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Effects of Plasma Extracted from Cardiopulmonary Bypass on the
Chemotaxis and CXCR4 Expression in Neutrophil-Like Cells
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Abstract The aim of this paper was to study the effects of plasma extracted from cardiopulmonary bypass
children on the chemotaxis and CXCR4 expression in neutrophil-like cells in vitro. 12 children scheduled to
receive ventricular septal defect (VSD) closure under cardiopulmonary bypass (CPB) (CPB group) and 12 children
scheduled to receive minimally invasive closure of ventricular septal defect (VSD) with ultrasound guidance
(N-CPB group) were enrolled. The blood was sampled and plasma were collected at before and after surgery. The
chemotaxis of neutrophil-like cells (NLC) to the N-CPB or CPB plasma was evaluated using a Transwell culture
system, and the levels of surface CXCR4 protein, phosphorylated CXCR4 and CXCR4 mRNA in the NLC were
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also evaluated by flow cytometry, Western blot and RT-qPCR, respectively. The NLC chemotaxis index to the

plasma in CPB group was increased significantly, which were 3.89+0.77 vs 7.68+1.55 at T1 and T2, respectively.

And this increased chemotaxis could be inhibited by CXCR4 specific antagonist AMD3100. Simultaneously, as

well as the levels of surface CXCR4 protein and phosphorylated CXCR4 of the NLC were increased significantly

in the CPB group but not in N-CPB group. However, there were no significant differences between the N-CPB and

CPB group in CXCR4 mRNA level. Cardiopulmonary bypass children derived plasma can activate the CXCR4

signal pathway in neutrophil-like cells in vitro, and its mechanism may relate to the increased surface protein and

its phosphorylation levels, not relate to the mRNA level. These mechanisms might be involved in the neutrophils

infiltration into pulmonary and other extravascular tissues during CPB.
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RY N E N WY TN-CPBAITI. T20f %13, 25 A
Xf R 41(BC4H) 5 CPBA 578 4> V- 1T, Transwell4 i £%
FERG N EANE T 16405575 1637 °C. 5% CO,
ST EIR AR NI B 1 h, B8 L Transwell 1%, =il
# B30 min, FEAIHL 7S 0 PUF%, 20045 B 5B T BEAL
16T 40 FE T B, 42 IR A A Rk 1
H(CY), Cl=%- M 822tk 22 F == I 4 i A A 2= )
BN E T =M aE.
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30 min, PBSTE 21K 5, 200 pLi IR £k 2% i ik =,
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& NLCZPBSHL¥k. Hi, 77 NCPBLIAIN-CPBA,
SEAIIANTL, T2 2T mL, 7£37 °C 5% CO,
SPATHITEIRA NI B 1 h, JREUBRNA, 2tk I %
5 NcDNA. % GenBankiX it 34 B39, L
5'-TCA GTG GCT GAC CTC CTC TT-3', Fiif: 5'-
CTT GGC CTT TGA CTG TTG GT-3'. LAB-actinyH
Z M, ¥ 5-AGC GAG CAT CCC CCA AAG TT-3/,
T J#: 5'-GGG CAC GAA GGC TCA TCA TT-3'. X
A R 4625 L, B4 cDNABEHR2 L. SYBR Premix
Ex Tag™ 11 12.5 uL, EFUETIH0#51 pl, W757K8.5 pl.
SN S A BB N 95 °C 30's, 95 °C 5's, 60 °C 30 s,
68 °C 30 s, 40 MEHR . CXCRAZK 1 H A #RI{E
QN T

1.2.10 2 P h 4 4 I CXCRABSERAC KT 0] 2.
NLCZPBS¥E¥k. H &, 4 NCPBAHIN-CPBA, Jf
MR 1 — 2 A B R 2R AN R S A R DU AN T2, 43 0
AN A RATIMS . T1ILH+AMD3100, T2
HFIT21M K +AMD31004k # . A ¥ &2 AMD3100
(1) %5 20 AE N LR AT, S5 AMD3 100243 FE
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W, TBSTHEI3 IR, K10 min. J& I — 9, =i
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WS, ECLEOG 5. A5 T HdR LA, 451
BTS2 T
1.3 ZiFE9HH

