9537 B ¥ O= FE K OK ¥ ¥ W Vol. 37, No. 1
2015 4E1 A 15 H J Third Mil Med Univ Jan. 15 2015 39

A\ B
DOI:10. 16016/j. 1000-5404. 201407116 TE %

Notchl 7£ BMP9 i% 5 iMEF 455 44 R a{E A

MRy, Keete e #HL ERA,FHFE K (400016 i Ik, PR I A} R 6 15 = B i A AR 3512 Wi 2 24
B SR

(=] HIY W5 Notch {5 A Notchl ZRTEBIEZ & 4 H 9 ( bone morphogenetic proteins 9,
BMP9 ) -5 18 7k A= £/ BRIV IR 121 4 48 i ( immortalized mouse embryonic fibroblasts, iMEF) 58 43k
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Role of Notchl signaling in the process of BMP9-induced osteogenetic differentiation

of immortalized mouse embryonic fibroblasts

Yang Lunyun, Zhang Xiaoyan, Lian Jing, Cao Junjie, Luo Jinyong, Tang Min (Key Laboratory of Medical Diagnostics
of Ministry of Education, the College of Laboratory Medicine, Chongqing Medical University, Chongqing, 400016,
China)

[ Abstract |  Objective To determine the role of Notchl in the osteogenic differentiation of
immortalized mouse embryonic fibroblasts (iMEF) induced by bone morphogenetic proteins 9 ( BMP9 ).
Methods  IMEF cells were treated with dominant negative mutant adenovirus AdRdnNotchl/dnNotchl and
BMP9. And the cells treated by the adenovirus vector containing red fluorescence protein ( RFP) served as
control. The early osteogenic index alkaline phosphatase ( ALP) was observed by ALP staining and its activity
was determined. While the late osteogenic indexes osteopontin ( OPN) and osteocalcin ( OCN) were measured
with qRT-PCR. The protein expression of p-Smadl/5/8 and Smad binding element ( SBE) activity were
studied by Western blotting and luciferase detection. The effects of dnNotchl on the cell proliferation, cycle
and apoptosis were determined with crystal violet staining and flow cytometry. Results  Compared with the
control cells, the ALP activity was significantly decreased in 3, 5 and 7 d after the treatment of dnNotchl
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combined with BMP9 in a dose-dependent manner (P <0.05). On the 11th day, the expression of OPN and
OCN was obviously decreased (P <0.05) , but the level of Smadl/5/8 had no remarkable change though the
protein level of p-Smadl/5/8 and the activity of SBE were inhibited significantly (P <0.05). Crystal violet

staining and flow cytometric analysis indicated that dnNotchl suppressed cell proliferation induced by BMP9 at

the early stage, but had no effect on cell apoptosis. Conclusion

dnNotchl can competitively inhibit the

Notchl signal, and thus significantly decrease the osteogenesis induced by BMP9, which might be due to

suppressing the activity of BMP signal pathway and the early proliferation of iMEF cells, suggesting that

Notchl may play a promoting role in BMP9-induced osteogenesis.
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‘B 86 8] 78 i T 28 M0 ( mesenchymal stem cells,
MSCs ) s —Fh HATRSR 3 T BT RE J1F1 22 1] 4310 V5 RE
AT A0M , 76— A5 25, FERT I A L

R RPN e T PR, 76 A B 2R 45U, MSCs
— BB AR A T 2R LB R
PR T8 B b AV AT B PRI TS
AR F 8 1) K AE A/ BRUVR IR 18041 4E 48 i ( immor-
talized mouse embryonic fibroblasts, iMEF) H £ MSCs
AR, AT TR A MSCs HISEsER ™ . BMP9 7E 14
HNFTLAIF S MSCs 1] BB 04k, 7 H TS 4803 B0 4
JE ) 20 3% BMPs Hri75 5 MSCs 5431k RE 1 5 iR 1Y
P BRI BLE A5 2 . Notchl J2& Notch {55
WP SZARZ — A B R WIHAE MSCs iy 43 e &
PEREAET ", AL BMPO i S MSCs JH 4>
feid i , Notchl $3 8 A+ A RE I M (W7 AR
Notchl 7E BMP9 5 3 1) iMEF 48 jtd )5 & 43 4k b 19 7k
FH, VAT MSCs 8 70 A O BIFFE S Ak B T SE A A H0

