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= Abstract =
Cardiopulmonary Bypass—induced Gene Expressions of
Proinflammatory Cytokines and Chemokines

Jae Hyoen Yu, M.D.*, Eun Kyeong Jo, M.D.**, Jeong Kyu Park, M.D.** Shin Kwang Kang, M.D.*,
Myung Hoon Na, M.D.*, Seung Pyung Lim, M.D.*, Young Lee, M.D.*

Background: Cardiopulmonary bypass(CPB) induces the productions of several inflammatory
mediators that may be implicated in postoperative organ dysfunction, a problem to which the
pediatric population is particularly prone. The purpose of this study was to determine if gene
expressions of proinflammatory cytokines and chemokines were activated in plasma subjected
to pediatric patients who underwent CPB for congenital heart diseases. Material and
Method: Blood was taken from the radial artery of eighteen pediatric patients after induction
of anesthesia(baseline), immediately after CPB(0 hour), 2 hours, 24 hours, and 48 hours after
CPB. The mRNA expressions of interleukin-1 @ (IL-1 @), Interleukin-1 8 (IL-1 8), Interleukin-6
(IL-6), Interleukin-8(IL-8), Tumor necrosis factor- @ (TNF-¢), Interleukin-15(IL-15), and
Interferon- y (INF-y ) were evaluated with semiquantitative reverse transcription-polymerase
chain reaction(RT-PCR). IL-6 protein levels were measured in six patients by using
enzyme-linked immunosorbent assay(ELISA). Result: Systemic IL-6 mRNA and protein
increased from bascline to a peak at 0 hour(239.5 pg/ml; p=0.01 versus baseline) and
sustained at 2 hours before declining at 24 hours(82.7 pg/ml; p<0.05 versus Ohour). In IL-8
mRNA, there was a similar pattern but the increase was smaller than that of IL-6. IL-1a
and IL-1Bp mRNA expressions peaked later(2 hours) from baseline, and declined by 48 hours.
TNF-a levels peaked at 24 hours, and declined by 48hours. There were no significant
differences between before and after bypass were seen in IL-15 mRNA production. IFN-y
levels gradually decreased during the course of time. Conclusion: Gene expressions of IL-6,
IL-8, IL-1 @, IL-3 and TNF-g were changed significantly in plasma of pediatric patients
who underwent CPB for congenital heart disease. IL-15 showed a different proinflammatory
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response, and reverse responses were shown in IFN-y mRNA expression. These may result
in high concentrations of proinflammatory cytokines and chemokines in the blood after CPB,

contributing to the tissue injury.

(Korean Thorac Cardiovasc Surg 2002;35:118-26)
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Rel 4% kgl deueis ekeldl sie. FekHAelA
(tumor necrosis factor-a, TNF-a), 21€]&7]-1(interleukin-1, IL-1)
o 69t ke AGZA Ale] B¢l (proinflammatory
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3 A, A AF, 2, 24 9 48 A Fof] AR o)
2 A3l AdZA Alo]Erfele]l IL-la, IL-1B, IL-6,
IL-8, TNF-a, ¥ IL-15%, T Al®A F3 ¥v|3ke 9454
Ao E7}618) QlE] | E-7tuHinteferon-v, IFN-Y) mRNA &
S dHA 3 E A A2 (reverse  transcription-polymerase
chain reaction, RT-PCR)¢l| &Js}e] ubAekz o g ZAslgir)

&l A3 A

=3 IL-62 A AQAE G43AF HYE5A W (enzyme-
linked immunosorbent assay; ELISA) 2 2 Z7 3|t}

CHah =
A AEY
oAk Bkl 19979 12958 1998\ 8U7kA| Fdel|gha

Wl FRo)gel M MAles A 1879 Aol IAE )

Aoz sigich B A WA ~487Del s He
A Fe 9 kg(3.6~15.6 kg)AriTable 1). EAFZ<Ql A Alnls
stol] 7@ A 3 FAAAA T} DxEstdEs A8

t} Ae)e3ke vubEAl 29 3 Z(nonpulsatile roller pump)

Table 1. Patient characteristics

Diagnosis
ASD 2
ASD with VSD 2
AVSD 1
VSD 7
VSD with PS 2
TOF 2
TAPVR 1
pulmonary vein stenosis 1
Age 14 months(1-48 months)

