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CCL2 promotes angiogenesis of primary rat cardiac microvascular endothelial
cells

LOU Qiang"* ", LIU Yong-Lian"*, ZHANG Shu-Man’, LI Yuan-Yuan', HUANG Xiao-Feng'
'National and Local Joint Laboratory for Antibody Drug Development Techniques, Basic Medical School of Henan University, Kaifeng
475004, China; *The Huaihe Clinical College of Henan University, Kaifeng 475000, China

Abstract: The aim of the present study was to investigate the role of chemokine CCL2 in angiogenesis of primary adult rat cardiac
microvascular endothelial cells (CMEC). The rat CMECs were isolated and identified through morphology examination and immu-
nostaining with CD31 and factor VIII antibodies. The angiogenesis of CMEC on Matrigel was evaluated at different time points. The
expression and secretion of CCL2 during the process of angiogenesis was detected by real-time RT-PCR and ELISA, respectively. The
results showed that, the primary rat CMEC was isolated successfully, and the angiogenesis of CMEC was significantly induced after
Matrigel treatment for 4 h. The expression of CCL2 and CCR2 were increased during angiogenesis, and the secretion of CCL2 was
detected after 2 h of angiogenesis and reached the peak concentration of 1 588.1 pg/mL after 4 h. Either CCL2 blocking antibody or
CCR2 antagonist significantly reduced the angiogenesis of CMEC. These results suggest that CCL2 is secreted during the process of
angiogenesis of CMEC, and CCL2/CCR2 signaling pathway may play an important role in promoting angiogenesis.

Key words: CCL2; primary rat cardiac microvascular endothelial cells; angiogenesis
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SHOREACHE . A TR PRI A T ke 35 B A
H, B Rmtemas e . N CMEC £ 5
G R4y ibEaAE R 7 CCL2 (C-C motif chemokine
ligand 2), Bl §L4% 40 il #& 4k 25 2 -1 (monocyte che-
motactic protein-1, MCP-1), Jf HAZX-F B (nuclear
factor-kB, NF-«kB) i 7% 1 b . K Bl CMEC {K & /
55 ST A AR R 1 TL-6 A1 TNF-a 7034 B 2188 0
HErot A 2on, @4 FE 7 CCL2 £ H 76 MR LR
TRIEH R 4> T80 13 kDa BB LR 7, & 54
MK KRB A TR A 5 2 R A LT AE,
HAEZ Ao A B R P R EE TR, AR
Ly R SRR G B8 B R T R s 5 1,
W5t Eon, BALE T CCL2 13 5 I K B %,
CCL2 fi /N BRI g 1224 U ¥ CCL2 Jlid
A M2 CCR2 454, nI{EFLARE 44 .
FR AR Y. SR, CCL2 X+ CMEC I
TERAE A ANTE 2 o AHIE 78 A Wistar KB
3B R CMEC, 4T 7E I8 2 it 2 A kb IR 7
CCL2 43484k, 2 CCL2 %} CMEC IMIL% ik fig
JIMIREIR, AW 70 45 RN A Bh T AR CCL2 X K i
J7A% CMEC fi#E/ER .

1 HR55%

11 KR CMEC o EEESF  KRECMEC
(K153 88 5725 2% O SClikRaE U, R o . A
WA B W) 5296 T 28 430 B K 2 = 5 B 1= 2 5 Lt
1R Rk (VFATIESR S : HUSOM2020-263).
JAE Wistar FE1E K B (200~240 g) 11 B Ak 5t 438 A
LI AN ARG IR AT, H 2% G E 28815 s
R AR HL 2 T FARE B, 75% RS T 5 K,
JEIG, TCR BT ROOAE, BT AR PBS A
(1) PBS i3OI = IR A B i i, e TAE
G N RO E S EH PBS ¥k 1R, EBRO A
AL, 7E 70% I B2 K3 30 s, A PBS Ji%E 11K,
FEVK BT AR TR K A ) B 1 mm® K/ (1 41 27
e, ¥R BRI, A D-Hanks 22 i
(H1040-500, Solarbio A& ) iH¥k— K, I WAk,
N 15 mL 2 i AC H) 4F (1 0.2% 1 11 24 i J5 g
(LS004176, Worthington A#] ), 37 °C kL 25
min, SR IN [F SRR 0.05% i ( JC EDTA)
(15050057, Gibco A ) R EMFTJLIK, ks 37 °C
PR WAk 25 min, M 15 mL &4 10% fif 4 1L i&
(ST30-3302, PAN-Seratech 24 7] ) [f] DMEM 5973

