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WE AT R R HA(Evodiamine)A~-FmiR-223-3pxt H A% 5 49 8 LK A A K 20 iR 38 74
E o A AR EGAE, ZAFRARS o B 32 IR K RS ALkt B N R 4B, 5 4m it A 2t BB 48 (Con), 4=
A48 (Hypoxia), &R FA#MK. T &7 E4(Evodiamine-L. M. H), anti-miR-NC4E, anti-miR-223-3p#H,
X R HA+miR-NC4E(Evodiamine+miR-NC), & & % #+miR-223-3p£E (Evodiamine+miR-223-3p), R Con
LATRSN, AR AR ATHR A AL B, R A MTTAR M 4m 3 78 % AL; Transwell 52 345 ) 4m At 32 45 56 77 ;
Western blota M VEGFZ& @ & A FF JL; w4 R, 52 34 ) o & 7 A% JL; RT-qPCRA& M miR-223-3p
FAEKF, 4R R, Hypoxiall #9 fm it 7& M vA Bt 4% 4m JR 50 B 24K F ConZl (P<0.05), VEGF & &
Fak. f A R K EA2miR-223-3p & A KT8 R Z F ConZl(P<0.05). Evodiamine-L. Evodiamine-
M. Evodiamine-HZA &) 40 fii& . iE 45 ek, VEGFAR & & ik A=t 4 mx K 9 2 5 T Hypoxia
20 (P<0.05), miR-223-3pi& i /K-F 8 4% F HypoxiaZl (P<0.05). anti-miR-223-3pZH #)miR-223-3p&
i% 7K F 8 4K T anti-miR-NC48(P<0.05), fmfe®ta. T4 mied. VEGF& @ R & o A K
JE B 2 & Fanti-miR-NC4L(P<0.05). Evodiamine+miR-223-3p2H #JmiR-223-3p & A K-FH 2 5 F
Evodiamine+miR-NC4E(P<0.05), fafit.7& t4. T4 @hiedk. VEGF& & R AK-FFadn & 4 R K E A
2 1% F Evodiamine+miR-NC£1(P<0.05). X390 % K F 4T #8184 i T AmiR-223-3pfL it £ A5 5
8 R RS Ut 1) R 20 fRIG A . SEAS e dn 2 AR
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Evodiamine-Mediated Effects of miR-223-3p on the Proliferation, Migration
and Angiogenesis of Myocardial Microvascular Endothelial Cells

LIU Wenpin, XIONG Xianghui*, MAO Xiangping
(Department of Cardiology, the Second Hospital of Hunan University of Chinese Medicine, Changsha 410005, China)

Abstract To investigate the mechanism of Evodiamine-mediated miR-223-3p on the proliferation, migra-
tion and angiogenesis of myocardial microvascular endothelial cells induced by hypoxia, rat myocardial microvas-
cular endothelial cells were isolated and cultured irn vitro in this study. The cells were divided into control group
(Con), hypoxia group (Hypoxia), low, medium, and high dose evodiamine groups (Evodiamine-L, M, H), anti-miR-
NC group, anti-miR-223-3p group, Evodiamine+miR-NC group (Evodiamine+miR-NC), Evodiamine+miR-223-
3p group (Evodiamine+miR-223-3p). The other groups were all treated with hypoxia except for the Con group.
MTT was used to detect cell proliferation changes; Transwell test was used to detect cell migration ability; Western

blot was used to detect VEGF protein expression; angiogenesis test was used to detect blood vessel formation; RT-
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qPCR was used to detect miR-223-3p expression level. The results show that, the cell activity, the number of mi-
gration cells of Hypoxia group were significantly lower than those of Con group (P<0.05), and the VEGF protein
expression, angiogenesis length, and miR-223-3p expression levels were significantly higher than those of Con
group (P<0.05). The cell viability, number of migration cells, VEGF protein expression, and angiogenesis length of
Evodiamine-L, Evodiamine-M, and Evodiamine-H groups were significantly higher than those of Hypoxia group
(P<0.05), and the expression level of miR-223-3p was significantly lower than that of Hypoxia group (P<0.05).
The expression level of miR-223-3p in the anti-miR-223-3p group was significantly lower than that in the anti-miR-
NC group (P<0.05), and the cell activity, number of migration cells, VEGF protein expression, and angiogenesis
length in the anti-miR-223-3p group were significantly higher than those in the anti-miR-NC group (£<0.05). The
expression level of miR-223-3p in the Evodiamine+miR-223-3p group was significantly higher than that in the
Evodiamine+miR-NC group (P<0.05), and the cell activity, number of migration cells, VEGF protein expression,
and angiogenesis length were significantly lower than those in the Evodiamine+miR-NC group (£<0.05). These

