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Promotive effect and mechanism of umbilical cord blood mononuclear cells
on angiogenesis in rats with acute myocardial infarction
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( Department of Cardiovascular Medicine, Hainan Provincial People’s Hospital, Haikou 570311, China)

[ Abstract]  Objective To explore the promotive effect and mechanism of human cord blood mononuclear cells
(HCMNCs) on angiogenesis in rats with acute myocardial infarction ( AMI). Methods HCMNCs were isolated and
labeled with BrdU. Twenty rats were selected to establish the acute myocardial infarction model by coronary artery ligation.

The rats were randomly divided into myocardial infarction and HCMNC groups with 10 rats in each group. Another 10 rats
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were used as the sham operation group. After successful model establishment, HCMNCs were injected around the
myocardial infarction in the HCMNC group and L-DMEM was injected into the same site of sham operation and model
groups. Four weeks after transplantation, echocardiography was used to assess cardiac functions, HE staining was used to
observe myocardial pathological changes, BrdU staining was used to detect transplanted cell survival, and
immunohistochemical staining was used to analyze the microvessel density (MVD) and protein expression of CD31 vascular
endothelial growth factor (VEGF). Western blott was used to measure CD31 and VEGF protein levels in myocardial tissue.
Results Compared with the sham operation group, the left ventricular end systolic dimension ( LVEDs) and left
ventricular end diastolic dimension (LVEDd) were increased and the left ventricular ejection fraction (LVEF) and fraction
shortening (FS) were decreased in myocardial infarction and HCMNC groups ( P<0.05). Compared with the myocardial
infarction group, LVEDs and LVEDd were decreased, and LVEF and FS were increased in the HCMNC group (P<0.05).
HE staining showed that the structure of myocardial cells was normal in the sham operation group and the arrangement of
myocardial cells was disordered in the myocardial infarction group with a large amount of inflammatory cell infiltration. The
structure of myocardial cells in the HCMNC group was essentially normal. BrdU-positive cells were not detected in sham
operation or myocardial infarction groups and scattered BrdU-positive cells were seen in the infarct area of the HCMNCs
group, which were involved in formation of the blood vessel wall. Compared with the sham operation group, relative
expression of CD31 and VEGF proteins and MVD were decreased in myocardial infarction and HCMNC groups ( P<0.05) ,
and compared with the myocardial infarction group, relative expression of CD31 and VEGF proteins and MVD were
increased (P<0.05). Conclusions HCMNCs promote the establishment of collateral circulation in AMI rats, induce

angiogenesis, and significantly improve ischemic heart functions.

[ Keywords)

2P0 LAE FE (acute myocardial infarction,
AMI) 20 NRRE DL e 2 E0E |, 45 IR 3 ks 7 Bl fHL
FEGR M 2ME FRS P B B SO WU I K
BERIUN ORI H He AR ZL 0 I B J5 0/ L 2
PEVEFR I R R g A A5 I & R BLL J) 0 1
RAETZM . AMIIGPRIA YT AT S8 AR SEAR G 1, 62
ROWAFE Lo LA A S I | 32 5 3ok 2 Wy s e S 285k
RN NIGIT 5 T B ATIR T (Bl T FARGIT
AR fe o 1 LA B A Ji o A7 P 2 7 5 [ st B ) 1 A
IRIT AML PR S AR B I A R A T Ik
R4 T A0 R A IR T AML 15 3 T A
g%, 0 H 2 B ML A 4% 40 B (human cord blood
mononuclear cells, HCMNCs ) 75 JJ 85555 55 Z R iR
MRS HE IR 7 B — 2 &R . HCMNGs UM 7
i S AR RS AR T 32 V4, e o 3 T 0
DAL R 2 4L 1) 7 B T A 4 R T 4 R A 1Y
FOREN  BEARAFAE R, HCMNCs 2 5 75 i 4
MAE ARG, 32 5.0 WU BE 5 B il P 0 LR
P R LA 0 L 4S9 2R B — S BRI AE
SRTAT AR FH AL 0 AT 28070 ACHIF 5% 3 i W 5%
HCMNCs Xt AMT KRB AR A e dE 7, B AR
WHIRYT AMI BIFEHIBLE], I RIG YT AMI S 4Hr
MIRTT I E R

acute myocardial infarction; cord blood mononuclear cells; angiogenesis

1 #E7E

1.1 SEs
111 SEEesh¥y

SPF Z ek fd R Wistar K5 35 H,7~8 J&#%,
ARHE (250+20) g, H b 5 4k Al 422 m] 435 [ SCXK
(51)2016-0001] . KA 51 5% TR H 2459
LMV I O S5 3h 1) 55 [ SYXK (310) 2016
0013 ] AR FFIEEE (20+2) °C , FHXF IR EE (55+5) %, 12
h/12 h ARG SE8E  3E PR 3R 1 R, AP &R
AN R E B B Z R S #H o ot
(2018004160039) . WF7Ed FE#EAE 3R JE N, 457 5))
PN EES SN
112 ks