Body weight(kg) 9 kg(3.6-15.6 kg)

CPB time(min) 127 min(41-326 min)

ACC time(min) 68 min(14-126 min)

ASD, atrial septal defect; VSD, ventricular septal defect;
AVSD, atrioventricular septal defect; PS, pulmonary stenosis;
TOF, tetralogy of Fallot; TAPVR, total anomalous pulmonary
venous return; CPB, cardiopulmonary bypass; ACC, aortic
cross clamp

—119 —



+AE 9
UHSY AtOIETH
s °olgsigla Akl $% =¥ AbEl(hollow  fiber

membrane oxygenator, Minimax, Medtronic, USA) @ <dw3}7]
g AMgelgd RS FAaD Qe Eatsle] HYT
482 020 WA 02302 SAskET UM o )

HE=
(arterial line fillen)Z A}g-3}sith WEx]4= 2.0-2.5 Ljimin/m’

2 fAskn A% D $55 AL FEE ey
A A A 0_1,1_8___ gﬂ /\l bl ) 2] oH e ;H&nn =2 56]-01 _Tﬁcgs}ﬁr;}'

BE A4 ﬂlﬂfﬂ 4, A A%, 2,24 B 48
A3 FAste Aol gl fanh 2

o= (E 2l Ao, 25000 Uy AAXZ FA7]Z 5mio)
TUYE& st Histopaque(Sigma 1077, density 1.007) %
o AT F 1500 pmoll 4 30 £ €3 Bstel A2
D9 5288 SHATE A $N A5 A
E719) ke 2As] 8 ~70 Col LBelgen] a4
¥ = phosphate buffered saline(PBS)2.Z 1,200 rpmeolj4] 10 ¥
24 3 3 Adslg A5 & RNAS A% s
WA galo] ¥galel —70 Col BAesich

2. T2 RE F RBNAS| =&

el Fef A & RNA F-2]+= RNAgent kit(Promega, Madison,
WL, USA)E AHEstgich A2 9 PBSE 3 3] AlH3 ¥ 1
X 107¢] AMEZF 05 mle] WA LA s}sla B 18G )

=& 7 Sec FAPIR HEE st AlEE SAS) S

o5-2] 2]
2002:35:118-26

stdoh /10839 2M sodium acetate®} E] phenol/
chlorform/isoamylalcohol 8-982- 7}l 2 Fdlslm o2 9]
o 15 ¥-7F #Fxgk 3 47, 10,000 gol|4] 20 ¥7+ 9133}4
ok A ells ol A Frel Y 53k isopropanols- 713}
I —20CofA 30 & % o)) 4°C, 10,000 gol
A 20 E7+ f318ke] 92 RNA pellete]] v}A] 4 £ 05
mlE 7pste] &)X 7| T2 isopropanold 7}k ¥ —20
CollA] 30 & o]4 Whg-AIZick 4°C, 10,000 goll A 2087k )
3 A2 RNA pellete] W} 75% ethanol 1mlE 7}5}<]
*Mb‘i F A7 NS BE 2 47T, 10,000 gofj A 15 #-7F A
slglck RNA pellets 23 ZAx7|2 ZAx2AZ] ofg 50 ple]
RNase free waterol] 23471 2 260 nme| 4] RNA 5. & 2
dete -20Co W5 B3 & QA FHELAAS

Aol siwste] ARgsiglct.
3. RT-PCRoil o|gt Ato|E7tel

ARl E7kel ARl el o] &3 AU AlE
L] o}Bioneer, Chungju, Korea; PAGE ##}-3)0]|
o] A3} el (Table 2).

RNAE A4} REG-of 9?3}0‘1 cDNAE U3
FHas Ao 93te] DN

F7Fe] = A4 2.5 ug total RNAS
BE 65ColA 5 &7 7hgste] HAA7 I3
27 Z 4 ] 10x RT buffer (0.5 M Tris-Cl pH 8.0, 0.5
M KCl, 0.1 M DTT, 0.05 M MgCly), 4 ¢¢2] 10x dNTP (2.5
mM dATP, dTTP, dCTP, dGTP)& 7}8}12 20 uM2] oligo-dT15
£} 44 U2] RNase inhibitor(Poscochem R&D center, Kyonggi-do,
korea) 1 10 U2] oA A}& 4 (Poscochem R&D center)E 7}3}
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Table 2. Oligonuclectide primers and PCR product sizes for cytokine cDNAs