1 HESHE®

1.1 ##
L1.1 4R RE R B 7

M e ( immortalized mouse

AR A AN BV iR B 2T 4
embryonic fibroblasts,
iMEF) .dnNotch 1,21 {&%¢ Y62 [ (red fluorescent pro-
tein, RFP) . H T & &K 4 % H 9 (bone morphogenetic
protein 9, BMP9 ) | &% {4, %¢ 5t 2K [ ( green fluorescence
protein , GFP ) £4] £y 2 i1 -5F D2 e e )1 00 O phy A 52 56
SARTE NG A0 i bk HCT116 3 PR E AL K244
T E R
112 FEH DMEM K MEM & 9% 55 55 3
(Hyclone 23 ] ) , Jifi 4 1fiL 4 ( Gibeo 24 &) , /N4 L 15
(Hyclone 23#]) , BEERER By (HAZ 4 HF 2 ] ) , RNA 42
BURF Trizol ( Invitrogen 2\ 5] ) , ALP ¢ 8,3 7 ( Sigma

AT, 9 R WA I R ( Promega 24 A ), SYBR
Green [ iX5] ( TaKaRa 2\ %] ) , 514 ( Invitrogen 2\ ] &
Ji) , Western K TP 20 fifd 2 (38 = KA H]) , AR HL¥
#3 BSA(Sigma /A7) ) , p-Smadl/5/8 $ii{& ( CST 4 H]) ,
Smadl/5/8 HAFI B-actin FAFLFEHIA (Santa Cruz 2y
A EHURL R RIUA (PRSI AR o

1.2 Fi&%

1.2.1 #5408 52 95 iIMEF 21 il 55 5% T
T 10% a4 1T 1% H R 2R /58 R (P/S) \DMEM 5
P IR HCT116 41 i85 5% T & 10% /N I3
1% (P/S), MEM/EBSS 75 i ks %2 # i, 37 °C 5%
CO, MR HEFR . FRanMaNs BE AR KT RG22 80% 24y
R, P AR A T I A AR A

1.2.2 ALP{GPEME Se ff iMEF 20 g 45 Fb
%24 FLAR 2 2 x 10" /4L, TR AN L A 2 30% Ao A i,
S RFP & dnNotchl J5#38, ff 2L 65 H B (24
36 h) IMAGE Yo AR TR AL AR R S ~7 d i
17 ALP e 55 ALP {6 g 0 M. ALP Be@ . | 6%
W KBS HE £ 200 ~500 pL ALP Jufa iy sk, 10 ~
30 min JEWRESGL(E,, ALP Y& B30T Wy [ e 5 %
FRHE AT x A2 100 WL /L, ##E S min, &
T 40 M 2 A W dE 2= EP A, B0 (13 000 r/min,
5 min), H— EP & H A ALP JE¥ 5 Lupo Buffer J&
AW (1:3)20 pl, WHLS pL 2fF 35 2 Bk EP &
WLIR AT, mEGEE 45 ~60 min J5 EALGI

1.2.3  SBE %t 2 g 6 ] ¥ IMEF 40 il 422 b 2
T25 1 FRA AL fb G 22 50% Z2 A7 i, A g i {4 2000
14 SBE BURLFE gL AL N ,37 C 5% CO, 15 SR 1K,
i 24 FLAR, [FIEHIIA dnNotchl F1 BMP9 , 8t 22 44 24
50% ,8 h J5 i ,36 h J5 I SBE &G R MM
1.2.4 PCRAGM 5597 iMEF 2 — 52 i ] i 5 40
Jif1, HI TRTzol 12057 52 BCAA I G0 RNA , 38 i 350 F DKk 56
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WE mRNA [J)JF I F 51758 i, BU 1 pg RNA 5658
¢DNA , 34 cDNA %F - 20 CAR:77 A% 8 PCR Fisz
B9 965E f PCR 45 . RT-PCR:20puL K &, )2 I &%
4,95 €C 5 min;95 C 30 s, 55 C 30 5,72 C 30 s,
26 ~30 MEF ;72 °C 10 min, 2% IS HEEEE B HL UK,
BE UG, 51 W35 1, qRT-PCR:10 pL (&R, W &%
P, FiAE 1 94 °C 2 ming 92 °C 20 5368 °C 30 s; 72 C
20 s, JEARA SR AL 9, 40 MG IR ; Al il 2 9Ok
£(65~99 C) .