5% A U A B 7 B A BRE 5 A 7 S i A L
i K I, WS 100 mL, BT A7 PO A Ik gk
A& rA PR A AR IR T RE , R 2
S M EE AR B, O A5 1R B 5 S A I T &R
Grpdi b, T RAEFN ) B S RE MR . AR
ZEEBEAC 2 51 o WA O, iE SR HE K R IR 4%
BRIERE,
1.2 FERKFSMNE

6%¥% 2 B JE K (32 [E Hospira A Fl) 5 /NPT
BrdU 547 ( 3¢[E Neomarkers 28 7)) 3 41 . B FH Al 4



74 R R/ T

2021 4F 5 4531 %55 5 Chin J Comp Med, May 2021, Vol. 31,No. 5

PELHAL) 153055 & L GE Ficoll-paque Plus ik E% 21 fifd
I3 B (bt E B RH A FRA R ) 5 S KBl
BN FZ K A F (vascular endothelial growth factor,
VEGF) Z41 ,CD31 Z471( [ Abcam 2AH]) ;53 HF
RN AR R G (INE K Visual Sonics Inc 24
A /N AL(EEB ERAES AR s 2 A
EE05R X (26 H BIOPAC A F]) ; M10125 %I PCR
% Experion # LKA ( 3 [ Bio-Rad 2AH])
1.3 XWHE
1.3.1 HCMNCs [543 55 Aric Sid PR

U I AT 6% 55 £ S TEM #2 5 1L INA 50 mL
BLLAE T HHE 45 min, J2 02 M 5 BORK
Fie 2 - VA 7E IR T8 40 M 43 250 1, 2000 1/ min (5.0
£ 10 e¢m)20°C &1 F &0 25 min, 5 FE, 3R15 5
MEAE, B ESHY HCMNGs BT &4 10 pmol/L
i) BrdU . 10% I 2F L7 A9 L-DMEM #5357 3o F{k
T E 5% CO, , 37°C AT H HEE SR 24 h, HER
WL WG AN 2 0, RN I e il s e, B
e TSR A0 5 e =98% , il FH TR AT
1.3.2 CFSE #ric HCMNCs

I CSFE W (2. 5 pmol/mL) 500 pL, 5 4x10°
AYHMLIR ST, 4°C Z5 44 R 30 min, 980 W U T
WEEYL DR =95% , H 4 0 J5 241 ML 1% PETE 90% LA
b AT RS,
1.3.3 @ S KT

BEHLLEHL 25 H KR, 2 BESCHk R etk ol
k& 4L 5T Stk O U AL K BB TR, K 4% 40
mg/ kg VA 5 [ T 5 19 1B BG40 R T AV i [
S EREFIE AL, T2 550 L [, S A B, 3T T 50
B #EAT S 7R R BS54 ~ 5 D
8], VI Bz Bk, Btk 4 5 i JUL, 2% &8 00 U, 78 A0 B
RS -5 il sl Jok R 28 A R 7 2 mm A 25 L5 bk 22
AR S, WA R B FL P RO JUIL 6 1) 2 A o0 FL
FIH L ST B RAR w22 0 LB (AR (1, Jmy 0
WU SIS , o i BT, 20 H R B A T
BERLA> ARERIZH 10 K, HCMNCs 24 10 2, 4y 10
SURMBFARA B L BRI L R ik L2k, A~
SE4L., EAINE , HCMNGs 4R BU7E O LS (1 5
TEH U LA S A B = a5, R FH Al o 7 i 4 0 A
CSFE #Ric i HCMNCs, & SRS 50 pL( 25 1x10
AIHE) BT AR AL AL 2[R0 A S A
10 wmol/L ) BrdU . 10% fii 2F 1L ¥& #) L-DMEM 1%
Ik,

1.3.4 lpLsh RGO fE

ML 4 JES 1% B 240 (40 me/kg) i
T RS PRR R B, P B, A BN T i, A7 ML L
PO BRI R BRLO D RE , SRk R0 15 MHz, i
SIS E &7 R W N2 (left ventricular end diastolic
dimension, LVEDd) . Z& % W 45 K W N 12 (left
ventricular end systolic dimension, LVEDs) | Z& % 5}
M43 %X (left ventricular ejection fraction, LVEF) flZ:
28 J5 il 45 98 >R (fraction Shortening, FS) | #EH 3 /-0
SR AT I BOP- AR
1.3.5 HE Jeig.o Uz L