. . . Size of PCR
mRNA Sense primer antisense primer
products(bp)
IFN-vy 5" TGG CTT TTC AGC TCT GCA TCG 3° 5 'TCG ACC TCG AAA CAG CAT CIG ¥ 465
L6 5° ATG AAC TCC TTC TCC ACA AGC GC5 GAA GAG CCC TCA GGC TGG ACT G ¥ 628
30
IL-8 5" GCA GCT CTG TGT GAA GGT GCA 3° 5 GAA TTC TCA GCC CTC TTC AA 37 248
TNF-a 5" CAG AGG GAA GAG TTC CCC AG 3° 5° CCT TGG TCT GGT AGG AGA CG 3’ 325
IL-1p 5> AAA CAG ATG AAG TGC TCC TTC5 TGG AGA ACA CCA CIT GTT GCT CCA ¥ 391
AGG 3
-l 5 GTC TCT GAA TCA GAA ATC CTT CT5 CAT GTC AAA TTT CAC TGC TTC ATC 3 421
A TC 3
IL-15 5° CAA GTT ATT TCA CTT GAG TCC GGAS5 TTC TAA GAG TTC ATC TGA TCC AAG G 357
G 3 3
Bacti 5° TCA TGC CAT CCT GCG TCT GGA CCT5’ CCG GAC TCA TCG TAC TCC TGC TTG 3’ 582
-actin

3
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A|7E 9Eg-5te] (DNAZ Uitk cDNA A2 9TelA 5
7+ 7bdste] GAAEAS FEASAT v dedl |d
b ekl 1 3 IL-12 pd0 U p35i DNA AHE F 5
e, 2L 2)2] Alo|Esbele] vigk & AAE cDNA AHE F 2.5
po N Halol ot e 5o 27A St aAant
2-g A8gslgt = 5 w9 10x PCR buffer (0.1 Tris-Cl pH
8.0, 0.5 M KCl, 0.015 M MgCh), 5 ¢2] 10x dNTP, 20 pM2)
3*-primer 3 5’ —pnmer 1 U Taq DNA polymerase(Bioneer) & 7}
ool Arsle] & whgole] 50w NS FHAE Jhsha
=% %3}3*0%4]&}-—% DNA thermal cycler(Biometra Inc.,
Tampa, Florida, USA)E A]-8-3}<] 35 3]2] cDNA FE4M5-&
Arstgict. £3E 2 24 HAAL 94THA 13+

ek

N

annealing-& 60°C o] 4] 28, extension 72Cof|A] 1 £7+ A]ﬁ“
stgiek
4, M7|dsol o8t ZEAMUS L= HM

FyazcARgel B T, 18 uel 539 FHELS
AUk AREE Fsled 10x gel loading buffer (0.25%
bromopheno!l blue/0.25% xylene cyanol FF/50% glycerol)e} #t
& oy 1 ugml] ethidium bromideo]
gel Aol| Tris-Acetate-EDTA(TAE) buffer 3}ol|4] #7453}
o1 o]%3t DNA band®] A& ARA E=A}7] (ultraviolet
transilluminator) Abof| 4] #-2slgdct

Z3ke 2% agarose

5. IL-62] 2aZ e HAEHH(ELISA)

IL-6¢] 3l ZA4AZA3 HA9EAAH (enzyme-linked immuno-
sorbent assay, ELISA)Y= Pharmingen A}2] human ELISA kit
o]&-3}¢lc}. 0.IM sodium bicarbonate buffer(pH 9.6)ei] 2.5-10
pgmie] A v 2a)El 8k Alo]E71Ql [gGE well & 5
0~100 A F‘s}q 37CoA 2A17F vljeFsle] 96 well
micro-ELISA platesel] coatings}sivh L 3 welle] e RU
ol 1% BSA-PBS§-8 150-200 p¢*d 2d7}8fo] 2 A%k 208 o]
3 alete] vl Aql A3t AkAlch Pl A8}
kA AAS) Behe] 4T B gsteI

