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MSCs with hRAMP1 overexpression improve revascularization in a rabbit model of

myocardial infarction
Zhao Ranzun, Long Xianping, Liu Zhijiang, Wang Dongmei, Shi Bei ( Department of Cardiology, First Affiliated Hospital ,
Zunyi Medical College, Zunyi, Guizhou Province, 563000, China)

[ Abstract | Objective  To determine the effect of human receptor activity modified protein 1
(hRAMP1 ) -overexpressing mesenchymal stem cells (MSCs) by adenovirus vector on infarcted related revascu-
larization and its potential mechanism in a rabbit model of myocardial infarction. Methods  Thirty 4- to
5-month-old health male rabbits were developed to myocardial infarction ( MI) and reperfusion models by liga-
ting left ventricular branch of coronary artery for 60 min, and then divided into MSC"™™" group (n =10),
MSC™" group (n =10) and control group (n =10) according to whether they were received intravenously injec-
tion of MSCs transfected with adenovirus vector encoding hRAMP1 gene and enhanced green fluorescent protein
(EGFP) , of MSCs transfected with adenovirus vector encoding only EGFP without hRAMPI gene or of equally
volume of phosphate buffered saline ( PBS). The protein expression of vascular endothelial growth factor
(VEGF) and hepatocyte growth factor (HGF) in infracted myocardium were measured by Western blotting in 2
weeks following MI. MI was evaluated by TTC staining for infracted area, and capillary density in infarcted
region and its border region were tested by anti-CD31 immunohistochemistry staining. VEGF and HGF levels in
the supernatant were quantified by ELISA assay in 24 and 72 h after induction of CGRP in cultured MSCs.
Results  The levels of VEGF and HGF in the cultured supernatant of MSC"*™"' group were significantly

null

higher than in the supernatant of MSC™" group when they were induced by CGRP for 72 h. Furthermore, there

was a significant decrease in the area ratio of MI in MSC"™*""" group than in MSC™" and control group by TTC

staining. Also, compared with MSC™" and control groups, capillary density indicated by CD31-positive cells in
hRAMP1

the infarcted and border region was statistically augmented in MSC group by immunohistochemistry assay.
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The protein expression of VEGF and HGF detected by Western blotting were much higher in MSC"**""' group

compared with MSC™" and control group at 2 weeks following MSCs delivery. Conclusion

Gene modified

MSCs with hRAMP1 overexpression have the powerful potential to increase capillary density and improve revas-

cularization through more secretion of VEGF and HGF in infarcted and border region.

[ Key words ]

receptor activity modified protein-1; mesenchymal stem cells; myocardial Infarction

(MI) ; revascularization; cytokine factor
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Mt RO RE . Herb A A RO UL
A BT SR B S, PR R R AR LA S O JILEE K
X2 AP i T A A BT T B B R A IR T
FEHE A S DX ffe i AL LA D REAIK A2, 3y O JILAH
ML AE SR A T IRBRE . 4] 7850 T2l ( mesenchymal stem
cells, MSCs) HA 22 [i 431k 7B B AR S Sk S22
JRLF% HE 1 b A 22—, (E A 7 I A8 1A B R
L BREBETE 4 B, W 2 5 A 6 JIK ( calcitonin
gene related peptide, CGRP) ELA5 g 2 i /72 s 1f 45
A BRI AE T 5 T S2 AR TG P IE A 2R 1 1 (receptor activity
modifying protein 1, RAMP1) & CGRP %& ¥4 1F F 1Y ¢ 48
ZARTAAL . PG, AT T it #k A RAMPI
(human RAMP, hRAMP1 ) [ i 975 7 2% 1A 5% 4 MSCs
(MSC"™™) JG B A G L IR BB A SR A 780 W8 Lo
O WUEBEF i 48 72 B9 VE o

