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Serum Nitric Oxide and Tumor Necrosis Factor-a¢ Levels in
Patients with Kawasaki Disease

Ji Hye Park, M.D., Jee Seon Shin, M.D. and Young Mi Hong, M.D.

Department of Pediatrics, College of Medicine, Ewha Womans University, Seoul, Korea

Purpose : Kawasaki disease(KD) is a systemic panvasculitis that causes coronary artery lesions. KD
is accompanied by immunoregulatory abnormalities. Nitric oxide(NO) can induce relaxation of blood
vessels by activating guanylate cyclase in smooth muscle cells and high levels of NO may result in
coronary artery lesions. We investigated tumor necrosis factor(TNF)-« and NO production before
and after intravenous immunoglobulin(IVIG) therapy to study the roles of NO and TNF-« in KD
with coronary artery lesions.

Methods : Serum levels of NO and TNF-a were measured in 24 patients with KD(group I, eight
patients with normal coronary artery; group II, 16 patients with coronary artery lesions) and 23 con-
trols(group III, 13 afebrile controls; group IV, 10 febrile controls). Blood samples from each subject
were drawn before and after IVIG therapy and in the convalescent stage. Serum concentrations of
NO and TNF-a were measured by enzyme linked immuno sorbent assay.

Results : The NO levels before IVIG therapy were significantly higher in group II than in group I,
group III and group IV. After IVIG therapy the levels of NO were significantly higher in group I
and group II than in group III. The TNF-a levels before IVIG therapy were significantly higher in
group I and group II than in group III. The serum TNF-a and NO levels were higher before IVIG
therapy and decreased through the convalescent stage in KD patients. In the acute stage of KD pa-
tients with coronary artery lesions, serum NO levels significantly correlated with white blood cells
(r=0.43, P<0.05).

Conclusion : The serum concentration levels of TNF-a and NO were abnormally high in KD pa-
tients and NO concentrations were statistically higher in the KD patients with coronary artery ab-
normalities than those without coronary abnormality during the early stage of the KD. These results
suggest NO may be involved in the development of coronary artery lesions. (Korean ] Pediatr
2005,48:772-778)
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NO, TNF-« 9] % =2 =4899 TNF- ¢ = Quantikine hu-
man TNF- o (R&D System Inc. Minneapolis, USA)E A}-&
alo] Sandwich T4 WEWHE o]&ste] Attt Solx<l
TNF-a¢ @ 22 A7} 8 E microplate] TNy HAAS
wol TNF-e o 237 nAste A= vaith 2 5 Al
ol WAgE Bde AASL TNF-aol Sol#<l
& £ 24 wellel H7betdch vlAgd 3
£ AAsL 1d &HE

E42 4AS YeRYe o] o
Devices V-MAX 220 VAC ELISA ¥=7](Molecular De-
vices, USA)E °]&3l9 FHFE=E AUt NO= &4 WY
< ©]&3}t] Total Nitric Oxide(DRG International Inc. USA)
Ao 2 Molecular Devices V-MAX 220 VAC ELISA 3=
71(Molecular Devices, Minneapolis, USA)E ©]&3}o] =3}
Ak

3. E A
EA AH2l= SPSS version 10.0<

A7k TNF- & 2349

WAl gz elg Wi Molecular
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ﬁ*i%{i}i YERA T EA1E4S ANOVA #HAFE <43}
Ak 7 ez SASAR frelaEe P<0.05E Skglal
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mm/hr, 40.6+38.6 mm/ r, 129494
hrZ 2ol A 1?4 oz el st
H(P<0.05) C W& 7} 17424 mg/dL, 55197
mg/dL, 05+0.9 mg/dL, 0.5i0.4 mg/dLZ 20| 373} 4o

H3) EAH o2 folahAl & dTHP<0.05, Table 1).

