5532 55 18 o= E KB K ¥ % W Vol. 32 No. 18

2010 49 H 30 H ACTA ACADEMIAE MEDICINAE MILITARIS TERTIAE Sep. 30 2010 1953
e >N\ &
LGS 1000-5404 2010 18-1953-05 ) %

A5 B 18] 7€ B T 4R B % AR X 52 o0 AILAE 2 I 1o I 57 A B R 10 T BE B 35 i

R IFE A MAE B &' H e’ 730050 %M 22 AR 22 M A BE BEO IS I RE 730000 220 22 ko
o5 I PR 2 B A R

HE HEg BRI TE 585 T4 adipose tissue-derived mesenchymal stem cells ADMSCs 248 %} 5.0 IUAEAE 5
TS A R AT BERLHI B D DI RE R ARG Jiik 30 R H A KRB AR SRl R T ARE O IUEZEXT R4
1 ADMSCs #4H4] ADMSCs 4 Z54LARi =M% @57 2 M O AESE acute myocardial infarction AMI sh#¥#5# AMI
1h P4 6-Jjk2-Z55m|E 4’ 6-diamidio-2-phenylindole DAPI FRric (1% 3 1 ADMSCs # A ADMSCs ZHAESE.0 I Xif
HEZH B T AR G S i B RRER 2 ph WK phosphate buffered solution  PBS  ARFJ K AT 4 il 43 5 108 75 .0 5l 1R 4: 4x H:
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Transplantation of adipose tissue-derived mesenchymal stem cells improves angio-

genesis and heart function in rabbits after myocardial infarction
Zhang Weize' Chu Ai’ ai’ Chen Yongqing' Ma Ling' Xiao Liyun® 'Department of Cardiovascular Diseases Lanzhou Gener-

al Hospital of Lanzhou Military Command Lanzhou Gansu Province 730050 *Department of Cardiovascular Diseases Second Clinical
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Abstract Objective  To investigate the possible mechanisms of transplanting adipose tissue-derived
mesenchymal stem cells ADMSCs on the angiogenesis in acute myocardial infarction ~AMI  rabbits.
Metheds A total of 30 health rabbits were randomly divided into 3 groups shame-operation group acute my-
ocardial infarction AMI group and AMI + ADMSCs transplantation group. AMI model was induced by liga-
ting the anterior interventricular branch. 4’ 6-diamidio-2-phenylindole DAPI -labeled ADMSCs at passage 3
which were primarily cultured from rabbit greater omentum fat tissues and identified with flow cytometry for ex-
pressions of CD34 CD45 CD44 and CD71 were injected into the center and edge of infracted area of AMI +
ADMSCs group with 5 sites 0.2 ml 1 x10°/L for each site  and the same dose of phosphate buffered solu-
tion PBS was given to the AMI group. Echocardiography was performed to evaluate the cardiac function be-
fore operation and 4 weeks after operation. Then the animals were sacrificed and their hearts were resected. The
regeneration of microvessel was examined with immunohistochemical technique for microvessel density MVD
and the expressions of vascular endothelial growth factor VEGF and basic fibroblast growth factor bFGF in
ischemic region were detected with transcription-polymerase chain reaction RT-PCR . Results The labeled
cells were visible in the recipient heart and some of them were differentiated into cardiac-like cells. Echocar-
diography showed heart function in ADMSCs group was better than that of AMI group in 4 weeks after surgery
with obviously improved left ventricular ejection fraction LVEF and left ventricular fractional shortening

FS  and significantly shorter left ventricular end-diastolic inner diameter LVEDd and left ventricular end-
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P <0.05

systolic inner diameter LVEDs

. AMI + ADMSCs transplantation group had an obviously higher

MVD in the infarction regions than in AMI group 20.00 £2.65 vs 7.75 £2.12 P <0.05 . The expressions
of bFGF and VEGF in the myocardial tissue of ADMSCs group were significantly higher than those in AMI group

0.590 £0.028 vs 0.569 £0.021 0.913 £0.030 vs 0.886 £0.049 P <0.05 .