aforementioned findings indicates that evodiline may promote hypoxia-induced myocardial microvascular endothe-

lial cell proliferation, migration and angiogenesis by down-regulating miR-223-3p.
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7] ; anti-miR-NC. anti-miR-223-3p. miR-NC. miR-
223-3p 5| W bl S 4 \] W ih & R Lipofectami-
ne™ 30001 77 & 4 T 3% EInvitrogenA 7]; MTTIX
A& T B s P A TR A R 2§, VEGFHL
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AT T EL AR 9 e R 24 K 2 B — B I = B S 3R 5h )
M B ZE 53 ik (e 5 ZYFY20200928).

122 @mfes BURECC U P R 400,
2 Y 53 R %) B E4H.(Con), #1424 (Hypoxia), =2 84
W%, . &7 &= 4l (Evodiamine-L. M. H), anti-
miR-NCZH, anti-miR-223-3pZH, % %% ¥4 Hi+miR-NC
2H(Evodiamine+miR-NC), 5 %¢ 8 if+miR-223-3pZ
(Evodiamine+miR-223-3p). FrConZHfR4k, Hp %4
YI1E94% Na. 1% 0, 5% COZ& 14 FHi 9724 h, RISk
A AMLFE. Evodiamine-L. M. HZH: FiKkE N1, 5.
10 pumol/L 1) 52 25 93 ik A BR 40 A, 48 J5 147 B A Ak 3
24 h; anti-miR-NC#H. anti-miR-223-3p#: ¥fanti-miR-
NC. anti-miR-223-3p#% 41l Jfl6 hji, k47T B AL FE;
Evodiamine+miR-NC. Evodiamine+miR-223-3p: ¥
miR-NC. miR-223-3pf% 444}l 6 h, F 10 pmol/L 5
B AL B GE M, HEAT SR AL BE24 ho AHMRIEAT R
YLl 4 1 Lipofectamine™ 30001R 77 & i B B k47 .
123 MTTHN @sg i e IR H RO
FUUARC I A P 52 400 0 10 2 Sl 5 103 AN /m L R 32 96 FL ik
W, 3T CCEEFRA 359748 hy 72 h, HUH Al AR
FEFLIIANT0 pLIIMTTY R, 37 °CHE SR 774 h, D
AN150 pL = FEE N BRI i, FH B AR (SORS: ) 455 FL I
FE(DYE, Hit S aniiEtE . g0 iE (%)=L 541D
1 — 25 LD/ B LD — 25 A ZHDAE) < 100%
1.2.4  Transwell 52 3&45 ) 4m fRL 12 4% 48 W EES
ZFL K BRL O LA L P 2 400 i A P AR 5 L 355 F 8 9
FEUH BN ff %5 B ~2x10° 4N/, ETranswell I %0
A100 pL4H =0, T 2 A 1500 pL & i i 1) 3
TR, GRERREIR24 h, B /N S B A TR I i,
FH FF R[] 72 30 min, &5 & 58 G4 .20 min, i 2818 7K
MEAEIE TS, 16 R T LG 3 A B 0 e,
HAC B, 540 P R 4 %