747k 154+17.6
186+18.3 mm/

=
3o

3. €3 NO, TNF-« 9 H|®
1) HAYIEEE T %, 357|9 E& NO, TNF-«
HaFz iy Fol Ho %ﬂé NO+ 1v(13.2+5.7 umol/L),

27(20.4+10.7 pumol/L)2 47(12.4+89 umol/L)°] 3t(3.1+1.4
umol/L)Ett FrefalAl &3kl 2501 13 4o HE)] frefs)
A E=RHP<0.05, Table 2). =3 4 TNF- ¢ 27(858.4+
934.0 pg/mL)oIA  3T8.7+2.3 pg/mL)I 4TH(226.7+647.2

Fo] A5 dF Nitric Oxide®t Tumor Necrosis Factor— e ol thdt A+

pg/mL)ell w3 FofakA Eokom 174(522.4+859.6 pg/mL)%
3ol vlE]l =UTH(P<0.05, Table 3). WHE2EH Fo F
NOE 17(9.2+6.1 ymol/L), 27(10.3%5.8 umol/L), 47(12.4=+
8.9 umol/L)°] 37(3.1£1.4 umol/L)el Bl&l] fFolstA E=3temn
(P<0.05, Table 2), TNF-e¢t 2zt FHEZ 23 2ol7F 11
CH(Table 3). vkA2to& 3] E7]9] NOE 4(12.4+89 umol/L)
o] 1¥(4.2+2.0 umol/L), 27(5.3%£3.6 umol/L), 3(3.1*=14
umol/L)ell vla] SAH o2 Fo3tA =9k (P<0.05, Table 2)
TNF- o &= 43(226.7£6472 pg/mL)°] 1787119 pg/mL), 2
T(12.2+105 pg/mL), 37(8.7£2.3 pg/mL)°l Hld] EAHo=
frofshAl ERATH(P<0.05, Table 3).

2) HAZZE2 F0o{ M9 NO9| H3}
A Bt A ‘ﬂ?%%i%% =

umol/LE A==

2 NOE 13.2+57
9] 10.3+5.8 umol/Let 3]E-7]

Table 1. Clinical Characteristics before Intravenous Immunoglobulin Treatment

Kawasaki disease

Control

CAD®(—)(n=8)

CAD(+)(n=16)

Afebrile(n=13) Febrile(n=10)

Age(year) 22%1.2 3.0%x25 39+24 33129
Fever(days) 35+20° 41+20° 0 43+18
WBC(/mm’) 9,475.0+2,189.4 10,681.21+5,646.4 8,415.41+2,900.5 8,270.01+3,221.1
Neutrophil(%) 433%+21.7 49.0+185 59.7+9.4 39.0+14.0
Monocyte(%) 6.5+3.8 6.5%2.7 6.2+2.3 6.41+2.3
Platelet( x 10°/mm?®) 364911345 414.4%+202.8 340.6+108.4 378711586
ESR(mm/hr) 154+17.6 40.6+386" T F 129+94 18.6+18.3
CRP(mg/dL) 1.7£2.4 55+9.7° 1 05%+0.9 05+0.4

"P<0.05 vs afebrile control, TP<0.05 vs febrile control, TP<0.05 vs CAD(—), *CAD : coronary artery dilatation

Table 2. Serum NO Levels before and after Immunoglobulin Treatment

NO(umol/L)

Before IVIG'

After IVIG" Convalescent stage

KD* with CAD'(+)(n=16) 204+10.7" T F

KD?® without CAD'(—)(n=8) 132457
Afebrile control(n=13) 31+14
Febrile control(n=10) 124+89"

92+6.1" 53+367
10.3£5.8" 42+20"

31+1.4 31+14"
12.4+89° 12.4+89

"P<0.05 vs afebrile control,
dilatation, "IVIG : intravenous immunoglobulin

Table 3. Serum TNF-a Levels before and after Immunoglobulin

TP<0.05 vs febrile control, TP<0.05 vs CAD(—

), KD :Kawasaki disease, 'CAD :coronary artery

Treatment

TNF- @ (pg/mL)

Before IVIG' After IVIG' Convalescent stage
KD with CAD®(+)(n=16) 858.4+934.0" " 159.4%514.4 1221057
KD* without CAD®(—)(n=8) 522.4+859.6 180.7+471.4 87+19"
Afebrile control(n=13) 87*£2.3 87123 87+23"
Febrile control(n=10) 226.7+647.2 226.7+647.2 226.7+647.2

"P<0.05 vs afebrile control, "P<0.05 vs febrile control, TKD : Kawasaki disease, *CAD : coronary artery dilatation, 'IVIG :intra-

venous immunoglobulin
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Fig. 1. Serial changes of serum nitric oxide levels in each
groups. CAD : coronary artery dilatation, IVIG : intravenous im-
munoglobulin, NO : Nitric oxide.