ELISA Plateol] do}gli= 3 Abo]E71al 1gG 3-& apeh ]
HE #A78F 5 well & 005% Tween 20-PBSE 3~43] AH
ggluk HE AH & due] Fxe 3|M=o] 9l cytokine
standard " A| 82 well & 100 pr #7lsly 37CoA 14]
2 ol wopslalh olm) 20)% S8 30l Algstel Al
& x5 o ukxlsteict. PlateE 0.05% Tween 20-PBS
2 43 A& 3 1% BSA-PBSel| -£-3=l horseradish peroxidase
7} Azl="l o)z} 3 /\]—0] 7}el  IgG(enzyme-linked second
anti-cytokine IgG)E well @ 100 w3 B33} 37TCeoA 1

A8 2
HESH Alo|E742

A7k o uke-stelch. Plate chA] 0.05% Tween 20-PBSE. 4
3] Al# % horseradish peroxidase 7]%Ql orthophenylenedia-
mine(OPD)& 1 mgmlZ citrate-phosphate buffere]] §-3)|s}<]
il Bigesi 3 whgsioich B Bge el
A sldon NAFAISE IM HS0:E A7t ZAs)
g}, vk A .‘5 492 nm3}-AFel| 4] ELISA reader (Molecular
device, USA)Z A3} ok

6. SA=tH xal

A= Student’s t-testel] 28] AZ=3lg o p valuer} 0.05
o5k §oigt Az dusgrh et Foleka gk
HekEle Aol A A 2HE dehdiA stk
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2 A7 NAEE Asiel 18 e Ao) Al A Aol
2 A, Aled 2AF, 2,24 9 48 A 3 “Liém‘ ol
TF2YE] £ RNAE Fe3le AGFTA AolE71elel Ii-la,
IL-1B, IL-6, IL-8, TNF-a, ¥ IL-157}, T A|Ee)4] —ri -]
2l G54 APEIQ] IFN-y mRNA 3-8 RT-PCRo|
oste] zAsldel EUgF & RNA B0 2 HE] RT-PCRE
Aje85le] mRNA &8E 2API 2™ agarose gel Aol A2
A719% 9 densitometryol] &} MHAREA AE Yehhg
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1. IL-6 ¥ IL-8 mRNA Zsi(Fig. 1)
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2. IL-1a ¥ IL-1p mRNA 2Z&i(Fig. 2)
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Fig. 1. IL-6 and IL-8 mRNA expressions by PBMC from
patients undergoing open heart surgery. PBMC were isolated
from patients and examined for mRNA expression of IL-6,
IL-8, and B-actin by RT-PCR. The sizes of PCR products
were shown in Table 1. Panel A shows the representative
result of cytokine profiles of a patient. Panel B, and C show
the densitometric analysis of RT-PCR products from subjects.
B, baseline cytokine levels at pre—operation.
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Fig. 2. IL-1a and IL-1B mRNA expressions by PBMC from

patients undergoing open heart surgery. PBMC were isolated
from patients and examined for mRNA expression of IL-1q,
IL-1p, and B-actin by RT-PCR. The sizes of PCR products
were shown in Table 1. Panel A shows the representative
result of cytokine profiles of a patient. Panel B, and C show
the densitometric analysis of RT-PCR products from subjects.
B, baseline cytokine levels at pre—operation.
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Fig. 3. TNF-a and IL-15 mRNA expressions by PBMC from
patients undergoing open heart surgery. PBMC were isolated
from patients and examined for mRNA expression of TNF-gq,

-15, and B-actin by RT-PCR. The sizes of PCR products
were shown in Table 1. Panel A shows the representative
result of cytokine profiles of a patient. Panel B, and C show
the densitometric analysis of RT-PCR products from subjects.
B, baseline cytokine levels at pre-operation.

4. IFN-v mRNA 28 (Fig. 4)
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Fig. 4. IFN-v mRBNA expression by PBMC from patients
undergoing open heart surgery. PBMC were isolated from
patients and examined for mRNA expression of IFN-v, and B
-actin by RT-PCR. The sizes of PCR products were shown
in Table 1. Panel A shows the representative result of
cytokine profiles of a patient. Panel B shows the
densitometric analysis of RT-PCR products from subjects. B,
baseline cytokine levels at pre—operation.
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Fig. 5. IL-6 production by PBMC from patients undergoing
open heart surgery. Serum were prepared from radial artery
blood from patients at induction (baseline), 0 hour(last clamp
off), 2, 24, and 48 hours. The cytokine concentrations were
measured using ELISA, Values are the mean * SD of
triplicate supernatant samples.
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