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BMP7 i3 %1% 18 9% 5 R A 32 K E 33/ FR £ 30 Ak 78 AIL4H Al 55 40 B9 =2 i
RSB BT L BFER REE  GEEEE A —WR R WAL, T 400037)

[(# ZE] BN WEEESEEENT(BMPT) i RAMEHE IR, 53T BMP7 i k%N B 3 2 ik N K 41 Jagged | iK1
S B LS L % A V18 LA (VSMCs) 5k 52 . ik MR 4E B 193 15 B Mouse-BMP7 (NM_007557. 3) i ki {5 &
pLVX-zsGreen-C1 #EATHE K 2 51 45 1, F E BMP7 i K185 . qPCR AN BMP7 i 3 55 12 75 77 T YL 0 2R 5 Western blot 16 ) gk e
14718 B 32 3l Kk P9 B 48 L Jagged 1 2 11 23K o B2 335 BMPT 1855 55 1% 1) P9 B2 4 55 VSMCs L8 %, o R4 e il sk L 1 35 )
VSMCs 854k 1500, &R AR HE BMP7 i3 A 18 Bk R 74 g 2 /N B STk B 40 . qPCRASINZS 487, 15 1 # %) I L
3%, BMP7 i 235 4114 BMP7 mRNA FH X 235 5 1 2 T 5 (P<0. 01) , 25 2 AR XT FB 41 BMP7 mRNA JC i 25 £k (P>0. 05) . Western blot
25 LR BMPT 1 2 20 P9 1 A0 Jagged 1 25 1126 157K 468 1F 5 X B 2 W S R AIE (P<0. O1) , T 23 4 A0 B2 79 B2 400D Jagged 1 26 1
IKOP-558 T H 6 IR TE b 3 A8 (P>0. 05) o IR 4T (a8 dlton | 5 By il 335 BMP7 180 3 (1 P 1 A0 L1537 /5, VSMCs (85 1L
JEB N, G5 I /N BMPT i SR A8 e #E 2R, O R IAd 2R ik BMPT 1] LARRAI/IN B E S N 2 40 A Jagged 1 2635, 42
HEIERE TR VSMCs F51L
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BMP7 overexpression lentiviral vector construction and its effect on calcification of mouse aortic smooth
muscle cells

FU Shi-lin, YI Xue-jiao, PAN Wen-xu, YIN Chun, KANG Hua-li, QIAN De-hui  (Department of Cardiology, the Second
Affiliated Hospital of Army Medical University , Chongging 400037, China)

Abstract: Objective To construct a lentiviral vector for overexpression of bone morphogenetic protein 7 (BMP7) in mice, and the
effect of BMP7 overexpression on the expression of Jagged1 in mouse aortic endothelial cells and the calcification of the co-cultured vascular
smooth muscle cells (VSMCs) were analyzed. Methods According to the target gene information Mouse-BMP7 (NM_007557.3) and
plasmid information pLVX-zsGreen-C1, gene sequence synthesis was carried out to construct BMP7 overexpression lentivirus. The efficiency
of BMP7 overexpression lentivirus infection was detected by qPCR ; the expression of Jagged1 protein in aortic endothelial cells from infected
mice was detected by Western blot. The endothelial cells with lentivirus overexpressing BMP7 were co-cultured with VSMCs, and the
calcification of VSMCs was observed by alizarin red staining. Results BMP7 overexpression lentiviral vector was successfully constructed
and transfected into aortic endothelial cells. qPCR test results showed that the expression level of BMP7 mRNA was significantly increased in
the BMP7 overexpression group than that in the normal control group (P<0. 01),while there was no significant difference in the expression of
BMP7 mRNA between the empty vector control group and the normal control group (P>0.05). Western blot results showed that the
expression level of Jagged1 protein in endothelial cells of mouse in the BMP7 overexpression group was significantly lower than that in the
normal control group (P<0.01) , while there was no significant difference in the expression level of Jagged1 protein in endothelial cells
between the empty vector control group and the normal control group (P>0.05). The results of alizarin red staining showed that the
calcification of VSMCs was significantly increased after co-cultured with endothelial cells infected with BMP7 lentivirus. Conclusion
Mouse BMP7 overexpression lentiviral vector was successfully constructed , and overexpression of BMP7 can reduce the expression of Jagged1
in mouse aortic endothelial cells and promote the calcification of co-cultured VSMCs.