1 HRSHE

1.1 FE2XAH5MNE

53K hRAMPI Ji PR N3G 5 R 43 8,5 G 85 1 3L X (EGFP) 3
P51 B 2 2k A ( pAd2-hRAMPL) FI{L 5 EGFP (¥ B 7 214
(pAd2-EGFP) | ASLHG 5236 2 {547 , % Western blot Jiff 4] % 2 )
TSR FF 7 hRAMPL JE /¥ 51 iE 6. DMEM 15 75 5
(Sigma 23] ) s 54 MfiLiE (HyClone ) ; ik I 20 Hd 43 5 R ( b ifg1E
fE e AEGA A W] ) s CGRP (Sigma 24 7)) 5 S il 8 N B AR K
HF( VEGF) M40 a4 4 [N (HGF) i ELISA {7 & (_Lifg
FaEA YA ) 5/NRAi % CD34 ,CD45 .CD44 1 CD29 HifA& (US
Biological /A7) ; /ML A RAMPL B 3EFEdi {4 ( Abnovo 23] ) 5
/N CD31 BT REFL AR AN B S B-actin BATERERT 1A (35
3 Abcam A F)) 5 /NS VEGF Fl HGF £ 5a B4 ik (kUi
+4#/0 F]) s HRP 471258 BB — 40 (AL st P A2 &M A |)) L TTC
Yeta i) (m AR R AR A BRA R , G B R 4 A s
[E 3R/ F] ) Leica Qwin Plus,
1.2 MSCs 3& Aol gm s B ARG 3

SR 2% BE A0 BE B0 J5 W BE 1 R AR A5 S i BR TR MSCs, LI
—HEK NP LA 3% 1% B 24 (1 ml/ kg B2k bk AR 5 BRI,
T TR B B A, LA 1,073 o/ml [ 9k I 40 2 43 259 ( Per-
coll )2 000 r/min B5.(> 20 min, /]nC> B BUAS B 10 A 41 it VR &

W, I AR ER 2% vh ik (PBS) Pk ¥4 15 0 J5 B 41 g it v L DMEM
WEFREE(H 10% FBS 100 U/ml & EM 80 U/ml #HF %), T
37 C 5% COBEFM PR . 12 ~3 RIBHEE IR, A3 58
3 80% AR A AT AL R . BUEE 3 ~5 A MAT IR
20 AL ASURSIN 20 it 2 T P L CD44 .CD29 ,CD45 il CD34 B3k, IIE
520 MSCs, 24 MSCs A=K Z 60% ~ 70% %5 B W47 B # Jak e
FHEFERE PBS PE 2 WK, A 1 ml JC L7 DMEM, {3141 it & 4%
& AR & %5 200 A A pAd2-hRAMP1 19 pAd2-EGFP 5 ~ 10 pl,
BRRPEINRAIE BT 37 C 5% CO M &, B 15 min
PEEhREFRM L 4 h JEINAE B b R R, 26 2 R
T BB R A S Ak S R 301 (A IS BRI A IR
1.3 ELISA A& M A% % A 4 4 49 MSCs *F CGRP # %
& 2m fiel, B -F 4~ sl AE )

HUs 3 ~5 AUl AL MSCs #4511 2 x 10° M g4 70 T 6 1L
e, K H AT pAd2-hRAMPL 1 pAd2-EGFP Jg&Z% , AH N % 4 41 i 53
FILL MSCM" M MSC™ FerR o B MR FRFE, A 1.5 ml S fif
BER 3L (4 CGRP 15 pg,%ﬂzgﬂq 10 wg/ml) , F24 h f172 h
SRR IR I W, AU AR AR A R 3 AN FL, L ELISA
Pl E L3P VEGF F1 HGF /KF-, ELISA J7 3% ™ #% 42 B iR
F G E UL AT
1.4 HISPMTFEEEAY 505 miaiH

