by

real-time PCR on 7 d after infection( x +s,n=3)

GFP41 BMP-741

25 4
=1 | &=
o R——

& 5 Western blot #&illBE /558 3 X Runx2 EERIXKFE
Fig.5 Protein expression of Runx2 detected by Western blot

on 3th d after infection

2 H GFP#H

om— -u--

6 Western blot #ﬁﬂﬂﬂ@%’éﬁ% 7 X OPN BB RIAKE
Fig.6 Protein expression of OPN detected by Western blot

BMP-741

—66 kD

on 7th d after infection

2.5 ALP:# R g &

ALP 2 L AR bR e g —  HSe B Y o mf
JLMe ALP (R35 4, Ad-BMP-7 13235 Al W] 4R =5 ALP 33258,
5 GFP 2 Koss I BA G F2 L (55 Ad-GFP 25 (4 b4
7 P=0.000) (&l 7). FRALFRR) NP 40 JL-T->R W, ALP L5 0
PR (AN B W5 % ) , Ad—BMP—7 2% 4 Jif 5 W 4 i NP 20 it L
Bl GFP 4 A5 A I 2, 5 ALP S50 H— 8 (£ 3,
K8,
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K3 EHABFEEE7dE ALP B (x+s,n=3)

Tab.3 ALP activity on 7 d after recombinant adenovirus infection

(x+s,n=3)

2151 ALPEEEL
E{EE] 42 407.3 £10926.8
GFPZH 31455.5£4930.6

BMP-741 222 676.8 + 7 643.2°

FAE 513.417

P 0.000

1 :a, BMP-7 41525 140 .GFP 40 F4% P=0.000

250 000

200 000
H
#2150 000

100 000

50 000
e

i |

AU GFP4
BMP-74H 5% (14141 GFP U LA 4i i1 245 X a, P=0.000
B 7 $7XALPE#HEERNSAEM ALP &4

(x+s,n=3)

BMP-72{

Fig.7 ALP activity quantitatively detected by ALP assay
on7thd(x+s,n=3)

A1/B1:Z5[14H ; A2/B2: GFP #H ; A3/B3: BMP-7 4H

8 7 XALP BN ALP & (200 % )
Fig.8 ALP activity evaluated by ALP staining on 7th d( 200 x )

2.6 Ad-BMP-7 B % NP 40/ Notch 125 8 % 5 F £k K
FAa

TS5 3 RAGIN 2 Notch 15 538 B3 1A ik 28
1k, B Ad-BMP-7 % Ad-GFP . %5 F1 4 nf B 2 3 il Noteh—
1. Notch-2 Jag—1 Hey-1 i mRNA ik (Notch-1; 5 GFP 4
H A P=0.003, 525 141 HL#E P=0.004; Notch—-2: 5 Ad-GFP,
25 L LA P=0.000; Jag—1: 55 Ad-GFP 25 40 HL AR P=
0.000; Hey—1: 5 Ad-GFP . %5 A4 L4 P=0.000) , 53514 5
£ 150 75 7 A% 11 A% HARAE Sl 41 3R R 4 4 R JC W]t
# 5% (Notch-3: 5 GFP 4 H3 P=0.181, 575 HAL 3L P=
1.000; Notch—4: 5 GFP 4] tb#% P=0.135, 575 HA4L 3L P=
0.039;DLL-1. 5 GFP 41 L3 P=1.000, 575 A LL#K P=
0.217;DLL-3: 5 Ad-GFP Z5 H4L LL#H#4 P=1.000;DLL-4. 5
GFP 4 L4 P=0.066, 575 14 th#% P=1.000; Jag—2: 5 GFP
AL P=1.000, 575 AL L3R P=0.657) (% 4 |81 9) H ik
Notch 15573 F 1 mRNA Rk 5 —id VA3, A58 7 K
B FIERIFA KT (Noteh—1 . 55 GFP 4 1LAL P=0.769, 575
ZH HEHR P=0.880; Notch—2: 5 GFP 4 75 (A4 L4 P=1.000;
Jag-1:5 GFP 414 P=1.000, 575 A4 LLE P=0.277 ; Hey—
1.5 GFP 4 b3 P=0.130, 575 14 b3 P=1.000) (£ 5, &
10).

10007
Notch-2
b
1004 &
B
%
|
R 101
=
z
=
g

AV NN\

0.1 B H
123 123 123 123 12

123 123

%)

1. 25 452, GFP 41 ;3. BMP=7 4 ; BMP-7 £ 545 (41 F1 GFP 41
A A G248 X, a, P<0.01,b, P<0.001

9 Real-time PCR 75 3 X#&illl£ £ Notch 5 S5 T
mMRNA JKF (x +5,n=3)
Fig.9 Classic Notch signaling pathway members mRNA
expression level detected by real-time PCR on 3 d( x +5,n=3)

* 4 BHRFERE 3 JE Notch 553 FHI mRNA RiEKFE (x +5,n=3)
Tab.4 mRNA expression level Notch signaling pathway members on 3 d after recombinant adenovirus infection ( x +s,1n=3 )

215 Notch-1 Notch-2 Notch-3 Notch—4 Jag-2 DLL-1 DLL-3 DLL-4 Hey-1
24l 1.00£0.05 1.01£0.19 1.01+021 1.00+0.00 1.00+0.00 1.00+0.11 1.00+£0.10 1.00+0.01 1.00+0.08 1.00+0.10
GFPZ  2.83+0.32 1.94+£046 0.60+0.01 1.85+0.32 222+0.71 1.87+049 230+1.02 1.80+0.56 0.68+0.01 0.42+0.04