(16000-044, Gibco A ] ) #1814k, H 70 pm FL42
{147 0 5 44 4 0 2k v I 90 21087 19 50 mL B0
800 g &> 10 mim, ¢ biF, A CMEC 4% 77tk
H %, CMEC 4l g1 753 5 DMEM £1 M199 (11150-
059, Gibco ) FFELLBIR A, FH&H 20% fa
%+ 2 ng/mL VEGF (DC083, Novoprotein A ] ).
870 nmol/L fif 2 (19278, Sigma A ). 65 nmol/L
HERE 1 (T8158, Sigma A7 ). 29 nmol/L W Afi iR
B4 (S5261, Sigma A#] ). HHEEEZR (100%, SV30010,
Hyclone A ). #4058 2 x 10° 4~/ 5L ) F
PRI 4 h R 1 mg/mL 2 RJF (C7661, Sigma A 7] )
AL G 11 12 FUBR T, 7E 5% CO,. 37 °C i&fa
B57% 6 h Jo S () 55 R A, USR5 2 R4 — IR,
Ry Hu 2 b B AT AR AR

1.2 K CMECH¥E 7+ &EMEAKE CMEC
K F TR 25 W0 82 0 48 i 3% T VITT BN 7 A G Bt R 2
CD31 fifh Qe ta %5, 4rnlT 1. 20 3. SdfEFIE
BB F % CMEC BB, FHid 40 A KRS .
B K 2 A RS I 4E A% 5 000 > / FLEEFRE] 96
LB, &R 1 RJE AT - (1) A,
HY 20 pL A 2l 5 G W6 11 IRA Ja db T4 futt
B, w2, Q) KEFRERRERES
MTS (G3580, Promega A ) SFLLHIRAR, BT
YRS TR TP EOEIEE 4 h, K 490 nm KR
W FEAR

1.3 CMEC REFSMNRETLRE  HiLik
LY, FIE 2 x 10* AN 7 FLEERN A 40 e A 1)
24 AL, BT EH 5% CO,. 37 °C i f i 9%
24 h, FFEEFRIE, H PBS Ph =i, 4% MK AL
FIRE 5 20 min. ] PBS P4 3 7K, 2 min/ IK,
N 30 mmol/L H&E R 1 mL, =& &<~ 5 min, A
PBS WES4HM 3 Y%, 2 min/ Y%, 5 0.1% Triton-X-100
F 4 °C 5 10 min, I 3% BSA-PBS =4 i 1 h,
FEW, HARIE s BT 8 . WA 3%
BSA-PBS B 19/ R FT K B CD31 #if4k (ab119339,
Abcam A ] ) B Bt K R VI K 1 47 22 T R T
& (NB100-91761, Novusbio 2 & )( i ¥ EL 5l 45 Ay
1:100), ¥BEHN 4 °C UKFEIF F . H PBS Peikat
M3 ¥, 5min/ ¥, JOANFHMN ) Alexa Fluor594- =
PR IgG (A11005, Invitrogen A 7] ) BY, AF488 241
% 1gG Hifk (A11008, Invitrogen /A7) ) (3% BSA-PBS
1:1 000 ikt ) TR SN EECHFE 1 h, PBS k4l
M3k, Smin/ %, Ml 1:1 000 #%5 B 1) DAPI 4%k,
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WG E 5 min. DAPI 44 ] 3% BSA-PBS Fii k.
5+ DAPI 443, H PBS P4 3 ¥k, 5 min/ ik,
BRI, $ 5 5 T3 B 5O s T .
14 CMEC MEFMESE R — RIEEFK
(Matrigel) (354234, Corning A &] ) B T-¥K I 4 °C @ik .
ETHE M, ¥ 200 uL Matrigel 34 3] —20 °C
TR 24 Lk F, A Matrigel 35 &6 AL,
B 5 24 FJLICE T8 95% O, 1 5% CO,. 37 °C i&f
g E 30 min, {§ Matrigel A . 1AL LS,
TG B2 x 10° N4 ¥ 50 B2 R 2 Matrigel (1)
24 LR . 7RG BB T LA R H] AL (2, 4,
6 h) ] CMEC L% % i 3. F Imagel #4473
LR 5 s AR I A 4 55 B