W4 ~5 W v 22 Mk K 1 %R 30 L, MR (1. 80 +
0.50) kg, W B 28 = ZE B RFSLEG s o FBRSCHR [ 7 ] 7 vk
A0 LB P R, R AR A0 R 3% SR 2
(30 mg/kg) Z B2 MIORR B T, T 0B 224056 2 ~ 4 Jly (6] 25 1
Wi G , AT O, 7853 B 88 O Ik ] A O BB AL, T 220
HT 5 ~10 mm PETFERIKG DL 6.0 SRR T 8 i 45 4L
T EE S, 1 A S SR DGO LBR ML RS . FF4E 60 min J5AA G
ZEFLER RO W I, PRI I o /O LA ZE B AR o - 5 L 10
A B A i DO LA S A 1 Aot L (R R 21 ST B fpst
PEa e, RIS BEL: 3 d UL % K 80 x 10° U/d 1 B 2%
Yo HTERLC LA AL 5 HE T A A 30 1, ¥R ALEC S e
MSCMMP 25 ( pAd2-hRAMP1 #53¢ MSC 48 ) . MSC™" ¢ ( pAd2-
EGFP 53 MSC 48 ) 20 F %of BB 20 ( 25 4% A= PR K TE 5, n =
10) . YUAURSHE FALHY 57 5 24 h (NEAT (— M FAEFLSS 56 2
KEAT) o PR AL, L JC I 75 DMEM ) A% 2040 i 2
W, 10° 4~ MSCMM MSC™" 21 iy s 25 (AR FRER /K 43 31 28 TR 2%
KRS A .
1.5 Western blot 4 MULAE 58 B3R & 4 K B T 69

ik

IR AE)E 2 A BENLI 3 LS Ab ot , BURE B8 X R AT
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JE BT, I BCA 2R 1 a2 o 70 80 0 A 4 vk L A 20l
BEARAT 10% SDS-PAGE Hi ik , 4k 22 #5767 4K 11 28 il FR 2T 4k R I
5% AR WY WA 1 h S AN BT VEGF(1:200)
/NPT HGF(1:200) —471 4 CHEF A, A LI EH0/N B
HRP(1:2 000) —4i =R TWHE2~3 h, B, B, U
B-actin /R NS BER AR 2 58 43 W1 45 S5l J6 % FEAHL, 1T 4%
Sty 5 NS AN G B LUIEAE R A 2B o
1.6 WU IE & AR L] 2

TFUMIBAE G 4 J8 Wb FET A% sy , 47T M Jes I B0 Ik
BT -20 CUKAH P AR 10 min, WORFE DY 1 ~2 mm
WA R, k2B R B F 0. 1% TTC %W+ ,37 CEE
10 min, R0 AFFEIX Yot LT €0, FIPE X A e s SR 5 B T 4%
Z R PRSP E E 15 min, 105 LA Image tool 3. 0 #4351
PO UFEBE I AR DL B A O = AU A, T A O =40
ST LL = L2 R AR X TR AR 4 Fr S TR < 100%
1.7 Sz aiesem] & LAk 5t By 31 37 £ d B R 240 e

AR B U JIL S ATBEAE S X0 VALY, 7 085 A 2/ 1 74 pum
JEY) R, LA/ B S CD31 Hi Ak (1:100) 647 S e A Ak Y
TSRS YR B R RS A SRR CD31 B
PEAUMI . B CD31 BA: 40 M3 HBOS EAE A0 IUREZE X8 A
B2 1M 5 P
1.8 %itsamE

] SPSS 16. 0 FAFHATEE 24008 . e R RER F & 25
For AL FHCR F L R 2540 B sloRL R 28 07 220

2 HR

2.1

MSCs 3% Fr % 58 B AR Rk 4

2255 P I S 0 W BE B R ARAT A S B B UR. MISCs 1595 38
553 ~ 5 AR, I 0 B L A IR I RR A K A T A S
—HIKRIE . AN A %5 T CD34 . CD45, CD44

I CD29 FUFRIB O, 7Ry CD34 1 CDAS Hir st CD29
1 CDA4 Frls TR IS o BRI T3 A A ROIRAS R

S S '/ 258 :J\‘l\ 3y \ ¥ @
A5 % 5 4K MSCs;B:pAd2-hRAMPI1 #: % MSCs /& 72 h %3k EGFP
1 %38E MSCs 55 % pAd2-hRAMP1 [RS8 TR LER