1000
800
-
£
o 600 |
(=1
] =
i
Z 400
A N — CAD(+)
200 - Y O~ CAD(-)
—— Febrile Control
0 . . . - “— Afebrile Control

Before IVIG After IVIG Convalescent

Fig. 2. Serial changes of tumor necrosis factor @ levels in
each groups. CAD :coronary artery dilatation, IVIG :intrave-
nous immunoglobulin, TNF : tumor necrosis factor.

°] 42+20 pmol/Lel w3l ZZt fFolshAl %o (P<0.05,
Fig. 1) W92=2=d E°4 Fol= 87|} fFolsiAl =t
s FATE ddFEEY Fo d NOE 204+10.7
umol/LE WIZ25d —Er°5| 9] 92+6.1 umol/Le} 3]&719]
53136 pmol/Lel HI3l 47 FolalA Edom WYIEEH
Fo] Fellx 387 Rh {3l =TH(P<0.05, Fig. 1).

3) HodZ2EE F0{ T TNF-« 9 B3}

A2 BAEUTA TNF-eE HIFEZEY Fo] A 5224
+8596 pg/mLE WYIZEY Fo] F9] 180.7+£471.5 pg/mL
S} 3719 1224105 pg/mLET Zzt folstAl Eth(P<
0.05, Fig. 2). #&&W oA TNF-eE UFgE2EH F
o] 858419340 pg/mLE WIS2ZEY Fo Fo| 1594+
5144 pg/mL¢t FE719] 87+19 pg/mLETth 717t F<J3kAl
EQEH(P<0.05, Fig. 2).

Korean ] Pediatr : Al 48 ¥ #17 & 20054

4 seTel B NO Aole) s o
oA WPT Ak Y NOE

%)
AH-040, P<OS). HAT FH9) T

=

ook o]

ESZ

kKl
ek

Azl 4o 99e HasA A daT, T

AXZ B A¥7t 24851 interleukin(IL-1), IL-2, IL-6,

TNF-a %59 AtelE7}ele]l Frbdrta <4#A ok?. TNF-
et WEA 9 oje] AolEsjele] Ao W /iy Ao
A Fz A4Eel oAl mE Axel 28t AZAWAE
Po7|a ThE AP E7IRlS FHAIZIH AX SA4& zter &
3 TNF-a= &4 AflA dostn Zteparig el o 54

9

S Yoy Aow FAHET Takahashi 52 % IL-6%
IL-80] Z7FAIE A Foll Frkelal 1§ A4S BHish
o TNF-a 9Al A Fo F7i8te] U8 23474 =rha
3ttt Furukawa 508 7Feabz|dolA] dqt/di 2 A 27 3
e 9% wkgl ?_Oifﬁﬁ‘rﬂ 3}MJ— ol¢} Fuksle] TNF- ¢ 9

HEHNAL ojd) TNF-e 9 3
H o %“é‘ﬂr Ae #AZE Ak &tk 2

g% TNF-a & 7FA1Y ol
2“1 7}5’%*}71‘3* ﬂo}f’ﬂ Ll kil Es

i.