1.5 ELISA M EFRTEHR CCL2 i 1%
f8 CCL2/MCP-1 ELISA # I &% I £ (DY3144-05,
RD systems) ¥t B 15 2E 47 40 F 45 4E - L0 100 pL
Coating buffer, 4°C . F A, H Wash buffer
VE3 XK, 2min/ IR, FJa—k$ATF. BFLINA 200 uL
FREl, =W E 1 he BFLHII0 100 uL F 55k
Pt it (bR dE S R FRRE R B N AN IR B, S i
BEE 200 1), FiRWEHE 2 he F LMWK, H Wash
buffer ¥ 5 %, &KL 30 s~1 min, &5 — KT
BN 100 pL/ FLTAEMR, =W E 1 h J5 7 20k,
Fi Wash buffer ¥t 5 ¥, )5 — X T. &L 100
ul VA, BEOEEE 30 min. AN 50 puL & ik
W E M 450 A1 570 nm YA AEIREEE, ARHE ODsy,
55 OD, 5o MIRECEME T AR IR IE .

1.6 Real-time RT-PCR #3ll CCL2 #1 CCR2 mRNA
TE B2 % 10° AN AR 214 Matrigel [
24 AU, A3 T I T RS FE A ) 0 T 4 b SR A
Jflo KA Trizol ZLfA AL 5 HEHL RNA, DL 5 (1)
cDNA 1 Jy #i #% #f 47 real-time RT-PCR £ Jllf CCL2
A CCR2 mRNA Fik/KF, L B-actin fEANZ. 5l
Y5 W3 1. K 7500 Fast real time PCR system

443

(Life Technologies 2 w] ) #EAT ALK M. 27 9 -
Tn# : 95 °C, 10 min 5 40 MEH : 95°C, 10s;
60°C, 30s; 72°C, 32s.
1.7 B CCL2 FEEfHiiEE CCR2 #EHiFIATE CMEC
BMEFREHAME  CMEC HiLiH UG FLE
Fli 2 x 10° N0 F) 44 Matrigel [ 24 FLBCH, %
2 M 7y D e B (RS IR ) TgG 4H [ H 1gG
(EPR25A, Abcam 24 7] ) 4L ], CCL2 Hiifk4l [ H
CCL2 Ik (ab25124, Abcam A& ) 4bFE 1. IgG
F CCL2 H IR E SN 5 pg/mL,

oy B[R] B 45 Matrigel [¥] 24 FLiR * ) CMEC
HE4T CCR2 #5417 RS504393 (2517, RD systems) 4k
T, A5y R R (RS iR ) AT CCR2 4
L4 () RS504393 43 ). CCR2 5 #i 71 1k
FE4 10 umol/L. H4LALFE 4 h J5 1F BAlss R k4T
EELE
1.8 SritEAE 4R % I mean + SEM IR,
H GraphPad Prism 7 St i1 84 34T 0 4. 22 4HIA] LG
BRI H K 3K U7 Z2 90 B (ANOVA), P AR H
LSD 73#fr, P<0.05 Bl N ZERBA S ERE L.

2 5H#R

2.1 I BRERKBCMEC

AAE Wistar KR JEAL CMEC 73 85295 24 h )5,
ERIENGEEAN N . 3~5 d B 40 P KRR, 40 2
WRICEL =M, 1540 H% 5 m i 250 A% (B
14), FrdfK i A RS TR G iE
et 5 AT A8 (B 1B) e MTS 351 S5 (K]
10) 45 R 5 x, JEAL CMEC 1535 3~4 d #2015
WA, 4 d DUSAgEsg, AR E .

S udt gt g I RoR, JEAREFR 5d 1) CMEC
21 57 5 4 AR A TR A7 E CD31 7 Ji B 4 Sk (4
a7t ) A VI B AH D%t J5 FH PR RO ( 2R 8780k,
1D), FRE{AHE LRI 7 85 H A CMEC.