M SRR JT AR AL e T O IE, AR B ER K o
VR IR I A A0 by B R RN, 5Y
FAOE IO E KA P R 2y — 20 =, —
IRAET 4% Z WA E 24 h, B HRIE &
BEBK A TR (FJRZY 5 wm) KL HE 3
LSS BT Sl AP VIE - I e AT TSR 2ty o
1.3.6 20 s WA RE A 4 i Al i

WO R FESEO0 A T WL h 4t
YGRS AR AR FL A5, 353 40 i Jmy PR A3 32
1.3.7  BrdU J& @I A% M 20 A 7375 175 0

BV F, IS 220K, 3% H,0, % T
H 10 min, B P P 5 I 4R 10 A il O P, 2R 1R OK i
Uk PUBME 5, 4 R S0 i dH Ak R & v A5 A0 B
HEATY 0, FE A0 BrdU Yo €0, BH 1 S VR A8 € 0RE
I T WA TR AR L
1.3.8  F&il.Cs JURE AL 34 2 44004 98 B ( microvessel
density, MVD) #l CD31 \VEGF & 1 %357k F

BOO LAY R, B 20K, 3% H,0, i
10 min, B A P 5 b 48010 A Tl O P, 2R 1R K i
Uk, 4 IR AR & U 45 A 12100 FiBERY
CD31 \VEGF —¥t, B & 8, MU A sG] 1 A
M 2,DAB W5, [ xR LD PBS AU —¥it, CD31
IHT 1 24 2 £ 0, S fR5E T R %% CD31 B
YA IRAE O, A BTN AR Y CD31 Ay BH A ) Ak
MAEEH A 2 FEALE L 5 S HLET  BOF- A R
9 MVD, 4 B B GBOR R R VEGE 8 H
FkPHME, 421t CD31, VEGF 2K [ B ik e % 1
(B, LUGSE B2 E A IR E MR IA
1.3.9  Western blot % Il .L> L 41 21 1 CD31,
VEGF & FAXS R kK

O —F A T WA, BOR A P RO
WLZHEL, oK LAk Es | S HUE AR 11, BCA 0 B ik



[ LR R AR 2Rk 2021 4F 5 A4S 31 55 5 1 Chin J Comp Med, May 2021, Vol. 31,No. 5 75

R 10% SR8 s e B 10 43 25 H R 8 1, AR
ZHLUKE % 2 PVDF B L, 5% AR Wk £ 741 2 h,
VRIS A 1:1000 ¥R ) CD31, VEGF | B-actin i
K, 4°CIFE 1, PR, A 1:5000 FBEAY HRP g
WP, EIFE 2 h, PERE, N A ECL fb22 &t
W5 BOCIAS , R Tmage J 320 B 46 111 4547
JKEEAA , VEGF 25 AR X 3k K DU 45 K
JEMH/ WS 5 IKEEFOR
1.4 FitEHRE

K SPSS 25. 0 B i2¢ 544 43 B Hi , 115t 9%
B BB bREZE (v2s) Ron , ZREARTHR TR
BRI R 7 2200, P RE AR FLBCR H LSD-
K, P<0.05 ERAGIHE X,

2 HR

2.1 DINEEFERREL

LVEDs .LVEDd .LVEF | FS /K40 [6] H %5, 2 5
A FE L (P<0.05) . SFARAE, g
1 HCMNCs 20 LVEDs .LVEDd 7K°FJ} &, LVEF . FS
IKFFEAR (P <0.05) 5 5.0 241 L #5, HCMNCs 21
LVEDs .LVEDd 7K V&K, LVEF | FS 7K F- Tt ( P<
0.05), W&,
2.2 DAAERFBETH

HE Je 0 R P AR L0 WL I HES 3 55, &
[ia) R 5 Co A 2800 LA R HE 91 2550, A7 Ko A 1 4
323 ; HCMNCs 410 LAT M 25 F4 JE AR IE 3, O WLET
HeHEF B 55 AT nT DLAESE I S8, DL 1,
2.3 HRaFEEE

PECRARGE T W, BT AR AT A 4R W
234055, HCMNCs 2H CSFE BH 1 40 il , 43 €05¢ % 1
TR .ORETE FR (38, 59+10.25) %, WK 2,
2.4 BrdU fRi24HARIE R

BrdU (0, 57, 15 T A ZH L0 A 26 245 R AG: I 3]
BrdU #Ric A4 B0 A, HCMNCs 20438 [X AT DL LT
SRR BrdU FH M4 ML, 2 5 il 48 BE 09 24 i, L
K3,
2.5 RBEANEERUOCAMAS CDI1 EE R
MVD 7k E

CD31 K MVD /K4 ) e, 2 57 5t
HEN(P<0.05), H5HFARA LR, LA
HCMNCs 2 CD31 & 16 % BE {E A MVD 382> (P<
0.05) ; 5.0 A8 40 He 48, HCMNCs 4 CD31 & k%
FEME AN MVD 3641 (P<0.05) , W32, 4,