Conclusion  Transplanta-

tion of ADMSCs promotes the revascularization in infarcted regions and improves the heart function by enhan-

cing VEGF and bFGF synthesis.
Key words

mesenchymal stem cell transplantation myocardial infarction vascular endothelial growth

factors basic fibroblast growth factor
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AREFE 7 UESE AR TR T A1 adipose tis-
sue-derived mesenchymal stem cells ADMSCs fE{&4pn]
DL EZEE 0 AT i A= 1 g T L
Ml PR R N B2 B N IFSE R ADMSCs 3
WA ) IS PR AR A T 7 A4 I N B A A

vascular endothelial growth factor VEGF i # 4 K
[K-F placenta growth factor PIGF 8 B £ 4 4= K
K7 basic fibroblast growth factor bFGF  JTF4HMIA: K
KF hepatocyte growth factor HGF 7 21 g 5 W% 21 it
EVE R F F  granulocyte macrophage colony stimula-
ting factor GM-CSF  FARZ 4 ¥4k 2 -1 monocyte
MCP-1 I J5 240 Jifd A 5 14
AML R stromal cell-derived factor-1 SDF-1 mz
ADMSCs FA7 = B 8 58 404 S F IR TR RE 1 X 4E ¢
HAFf AME I 2 OCT . DTN S 5 200 JH AL A A A )
TAERIN ] AERSE.O WU R Bl 28 56 R 3 bk
A ADMSCs K BRI O BED R A Bidst ° (R B4
FAPLEIA Ry e — 2D BB AR R HI A i 28 8] SC 45 4L
DNV FERERIE T ADMSCs B4 SRS % It
W2 L L L VEGE Fl bFGF 33k LIRS ADM-
SCs BAH YO NI AL S ADMSCs 3577 Il 9=
PR ALK

1 #MRE5FE

chemoattractant protein-1

1.1 Z=®shhs o
B HARE R 32 H AKHE2.2~2.8 kg 2 HAI T 42
HBERR T FERT T 4A 30 RAE N BRI 21k K h Hi g S8
PRt eIl R 3 4 B 10 B SR ERTFAR
0 O UESERT IR SO UEAE acute myocardial infarction
AMI +ADMSCs % #ti#H ADMSCs 41 JZW4iAsE At
7 ARFEWE 4
1.2 MR AR Tale o B 4 BRAAFIT
O S T LR R BRI 204 ) PBS % 200 U/ml %
HFRH200 pg/ml HEHR REHE RS EMR BA

REFRI A 2 F5RFL 0. 1% 1Y T BB G 37 °C IR AR H
MR AL 60 min B W HEI 730 3 2 LR D B IR AR B
)R hEARRIIHR)E T2 RS B A 0 e S =
1500 r/min .03 10 min 3¢ B3E M85 & 10% G410
i 100 x XULAG B DMEM J R0 AT 4R 0iE 200 H 4
MGt IE 37 C 5% CO, WAL TEIR 24 hFEK
B AR E T0% ~80% Gy 1: HR-AMBRE S £ M
M FRENEAL 240 K2k Dy S0 mmol/L 1y DAPL 3 [E
Sigma A R] MAREFRRLE 3 A0y NE U 18] 7 BT T 40 i i 3 W) 35
FEid R PBS MUk 10 LIRS MM MBS 5 £ — 10 R ANTH
fo B LIS x 10°/ml (g% 8 F B T PBS W & Tok L4
At 1 h

1.3 AXmieRER

RS 20 L BE 1 % 10°/ml 43 B IR FITC bR ic Y RLPL S

% [ eBioscience /¥ F] CD34 CD45 CD44 CD71 BATTEPLIA

FIRADCHEE 15 min 5 AU
1.4 RS MR LR 0 52 5 B 4m fo A5 M

3% L Z 4 30 me/kg HEGRFIKRREE [E T FAG
/I WHLERE WIREETD YOI R O B
M ST FEor R ONE HIRBLNE At IR R T
WX ST ISR Bk A % 3 AR R A5 HLE KR 1T
12 OO HE LU S ATREC LR 1 B A G i 15
WL ST B W B4 A FARMID 0 P ARA N AR R
AL o — 224 (HASEHL ARG A ML S RO IS
BCHTESE SBUREAE e Bl g X S ARG AL AN
F0.2 ml {5 BRI K PBS W B2 CH 250 RE
3AWEFER 80 71 Urd TipyEg:
1.5 RECHELSEH AT

K] GE ViViD7 BUE S RARAL O EZR S A% ) 6 MHz
TEART ARJG 4 FNHATER OIIEGA  BREIRET &
) O 3 < ol N | N TR RPINTTD LR ~ S eI RV
eI A2 O B S UK 8 I 5L Sk UK T 2 0 3
KR N1 left ventricular end-diastolic inner diameter LVEDd
B OEWHT AR NFE left ventricular end-systolic inner diameter
LVEDs JfiEEHI45% 2% left ventricular fractional shortening
FS FZE0ZE Sl 53%0 left ventricular ejection fraction LVEF
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Tl TONERAR 220 % 4y 3 By LYV BURIAE 0 %
FEFEX FNAERESE DO UZH L HI S wm JRAGUKIRY) rdn A #
L UKR YD e T 500 AR T B4R #E 1T WLEE DAPT fric 40
il AN R I 2 IR VKRY) R 470 IUNLES
HH-1 cardiac troponin- I c¢Tn 1 JbETHBEARAF Gz
g, oo | AR il & S-P ik R k&A%
Nl TG SO BB ISR AESE X T [ BHPEAI M [F)
— WS AN R T RS A M A 2 FE PR A A
1.7  fdn % 55 2 A