1.2.5 Western blot#e M VEGF& & & ik ISR
R R0 VAL P R 200 P, ) 28 A A 4 i A B
H, i FIBCA SR e & 5 IR, B30 pghit
AN _EREFL A HEAT B UK AL 3 AR I RE L, B
FEPVDF b, =I5~ {5 WG 9583 34 1160 min, N
AN —PLVEGFHUIRF R L1 4 1:800). GAPDHHL/A
(R LL1 91:3 000), 4 °CRERIFE, M L 2EH %
IgG-HRP — Ht(# B L 9 1:5 000) % 7 5% 5 60 min,
% %= I NECL2 5, i€ %, K HQuantity One¥X 473
ISR iy

12,6 & A R FRAN oEHmEL KL
ISk Matrigel 2 57 ke 20 Mo b 70074 i 1, 4%
Matrigel 5 12 LA300 pL A A 2440k P iEAT [l 4k, s
& 2H A0 B B 22 244U R (1x10°y/mL), 48 i 7% 3
I8 )5, 1 T HE Ak iMatrigel 2 i i, B T4 °C Rk
AT T b, I JERGEAT I AL, SR )5 K MatrigelJE 5 i
IIAFLAEEFR10 b, B T B T Mg A KB, K H
Image Pro Plus {70 #r e L8 AL E S 2 H .
1.2.7 RT-gPCRAMmiR-223-3p R EAKF  IEHX
R B O UL A P 2 21 5 TRIzo iR AR A IR 3
B2 i N B RNA, K6 TIRNAJK A =E | 42 8 Taq-
Man microRNAIY # 5 i 71| & & FicDNA, HlcDNA
R 4 HE ¢ ' s 21K 4 U B 1 I B = A R AT
PCRY" 1 [ Ji: 4 pL ¢cDNA, 0.5 uL1E. [ [A15]4, 10 L
SYBR Green Master Mix, 0.4 uL Reference Dye 2, fii
FHddH,O%M 8/ AHR 2520 L. 2241 miR-223-
3pKIEIKF. miR-223-3pIE A 5]4): 5-GAA GCT GTA
CCT AAC ATA CCG TG-3', = 54): 5'-GAT TGG
TCG TGG ACG TGT CG-3'.
1.3 GitFAIE

KHSPSS 20.08 A Gi vt 0 At SLAe £ s, i 4
DA BT 25 (Reks) S 7%, 2B ) B 20 R 2
ZE53 M, 4H PN 8] Eb 5 L SD-#k6 56, 788 2L 18] Sl 57 B A
ELE 5. P<0.05AEZ R EA SR X

2 £R
2.1 REEWIHREFFRERONBMERNKLH
RO 7E FNE 2 RO 200

5 Con41#H Lk, HypoxiaZ FI4H B G M iE 240
B35 4. 3 AR, 22 5 BB Givh 55 L(P<0.05, 1
F1); SHypoxiaZd #f tt, Evodiamine-LZH. Evodi-
amine-M#. Evodiamine-HZH [¥) 40 ffd i V£ 3L 7% 4
Mo 2 BT, 2R A g L(P<0.05, 1
ML),

22 REEWIREFFAERONMMERNKLH
ik =ReApd:0pA!

5 Conl #H tt, HypoxiaZl [ VEGF 4 [ 3R 1A 13
©E B, MEERKESREE L, EREA4
AR X (P<0.05, 2152 2); 5 HypoxiaZHAH L,
Evodiamine-L 2. Evodiamine-M 2. Evodiamine-H
HMIVEGFHE FIRIA Y &3 I, M AR B R B
F BT, ZREA G0 R X (P<0.05, E2H1K2).
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Con Hypoxia Evodiamine-L Evodiamine-M Evodiamine-H

Bl REFFEEIREFFA R OARMME A K AT

Fig.1 The effect of evodiamine on the migration of rat myocardial microvascular endothelial cells induced by hypoxia

R REFEEIREE S AR ORI E P 5 RS E TS B

Table 1 Effect of Evodiline on the proliferation and migration of rat myocardial microvascular endothelial cells

induced by hypoxia

SHAEIE L%
44 i 4
= Cell viability/% SERS A o
Group Number of migrating cells

48 h 72h

Con 101.2+8.4 98.6+7.8 125.6+7.4
Hypoxia 42.3+3.8% 36.3£5.4% 47.1£3.2%
Evodiamine-L 56.4+4.3" 49.3+4.2" 61.3+£5.5"
Evodiamine-M 69.3+5.5" 62.5+5.5" 82.4+6.8"
Evodiamine-H 82.9+7.17 75.3+6.1" 107.4+6.17
F 127.786 148.823 261.557
P 0.000 0.000 0.000

*P<0.05, 5ConZl b 4:; *P<0.05, SHypoxiaZl b4
*P<0.05 compared with Con group; “P<0.05 compared with Hypoxia group.