*®1 3|#EE

514 3141751

¢ 5'-CCTGCCACTATGGTTCCTGT-3’
Notchl N 175
T 5'-CCCTTGAGGCATAAGCAGAG-3’

YR (bp)

|3 5'-CCTGAACGGGCAGTACATTT-3’
Notch2 N 165
i 5'-GCGTAGCCCTTCAGACACTC-3'

% 5'-CTCAACTCCAGGCTCACCTC-3’
Notch3 N 165
T 5'-GGCTGAGCCAAGAGAACAAC-3’

Notchd F¥i# 5'-AATGGGGGTACCTGTGTGAA-3' 179
otch
it 5'-GTATAGCCAGGGCTGCAGAG-3’

7 5'-GCAGAACAACAAGGAGGAGACT-3’
dnRNotchl N 361
T 5'-GAGGTCCTTAGCTTCCTTGCTAC-3'

Hev 1 _E¥% 5'-GGCCTGCTTGGCTTTTCT-3' 120
€
! T 5'-CCAAGTGCAGGCAAGGTC-3

OPN 1% 5'-ACACTTTCACTCCAATCGTCC-3’ ™
Nf# 5'-TGCCCTTTCCGTTGTTGTCC-3'

OCN i 5'-TCTGACAAAGCCTTCATGTCC-3’ 199
Ti# 5'-AAATAGTGATACCGTAGATGG-3'

1% 5'-GGTGAAACTCTTGCCTCGTC-3’
Runx2 N 243
N# 5'-AGTCCCAACTTCCTGTGCT-3’

_E3i 5'-CGGCTCCTGCTCCTCTTA-3'
Colla T - 183
Tt 5'-TTCATTGCATTGCACGTCAT-3’

1 Fii# 5'-ACGACATGAACGGCTGCT-3’ 12
d
F# 5'-CAGCTGCAGGTCCCTGAT-3’

42 i 5'-CAGCATCCCCCAGAACAA-3’ 12
N 5'-TCTGGTGATGCAGGCTGA-3’

3 i 5'-CTACGAGCGGTGTGCTG-3' 120
T 5'-GCGCGAGTAGCAGTGGTT-3’

i 5'-GGCTGCCCAGAACATCAT-3’
GAPDH . 180
T 5'-ATGATGTTCTGGGCAGCC-3’

1.2.5 S5 IR FIL A 2 50% A£G
i}, i A RFP #1 dnNotchl , J& %% 36 h J5 il A GFP &%
BMP9 S5 {85573, 15 S5 5% 3 d 54T 4 d s gL 8, 1t
224 fLAR R FR AL, PBS Pk 2 ~ 3 g, iNA 10% H i
(400 wWL/AL), [E 2 5 min, JITA 0. 05% 45 i 25 5 1)
(400 wL/AfL) , Yett 2 ~5 min J5 AL 00, K
IR, A ddH, 0 Pk 1 5 , 5 8%

1.2.6 Western blot ¥ iMEF 41 Jifg 5% 3% 157 41 g
fil S & 70% Ze 47BN dnNotch 5% RFP 5 2 17452 8
4L 36 h J5 /A BMPO Z B, 753 1 h J5 42U
HH. FHUK PBS PEERANA 3 K, IR B AR WA I 15
Jr0.2 mL 40 240, BT UK B S ming FIR B2 )
TYM, AR LE 4 °C 13 000 t/min B5.0> 20 min,
BCEW 2T —A EPAEH IFMA S0 pL 15 x £ H |
FEGE PR, S S Bh/K T 5 ~ 10 min, 5338 5 - 20°C {17
Mo B4 i Aoy B RS, 100V fE [ FL T SDS-
PAGE %EZ HL UK , 200 mA H 37 H 38 5% 5, AR — 4t
M PR RN, AL ORI T B .
1.2.7  yaan e ASCRam 40 e f 4 Anf gt i
JEV SRS - e 2 5 5 6, T IR R 4 T 6 1 >R, T K
1 x PBS Pk 40 M 3 ¥k, 250 U0 vE 40 M, 7% Vs,
70% TS I CE B 4 CAEfE R, EALRI . 4 i
TSN - W K S e, P IR A 40 3 6 ke, T oK
1 x PBS PRUAIML 3 U, O ULE 40/, 5 i, BAL
R
1.3 %it5 o