Ko AL FE R FHISPSS 17.056 1%, T ¥k DAtA $i
PR 22 (s )RR, 2H P A [ B 220 B R FH C 3o AR
A58, 4[] R — B Z0) PR P ST A A A 56, ) il

b SRR TR D7 K56, i A5 2045 SR o AL 8RR,
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2.1 WEEFARET
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Ebfl. RATLC i EA. AT £5E th s, 2H A
ERLgiitEE L. A B)LFARIATIR, RH
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HIFRE, SRR H B .
2.2 DMSOIFSHL-604RAE 43 1 o 2 h M I 20 Al
DMSO¥; 42 S 35 75 HL-6041 U5 K 5, I =04
AR % ECD11bFRIE ., 5 FHTHL-6041 il JL°F- A%
1XCD11b, 5DMSOE G i #H L AL, 55 JFCD11b#%
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Fz1 BERIEBER@B=12,xLs)
Table 1 The clinical characteristic of the patient (n=12, X+ts)

CPB4l(n=12)
CPB group (n=12)

— 5 N-CPB41(n=12)
Clinical characteristic N-CPB group (n=12)
Sex (male/female) 6/6

Age (years) 1.90+0.72

Weight (kg) 11.86£3.35

Red blood cell (10'*/L) 4.46+0.53

White blood cell (10°/L) 7.80+2.24

Time of aortic cross-clamping (min) N

Duration of CPB (min) -

Duration of surgical (min) 109.73£22.02

5/7
2.45+1.20
11.42+3.65

4.57+0.47
7.10+2.47
36.07£12.60

70.42+9.60
120.67+15.79

—: N-CPB4JECPBIS 2, T & &) ik BT} (] FICPB.

—: No CPB process in N-CPB group, no time of aortic cross-clamping and duration of CPB.

600 - PE isotype control
Before DMSO induction
After DMSO induction
4004
k=i
=
1S}
@]
2004
0 T Ll JIL l v T ] { Ll T
-10° 0 10° 10* 10°
PE-CDI11b

El1 DMSOESHIECDIbFIIAIRE
Fig.1 The mean of fluorescence intensity of CD11b before and after DMSO induction
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poE Gk i il
2.3 HBUSEER

573 1 5 I 4L(BCHL) L ¢, N-CPB 5 CPB4 il
$ LIS AN SR INLC ) o L T B2 Ak &k
N, T P2 A 45 2000 7 3.49+1.10413.94+0.75,
T2 5 45 i 1k 48 255 1) J94.52+1.12817.82+1.40.
5T, T2 CPBA Ifil % 4k B XFNLC T A 15 £
ThE, 276 8t 2% & L (P<0.05), {EN-CPBZH 451k
TGt 25, 5N-CPB4 L 4%, T1H} #§ 41(N-CPB
5 CPBZH) I ¢ b B A NLCHA L R R 2 57 T8 4 it 2
B, HT20 CPBA 2. % = T'N-CPB4H(P<0.05). £

AMD31004 3 J5, T1H PAINLCE L FRE0E B 3548
b, AT20 {48 £ 35 B 2 B, HCPBAH M & T
N-CPBA, th & T HARFIME(TI)(FR2).
2.4 FEh ik HAICXCR4TE H R EZmRNAKFE
5TI1 8, T28 CPBAANLC [ CXCR4H X}
RN ET A, 25 BA g1 %5 L(P<0.05), 1H
N-CPBA % 7 A2, 5N-CPBA L, T1 2H ] 22
SEANEH IR, T20F CPBZUNLC# [ CXCR4AAH X} % Y6
I, %27 BA g 22 5 (P<0.05)(Kl2). P4
CXCR4 mRNA/KFFET1. T2} 40 18] 5 40 4 bk 45 %
ST GI 2 L

R2 FREMIRATRRS I h R AAERE (LT BERYRZAB (=12, Xs)

Table 2 Effects of plasma treatment on chemotaxis of neutrophil-like cells in two groups (7=12, X+s)

