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The role and mechanism of endothelial progenitor cells to promote mononuclear/
macrophage to type M1 polarization under ischemic reperfusion
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[Abstract] Objective: This study aims to explore the role and mechanism of endothelial progenitor cells (EPC) promoting monocyte/
macrophage to type M1 polarization under ischemia and reperfusion. Methods: the peripheral blood of healthy volunteers was obtained,
the primary EPC and mononuclear/macrophage were cultured. The model of cell ischemia-reperfusion injury was established in vitro,
and the expression of intercellular adhesion molecule -1 (ICAM-1) , vascular cell adhesion molecule -1 (VCAM-1 )and E- selectin on
EPC surface were detected by flow cytometry. ELISA was used to detect the concentration of ICAM-1, VCAM-1 and E- selectin in the
supernatant. Co-culture of EPC and mononuclear/macrophages was performed by Transwell chamber, and the ratio of M1 to M2 type
monocytes/macrophages was detected by flow cytometry. Results: There was no significant change in the expression and the secretion
of ICAM-1 and VCAM-1 of EPC under the ischemic reperfusion condition, and there was no significant difference between the two
groups. The average fluorescence intensity of E- selectin on the surface of EPC was 10.89 in the control group and 33.93 in the
ischemia reperfusion group (1=3.895, P=0.018). The concentration of E- selectin in the EPC supernatant was 3.69 ng/mL in the control
group and 18.17 ng/mL in the ischemia-reperfusion group (1=4.568, P=0.010). Under ischemia reperfusion condition, EPC promoted
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monocyte/macrophage to M1 type polarization. The proportion of monocyte/macrophage type M1 was 58.83% in control group and was
81.43% in ischemia reperfusion group (1=5.394, P=0.006) , E- selectin blockage could inhibit this effect (1=5.950, P=0.004). Under

ischemia reperfusion condition, EPC inhibited monocyte/macrophage to M2 type polarization. The ratio of M2 monocyte/macrophage

was 60.57% in control group and was 35.30% in ischemia reperfusion group (1=6.424, P=0.003) , E- selectin blockage could inhibit

this effect (+=4.179, P=0.014). Conclusion: Under the condition of ischemia - reperfusion injury, EPC can promote the monocyte/

macrophage to M1 polarization through the high expression and secretion of E- selectin. Our research provides a new target for the

treatment of ischemia-reperfusion injury.

[ Key words ]

BEAE N B A6 7K A 4 g, 3D I A5 9 1Y
RIHRMILT R B E T A S MR T
PR AR LA PN SCHRAE A B T 5 ZE Y 1ML
W0 UG B R Im PRAEAR , SR 00 14 R S Y
B 1 FRRE VE (ischemia reperfusion, I/R) 2 J 16 # A%/
W% 4 L, AR G ] 3 403 350 A7 5 108 FFRE TR 98 E 4
5, SO R L LA BRE— 240 0 55 7™
JEP R, PR S SO THRYT VR B dh 2R
B JAE RN AR A U B ARG, T B Y ARAE S
N 23175 5 N R A 40 Y (endothelial progenitor cells,
EPC) M 8620 51 . EPC J2: PN B2 20 i ) wif & 140
JHI, BB U 5L 3 i 840 O BB, SR N B AL A& 454
MR VR . EPC RN ZRIEA 3 MER 51+ 4
fita (8] 5 43 F-- 1 (intercellular adhesion molecule -1,
ICAM-1) | If.55 41 M 5 ¥ 43+ - 1 (vascular cell adhe-
sion molecule-1,VCAM-1) fIE-1%&8:ZE , "5 T EPC 5
BB VR Z A EAE ], SRTMTE VR T,
EPC 5 B/ F W AR AR LA I AR WAHSEHRIE .

1 MEFAEE

1.1 ##

RPMI1640 1732358 i 2F ML \EGM-2 58 & 15 5%
FEFNBERG (Hyclone A W], 32 ) 5 Ak U0 200 b 43 25 9
(KHEETBD A H]) ;CCR7.CD206.CD14 4%k ICAM-1,
VCAM-1 Fil E-3% 4 2 J XA M H 4K (BD A\, 58
[i); ICAM-1,VCAM-1 E-3%£$% 2 ELISA 5] & (IR
ISR A IR A F]D .

12 7
12,1 fmpesy B A3z i

I feke B A5 B B AN AL 3 A B0 I O i
O3S R AL, — 0 20 L EGM-2 58 42
B B P R AT R 3R SRS T A 55— ) A
K CD14 BEER AT 70 35, PBS I Uk 3 W , ¥ 4

endothelial progenitor cells ; ischemia-reperfusion ; mononuclear/macrophage ; cardiovascular disease

[J Nanjing Med Univ,2020,40(02) : 180-184 ]

TE Y 20 BT S A 10% 5 4 1L 7 1Y RPMI1640 1
FRIEP RS
122 ARSM b B i R AR My 5

K FH SCHR 1 38 14 J7 105 40 2 UR B A B T
EPC 5377 d ), 3¢ B, PBSWEVE 3K, ZJR AR
B AT D-Hank s 75, L& T8 A 95% N,
5% CO.1 37 CHEFAEH AR IR 3 he ZJG MR
HIEH BRI BT A 95% 0,.5% CO. B 5 7444
HREERE SR 24 h, I R R 41,