K SPSS 17. 0 GEit it , e ph s #4231k, 4L
WL x x5 RN, Z4LIR) AR HT B R R 5 22 5047, 4
(] 79 B RR o AGn g, A e K 7 o = 0. 05

2 R

2.1 dnNotchl 4&4% % 4474 Notchl 4125 18 %

K1 qRT-PCR £l iMEF P Notch 524K Py il
RGO, 25 7R - Noteh £5 52 KR8 I A — 5, Hrp
Notchl £ 4 # Notch SZ & rh 323k £ 22, 1 Notch4 JL.°F
AFEE(E 1) . A dnNotchl/RFP Jg&¥y iMEF 4 i, 4%
748 h J5 RT-PCR ¥ dnNotchl , 25 5 i 7% . dnNotchl
YERIR , dnNotchl 35 1 1N (1812 .3) ;qRT-PCR £
I Notch {555l FEHEHER Heyl , 25 7R AL FHZH Hey 1
P FRIREL S AN R 35 T (0.75 0. 08 vs 1.40 +
0.23,P<0.05),

801

mRNA FXF ekt
B (o)
[} S

[N}
(=]
T

Notchl Notch2 Notch3 Notch4

1 ¢RT-PCR #illl iMEF £ i1 iR 1% Notch S {kRi%
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RFP dnNotch1

DS ATATE

3 St
2 PR4%E3E RFP 1 dnNotchl pyEEEZE  ( x100)

Notch1(361 bp)—

1 2 3
1.2 @3+ ;2. RFP;3 :dnNotchl
E 3 RT-PCR #illp25%5 5 dnNotchl 40 3E f5 iMEF 40k

Notchl ( fI5hER ) IR 3%
2.2 T A Notchl 425 i % 7& ML J5 7T 47 4] BMP9 % §
o4 IMEF %8 36,705 20 38 -1k

FINE 75 RFP 8% dnNotchl Iy iMEF 4 fitd , B
BHRL 50% L A FRIK G A GFP 5 BMP9 2%
PR S o040 3.5.7 d JE R ALP 35 PR K gL
Al 455 B IR : dnNotchl GEFEAK BMP9 75 S (1) . 1
B TEbR ALP 3P (& 4) , H AR SRt (E 5) ;1R
s} R GG 30 i 48 A% OCN  OPN f 3k (&1 6) o

600 0007 g2y

_ o RFP
b O dnNotochl

g m BMP9

= & BMP9+RFP

‘£ 400 000 @ BMPY-+dnNotch1

=

£

i=h
2 200 000
ﬁ:\_ﬂ

ay

=

5 . .
3d 5d 7d
a: P<0.05

1. =&t #; 2:RFP;3: dnNotchl ;4. BMP9; 5.BMP9 + RFP;
6 :BMP9 + dnNotchl ;a:P <0. 05,5 BMP9 + dnNotchl iz
4 FHA3IS57dALP LBEME(A) RiFESHT(B)

300 000

200 000

100 000

ALP {54 [mmol/(min*mg )]

©

1 2 3 4 5 6
51

A:7% G 3R ; B:dnNotchl ;C:BMP9; D;BMP9 + dnNotchl (L) ;

E: BMP9 + dnNotchl (M) ;F. BMP9 + dnNotchl (H)  dnNotchl
A&(L) (P (M) & (H) B E 4% % 0.1,0.5.1.0 pL; A ~ F; ALP
F&(x100);G:ALP FHHH 1 ~6: 55 AT AR,
dnNotchl . BMP9 .BMP9 + dnNotch1 (L) , BMP9 + dnNotchl (M) |
BMP9 + dnNotchl (H) ;a: P <0.05,5 BMP9 rb4