Tl T2
Pa:!
Groups B GSE 1f13%+AMD3100 3% b3 11 3%+AMD3100
Plasma treatment Plasma+AMD3100 Plasma treatment Plasma+AMD3100
BC 1 1 1 1
N-CPB 3.66+1.07 3.16+0.45 4.49+1.20 3.32+0.46¢
CPB 3.89+0.77 3.55+0.84 7.68+1.55%" 4.49+0.71%*¢
*P<0.05, 5T1H4E; *P<0.05, S5N-CPB4I LA, ©P<0.05, 5544 FAMD3100 44 .
*P<0.05 vs T1; “P<0.05 vs N-CPB group; P<0.05 vs without AMD3100.
(A) (B)
400 400
Isotype Isotype
300- control 300 control
— T1 —_—TI1
g —T g S )
32004 82001
1004 1001
0 T T 0 T T
0 10° 10* 0 10° 104
APC-CXCR4 APC-CXCR4
(C) 3 N-CPB grou * (D)
3()_- CPB ero 7 2.0+ 3 N-CPB group
3 groyp - @3 CPB group
5 ©
O << 1.5
50 204 z Z
SX 2
30 o &
= Z< 1.0
g © =X
8 5101 ER
Eg oy 0.5
o= =
= =
[_4
0 0
T1 T2 T1 T2

A: N-CPBAICXCR4-#4) %¢ Y6 5% J& ; B: CPBAICXCRAT- 41 %¢ 56 i J&; C: NLCZ THICXCRAAH X 2¢ 6 8 51, D: CXCR4 mRNAM X} /Ko n=12, Xeks.

#P<(0.05, 5T1HE; "P<0.05, 5N-CPB4LE 4k

A: the mean of fluorescence intensity of N-CPB group; B: the mean of fluorescence intensity of CPB group; C: the mean of fluorescence index of NLC;
D: the relative level of CXYCR4 mRNA. n=12, X+s. *P<0.05 vs T1; “P<0.05 vs N-CPB group.

B2 M3RALERST A MR 4H A CX CR4ZE B R AImMRNATK F I F2 01
Fig.2 The effects of plasma treatment on the CXCR4 protein and mRNA levels in NLC
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2 3 4 5 6 7 8

1
PCXCR4 D D SIS S GEED GEae G =

(A)

CXCR4

AMD3100 - + . + - + - +

33 N-CPB group

&3 CPB group = N-CPB group
(B) 1.04 S N-CPB group © | * i | (D) &5 CPB group .
N &
E ol &3 CPB group - 0.8 I———l P | I—ﬁ{
= 206 2 g
= 0.4 2 04 S06
O O ~
5 0.24 5 0.2 &é 0.4
0l & U 0.2
a
0
NN RN S S o
N i o o
<& < X§ ﬁ\ @Q §®
&\ ({\/ &\X &q,x

A: Western blotKz il 45, B: 45E 870 HTCXCRAKF; Co D: 5 BT IR AL CXCRAZKF o 1. 29N-CPBZATLIM K 3. 4 9N-CPBH T2 3,
5. 6NCPBAITIM; 7. 8HCPBAIT21MI; AMD3100—: AKZAMD31004:HE; AMD3100+: 22 AMD3 100405 n=12, ¥s. *P<0.05, 5T1HE;
£P<0.05, 5N-CPBA LL#; “P<0.05, 54 AMD31004b 340 HL AL

A: Western blot analysis of CXCR4 and p-CXCR4 protein levels; B: semi-quantitative analysis of CXCR4 levels; C,D: semi-quantitative analysis of
phosphorylated CXCR4 levels. Band 1 and 2: N-CPB group at T1; band 3 and 4: N-CPB group at T2; band 5 and 6: CPB group at T1; band 7 and 8:
CPB group at T2; AMD3100—: treated without AMD3100; AMD3100+: treated with AMD3100; n=12, ¥+s. *P<0.05 vs T1;¥P<0.05 vs N-CPB group;
"P<0.05 vs group treated with AMD3100.