(A) Con Hypoxia Evodiamine-L Evodiamine-M Evodiamine-H

100 um

(B)

VEGF

GAPDH

A: MUY RS2 B: VEGFER 131k
A: angiogenesis experiment; B: VEGF protein expression.
E2 REFBEWITREIF AR OALRILE P 5L 20 A M 4 RS20

Fig.2 The effect of evodiamine on the angiogenesis of rat myocardial microvascular endothelial cells induced by hypoxia
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2.3 REBEFHXFHREIFS AR OARILE R H
BRI miR-223-3pFR A A S0

5 CondH #f1 tt, HypoxiaZH [fimiR-223-3pRIA /K
WE B, 2R BA G E (P<0.05); LHypoxia
AL, Evodiamine-L4l. Evodiamine-M#41. Evodi-
amine-HZH fmiR-223-3pR ik 7K 1 & 2% B A, 22 5 B

*2 REEHEIREAFFAROCAMME

Y25 L (P<0.05, %£3).
2.4 TiEmiR-223-3pFEEIES AR A E
A 57 40 B8 58 AT 5 AU 52 M

Lanti-miR-NCZL# L, anti-miR-223-3p41 ffJmiR-
223-3pRIL K- B BRAK, ApEYE. RS A%
B I, 2R BA G EE SU(P<0.05, BI3FIZRA).

B2 BB A R OS2

Table 2 Effect of Evodiline on the angiogenesis of rat myocardial microvascular endothelial cells induced by hypoxia

/Z ‘k{r"‘J\/H‘/m
g\roip VEGE ilnzf;:ﬁ:iieigth /pm
Con 0.23+0.02 532.1£10.7

Hypoxia 0.42+0.04* 733.5+15.5%
Evodiamine-L 0.55+0.04" 921.6+20.2"
Evodiamine-M 0.63+0.06" 1358.9+£26.4"
Evodiamine-H 0.77+0.08" 1563.2+31.0°

F 140.294 3437.699

P 0.000 0.000

#*P<(0.05, 5 Con4l L A; “P<0.05, HHypoxiaZi tLE

*P<(0.05 compared with Con group; “P<0.05 compared with Hypoxia group.

R3 RIFEEXTREF S AR O AL ILE P 48R AmiR-223-3pFR1&HIF A0

Table 3 Effect of Evodiline on the expression of miR-223-3p in rat myocardial microvascular endothelial cells

induced by hypoxia
Z\rfip miR-223-3p
Con 0.99+0.05
Hypoxia 2.25+0.21*
Evodiamine-L 2.08+0.28"
Evodiamine-M 1.73+0.06"
Evodiamine-H 1.32+0.12"
F 85.891
P 0.000

#P<(0.05, 5 Con4l ELA; “P<0.05, HHypoxiaZil HL%

*P<(0.05 compared with Con group; “P<0.05 compared with Hypoxia group.

E3 TiHmiR-223-3pXt &%

FK

anti-miR-223-3p

L

RS

RO AR & P B 4R AT 78 #0520

Fig.3 The effect of down-regulation of miR-223-3p on the migration of rat myocardial microvascular endothelial cells

induced by hypoxia
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Table 4 The effect of down-regulation of miR-223-3p on the proliferation and migration of rat myocardial microvascular en-

dothelial cells induced by hypoxia

AR/ % 2
il , e TR
miR-223-3p Cell viability /% o
Group Number of migrating cells
48 h 72h
anti-miR-NC 1.01+0.08 453+4.1 38.5+3.2 48.3+4.0
anti-miR-223-3p 0.41+0.03* 78.5+7.4* 70.5+6.4* 85.2+6.5%
t 21.067 11.773 13.416 14.504
P 0.000 0.000 0.000 0.000
*P<0.05, SHanti-miR-NC4 L.
*P<0.05 compared with anti-miR-NC group.
. (B)
anti-miR-223-3p
1 X anti-miR-NC anti-miR-223-3p
VEGF
' GAPDH

M ; =
A: I TE R SRS B: VEGF & 144
A: angiogenesis experiment; B: VEGF protein expression.