%.1. Real-time RT-PCR3| 4
Table 1. Real-time RT-PCR primers

Primers Sequences (5’ to 3”) Target length (bp)
CCL2 forward TGGGCCTGTTGTTCACAGT 127

CCL2 reverse TTCTCCAGCCGACTCATTG

CCR2 forward CATACTTGTGGCCCTTATTTTCC 174

CCR2 reverse GATGAGCCTCACAGCCCTAT

p-actin forward CTTCCAGCCTTCCTTCCTGG 145

B-actin reverse AATGCCTGGGTACATGGTGG
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Fig. 1. Isolation and identification of primary rat cardiac microvascular endothelial cells (CMEC). 4: Cell morphology after incubation

for 1, 2, 3, and 5 days. B: Results of trypan blue staining. C: Results of MTS staining. Mean + SEM, n = 3. n. s., no significance. D:

Representative images of immunofluorescence staining with CD31 and factor VIII antibodies. Scale bar, 100 um.

2.2 RRCMECHSMIERREBETI R CCL2/ICCR2RIE

CMEC EA 4 57 4H M T s L5 1R i, TERHA
Matrigel [ 24 FLAR 1 2 h 7] WLENBH . 2 BMIR 4544
4 h A] LIE P LR G5 (B 24) . ITE TR AN [R] B
) R B AR Ak B S, 3R B A RN BORT T 05 B A
4 hikFf e, 52 h A A B 2R (P<0.05)( &
2B. C).

N T ERAIE CCL2 A& AR M A b R AEVE T, A
fift 5 H real-time RT-PCR J7yEAG I 1 I & J2 ot #
A1 CCL2 1 CCR2 mRNA FIA/KF, 4R EIRN, 7
Matrigel | 4 h Iff CCL2 1 CCR2 [f ik &5 EifA
0 h ) 3.59 f5H113.36 fif, %5 AAHEEME (K 34);

H#t— 2P K H ELISA J5yAAC il 1 I 5 1 pic it 742 A 4
Ml IR Hif CCL2 Bysrilh &, 455 71t Matrigel
I 4h 5 CCL2 4r il Eik 8 mVg, v 1 588.1 pg/mL
(E 3B).
2.3 CCL2-CCR2{5S 1B KT S H1$|CMEC &
R

N T B8 UE CCL2 % ML T B 50, AR 5T £
CMEC JE R it 2P in N CCL2 i AIdifk, 4553
SR, FIXPREAA L, CCL2 Btk k7% Fig ik
BII CCL2 28 0 35 A (] 44), I 1R RS oA
R EU R, 3 ] B 66.2% 1 73%
(P <0.05)( ¥ 4B~D).
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Fig. 2. The angiogenesis of rat cardiac microvascular endothelial cells (CMEC) after treatment with Matrigel for 2, 4, and 6 h. 4: Cell

morphology. Scale bar, 100 um. Square: mesh; Arrow: node. B. Number of meshes. C: Number of nodes. Mean + SEM, n = 3. n. s., no

significance.
A 67 P=0.0234 E Oh
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< 41
©
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3. M TR st e e R B JEAR Lo UL P B 4 CCL2 A
CCR2([13RIE L CCL2[¥) 77

Fig. 3. mRNA expression levels of CCL2 and CCR2 (4) and
CCL2 secretion (B) in rat cardiac microvascular endothelial cells
(CMEC) during angiogenesis. The mRNA expression levels
were detected by real-time RT-PCR. The CCL2 concentrations in
the supernatant were analyzed using ELISA. Mean = SEM, n =

3. n. s., no significance.

Ji4k, AE CMEC JERUE I 2 in N CCR2
Hi7) RS504393 (10 pmol/L) kb, 455 HoR, Hixt
FRAAAHLL, CCR2 #59U74H CMEC I i 1152
B EADE], N BT SR N, S R
HEZH A 59.1% AT 59.6% (P < 0.05)( 14 5).