[E3 M 3RACER T 2 i A 4 A CX CRABAER L 7K T A 5201
Fig.3 The effects of plasma treatment on the level of CXCR4 phosphorylation in NLC

2.5 CXCR4AER 17K

P 25 25 o PR 4 R CXCRARE 1 B K 1 b, 4
W5 HNZ RIS E L(BBAME3B). 5T1
Eb#2, T2 CPBAINLCE [ i FR {LCXCR4A/K ¥ Tt 1,
=5 B 4Lt 2F 5 X (P<0.05), {EN-CPB4. % 55 A~ 1
i, 5N-CPBALLLER, TR 20 7] 2 55 A B 2, T2/ CPB
ANLCZR R /L CXCR4/K T TN-CPB41, % 5 H
H AT 25 L(P<0.05, F3CHE3D). £AMD3100
AbFEJE, CPBAIT2H R HLCXCRAZK T P (P<0.05),
RTINS 2 7 g2 5 L, 5N-CPBA LU
ZE TG E L (EB3CHIEIBD).

3 Wig

ARHF TR I, CPBIJG I 3% A BT 44 41 85 75 (1) 2
Hh M 2 D (NILC) e £ 308 38 5, CXCRA%T 57 PE 45
PLiAMD3 1005 I BAHIHIERH . Sk FER, 18k
Bl £ CPBIfL 2 #] #4 NLC 2 TR CXCR4 K 1 5 14 i,
H R AL KT T v, (EmRNAK I % B 5 K %5k
KTFIHTLEEZEBI, KGR, CPBJF ML Xt

NLCHICXCRA41E 5 i #% A B 1) B0E R0, B3
HRRRE KT K.

N ZE IR L 20 42 (1) H P A 2 — i 48 R 4R
M, TCIEAEAR AN AT I [ 85 F2 A S . N 4k
[ 1L 9% 21 g (HL-60)7EDMSO% F 1, 7 LAtk N
NLC, B A K HE 43 v 14 b 40 i 1 43 7 bs & A AE
WDEEAT N, BT V2 AR D b P R 4 B ) AR T A A
R0, KW FE K B, HL-6040 il A & JL-F A £ ik
CD11b, £ ¥ DMSO% 55 dJF, H R H 104 E %
fICD11b%r 13Kk, FRIHHL-6041 il 24 i Th i S N
NLC. [EE, A5 &K, NLCE [[CXCR4H & 5
i [P AR R /KT, 31X ] B A N CXCRAZA & 5 4
MBI A 43 RN YA G o,

VSD Bk Bl 35 55 AR Al Bk 75 52 A% 0E A A 5
S, FEH SO NE R AT 7 R, e R R R B
48 B T VSDHERAL, ik B4 1E0 W BT 16 9T B
o BAETR— &0 ARk AL G B KN R 2R AT
HEAR TN (PR NI R38R AR SME R, (H
&, EFRANG T HOTI . 28 BT, bk
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5, SWAMEIR 0T EAF AR Bk, TR 2 I
PR 58 R AE 9 CPBX R (1) fie e B . AN HIE 50 I,
CPB4. A J& I 37 (T2)RWNLCHY # 1k R B 52 2% 1 58,
TMN-CPBZH M oK H LI — L5, 3% B3 44 53 11 8
T3k v 3 B HCPB AT 51 2 1 o

AHFFUIE I, T 4h T CXCRAFE 7 PEFE H1 77
AMD31004b 2, 7] DA 2 2 7 #1| CPB ML 2% X NLCH #
TR, 73X — 1 53R P9 7 A0 08 ] e 5 CXCRAS
TIE B . I ARSI &5 R B, CPBJS Il
WA FENLCE HCXCRAE A K F B FE ETH, X
NCPBITECXCRA(E 5 M B HR At 1 ik — 20 1 S HFIE
o HZ, mRNAKGIN S5 R I, £ i 2% 503805 W 21
CXCRAFEIRFIE Y A PR35 28, IX LT3R TE 2
AT S8 26144 K, CXCRAFImRNAF £ (4 i /K VA7 1F
AFEPEHIIE . BTN, EBRE T, Pk
Jil 2 TH CXCRAZK P, (HILAE I P AP, 78
R RCR, BN CXCRA R B A P s WL 5 4r
2RI S HESH T, Kk, K85 HCPB
112 51 2 FINLC 2 T CXCRAZK V- 1 5t m] g 2 i i
“Sypr g Rse K, AR I S s A R RIA TR, =
X TP RIESE . SULRINE, A 78 ik i
2 AMD3 100X N-CPBZH A Ji5 IfiL 2% 51 /& [IINLCiE 1L,
OB B RPN EE H, X $E R — 28 JECPBIA &,
FAROMWG. NE BRI RES, W REE—E
FEEE AR CXCRATE 54 5. IL4h, AMD31004b 3
I AR BEWRCPBAL A J& 1ML ¢ SINLCI #a 1k 1 F 578 4 1K
2 ERFTKCE, $ERCPBILSE AINLC I RN 3 558,
Al IRV L CXCRALLANHIAS S il .