El4 TiEmiR-223-3p3ERE 15 S KR O AU E A B 40 e M &4 Ak AV S2 0

Fig.4 The effect of down-regulation of miR-223-3p on hypoxia-induced angiogenesis

in rat myocardial microvascular endothelial cells

&5 TEmiR-223-3p fHRE S AR O AU E R B BRI E 4 A A2
Table 5 The effect of down-regulation of miR-223-3p on hypoxia-induced angiogenesis

in rat myocardial microvascular endothelial cells

4] B K /um
g(ip VEGE fnzifzg:i::i?leigth /pm
anti-miR-NC 0.44+0.04 726.8+31.4
anti-miR-223-3p 0.62+0.05* 957.6+22.2%*

t 8.433 18.005
P 0.000 0.000

#P<0.05, Santi-miR-NC4 L 4.
*P<0.05 compared with anti-miR-NC group.

2.5 TiAmiR-223-3pREAIFS AR CALMILE
A B 280 A I B 4 R O 2201

5 anti-miR-NC 4141 Lt | anti-miR-223-3pZH 1)
VEGF# H#RIAK T 83 B, i A K
FIN, 25 BA G R L (P<0.05, E4F15ES).
2.6 iTFRiAmiR-223-3piFiiE T REEFITERE IF
SEXRBONMMER L MEEE, TRMIMEE
IndzapA

5Evodiamine+miR-NCZA A LY, Evodiamine+miR-
223-3pH [ImiR-223-3pKIA /KT B3 FTF, dHHvE i

TR B B35 PR, VEGF R ARIA KT 83
BEA, IS A K A B b, 2 RA g%
X (P<0.05, K5F1%6).

3 1ig

Ao UL 5 P 2 20 MLE o L 5 L 9 A5 157
O UBE K 6 v A T A, R ML G 0
T HUAR P B BT S BP9 4 R SRS
4 AR L A S A KR T
5, AR IR B A, L BE R RO
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(A) Evodiamine Evodiamine (B) Evodiamine Evodiamine
+miR-NC +miR-NC

+miR-223-3p
e

©

Evodiamine
+miR-NC

VEGF

GAPDH

A IERESLIR; B AR SLE; C: VEGF &R [RIA,

+miR-223-3p

" 300 pm|
)

Evodiamine
+miR-223-3p

A: migration experiment; B: blood vessel formation experiment; C: VEGF protein expression.
E5 dREMIR-223-3piFE T RFEHITREFS AR ONBMER L EETH . MEERBIF

Fig.5 Overexpression of miR-223-3p reversed the effects of evodiamine on the migration and angiogenesis of rat cardiac mi-

crovascular endothelial cells induced by hypoxia

6 TRIAMIR-223-3piEHE T RICBEMITREF SRR OAILE AR AARIETE . TR E S AR

Table 6 Overexpression of miR-223-3p reversed the effects of evodiamine on the proliferation, migration and angiogenesis of

rat cardiac microvascular endothelial cells induced by hypoxia

BT /% bai 2O .
Ire . o . M A A BE /um
miR-223-3p Cell viability /% Number of mi- VEGF ) )
Group . Angiogenesis length /um
48 h 72 h grating cells
Evodiamine+miR-NC 1.00+0.06 81.4+7.5 76.5+6.1 103.549.0 0.77+0.06 1558.9+26.8
Evodiamine+miR-223-3p  2.77+0.24* 63.4+£5.2% 55.4+4.6* 85.2+7.3% 0.49+0.05* 1057.7+20.7*
t 21.464 5.917 8.285 4.738 10.755 44.402
P 0.000 0.000 0.000 0.000 0.000 0.000

#P<0.05, 5 Evodiamine+miR-NC41 L4 .
*P<0.05 compared with Evodiamine+miR-NC group.