e}

N

o 7 gholollA F71E
Zlolof A] i{—%};gﬂi Maury %

TP = TNF-a 7} 7F9ba}o)8 Slofo A 73t
o3t Z7etg7) W]l TNF-« o Z7H7F 7FebAa) =
719l el ZAaa #BA Yoo o = 9glor} WAETWME uk

el fold P UEA ehek,

NOE 19804 ool wislo] f71A] B ohel We W
| AE B4 EE 24 48 SE Bl Fad que @
o NOE %% Welsh 9% whgol flold Fad dus
ofe] Apeld Y £, ANA B FFA &Td FFE
dge, Friels wAg, FRad ol 19, Fries A
A NOZF sEstAl AEE FAE mal b NO:

endothelial nitric oxide synthase(eNOS), inducible synthase

(iNOS)®| + 714 isoformell o8 A€tk AdaA o A2
C = 1303‘1];_’51]_;51 o r/}o]:zﬂ. 0361—0

5}3} A ZAd eNOSE

HSAEA o9 2

=3 l g et 243
o] dg ;%—g— %Jszﬂz, o $7 oA Wyt ol F4
T EA oAE B9 g 92 adE T 2 U 29 ¥
# B3 93 v g4 AT dagde A4 HAd =
% JdFg drie Am gk v Wl e o8 A¥
7 MogRE g ¥ sET WIAE, HBB2AA iNOS
of os AdxAHoT AAHE NOO b WEe 9 wol Wl

|
~J
~J
a1
|



kA3 9] 201 : FFelAT|E SlolollA] WAZFREEY Eo AL
A4 H &S dogit Ed HIAEY EWAe] Ha die)
grdol 917 wjiFol] -9 nitrater WIZHE 7]Qdcin
& 5 g NOE B9 ¥ MAe doslE wolata F
ol &8 doA Fuli PO ot AR UANI),
7hetAbz Il Al NOZF frelekAl 263 A slEA 283 A=
obd A ez dopdrt Yu 57 34 ThebAaIHelA
Wz gy gel &3t A4 INOS WEHel FUke
W aF A #Bde] vty ®nustar gl

ALl E7H12 @@ W9, media-adventitia %?‘Lxﬂ dq7 ¥
g 9] INOS S FEste]l NOo| A4S 7y
Maury 5% @4 TNF-a o w57 F4706 F7)ela,

o= TNF-a % 22 ApelE7}
A=stel Ao EdS 2dgitia

HgU 9] nitrate®™
19 F717F NO<9| A

O:: OIN
N
-
BL’
FIF
i}

ﬂJO

=2

B3k, AolEFIRIel NO9 AAdS zdHste 71de &4
3 A A= ZAT NOS wiid A Ao Py
interefon- y Y+ TNF-a 7} NOS fAAte] @de FEA7]a

AL FAA7L FAEEATIH AFEHAA NOC

= QApEe] g FeEchn ¥

g3 TNF-e ¢ NOZF A4 oz

mRNA 9]
Ao Had 7doy B
vb ok 2 Aol A=

Hjal Zhekabr] ArellM fefshal =oken] @3 NOE s
WL o= ThepblEel A A EWRTE gl TE freldt
‘nam

o] &4 TNF-«e9 NO7}
of vlsl] F7t=o] ARt
F- a9 NO Ato]¢] adE HE 5 e o=
TNF- a7} Z7Vete] Hazxo] @ste A7k NO7F &
Harzo| W3l Agre] el AIRE &
vzl Fos Aoz A7t
ZFepA 7 Al A AT AR mAE
of eatn] 259 ool Atgant?. F
12-209 ol AAU7b s Wwio] B 4 9t} Tke
moto 5'7¢] AelAE W H FA AA F Aleld] HA
nitrate”} S7FelH INOS7F frX=5 o] nitrate®] 7kt 3t &

A4S op7lgitta skgith. WelgR B AeE dF nitrated
FEE W3 %;ﬂzz NO Ado] dxde] 4ztwe} uldsx|
ok WAEWMF FA O o ARE AT F ik &%
ot AzrSwih speag el A s A NOSke] Ak
of gElME Az AE AsS Holu glon B A
2% NO T2t T4 7t el Ad =okn Wad e o
% NOAote] <o) AaaAZs vehlsd o yu 579 o
FolAE Tx FFTOA INOS e e TA A =9t
1, z‘z%%%ﬂ*i iNOSell 3] AdEE NOE 34 7Hhalad
oA WEUF LS AFeted Fad g ddy wu