2.6 REALKNGAAL S VEGF EEHEITE
BKF

P AL CAEL FI HCMNCs 2 VEGF & G
HAE M. (116.45+11.62), (76.25+9.16),
(93.17+10.24) , VEGF 2K (6 (41 iz, 25 5
HEtFE X (F=37.922,P<0.05), ST ARA
FeAs, O FEZH AT HCMNCs 20 VEGF 85 16 25 (8 08/
(t=8.592,4.753, P <0.001); 5.0 % 4 b %5,
HCMNCs 41 VEGF % 1635 {18 K (1 = 3. 878, P<
0.001), W2, 5,
2.7 Western blot % & iUl /s ]l 4 1 & CD31,
VEGF ER 3t RIEKTFE

CD31 VEGF #& AT ek /K P-4 fm] e, 25 5%
HEi#E X (P<0.05) . SEFARLE, L
F1 HCMNCGs 4 CD31 VEGF 5 [ AH X235 7K S FAIG
(P<0.05) ; 5.0 40 &, HCMNCs 44 CD31, VEGF
R ARXS R IRKF TR (P<0.05) o W& 3, &l 6,

3 itig

O WUEH B S M ot 50 460 % 2 AMIL, 38 B3
O WU ASPE SRFE, 4k i 5 RO T e T ek ek,
BRAECo LA B £ far 3850, & A= AU M AR R =2 3L
DEY R, RO EREW, A KN O T EH,
AMI JEEIET-AY EZ B RS o] 2 28 45 5 X 0
JULPS I AE 0 A, o3 Sl 38 I Y 3 7, R R e o IX
WEVE W MESE TR AN, SR LT RE BRI YT AMI 1Y
WFE S . Bl HCMNCs 78 I PR B2 2 K F A 2 2
TRz N, HCMNCs FEAEFE IR | S0 B e i LA
KA S AR IT I B D R E AR,
A ] £ FhZH 240 W) 434k, L FA HCMNGs A
HEHUCHIAYT AMI BRI R 0

HCMNCs RIE 72, I S iriAgpr e, 5

T RE, IF HAE I AR AR, AL Sa9% ZR GowE LA,
JE AR A ARV T.H. . HCMNCs HA 5
KEIRE [ Ak RE T, X F ok 38 i B T HCMNCs
1697 K EUHE B LS5 #i 2 451477 , Petukhova 451" 3 i
HCMNCs JA77 PR 2% 16 B /I8 B, BB AR T — /2 3%
I HCMNCs AT L4351 ] WL AH B RN R 25 240 M 7 1] 43
b, o3 B A, AR ITE . A5
BrdU X} HCMNCs #47HRr1C, 45 2R 78 HCMNCs 41
K WU FE 3 30 2% 53 4 A BrdU A ic BA M 9 48
i, & Bl HCMNCs 7E K B 8 & A s 2, JF B



76 LR R AR 2Rk 2021 4F 5 A4S 31 55 5 1 Chin J Comp Med, May 2021, Vol. 31,No. 5

HCMNCs 2K B0 DR Fadm SO R FAZ A6 15 31—

EEE  $2s HCMNCs XF AMI %K BUEA Bl o o)

REMITE A 18 2R .0 ) v JR >R F HCMINGs

YRITIE DI REAS 2 BA B3, I A5 I R R

if HCMNCs B ARG YT 5, Fili 350 1 970 38 B I b, oA %0
xz1 HFAKRBOIIFEER((x x5), n=10)

Table 1 Heart function indexes of rats in each group

Tyhede s, R W] HCMNCs X0 Il B A — 1697
PERITET ) ARWPSE A RS Saha 551 7R BG4
A5 £ 7 B RCR — B, P 7Rl i HCMNGs B AR
AMI KB, TR O 3 9 5K, BAT — o B3 0 D g
e

F2 DAL CD31 FEH K MVD KF-((x =5 ), n=10)
Table 2 CD31 protein and MVD levels in myocardial tissue

g3 feEWAE AEETR AN eyl
(‘:r s b TS N1 T 11 G 1 S
P (mm)LVEDs (mm)LVEDd (%)LVEF  (%)FS
1 > Q
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myocardial infarction group, "P<0. 05.
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Figure 1 HE staining of myocardial tissue
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Figure 2 Expression of CSFE positive cells
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Figure 4 (D31 immunohistochemical results of myocardial tissue
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Figure 5 VEGF immunohistochemical results of myocardial tissue
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Table 3 Relative expression level of CD31 and VEGF
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Figure 3 BrdU labeled cells

myocardial infarction group, P<0. 05.
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