Keywords: bone morphological protein 7; lentiviral vector construction; Jaggedl; vascular calcification
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B3 240 ) XS 35 5, AR VSMCs ] B A AR
BURE A X — i PR AL D IR0, AP R B, N
AL Jagged 1 ZEA ] VSMCs [i] oAt 3R B 16 )5 o) B A7
AR Y, mE e A & 4 H 7 (bone morphogenetic
protein7 , BMP7)J& e # VSMCs [m) B 52 5% 1k iY S gt
P01, [R)I 7E s 240 i b BMPT n]5d i R~ 7%
FHE A G Jagged | 21 H F23R PRI, FRATHED N 2
0 Jagged 1 7] BE & BMP7 45 VSMCs 5 AL 1 v i) 73
T o ARWFFERINEEN E AL T %, M BMPT it K ik g
TR AR, 73BT BMPT 3 238 X0/ B3 Sl ik B 40 i
Jagged1 3 3K 1Y 52 Wi e X 3 85 37 VSMCs 55 16 1 5
M), LA S 0L/ 85 A A BIL AR 9 5 412 A0 10 S 8

1 #R57FE

1.1 A5

20 H 2~3 JE % SPF 2% KM /)N U A Bl 35 75 155 K~
SIS Wy G, SEE B AR U AT IE S 2 SCK ()
20170002, JIf 4= 1L %5 . DMEM 85 3% 3£ [ 22 [® Gibceo
/> #l 3 RNAiso plus, DHSo &% 52 25 , # /R N V) fiff BamH
I .Xhol I W4 B H 4 TaKaRa 2~ ; 5k /N il 2857
& H 32 5 Omega /A Al ; Hifair® Il 1st Strand ¢cDNA
Synthesis Kit (gDNA digester plus). Hieff UNICON®
Universal Blue QPCR SYBR Green Master Mix I H |76
YEASENAH]. Jagged1 HifA (G i) ) [ %< [ Abcam
3 Al HRP AR I 2E P4 1gC Pl A L1 28 ~ K
NG
1.2 Fi&
12,1 /ANRFBIIRAN i EAC R R e S
% Kobayashi %% 77 2 9F 2R 6 10 H KM /N ERCR H
SUURE IO FA VA DR AR B8 IS T 7, A C R AE & B o B 58
1 =E B ik, 0 28 B0 Rk i A BBl R U 20 23 A K af.
AN, PBS S B Mk 4 E S KPR /R 1 mmx
1 mm (LU, I N BSERA T 2450 Rt 76 22 B i 1
BEIE I 6 FLIFFRIL L 5 F 37 "C.5%CO, 4 M 5 7546 i
BT 3 d s R AL R L E HE ) 40 3k 2 By
F5 LS T8 FH 80% J , FH 0. 25% A JRBHS AL A48 . sd it
K CD31 85 25, S e 4Lk Y 6o )5 e ' s T~
FRYTE A TN K A0 M . ARSI (0 A S 5 3 AR A
1.2.2 /NRESIMK VSMCs FURER 57 e Mg B %
I KB T S 7 9 EAT VSMCs ARG 38 MM 8 o %
12, VA 343 8 10 KM /N B E Sh ks , i 2
Bl B i o A B B T 2 sh ik, P S SR T S R o
EAOMNEZ R R MR RE L nENEE. H

PBS #h il A Hh B2 IRFF SR ZH 255 2 1 mmx1 mmx
I mm K/ B ESE A T34 30 min 5, 1A
5 mL % 10% a4 L3 59 DMEM 1% 3% 520 He2m it , # A
AR, T 37 °CL5%CO, MM FRAa i i B 3 95 3 d s
eI o o A 2 AR A 0 B 5 LIS 1HT R 80% =,
0. 25% M TR EFH AL LA, @A I o-SMA B 7, e
e ALY 0 5 5O W UEE T WS4 E VSMCs, AR5
A R A AR 250 3R A A .