2.2 MEJmardE g MSCs af S MUAR S8 & AR 49 %5 vf)

JRIR TR UL MSCs S AT 4 JE AL BE ST O LA 4L TTC
P LIITA 0 235 hRAMPI 1) MSCs B8 2 75 00 AR A T
. TTC e )5 IEw D ILERL 4, MAi st LA 27 A
o Xt B ZH A MSC™ 4 14 - ¥ 48 . 1 AL EE 43 51 R (30. 6 +
2.7)% F(22.5 £3.2) % , i MSC"™ ™" 20 S 450> LA BE T FRAL
F(10.1£2.9)% o 5% EALH MSC™" 4 [ A, MSC"™ M 4 .0,
JLEEZE 1 AR 2 AR (P <0..05) .
2.3 JEgmArAE g MSCs 30 WUAR 58 G #7 & o B R £

5 5 ¥ 00

T HR I MSCM™ ™™ R A e ARG o LA B 167 B HL AR L 1% T
Bt CD31 G e 41 A4S D0 ILBE B K &) 3143 DX T A 6 40 1457 %8 3%
CD31 Ay P Bz A0 e S PR sl 800 LR 2R CD31 PR 41
MiE SCABTAE B A AE (B 2) o TR 7 O IS BE X 8 2 7
FESEJE 1 X, MSCM™ ™™ 26 i CD31 [H 4 40 it 50 2% W S 25 0o et
AN MSC™" £ (P <0.05) 53800 JUBEFE X K H AE 58 L 1X B 40
M4 B R, MSC"™ ™ 2H [ (25.3 £3.8) . (34.2 4. 1) ],
FEXHIAZE] (13.9 +£3.6) ((18.1 £2.5) ] F1 MSC™ 40 [ (17.3 £2.7)
H1(22.4 £3.0) B4 5 B EAR SN (P <0.05) .
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2.4 RRmHFEEF MSCs b0 U 5T 20 248 o B & K
B F &k 6970w

Western blot 2% % i 7~ MSChRAMPL 2H 0 LA B8 X F1 A A8 38
B ILLHZUA] B hRAMPL ZE [ 3535 , T % BE 4H A MSC™" 24 )
A hRAMPL 25 (4 335, iX R 4 i B A J5 MSCM™™ 354k &
U VR BE B S 300 X0 LA 4R X A7 75 - 26 35 hRAMPL 5 H ., [A)
i, £ b6 % hRAMPL 2K (4 % ik, 5 % B8 41 11 MSC™" 41 M L,
MSC" ™ 25 K HE. 0 JILLH SRR 1M 4 2 K IR 7 VEGF il HGF 3%
BHM(P<0.05) , WA 3,

VEGF(45x10%)

HGF(103x10")— [N . —

hRAMP1(17x10%)

Bractin(42x107)— S— ——

13 82032 . MSC™" 41,33 : MSCM™ ™! 4
3 Western blot #& U & 250 AL SE X R A8 5E 32 577 K AR M & A<
EF hRAMP1 VEGF f1 HGF i

2.5 JggmAAE 4 MSCs xt CGRP % 69 £ ¥ B
F okt ¥ h
9T gt MSCs Ji5 45T CGRP I, 45 R & I 24 h i,
K5 MSC™" 2] b Az, MSCM™™ ™™ 2] iy 40 Jfo 15 3% E 35 W b, VEGF Al
HGF KA W @3 (P >0.05) , & 72 h i, —F B &7+
B3 (P <0.05) , 34 7% B 7 5% 4 MSCs 33 35 hRAMPL 34 i
CGRP 2L il A T4l e . Wk 1,
#1 REEHL MSCs FEARBREZAF CGRP X AR M &4
B F 45 B8N (ng/ml, n=10,x +s)

‘ MSC""”fﬁ MSChR -\MPlgﬂ
Fi i)
VEGF HGF VEGF HGF
24 h 1147.3 £125.5 421.9+99.7 1222.1+89.6 539.4 £107.4