YR ARAR A CD34 RDUHA8A W i d S e,
N & S-P ik Jbl P AZ S A CD34 & {5 T /4 K 4
MIARARI R AR B (O aARE 6 g S IRk 6 1y
B A A BT 400 x BOBRLGY SEECCHR 3 AN
FE AL P S B B IZ Oy R A 1 P 2 UM A 25 B microvessel
density MVD
1.8 RT-PCR # VEGF #= bFGF %9 &i&

Bl X0 LA L WAARFE 200 mg B TRk
FMA 2 ml Trizol 7] j™A% % BRUE I A5 #4743 B RNA K
fh D %E H 260 nm 1 280 nm G E D 260 F1D 280
JEMRYE D 260 /D 280 HL{A PFAL RNA R 20 1EH W
1.8~2.0 10 o/L LEfBMHEEAL K2 E RNA 52488 L2 pg
AL RNA #efR5 0 & DRROI4A AW BB
HEAT G 5 RONEAR R 20 wl RN 45 44 65 C 5 min 42 C
30 min 95 °C 5 min 4 C 5 min  PI3RFE ) cDNA R A
PCR #"38 /Y MG96G Long Gene /] #E4F PCR 43 Hil ¢ 3
GAPDH VEGF bFGF I h KRR 25 wl 738 54 94°C Tl A8 o4
S min 94 CAsM: 45 s Bk 45 s HARDILFE 1 72 CHEf 45 s
72 °C JZJ% 10 min 30 MEFR  PCR =428 1.5 % BifEHE BBI
S BERCHIK SEAMESMY SEE UVP 4w WA DNA
Marker DL 1 000 H:¥)/\ ] BEWE AR BT RS0 4y
Bre kS B 45 LU H 2L H 5 GAPDH S % B2 1 L
HFR LHEE 3R

®1 EEFIIRESY

wH 3l 5l 573 b kg*ﬁp

VEGF I ¥iF AGTACCCTGATGAGATCGAGT 57 196
i TCACATTTGTTGTGCTGTAGG 57

bFGF =3 GGTTTCTTCCTGCGTATCCAC 59 287
T GTTTCAGTGCCACATACCAGC 59

GAPDH =3 GACGACATCAAGAAGGTGGT 57 343

T iF AAACTGTGAAGAGGGGCAGA 57

1.9 “%itFEaoh

K1 SPSS 11. 0 etk AT et o0 b 3 AL e i) Bk 22
SR R 7 28 00 A WA 22 1) 0 7 S LE 5] SNK A6 46
BELH NS [F]I H B L A IR AL J R FHC R ¢ A6 6

2 HR

2.1 &washmiz

A 30 g A4 10 B BRFEARAFET-2 X RpX
W ONUAEZEXTRRAAAET: 2 S M2yt ADMSCs 241
FET2 A FEBEEONB OSBRI B oER R HA
SIS R4
2.2 ADMSCs 7 &4 4L

P24 b 5 RBERKMARAEZONE 2208 A1
ERBRZMAE FHGEMRE ZEP F1~2 4% 48h
JE RSN FF UG 4> 5434 5 ~7 d 5 53R LR 40 R Al A ik
80% fEMEAIIESWI— 2REBIE U—S mHom
DU SR RS R s 9 5 T VR 2% 2 K A e e v B A A
YHE N B>
2.3 AKX R%EwLER

T A0 A A0 R R 3 I T 40 i 2 T AR AR LR CD34
CD45 A MSC #: £ i P& CD71 84.39% FI CD44
81.20% PR
2.4 ADMSCs #HjG#R F SHBLER

OB B E LS R WER 2 50 P SEXT IR L
ADMSCs 4l £ MM ARAYT )G LVEF FS BB P <0.05
LVEDd LVEDs ¥4/ P <0.05 (H5BF AU HAAEIRE
HREEERE P<0.05
2.5 BHmMANGEERL