3 Wig

LT A i A2 Co LSRR I/ P9 3 ot A ke
PR, WA ME TR EEP R, A
W FC T 7 35 K AR CMEC A DU 7T 1L 72 1%
RERLAA P I A B R AR B AR, R T B
CCL2 TE MM ¥ B e ) - b 5 1E

FERBRJEA CMEC 19408 b, ABEF 7 s
oot - FIERO W CL O AMIE, ] 75% B RS
30 s, F G HEE G 10 N IR A R A B A O A B )
[F] 51 40 e 6 CMEC 135 %%, 4, Attt gl
BeO) s 1 mm® (K0, 3G R T B AR S A T
TE G %o 2 B3 BT 22 B A . AR AT 40 S H ) 4H
L PR TR 25 T 10 T 1 445 W RF RURF & CMIEC 1Y
FiRl, A AR T 70 5 FR 8 CD31 K& VI [ 541
KPR Ge o 250w 25 LA T AR KB CMEC 4
BRIh. BAE > B CMEC #4717 Vimentin 3t
gt (#h 7 14, MHE http://www.actaps.com.cn/
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Fig. 4. The CCL2 neutralizing antibody inhibited angiogenesis of rat cardiac microvascular endothelial cells (CMEC). 4: CCL2

concentration in the supernatant analyzed by ELISA. B: Cell morphology after incubation with or without CCL2 antibody (Ab) for 4 h.
Scale bar, 100 pm. C. Number of meshes. D: Number of nodes. Mean + SEM, n = 3.

supplement/195Sfig.pdf), &5 9 WoRGIE R GG R
B, FEBR T 20 B H 00 40 B A& s 2T 4 240 i 1) W e
UeAh, FRATE 23 B 1 KB AR 0 UL 2 4 4 e
(adult rat ventricular fibroblast, ARVF), % %¢ ' 4
& 7R Vimentin Al a-SMA ${ /& 4 0 2 FH P, 1
CD31 Ml VIII K FHufkge e 2B (khe i 1B, W
HE http://www.actaps.com.cn/supplement/195Sfig.pdf),
2% W] CD31 A1 VIII K+ /& CMEC #: N%E 785 F
FrEW)

JHRT 2 ( /) R A 2R 41 i B16-F10) JE ik
(I v Re B A BN N, S8 5 T BUL AT i
XA F) T s A A AR i B U TE AR T
B R BRUEAS CMEC T8 L 4 h (1) i W 2 Tt

2 WK, IXATRES M T B A2 A 1 Bl
LA PA) B 24 L M4 B R ) PR HG 5 O

CCL2 W\ e & 1E N T i Jik A R JEk A iz 4
F i A Y, 3 AT B R A S T Lo
(hypoxia inducible factor 1a, HIF-1a) A1 A i 2E
KA ¥ (vascular endothelial growth factor, VEGF) [{]
B M, R CCL2 78 4 B 40 i I 5 76 Jld 7
WA RE R T SRR . CCL2 BT PLAARN A T 3
FiRgeE /1N B8 AT LLBH S8 BRI e £ 1) AR RS R B,
XA, CCL2 Hifddd CMEC ML ¥ BLAE
RFEFEC, 478 CCL2 ArfgfE CMEC ML % piid 72
A /EH . CCL2 BH A I A fe 78 4 4 il CMEC
(M FE e 77, Ui CCL2 £ CMEC -5 () 1.
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Fig. 5. The CCR2 antagonist inhibited angiogenesis of rat cardiac microvascular endothelial cells (CMEC). 4: Cell morphology
after incubation without or with CCR2 antagonist (RS504393) for 4 h. Scale bar, 100 um. B. Number of meshes. C: Number of nodes.

Mean = SEM, n = 3.

TER AR RME— R R, TTREEX RS 518780
P&, 0 Ets-1 5538 ", (HE BLARHLE] MAS B .

O U K B U SR A S 155 L P Bl 1 0 U of 7
A BRI A B A B U SO IR IR B 0 2 e A
ol B S SRR R 6 A L A A R IR CCL2 ik
B, ZEimiE S E R RO ILER . CMEC X L
A VR AT REMCH T CCL2 M3RIE 5 43k o

gi bRk, ABERLEREIR, 78 CMEC I
M FE, CCL2 Al CCR2 [RisEEE Fil, JFH
CCL2 {7y b & B B3 0, S A CCL2 BH W fiif fa
RIS T BGRE 71532 B0 40|, $28 CCL2 £
K CMEC IfiL % J¥ Ji H mT Re ke e 12k 15 H
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