72h  1344.4+137.2 683.8 £150.5 1 859.4 +267.4% 1 052.2 +239.32

a:P<0.05,%5 24 h k&
3 itig

O WUVREBE I A8 P26 A R T35 AR AE 5 i 1 453 43
o WIUEE I, A SEE A0 LD REVR A, Bk 20O LT AL FN
LT, BT FIEZ% 0 ) vty B A o 1R 22 B Al
RG24 B, 291 K SRR 30 Bk R MSCs 3
L 3 ) MSCs ¥ 0] DA HE 0 IILAE 38 5 145 7
AN B TOERE A EHAEE ST, 20
AR 28 R0 2 TE i 22 WUEE S E , FAE O R DR i
DN T ORI DI EEIG 8. L, AT 6 B 2
P2 E T RK CGRP 1y 32 {47 8.y, RAMP1 35 [R5 i+ i
ST AR A S5 Yy MSCs, WE2¢ hRAMP1 3[R & 1 7Y
MSCs 7E.0ILEEFE f5 15 P A VR, 45 R s, 5%
HEZEH AN MSC™ o, MSCM™™™ & B 2 b Aie k. LA AE
DX AR AL 58 S DX A A5 T i, 344 0 76 0t 7 1, LA
VRIS PR AR AT B85 40 O R AT A A AN 58 5 DX L

HAIFEAR M A K T VEGF 1 HGF #4inf ¢

CHVEISL)E , R 0 WL 2] AR il 2 Fh 4t i
PRI~ 35 o 4 e ) Y PN -1 e (SDF-1x ) 41 Jf A+
(SCF) 1 HGF %, i $e 41 g A K N 1 — e ik 1 )=
RIS A LA Y L PN B2 40 B A9 A el A At
HEIMAE AR, 5 — e, XOn] DASEEER A R/ tH 4 e AT
BEBGIAL, S5 0BG EBE" . Wik,
MSC""™W B A 5 RO L4 21363k VEGE #l HGF 14
ATRE A& 0 UL ZH 2R 38 35 33X 0 R 40 B X 8 DL &
MSC"M! 55 /I A AR 45 59 . {H Western blot 4%
TR, MSC" M RS A 5 A SE O WLZL 2R R Y VEGF Al
HGF R [ #k /K- 18 235 7 F MSC™ 4, X K IARR T )5
TR LR AN D TR o, 1 7] g 5 R 2R A A
519 hRAMPL LR #8580 T MSCs 4 5 %) 55 43 WA FH
Ko (X T E— A BRI R I 52060 T LIER

CGRP J&— 45 145 7 46 05 Pk p 22 Bk, mT o
il LA RO R A A A WA
7~ ,C GRP 5 RAMPI 4 Y Z IR 4E &5 n S 70
Pt R AR B LS BT M AS A R, Toda 251 W5
TR RN i Y B 20 I 55 R AT o 4 4G 3 g o
CGRP 1 ¥ 52 4 & Ji; H 7 CGRP 3 PH fi B /1y B
(CGRP ™"~ ) vh VEGF 3k T, i N JE 1 CGRP Il i@
it RAMPL 32 {38 15 IR 4 PR 1L ( cAMP) fi #F VEGF
ik, PR AL FE IR AH S 09 I 3 A Rl DL R e A K
Zheng %" BFFE R, NI E CORP AEAR 3 A 1< ke i
/BB B ) 75 1M Ak, X —4/E A T RE 5 CGRP/
RAMPI 5| & P Bz 40 g 1Y) AMPK-eNOS i 72 006 A
S I, MR T R R S hRAMPL K [H 4% e
MSCs Ji5, 1] fE 5.0 WE B 320 22 2 58 B i N R
CGRP 254 {2 F MSCs 43 VEGF, = ff i ff 453 13
0 LA 2 R IR A I A B R 7 VEGE 2838, JE i
BRSO URESE f5 A A