Els 73449} x| gk,
Aeberhard 572 o}~3]glo] NOS fd7ke] wde whala)
o] AlolE7IQ1o 2 A3 macrophage WolAel NO9 A

-2l d3F Nitric Oxide®} Tumor Necrosis Factor— e ol W3t o+

del Az Fol NOo| A7 aergla, Wox= s A3
SRS THES ARkl FEAE A INOS mRNA
o] Tie] HIFREY A Fo #2FTe UFHoEA WS
2&do] NO "I/l @5 w83 dded $4s AaAds

lizuka 57 7FobA71d BRbel M g diRTrTh 2o
99| nitrite?} neopterin®| Z7}= ¢
719 elA NO2o| Ade] Frhghrtar el wh Utk NOE super-
antigen2 2 viZE Agre] fZt F2)e] IAFAHQ wiAdS
Schussler % wWolgz2d A7} guinea
pig?] el & 9JFEX R thrombin ¥4 NO A4
< AAFS Bustth B AFeAME G dixzare] vls) 7t
oRA7IY ghotel Al NOZF F3lo] F718tlal #dsuFrt e
oA FFEHRIE gl wRT oA =dvh WIS EE
Y Fo] Fofl NOZF fFrolshAl #Aads & 4 A

Osorio 57& ARAQ B2S oz g Agr &
Ul NO¢l S7FF NO 849 S717F ofd NO wide] 7o
7118t sholem A ol o AdFIF st &
Bl NO* ¢k NO* 9 ujdo] 7had 4= 9lrtal a4l ott Wang
5V ATolME UFREY A8 AFe 2WH Cer, 2W
& L}E% HH**&, Z¥u NO* ¢k NO* 9] wjdeg wwd 2

for HaFzEY A= F Y NO' ¢
28U NO'™ ¢ NO°™ wjAde] F7b7} obd &
FElS] INOSe| Wdo] AA=7] wjFo|ghar Bt

sty u®

& Osorio 5 “er ik AE Bastal 9tk 2 dFRelA
= AARIA BUNY creatinine©] 74Fela 4wolA NO<9
WA ES ZA5kx] Eator NOo A4 #art ddzzEd

a3 = ¢l

Il ot ARNA ofxvH A5 BIRIAE H
o]
= HA47, okl BE7Iel NO syt wlasiglon
soll Hgsh7] AshA NOSol thd A, wef sl vl
A77F o Haw slofeta *ﬁﬂﬂu} NO*| #A7de] 7hepat]
< 7R ot A fel A @
A7 el NO9| 713 5= %Qs}ﬂ %%QEFL‘ & Ei 77 5
ofAok & Aow Azt

0
e

e W A AR ol Fure

rr
=

=5



AA dagon e AdS et NOE ) HE
9] granulocyte cyclase?] 717l F&FS vy @ oS
fste 9s s AusiAl 2vE A4S g3 A4S =
el Aoz A & 7HAIHe A NOStH

gt E Az}
TNF-¢° 8% §E5 F4ste] ¥

EA sdobr] Ss) B ATE 4AsS

L Rl (ELISA)QE A8kl naskid

AE x4 1013ﬂ o2 33

28U Fo H9 ¥F NOT 135(132%57
umol/L), 27-(20.4+10.7 umol/L)¥ 4-(12.4+89 umol/L)°] 3
T(31%£1.4 umol/L)ETh =k 230] 173 4ol H]3] F2f
Al T JTHP<0.05). TNF- o+ 29(858.4+934.0 pg/mL)°llA
37(8.72.3 pg/mL)¥ 43(226.7+647.2 pg/mL)°l B3] F<
A E=em 17(522.4+859.6 pg/mL)= 3wl Hl3] =ttt
(P<0.05). IH9Z=2EY Fo & NOTE 1, 273 4770] 3
v Fo8 =gkew TNF-ot 24 #4982 493 2o}
Rk TreRAIY Bt E| °'°1
NO$} TNF-¢ 9 €% s=7t Dd*ﬁ% B9 Fo] Aol 71 =

A7t ‘Rl‘}i‘jr(r:()ASO).
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