B 5 A[Ei#%E dnNotchl L E/F% 5 X ALP L& iF G

OPN(240 bp)—
OCN(199 bp)—

1 2 3 4 5
caroniso by [

;= G & ; 2:dnNotchl ; 3:BMP9; 4. BMP9 + RFP;
5.:BMP9 + dnNotchl
6 RT-PCR &UZHAMALIESFE 9 X OPN
OCN Ri&

2.3 dnNotchl 2 BMP9 i 3 #9 iMEF s & 44 iE 42
22 P13 5 B H 4G e
Western blot £ ] 4% % & 7~ . BMP9 gE % I 8
p-Smadl/5/8 #7& H K, A dnNotchl J5, # i T
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BMP9 #5511 p-Smad1/5/8 B HKF-(E 7). [FHF,
BMP9 B % 3% Jin SBE 2¢ 5% 2 Wi 3% 14, i A dnNotchl
J& i T BMP9 5 S i) SBE G R IS 1 (K 8) .
IR RAEIR - BB Notchl {5538 % /5 o] — € #2E |
Hil55 BMPO Xt BMP 55 (G /E H] . [A] A, PT-PCR
LRI, BMPO fERE [ Runx2 F1 11 i AH G0 2
A, 17 dnNotchl #Hfil 1ixX — Ey#A/E A, (HXT 1d2 F1 1d3
I E (K 9) .
1 2 3 4 5
p-smad1/5/8(52x10°)— M

————
smadl/5/8(52><103)*’_
GAPDH(37x10°)— I ——
1:% & 388 ; 2:BMPY + dnNotchl ; 3;:BMP9 + RFP; 4. BMP9;
5 :dnNotchl

[E]7 Western blot #&ill| A~ 5] &b IE2H BMP i@ 2% smadl/5/8 35

300 000

a
200 000}
100 000+ I l
OJ . . ‘ K
1 2 4 5

3
20 51
1.7 & %78, 2:BMP9 + dnNotchl ; 3:BMP9 + RFP; 4. BMPY;
5:dnNotchl ;a:P <0.05,%5 BMP9 + dnNotchl rbiz
8 TR AELLIELA SBE FE KT

2.4 dnNotchl %t BMP9 % 44 8] % -F 28 B3 74 . A
LB TR

EATiE ek %E/T SRS 3 d J5,BMPY + RFP

HAMME B 22T BMP9 + dnNotchl 2, 15iPH dnNotchl —

SBE Wt

Runx2(243 bp)—

GAPDH(180 bp)— GAPDH(180 bp)—

2.5 3
d g
jgzo X
w” #
= = 2
= 1.5 m
= =
= z
z 1.0
g z
“‘: 0.5 =
5 3
= 0 ® 0

1 2 3 4 5 1 2

Eibill

3
2151
1.7 @5t ; 2.BMP9 + dnNotchl ; 3:BMP9 + RFP; 4:BMP9; 5.dnNotchl ;a:P <0.05,%5 BMP9 + dnNotchl rtix
A.B :Runx2 3 ®;C.D:Colla [ 3AH;E:Id1 2.3 A H

AE4LIELE Runx2 E[F Colla 1 EEF1Id1.2 3 EERIE

&9

4

SEFERE_FREREANH T BMPY i/ S 42 iMEF 41 fifg 3 5%
fER(E10) o A0 AR dnNotchl X BMP9 4§
A MEF 2 i 19 (P 11) e 1o (B 12) &5 2R
7% : GFP + dnNotchl #H, GFP + RFP £, BMP9 + dn-
Notchl £ BMP9 + RFP 21 {34558 4 (S + G, ) 4351 K
47.86% 48.32% .55.31% .66.82% , 3t/ BMP9 7E
W AA — 2 Ry fie MSCs KB /R, 1l dnNotchl A L)
NN, 45 R OSBRSS R s 55— D7 i, dn-
Notchl X BMPO fE HI R B 40 M 08 T2 3552 00

GFP+dnNotch1

GFP+RFP BMP9+dnNotchl ~ BMP9+RFP

%HEH?%%XJLET [l b2 %F IMEF 1858 HY 5200

& 10

g
800 6001
6004
& & 4007
2 4001 =
g g
2001 200
i @ ]
07720 40 60 80 100 120 0 40 60 80 100
JEIE (FL2-A) JEIE (FL2-A)
5001
5004
4001
4001 -
2 3001 2 3001
= 5 2007
= 2004
1004 1004
0" © 0"
20 40 60 80 100 120 20 40 60 80 100 120
JEI (FL2-A) WWIA (FL2-A)