KA RS RS 2 5 2 AE M. BRI, VEGFZ
5 J R LA A AR 0 o ELAR S VA v ) — e
A A AR B, B RS L PAY B 240 L i A K
25N AR RN BRI, AT FORE R SR LR
I P B A 3 e sk S A B, LR S xR
PR MIIE B A AN T AR R, R BB e
BRI ML 35 28, 9/ A% 2 MO, 389 oo e A P T,
FEANVEGF R A 3RIE K, 1 Wk 4 RE B AR OR Lo L
L A R 4R LA B JERR RE ), X5 IR B
FUAE R, Pom L RAT (et g A e
RRGA A F 5, Hh B A0 B,

M R RN, 2R BB M\ 52 2R B A
W IR BT R Y, A E VR B A E K2
FR A, IUARZGEL e I B B . RS 1%
ORI . ORI N KA IS5 IR, 52 0 B Bl
I AT 0 B IR T, BACRAER W, a0
R AR (R AR RATE IR RIR B
SR BE IR 2 1ML A X 5K Z 11 (angiotensinogen, Angll)ifs
TR LA M IR RU . 5 2 B B e 4 11 Ang LTS
T I PV UL SR G A, 5 ITMKP-14 1 #8 K
S A AT A (R SRR B AR AL BB A
) R B LTI P B 4, 601 5% 20 B ) a4
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753 B R B0 VRIS 9 R 40 B e . 3 #8 A I
TE BRI, 25 SR IR, SRS BmAe 3 n sl g5 2 (1)
K BR O UR L P Bz 40 e 08 L6 1 o X % 4t M
B0 & A K, _EIHVEGFE A #E, HE5 &
M, 10 B 5 2 B B A (2 2 R RIS 3 R R B L
T/ P R A0 PR e % R LA 2R i, O 1L A
P HA — EAE RO

miR-2233 [K] (3 2 A $EmiR-223-3p MmiR-223-
SpTE N 4. /RN & R FE, 2R
mRNAZ: 5.0 U 095 A R e (R 2, 3 4
R, DR, M AREET, HASRER,
miR-2237F Ifi. /N W 417 A2 AE K ] -7-BB(platelet-derived
growth factor BB, PDGF-BB)i% 5 (1) A\ 3= 3 ik *F- ¥ L
Yl R I R, iR IEmiR-2234014] T PDGF-BBi%
SN F SRR LA 2 5 AT R0, DATAE!
HIF 7045 8 R, miR-223-3pfE Bl 1L Oy LR I A R
i b KAk B, B2 a0 ALE S T miR-223-
3p I IE AR 3R A BRI o LRI P Rz 440 i 1 75 A
Bo A FLAE R R, A RESE IR SR WL T
W B 2 i miR-223-3p IR IA /K, 1X 5 ik BF 58 45
FEAR A, 358 B miR-223-3 5 .00 L8 509 BB AT 9%
Fanti-miR-223-3p% B 48 175 5 1 0K B O UL A
PR A, WEEE R PBmiR-223-3 4 B0 S B K B G
JULIM I /5 P B ) B 8 B L X A% A IR TR B A
25 BRI T AmiR-223-3pRE i i2E B4 75 5 1 K B0
UL N B S i . SRR R AR R fr . A
B 98 R AN (R 5 2 B Ak BRI AE 5 1 KRR
LA I & P 7 40 B W 82 miR-223-3p K ik 15 L, 36
E RZEYIZ 75 AE 2 miR-223-3p, 45 B, B2
B RE T T B A T 00 R BRC UL A P S 4 e )
miR-223-3p3R ik, Ui B 52 2% 36 Hl e T miR-223-3p
KiK. AT IUE R G ] B i I #EmiR-223-3p
FIE MR AR S K RO WU P Rz 4 i 6 26 4
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