BMP-7# 5.90 £ 0.66" 150.35+11.78° 0.97 £0.05 3.30+0.67 7.97 £0.00° 1.78£0.71 3.07+0.82 1.30+0.70 0.97+0.09 11.23 £ 0.44°

F 1y 94.574 318.962 6.540 14.394
P{H 0.002 0.001 0.081 0.029

166.476 1.788 3.784 1.211 14.073
0.001 0.308 0.151 0411 0.030 0.000

1 082.054

1 :a, BMP-7 4 5255 (14 H 4 P=0.004;b, BMP-7 415 GFP 2 H 4 P=0.003;¢,BMP-7 21525 (141 .GFP 4 Fb it P=0.000
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*5 HHERRBRS7dEHS Notch FS9FH
MRNA FixKFE (x +5,n=3)
Tab.5 mRNA expression level some of Notch signaling pathway

members on 7 d after recombinant adenovirus infection

(x+s,n=3)

215 Notch-1 Notch-2 Jag—1 Hey-1
=kl 1.04+042 1.06+0.51 025+0.02 1.00+0.14
GFPZH 0.24+0.07 0.17+0.00 0.13+0.03 0.69+0.16

BMP-74H  0.32+0.08 0.12+0.00° 0.11+0.09"° 1.12+0.04°
F1H 1.196 0.830 3.618 6.110
P{HE 0.415 0.517 0.159 0.088

TE:a, BMP-7 41 5755 A4 .GFP 4 UL P> 0.05
3 U
= GFPHL
£ BMP-74
1.5 H
% i
% =
K =
4 1.04 H
% 1B
Z " ZPE
o LoEe R
ol EFIH EHHE EIf HEE
Notch-1 Notch-2 Jag-1 Hey-1

BMP-721 5745 A4 GFP L HEEETEGe 77 X
B 10 Real-time PCR #£5§ 7 X#2ill Notch—1.Notch-2.Jag-1,
Hey—1#) mRNA 7K (x +5,n=3)
Fig.10 Notch-1,Notch-2,Jag-1,Hey-1 mRNA expressions
detected by real-time PCR on 7th d( x +s,n=3)

3 3 R
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HREH RFEEEHY, BMP-7 X4 B EE -1
(osteogenic protein—1,0P-1), & BMPs FIG
VERIERSR B — B3, REVS 3 2 AR AN ML A 1 B2 Al, A
S A BT BMP=7 X R AR/ NP 240 A9
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OPN TE 5 FE J57 (147 A0 R0 W g ad i v d A
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il DA, T2 R A3 AR A A R A A O
BEA A B AT s, 7 BMP-7 155 NP 4
7 d B BCE SER OPN OPG ks i A 5250 %4 F

9% & BMP-2 175 3 IR JIG /)N BRUHE ] 5 NP 4 5 d
i}, OPN F11 OPG H:[Kl mRNA FEIR38 0, 1 % i 4
FEA T ARSI (collagen type 1 ,Col 1) T Y5 (col-
lagen type I ,Col II') % Z M (aggrecan, ACAN)
mRNA IR EA FZM, X Al HES T BMP-2 %
B HE S5 T BMP-7 frsl, BMP-2 n] i S L EE T
4 Mg C3H10T1/2 FIAH 40 il C2C12 BB 434k, 1
BMP-7 HAEE AL C2C12 BBk, ARS8
St FH BRGNS B NP 48 i Ah T HE 40 IR 2 35 AT g
5 C2C12 4,

ALP 2 BB 40 B () A S il 2 — , BMP-7
V55 NP 400 7 d W} ALP S8R YL (2 % $ ALP 75
P AR O Cheng %HIFSZ BMP-2 . BMP-6 . BMP-9
PS5 C3HI0T1/2 4ifl , ALP {EPE7E S 3.5.7.9 d
ZiEE | 59 d ¥ 7 d B IG5 ;1M BMP-2 .,
BMP-6 BMP-9 i C2C12 4l 5 d B ALP %%
50, BMP-7 55 C2C12 401 9 d it ALP 3% 1 5%
5%, DCULEH ALP 36 TS A B ] S B BMPs 4%
IR Py B E i T LA B At T Ak R A R R 1) 43
FEBYEE, [ N Tt S B T ALP AT LA A 21 i g
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I R S 5 T Runx2 2 8B b 58
T L) SRR R DR AT 308 o) 7 S R4 5 e i A G R
35 . ABFSEAESS 7 REERIN 2 BB 71k S
AR (HJE Runx2 Rk TCH A8 4k, % 8 5] BMP-7
PR Bt 53 TR - 1) 3838 B MR S R 1 — A
X F S A B ] R e % 3 d ISP AGE I, S A T S
BMP-7 AJ {2 #F Runx2 W3Rk, %45 R HE/R Runx2
Al BEJE OPN OPG Fll ALP 1 #1550+, Runx2
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SRR VR R,

Notch {55 B AEFFHESI ) RN TCATHE S 0 K2
B X ATE e MERRNET A
BT BB W R AR EE R, &t
Notch {5553 B AH 43746 Notch 3244 (Notch-1 |
Notch—2 Notch-3 Notch—4) , Notch Ei{& (Jag-1 Jag—
2 DLL-1 DLL-3 DLL-4) A &40 5:[H Hey ,Hes2!,
WFFEIESE Notch 55 5F & B % VI Bk, Sparrow
SERIFSE 7S HEAT Noteh—1 1 DLL-1 S8 1K 1 iR iR
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