A: GFP + dnNotchl; B: GFP + RFP; C. BMP9 + dn-
Notchl; D: BMP9 + RFP

B 11 RN A E A BT iIMEF E #9520

1 2 3 4 5
Colla T (183 bp >*>_
m@

1d 2.d
1 2345 12345

3d
1 2345

(122 bp) ELLEErTTE
a0 o . =-
1d3(120 bp )*’

D GAPDH(180 by ] R Kt 1

5
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200 200 cDNA B TRJE 2.3 kb [ Colla [ B3 T-0}, ¥ &K
160 | 160- | B B (1 76 ) i X4 NICD eDNA 8 TR Ji
5 120 o 1207 3.6 kb ffy Colla T J3 BB , 3L DA B 2 R ARG 1 1 11
s w 2 0] F T8 A Ok AR B 22 5%, 1
20 40- P FRBE B A M ER B B AL 2% B Notehl f5241, 1645 3L
0- ® {5 S BB FI4> T2 5 MSCs [ B 431k 14 98
U R U #5111 BMP . Wnt . Hedgehog il MAPK 4551 |
200 200 M7 L2 2% 1355030 B 1A 77 58 . H 375, 3L 9845 %5 MSCs
160 4 II 1607 I B B H A o
120 55 120- 45 TR, ABFIEUESS dnNotchl #)15] BMPO i 5
£ 509 2 0l iMEF [i] Mk , S5 Noteh £ 53 B it BMP9 %
40 407 5 MSCs i 4 ) W 55, 1B Notchl {5 55 %)) 5%
0 © © 4 Notch ZEAR[FIEH T £ 5 MSCs B4k i1 B HL
O 100 M0 10T 10T R e B

A: GFP + dnNotchl; B: GFP + RFP; C: BMP9 + dn-
Notchl; D: BMP9 + RFP
B 12 R A AR E e X iIMEF (B TR R0

3 iFig

MSCs J&—FloRIE FERE 3L BA A R E M2
] ALV RE I R T4 e . PR LA Ok 7 (8, 5 F
O3 ESIE R A TR AR YT ERNAR YT LA S A
TR T T A TG R AE " Noteh {5
SR A () B R ) R S —,
52 i &R Rk R UIRIOG , X 2 4 i i is
PR o Notchl Jg& Notch 321k — J& T 1 &l
B IR 1, b P X B X A AR X 2R . WY
I, Notchl 1E MSCs () £ [i] 3 Ak b % 4% 1 5 /F
FAY) s Hiltion 25 BF57 2 BH i 7% Notchl 5 #17] MSCs
SRS AR B P 5 T Jung 2517 S BT 42 2 1l 1 A
il Notchl 13 i 8 3% [R] (1) 2 I8 A2 #F MSCs 1B 43
Ak, DT A2 20 B 3 A A 5 Xu 25557 I B, 75 Bl SRR 2
T, MSCs P Notch {55553 % 1% 14 Fl Notchl ik /K -3
i, AH MSCs (1 5H 43 fL RE 108055 , il Notchl 7%
PER] LIRS B8 S5 T MSCs ] )58 AR Ve E

ARUREIAEIESE dnNotchl BB+ IMEF 4l g
WEPE Notchl 3k, FEAIG Notch {55 53 6 15 P 1 S Atk
b, —#% B dnNotchl RE F:3( BMP9 % 5 iMEF H
W B AL B 98055 , $2 7R Notchl HA7 {2 i BMP9
75 MSCs BB 7T, SR ATRTIBFTE™ 45 FAr
—HGHESCHER16 — 19 142 Notchl 4] MSCs pli
S A—3 ., OGS SR 22 700 R AT e
OB T A M 2R A [8]) | T) — 20 it 25 404k i B A s
W5 s AR @155 MSCs il Ak S AN R A3 1Y
J& 1 BMP2 55, AR SE 552 F BMPO 355 O A 1)
BARZR G AN R, A7 1) 2 330 7 SR 8, AT 14 02 MRS 25
DRI AR BT )R 8h 7748 5, B W98 & B, 24 NICD

SE
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