1.2.3 BMP7ilRAEHHERAME BIEEMN
H[H A5 B Mouse-BMP7(NM_007557. 3) #EA7FE 4145 hi
5"y JI b R A A R P VDAL 8 Xhol T, 3" S i 1= B
1 PE A% R 9 YD WG A7 5 BamH 1, JF 8 HLE A B K
pLVX-zsGreen-C1 H1 (& 1) o B & B BTRL e fb 1% AZ 25
AR, DT R B A /0N A R TR O R AT
% Bk BA M ST R L 0 i) R R B AR A R N B
BamH T . Xhol T XU 14 B kL, K il U 7= P 4 7
1% BERR AR VK, U1 F B B 5 H 9 DNA K/h— 20 i
BLEL AR, 17 44 A Mouse-BMP7-pLVX-zsGreen-C1, % [
A T S22

Amp’

Accl
(8445) Accl
(963)

pLVX-ZsGreen-C1 Accl

(2078)

8763 bp

1 REEE

1.2.4 BNdmieaifb g E S EmEE
TR TR R A By 2 i A TR, 4 BCR pLVX-
IRES-ZsGreenl . psPAX2, pMD2. G, H: v ¢ ¥ i ki
pLVX-IRES-ZsGreenl #5474 CMV 3 shiy H AL,
H RE 2 35 & 8 92 56 8 1 i 28 AR 3 5 psPAX2,
pMD2. G &4 5 85 AL 3 T 0 (1 ook . 3 b Bk 21k
G3 S HEAT e 0 RE T N R R R Al SR e IR A
J9 293 T 400, 55 Y4 i 16~24 h B4l 58 A8 3R 3k | 4k 4
B a8 ha , Z WU & & 12 9 5 UK Y 248 i L
W s 55, Amicon Ultra-15 100 kDa X b 3% W& #E47 He 45
Ab P75 3] =5 i BE RS FE VR 4B, T80 CUKAR R AT
. A POk BB Bk FACS T A, 45 &
T A BT S T

1.2.5 BMP7id Rk mpae @il fEEREIR I
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55 3R/ INER FE Bk A K At L A 58 B BMPT
I F Ik 18 9 7 L 48~96 h )5, 3 i O B A B AG A
PG IR BINE DL, LI AG 502 055 5 X H AR 20 i
YRR PEIUR YL J5 40 Y RNA , S BEALS | 9
¥ RNA 5% 5% B cDNA , B J5 FH qPCR 2 % BMP7 i:f
IR TE A B ROCR AT R I . SR E Y S
5] % 41 F . GAPDH-F j GGCAAGTTCAACGGCA
CAG, GAPDH-R # CGCCAGTAGACTCCACGACAT;
BMP7-F ) CAGCCAGAATCGCTCCAAGA , BMP7-R Jy
TGCAATGATCCAGTCCTGCC .
1.2.6 Western blot Ki{ll] Jagged1 £ H W 344
JL S 56 ¢ TIE H P R A A IE H O IR AL, N R AN e
+BMP7 1o 1518 955 25 /8 Y A BMP7 oL ik 24, 9 B2 4
i+ 1 0 B A R S AR TR R R 3K, 4%
AN BRI R 1. 5 mL B0 RIZUHR T 30 s
Ja A B AL, T4 °CF LA 12 000 r/min #5015 min,
W 137 e ] BCA VA 2 28 R B2, A6 i LA )
RE S EREHEAT SDS-PAGE LK , 1H 7 200 mA Hi %%
1 h % PVDF [, 5% iR W5k -PBST = i B4 1 h )&, n
A Jaggedl FIPNZ GAPDH —4i, T4 CIFHE®. A
IFEHT R IgG —H1 37 *CIRE 1 ho 2R ECL A1)
U AT ERAE (o B8 e i 52 B A T T AN
i,
1.2.7 PNEZARAE AT VSMCs L35 350K R 7 515 545
b Z M Fillinger S5 7 ik g7 ML BE FRIK R
K 1. 2.6 0 3 AL40 43 5 2 PP F Transwell I I, [R] B}
15 VSMCs 270 1 6 FLEF RIS . In AES AL 35 77 3
(10 mmol/L B-W B2 H I . 1x10" mol/L B i & M 50 pg/L
e R C)LAE S F 3k VSMCs 851k, 4k 22 15 3% 14 d,
B 2~3 d IR . e PG R L0 g @A VSMCs
MIESIL RO . B 3 AT 3 A B A 6 FLEE TR 45 /)N
S Bk VSMCs € H o 4 °C b Pk W 1% 4% 41 i €
2 Y, VKN B [ 5 20~30 min 5 B . 4 VSMCs &
R 10 /L i35 2 21 S il (pH=6. 3), iR T 4 2
5~10 min, JHZEWK YL 1~2 5, W 0M0ES T g e,
RO o FHER AT WA 606 BE 1 A 562 nm % 1 b )
6% i (optical density,0D){H .
1.3 it 54