FE AT DAPL #7312 ADMSCs 290 i N g Uit &
ERFI W ATEE 1A AMIJS 4 J8 ADMSCs 2.0 Lk il
Jefal U DAPLARE A4 EEFERONET XL
BAREEAE A BB R R TR T
FFIH 4 DAPLFRICRIZIM cTn [ DAB 8, Yy B (o i
BRI B 1C D 7R ARGURL IURESE X R4 oK L8 &
DO LRI AN A O IURE 5E % HE 4145 BE X 7R 4 WL E) ¢Tn |
Yoo [ 1 (4 41 A
2.6 JRIEMLFAE B S PR R &8 5 it 5

L)L CD34 " FHAE 5 0 45140 K1 2A B ADMSCs 210
WURESE X A0 3 4% B B 5 T O U SEXT 4] P <0.05 I
%2

K2 BREABENRAREIFEFOHEEREMVDE n=8 xxs

LVEDs cm LVEDd cm EF % FS %
ikl - - - - MVD 4~
AT ENE] NI} AIF AT ENE] A AJF
FRH 0.60 £0. 06 0.58 £0.07 0.94 £0.13 0.94+0.13  75.13+3.91 74.13£3.72 43.25+3.41 43.50%3.16 42.50 £3.42
CUVESEXT L 0.57 £0. 06 0.88 £0.07¢  0.91+0.10 1.21 £0.09* 75.63£3.89  43.13 £3.72° 42.63+3.70  28.00 +3.38% 7.75 £2.12¢
ADMS 21 0.56 +0.05 0.72 £0.042>  0.92 +0.12 1.07 £0.122> 74.75+3.01  51.75£3.372b 43.25+3.62  31.87 +2.03*>  20.00 +2.65

a P<0.01 5AR4LRATILE b P<0.01 HopugsestBartss ¢ P<0.01 5/8F Rabik
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A ADMSCs 41 B AU B xT BE 4R
&2 ADMSCs 48 5 1 BLAE 5E 3 B8 48 48 5E (X faf It
BmEME  S-P x200

2.7 %Az X FE B bFGF mRNA #= VEGF mRNA &
Ak
i3 2 G R RT-PCR 35 5E A [7) 41 16] A 5T X Bl bEGF A1l
VEGF # ik it S0 45 5 £ B ADMSCs 41 bFGF mRNA #I
VEGF mRNA ) 3% ik & B 1o & F.0 WU X R4l P <0.05
K3 %3

M 1 2 3

400 bp— i Bl —343bp

400 bp— [

LB 196hp

400 bp— e

% «—287 bp

M DNA 47 1 BF5F K4 2 SMEALITE4 3 ADMSCs 20
A GAPDH B VEGF C bFGF
3 RT-PCR E#NOAIETE S 4 B &4 VEGF 1 bFGF
mRNA fy%i&

%3 LAEZRESS 4 B VEGF 5 bFGF mRNA §i5ik

n=8 xzts

5 VEGF bFGF
o WU ZE X R 2 0.569 +0.021 0. 866 +0.049
ADMSCs 4 0.590 +0. 0282 0.913 +0.030°

a P<0.01 5. WUAR 58 B 2H bh &L

3 itig
ADMSCs 1E % ¥ i FH F e 1l 4 00 IS i V6 97

SEE 2 Valina %5 ° 7855 2000 JIURE SEAS AL b 4 531
Z5ER KA B R ADMSCs FH1/E- B8 SR A 40 5
AL AL RE X 15 B k3% {3 ADMSCs B Hi 4 A2
FIWARFNET AR AR N A2 EER AR BN
ADMSCs BMifE— @B Folss 7.0 Esh e Witk
ADMSCs 7E S IfiL PO B35 7 VE F 5 AN T B i 18]
TN LR (LR FBAER ADMSCs 438
O IESIRERIRADIHLE H AT A R ERE B Hurm ik
b DLARGE 5 R A3k SR A O IURE AR 5 i 20 LA G
FRIEE T DUAROME RS 2 1E 4 O LAN I B S AE M Ik 2 ik
FOHETIRERIVE  HidfEkT ADMSCs A9.C ILZH A 4
VEFT RS2 5 55 2 W VE A ¢