Sz MSCM" ™ R R IA T O JULARE AL AT 58 1ok 3 g A
FEL Rl i A K R F VEGE 4538 3K e 2k A4
MU AR BN, 33X RO U AE 1 4l g 1R 97 3R 488 T — 18
AT IERE .
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e B B F > NSCLC 2486 T 458 6y T B, E 2K
R HA NSCLC Ik EZEMRIT 2 —, i R g & T
NSCLC A 7R IR FA: 6 R bk, 76 de ) RO 98 R B A 8%
JEXFTARTT N I R A R T RO AT AR A RSN
B Rk R, X BB BT LT RCE L, B
FRH EGFR R7AFFH A &, IPASS W53 )& kBl EGFR 2875 Ky 7
R B2 BN TAR S W i BRI R BT R, 2
A B AT, a8 RS T RS LA KRB I RIS
FOIESE 0 BRI, 220 I B T RS 6 07 16 i 2 AR B 4%
EGFR-TKIs 31| EGFR %875 f 3% 1— 283477 . A4, INFORM
WM AR R G A YT S — R SR G T s H 3
FARAE N R R EGFR A5 . M HRTHIIF S 45 Ok & L 1%
HA NSCLC 4n 32 —28 hj ] EGFR-TKIs — #Z 3% )& EGFR 28745 /it
F, MR A T Bt T EGFR 2875 (3% X EGFR ¥f
AT AR A AR L, — 28 e AT

AP B FER S I B, A T FARIEIT R SR
ML, # 4 IR IR T IR R 46 T B 6 AR Ak 3145 38
OGBS R B T AR R4 RRR T IR AR R 3
AN H BRI R A8 W A 4 R kL, & T 2 HEFRIR
T SOMEE  TRAEAL IR 2 R S R LS, AT JR 3B & & s B
FPL AR RIE A TN, ZEE LTRSS F,84
BEid TR R RS I S ], HL R R 47 4 Sk R KT 4544
Wik AT R NARY SHRE LT NAERRA R, K
NSCLC BEAEAE 8 4F DL B4R A 20 WL, 3 3% 58 35 77 46 EGFR %8
A5 A REFAFUNIL R AP 7. FRATTA B AR A, Q0 R e %
BIE RN, WAL ¥R 1057 58 A8 T RS AR A8 e o

R R AR e ERFAYT , 1F 2004 AE4ERFA YT Y
BES M RAGB T Z AR o ML AE RIS B A F5i6)7 34 b

FHE TG ZE AT, HRTAERE AT A RN 25 Y f A L iR
7 AR JE RS B e Rk 7 25 v i 5 5 il 2, 2] Lk
SRR AP A T R AR B I R SR AR
FHAYT I AT EGFR 2781 NSCLC, SR il i , 45 5 h 7€
PGE S Tl B, HEOREE B — B DL T

S Xk -

[1] Cataldo V D, Gibbons D L, Perez-Soler R, et al. Treatment of non-
small-cell lung cancer with erlotinib or gefitinib[ J]. N Engl J Med,
2011, 364(10) : 947 -955.

[2] Schiller J, Harrington D, Belani C P, et al. Comparison of four chemo-
therapy regimens for advanced non-small-cell lung cancer[ J]. N Engl J
Med, 2002, 346(2) : 92 -98.

[3] Mok TS, Wu Y L, Thongprasert S, et al. Gefitinib or carboplatin-pa-
clitaxel in pulmonary adenocarcinomal[ J]. N Engl J Med, 2009, 361
(10) : 947 -957.

[4] Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus standard

chemotherapy as first-line treatment for European patients with ad-

vanced EGFR mutation-positive non-small-cell lung cancer ( EUR-

TAC) : a multicentre, open-label, randomised phase 3 trial[ J]. Lan-

cet Oncol, 2012, 13(3): 239 —246.

Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or chemotherapy

for non-small-cell lung cancer with mutated EGFR[J]. N Engl J Med,

2010, 362(25) : 2380 —2388.

[6] Zhou C, Wu Y L, Chen G, et al. Erlotinib versus chemotherapy as

(s

[

first-line treatment for patients with advanced EGFR mutation-positive
non-small-cell lung cancer ( OPTIMAL, CTONG-0802) : a multicen-
tre, open-label, randomised, phase 3 study[ J]. Lancet Oncol, 2011,
12(8); 735 - 742.

[7] Zhang L, Ma S, Song X, et al. Gefitinib versus placebo as maintenance
therapy in patients with locally advanced or metastatic non-small-cell
lung cancer (INFORM; C-TONG 0804 ): a multicentre, double-blind
randomised phase 3 trial[ J]. Lancet Oncol, 2012, 13(5) ; 466 —475.

(%5 :2012-05-29 ;& [8] :2012-06-19)

(%5 I )