fdi FH SPSS 26. 0 #4247 8040 9 et 24 23 B, &2
EA AR HJ7 22 57 PE B 2 40 1A) FL R e A 56, 75
DR 2 T ¢ G 36 il o RIS 56, 22 4L 1) b A ol P B 1R
BT 250, P<0. 05 FmEF A G EE L,

2 HR

2.1 DR EFIRA K LR VSMCs 357 B 5 E

W B RIS 3R e A M2 VSMCs 8 e g 4
S TEDE B N WSS A B, J3 2 1) 41 A A 1 e 4
e K VSMCs , H & EE47E 95% LA I .
2.2 BMP7it & k12 9% B AR T

53 590 ) T BR i 4% 8 N U0 BamH [ Xhol 1 i
VI EL 20 Fokr R B0 = e Uk, FL vk 45 8 U ] 25 BE A
) i S5 D11 178 = 26 3R Sy S BT 5 7 BMPT 3 3R 3k
P R A

M: KB Ladder; 1: CI003HA040-2 plasmid; 2: C1003HA040-2
plasmid digested by Xhol 1 and BamH |
E2 BMPTiRkBREHREEHILELER
2.3 BMP7id AR RF R ML LT
PG WA AR S R BN, 25 R 5 BMPT 1
FEIR RN BEH I FE Y 2 /N B B bk N B A, L
YRR 912490 0% F1130% (FE 3) .

a: BHBAEBRL A K @b BMP7 i R ks AR LA
i,
E3 BMP7ERXIEFRBHLMAMETHRRSELABMNE
2.4 BMPT RZIRAFREIHRNA L @RS
BMP7 mRNA £ 4k
qPCR &I 25 S 7w, 5 15 % X IR 41 Hb 3¢, BMP7
it % 3k 41 B9 BMP7 mRNA A 4F %35 & W & 7H 5
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(P<0.01) , 25 3R X B8 2 BMP7 mRNA JC & 2 7% 1k
(P>0.05), VL& 4,

20 1

1 #

i 154

o -—-
IEH AHE L

o
X IRA BMP7it k4l
#:.P<0.01
E4 #%&HAmRNAENRES

Al B1 Cl A2 B2 C2 A3 B3 C3

— — R R R PN W M Jagecdl: 150 kDa
-------.- B-actin: 42 kDa

®

a:Jaggedl & & ik B (A: B 04, B: = HAKKT BB AL; C: BMP7iE &35 40 ) ;b: Jagged1 & & 2

2.5 BMP7Tid £ X B R EREEHNRA KX @IEE
Jagged & & &8 T AL
Western blot K il 2% 5 i 7 , 5 1F % X IR 40 He 3,
BMP7 i % 35 41 4 Jagged1 25 4 3¢ 1K 7K F W I [ %
(P<0.01) , 1M1} 25 ZRAR X B 2 1Y Jagged 1 25 1 ik K F
JCH 225 (P>0.05), IS,
2.6 BMP7it &k R 20 3T 3 3% Jk VSMCs 45 1L 84
A
PR LS R oK, 5L BMPT i 3Rk 18 0
B 1 PN Bz 40 i 3 5 5% 05, BMP7 3 63k 4 VSMCs 1945
bR B A 0 B X R A s 2 A ) R 20 34 B 4
(P<0.01), WL 6,

0.8

0.6

0.4

0.2 l
0-

IERWA A A #ixd A BMPTidRAA ©

Jagged 1 25 FAAHXHE:

EHH #:P<0.01

5  Western blot #& |/ iR 3 B Bk N 52 41 B Jaggedl & BRI TR IE

#
B £ "
B o teaia 5 %
o
100um
[ e’ BE . T ; i ¢ zs BMP7
TR s B L e A Beh e
#:P<0. 01
H6 SAESIRERER
3 he B8 2 A0 T SR S R T I A A AR AR AL B Tk AR

VSMCs [i] 1 H 24 Jfd o 3 L 5% A £ 4 VSMCs i 4
FAUBR AW T3 B AT TN BB 200 B s o5 ) 2 TR 1 v 1Y
AL A, 2 A B AL A AZO BRI TR i S ik i
& BE f , BMP-Smads . Wnt/ -catenin , Notch , Hedgehog
S UGB AR o 16 f )T LA B S R B L DR A
R RS Ak R 1 2 R e AdE VSMCs [ Ji0E AR R
BUREARY, T2 4E N E S kb )= L e /s B3 30 ik
VSMCs H 39 % B Bn s W) 8 1 e 8 [ VSMCs
W i e B bR S W B B AR e, i R S AL S
VSMCs i i H 4 AR R B e AL B DIAR G

FEAE B ST 4 75 , BMP7 78 I 885 Ak Hh AT 5 & 4% ¢
SRR . 56, BMP7 38 2o 9815 1 45 AH ¢ 22 BEAH 4 i

AL bR BMPT7 2k b AR ok i 250 Fe AT 1A
FEAL R I, 0T LGB AL T I8 miR542-3p 1 fin HC A
BMP7 3Rk , AT A A5 (2 2F VSMCs 7] J8 - 20 i i
FERUELAY A 78 FHD, T _E 98 BMP7 2 40 4] 5 8 VSMCs
Tia] J8 B 240 A R U AR AR AL 1 AS B

AR S IR T /N B BMPT 3 2k 8 5 i 4 1A
IR /N B KN B A M . qPCR A 235 SR 42
7N 5 e BMPT af 3% 3518 0 B 14 /)N B 32 3 Dk 9 e 4 g
o1 BMP7 mRNA [ R k7K P-4 2% L8 . Notch 55
B AR LGS Y R A Rk JR b R R T R O T L R A A
FHUS If 48 BE 2H 41 H7 ) Noteh 12 5 & 408345 Notch 52
4 (Notch1 ~ 4) FIE K (Jagged1 .2 I DLL1 3 .4) %%, H:
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W Jagged 1 J2& £ B0 A1 76 N B2 AL 9 Noteh B iR, RE
BT R, 76 2 B0 240 i vh BMPT W] ik TR (5 5 4%
SR AN Jagged 1 25 A FRIKT, BT AL WL F
BMP7 if 3% 14 12 955 75 5 Y (19 9 & 240 Jf v Jagged 1 25
FIRKFIH BIEAG . RI, Jagged ] AT S P K2 40 ifd
BMP7 1) R {5 500

ARWFFEIE & L, B BMPT 5ok 2 1K 08 5 25 14 7 B¢

M5 VSMCs 2L 55 3% 5, VSMCs 19 85 f0 R B B m T

245 . PN EZ AN HE R4S VSMCs T RE = 25 4o 20 e 1] B 4%

ARSI E S . A AFGE & B, Jagged1-Notch3

T [ SR PN 4 B RN VSMCs [R] 38 3t 1Y) S B 5 3 K9

S B (1] 908 45 FT BT VSMCs 19 Notch3 {5 5 I 4E 5 HlkL

AR D ) R AR R AL 4R BRI

K2 A i BMP7 23 , ] B#EAR L Jagged1 263K, Jf- 2 #F 4L

KRR Z R VSMCs [9454E

25 BT ARG B A T BMPT i 3Rk 12 0

BEBEAMATT IR 2 /N B BN KN B2 20 B . 7 4 A S 5

e, FRATT A B /N BT Sl BRI B 20 L BMPT (9 3R 3k

Ji . H Jaggedl B9 KB FRAG, AR E T IR AR P

VSMCs B854k . AH H i 22 B2 40 i I8 4% VSMCs 45

I3 FHLAI I RIARR , N KA Jagged 1 5% 5 e e i

Al R AR VSMCs £54k i 7 i — 20 5% .
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