ADMSCs W55 IhRe 4 FA Mk prir
e 2253 4% H] 7 Miyahara 25 ° 32 JH 20 0 Fr
FAR A ADMSCs 4 5 2 #8560 AL & BLEE A 1)
ADMSCs A DL 1 55 43 Wh A AR F 1 45 A= . DAPI
SE—FRIC A B PR XSG AR TC R Ak
AL LA SR PO EER K 8 R4 AT
FEIRCAM " AWFSY ADMSCs 415% F DAPI fRic
PR KA SR BA A A7 Horp s —3
PRGN Tl PHYERY 4R {HJE 5 AMI X}
ML AR L ADMSCs A 21 .00 LG I DX ff i 58 %5 R 4
Zpaes RATIN N ADMSCs F&A 40 0 I fig ok 3 1Y) it
WA RE S MM L LKA 5 — AN EM K WY
ADMSCs FEHEZH 0o LR I DX I 3 A o6

OIS R R G B AR A 34 BRI 3R
()3 ORISR BT deE D EE K il
ARk e 4 28 5 F 2O NUFESE X 47 4 Ak IR TE WL
BN B I ELE O LR i D0 LR P /)N
GERBIIK R AR R AU R R R AN I
ARl X —FEak A B A BRARfb E— 2B RGO
WUIAL I SZ M Bl O LA FRE A I C ILER £k
FLLTIREARE AT 2 e ik i 4 7 R S5 28 R O
Rk EARRERE ENZ — " ABF5
FW] ADMSCs 4 HH 16 7 0T 384 Jii1 . JUL 38k i, DX fol i 45 2%
& T REHE e R S0 bk i 7 e 0 A7 45 6 e IR 3 bk o
s WRODNEN JEt—HEohbe L %"
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TEMG SO LB FEAR 7R R RS AR B B) 78 o T 40 5
O TJREFS I B kst I 4 0 H mT B8 50 LBk I X B
MM % = VEGE 1 bFGF ik &1 £ Kt Ly
MO TR DA 56 (HAR R VEGF 1 bFGF 3R ik &
5o A B A 2 ] 56 &

FE N EAMESE P BT Ron 78 R BRI Bl i 451 5 A
Hirft ADMSCs FAH Al /i Z FP 4N K7 045 VEGF
bFGF #: &5 X VEGF bFGF 31k i 1 412 3k il 1fy X
MAEAR VEGF AE Ry — Bl A K 4B A 22 53 24 5 A
PRIMAETE B R 7 B S Ve T 148 PN B 4 i
SR s e A i R RS IR AR
YEH VEGF JE[H Ik a4 b V8 -5 30 ) 52 21 Bk 42035 5 I
TR RS Y DEGE J 38 i B A L AL AR a2k P
A TR I BDE R R 5 R A i
FR9TIRE T LUAR A A i AR K oAk o R B A
SRCEN A EY bFGF AR R0 IEB R 1A YT
f—Fh 5 3k TR g LM A I B © VEGF il
bFGF 7E 1E % A sh el 2L (A Tl i 3k  (HAE
R ELAR N WL LB AT S B RS RS RGE
VEGF 44" MSCs 52 1A 4 21 B 1% 77 7 2 1 200 Bt 1] 1o
BN HRE O WU X MSCs 3% J1 M i — ik
AMI IRITRICR 1 ARWFFE 45 R E B ADMSCs 54
20 VEGF mRNA #l bFGF mRNA B & & F AMI % g
20 i ADMSCs H A e it VEGF #1 bFGF F ik 1 1E
RN VEGF 0] GBS A48 1) ADMSCs 19 17
TS FRIREASHESE & B8 ADMSCs 4t 5 #e O JULAT E
X R it i DX B 20 0l A S 8L i 5 VEGE 1 bFGF 1938
R —3 ADMSCs #4445 O lIE 2 Al o 38 4 Ol s
5 VEGF H1 bFGF fyRik IR X R .0 U BE J5 o0
WA ST A 1M1 A TR T i 5 ADMSCs FS A8 5 {2 F 0o AL
HYf VEGF Fll bFGF By 3RIAA & MAEIX 1 L4 &
A7 Bh TRl DI ARG ILE T T Bl sg
RGO UANET © R %E 3 h s Bty
HHB 3O LA A BP Ah F A RT3t () 4 5 v LA R R
8 it o B R e i DO LA B 40 A = A B
P T AU A 1 e

25 [tk ADMSCs I BE 42 7F O JULAE 8 5k 1l [X.
P I 45 09 28 i &% VEGF #1 bFGF [ £ik Ffit—
Mo O R SIRE T VEGE F1 bFGF 44 R 145 4= K {5
PN EYERT e HED ADMSCs #2548 1.0 ILER
PRS2l e ¥E VEGE Fll bFGF [ # 3k 1 & 4%
Ve {BRHE) ADMSCs 160 IL4H b A i A B4y
IS N4l 2 75 6 F 43 i VEGF F1 bFGF 5
fEFIRATE— 28R
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