CXCR4/J& T 81 B A5 Bk 5 i X B MG R
H 5 5 52 48(G protein-coupled receptors, GPCR),
ARG IA A N IE BV, HIA 20 2%
2. AR R IR BRI RE . 7EL MISDF-1/
CXCRA(5 5l M Sl fEdh, L2E RIS <
BEAEH, S ECXCRASZ A A B N B A M 2 1 Ui
55 i SRRV R A M e ) R SR i AR
RIFHEEREERERY, HFR A, CXCRAE N
C-Uify 2 A~ 22 Z TR AT s B R AL I FE 2 5 CXCRAE 5
Q08 H 33047 I 4 R IR BRI R H S
550 IURE BE 5 0> FURE 248 it 1) 58 BE 350 47 1) 7€ 1] 3 %
AR, AW AT, CPBIL Y v] 5] e 25 v vk 41 i
CXCRABE R /K- 2.2 Tt 51, 1iIN-CPBIL K A B
HiX— %M. 454 CXCRAE A it SmRNAK F i

AR, R BICPBIMLZE 5] EENLCE 1k RE 7 1738 58,
T A 2 A M A 2 A RN R A K P
i, 5 R RIL KPR R RIEAEY] . ShPseis
RIL, CPBASEAY BRI 3K . il 25 23 DA B it v 8 o o
SDF-1F1CXCR47K - #4) th I 2 3 T ™), 3xX 5 AH 7
[ 45 S mT DAAH L EDAIE .  ERAR, % 48 A 55 I\ N SDF-1
E CXCRATE Z Bt L T HA R e e Ak 5 32 4k
% &, 1M 74 i SDF-1/CXCR4E 5 i@ k. {HZ, t
A W FUAIE 52, CXCRAIE 1] RE A7 76 FoAth 35 45 5 1k 1
A4, Tt R 2 A% 2 401 5l F-(macrophage migration
inhibitory factor, MIF). CXC#aftk X -FHiik 14(CXC
chemokine ligand 14, CXCL14)%5 2, [At, CPB
I3 51 2 (1) CXCRA{F 5+ 1 B W 12 1M/ SNLC#
N3 58, 5T 56 2 A I L SDF-1/CXCR4A(E 5 1f i,
WA HARBC AR [F 2 5 #ECXCRAME 5 i@ i, LA
K& BERIRN, ATt — 2.

H AT CL & A\, ARG IR 5] S A PR 40 i 7 il
PR R R R AE 5, FECPBJG 2 il 453455 () 5%
P Rt Fi g WA n, X — R 5CXCR4E 5
O A %, il T TCXCRA1E 5 38 B 1 B0
S BH W I RS 5 i SRR R R 4l B 1 38 B,
A AT B8 B b B CPB FT S50 a Ml 453473 98 7 SRS

E, AT I 5555 CXCRAER A i J H R
KT B3, AN RETE 2E R FECXCRAZ 5 R HMIE
IAAE T R0 T B8 1 B AR T I R AN S
SHLHI, AR IGECXCRA EJ7 B TS 5 30 B 1 A2
A O BT A 58 BRI PR IR AR 2 52 B, AR
FRAH TR B THCPB AN ) SR B AR Y SR A T AR IX — 15
5 S R R FEAL

ZE LR, PRAMIE IR 2 mT LAJE o 48 hn 2k epo
KL 4H fLCXCRAEE H A1 LB IR AL /K F, s CXCR4
G R, SRR LR . X —
FLH T G 5 44 4 MG EA H e 4 290 At e it 0 sk G A 1
B HMALURIE K.
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