1.2.3  EPCAE % 2F#m)

EPC VR #5402 24 h )5, F AN AL . A
ICAM-1,VCAM-1 F1 E-3E £ 28 it A 4i i il o i,
ZRIEE 15 min, PBSIEE 3 WS, FET 40 A -
K W 5 A~ 53 2 38 19~ 3 298 ' 58 B (mean fluores-
cence intensity, MFT) . [RIFSUSCER 41 L% 9% 13 , ELIL-
SAHM 5 ICAM-1.VCAM-1 FI E- K 1) & i,
124 @afodtis i i

3% FH Transwell /N2 3647 EPC I BAAZ /0 240 it
HHE 3R, EPCHEFRET dJF, 50k 541 X B4l (EPC 41
Jifl 5 FpAR /B R AR AL RS 3R ) (/R 4H (IR 45140 EPC 21
il 5 A/ E WA RS 5% ) (ICAM-1 BHIBr4H (/R 45
157 EPC 41 Jifd 5 5%/ 5 0 40 i 6 855 7%, RIS i A
ICAM-1 H FIHTAK ) . VCAM-1 BEIT2H (I/R #1445 EPC
YA 5 FRAR/ B A A RS R | RIS A VCAM-1
FIFUHAR ) A E-3 5 R BHWTAL (IR #5145 EPC 41 i 5 B
W/ W 2 e 05 35 TR) A A B - R R TR T
). LBEFR 48 hE , WAR b W kB s A
JILA CCR7 1 CD206 Ji X A0 A B i , = 005 &
15 min, PBS i ¥ 3 W5 , 78 it =X 40 Jf A3 1 A
CD14'CCR7"M1 HAZ/F W4 FI CD14°CD206 M2 B
o/ WA EE 451
1.3 %itssx

{6 1 SPSS 22.0 #4788 531 , 25 R 34 8 e hm



+ 182 - i

oBE OB OKR

40 2
20204F2 A

Ay

A
¥

=

#H

WEIR (3 £ s0) T, PRI Z R A0 FU B R F e K 56, P <
0.05 W EFA G+ L,

2 & B
2.1 b BFEIEEM T EPCa ok @ie £ 5T E-ik
FE R AN

Tt =X 40 M AR G I &5 R om0 BR 4 EPC 3 T
ICAM-1 Fll VCAM-1 V3158058 B 43 51k 1 214 Rl
3.380, /R £H /1 282 F15.023, W 4H 2 [H] A i 1)
it 5 5 (1=0.354, P=0.742;1=1.322, P=0.257) ; %}
M ZH EPC 3R M E-2E £ 2 - 342 G 0R BE 4 10.89, ikt
ML PR M 33.93, AL 2 (B LA g Gt iT2e 2
5(1=3.895,P=0.018, % 1),

22 b FEEZHTFTEPCRE S FE-&BEE S
k¥ m
ELISA I 25 5 (18 2) @R X R4 EPC 13

ICAM-1 F1 VCAM-1 ¥ Ji&Z 5351 24 178.0.,0.740 ng/mL,
I/R 444 199.3.0.903 ng/mL, Wi 2H 2 [8] % 4 i & 1Y
i il 24 25 5 (1=0.518, P=0.632;1=0.409, P=0.704) ;
XFHEZH EPC 135 T E- e B R W B R 3.69 ng/mL, I/
R 414 18.17 ng/mL, P4 Z 0] HA 3 (I Se it 2=
(1=4.568,P=0.010),
2.3 B FiEELSH T EPCRSE 42/ E % 4 )
M1 A # AL

It 20 L ARG D 25 51 (181 3) s % R4 CD 14
CCR7"M1 I A%/ W5 240 Jfd LU 51 h 58.83% , I/R 41y
81.43% , W2l Z ] HA7 W E M Gei 2422 5% (1=5.394,
P=0.006) ; ICAM-1 BH I 41 F11 VCAM- 1 BH 74 M1 %4
PO/ L I 240 L L A1 43 310 R 79.109% 11 76.93% , FH AT
T UR A, & A WM St 2 7 (1=0.531, P=
0.622;1=1.061, P=0.348) ; E- £ £ Z BHIKT 41 M1 I #
R/ s 4 B LG 4914 59.70% , A8 X T IR 40, 45 51 EL

— X4
A — R4l
I
I
El Ei z I
2 2 \ 2 I
O O | &} I
I |
j\\* [
O B '_-I//\-H_'/\_Im T T T 0 b;‘ T I\_ T T T T T 0 _"_IJI T T T T
10° 100 100 100 10 100 100 100 108 10 10° 100 100 100 10°
ICAM-1 VCAM-1 E-EFER
1500 1 8] 2 507
o8 o =5 *
ﬁ _;;7 6 %i 40
22 1000 A E 304
Sy T4 g
2 B = |
t 500 - z, * 20
&} © i
= , , =0 , , = , ,
X IR ZH I/REH XJIEZH I/R4H XJIEZH I/R4H
xR e, P <0.05,
B 1 SR BEEESET EPC iR E E-&FEHERIAEM

Figure 1 Expression of E-selectin increased in surface of EPC under ischemia-reperfusion condition

25+

—_ [\e]
W S
1 1

—_
S
1

E-#£# % (ng/mL)
W

l__l'_|

250 - 1.5 -
3 200 3&
%n 1.0
& 150 Z
S 50 - S
X IR 20 I/R4H papilseaE]
5%t M b,
2

/R4 X REZH /R4

P<0.05,

SR IM B 54T EPC i B3R5 43 n

Figure 2 Secretion of E-selectin increased in EPC during ischemia-reperfusion
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Figure 3 EPC promotes monocyte/macrophage polarization to M1 under ischemia-reperfusion conditions
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Figure 4 EPC inhibits monocyte/macrophage polarization to M2 during ischemia-reperfusion
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