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Serum Vascular Endothelial Growth Factor as a
Predictive Risk Factor for the Occurrence of
Coronary Artery Lesions in Kawasaki Disease

Min Hyuk Park, M.D., Hye Lim Jung, M.D., Ju Hee Yang, M.D., Jung-Yeon Shim, M.D.
Deok Soo Kim, M.D., Jae Won Shim, M.D. and Moon Soo Park, M.D.

Department of Pediatrics, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose : Kawasaki disease is an acute systemic vasculitis of unknown etiology with a predilection
for the coronary arteries. Vascular endothelial growth factor(VEGF) is a cytokine which promotes
vascular permeability and angiogenesis. We investigated serum VEGF(sVEGF) levels in Kawasaki
disease to determine whether sVEGF level can be used as a risk factor to predict the occurrence of
coronary artery lesions(CAL) in Kawasaki disease.

Methods : We measured sVEGF levels in 11 patients with Kawasaki disease in acute phase(patient
group)and 11 normal children(control group) by enzyme-linked immunosorbent assay(ELISA) method.
We investigated the relationship between sSVEGEF levels and the lumen diameters of coronary artery
and other potential CAL risk factors; duration of fever, hemoglobin, WBC counts, platelet counts,
ESR, CRP and LDH levels.

Results : SVEGF levels of patients in the acute phase of Kawasaki disease(mean 847.91495.7 pg/
mL) were significantly higher than that of normal controls(mean 279.9%£150.6 pg/mL; P<0.05).
SVEGF levels showed significant positive correlation with the lumen diameters of the coronary ar-
tery (P<0.05, r=0.75) in the patient group. There was no significant correlation between sVEGF lev-
els and duration of fever or other laboratory measurements.

Conclusion : Our results support the notion that sSVEGF level may be considered as a predictive

indicator for the occurrence of coronary artery lesions in Kawasaki disease. (J Korean Pediatr Soc
2003;46:811-816)

Key Words : Kawasaki disease, Coronary artery lesion, VEGF
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sp7F el wolateet AzkE I oY,

A3 Wy A¥E AR (vascular endothelial growth factor,
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(vascular permeability factor)2tal= &, 3 WA Lo &
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B¢ Aol matEd AZd, FRe] s v )

Table 1. Clinical Characteristics of Kawasaki Disease Pa-

tients and Normal Controls

Kawasaki Control
group group P value
(n=11) (n=11)
Sex(Male : Female) 5:6 4:7 NS
Age(years) 32%1.2 33+t14 NS
Duration of fever(days) 58%19 No fever <0.05

NS : not significant
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Aoz " A HEF A7 4 E(erythrocyte sedimen-

tation rate, ESR), C-®F-&T¥(C-reactive protein, CRP), %4t

g4 EA(lactic dehydrogenase, LDH)E =43} tl Skt
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o
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2) g3 VEGF &3
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Human VEGF kit(R&D system, Minneapolise, MN, USA)&
o] €3} sandwich enzyme-linked immunosorbent assay
(ELISA) ®¥He® &% VEGF %E—% A4 en, of A
Hoew HE 7Hed VEGFS #H4 =& 9.0 pg/mLelAth

3) 8H &4

Az el FAIEA AHE= SPSS(verl0.0) A4 RIS o]
|3t F 5{1?:94 Hit o]l tE Ao]= Mann-Whitney U
test® #7438l o8 IS} EH VEGF s% Abol9
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FrpAA Y BRI A tEae] Wi Ade 7z}
12419k 3.3+1.4M01 3, P ¥l= 77 5
kel frefgt Aol gllon, gxpete] Hat

JolAtHTable 1). 2] 4 T AAsk 4 HAAL 2
#e B F2AE 110108 g/dL, WA FE 15033+
5348/mm’, W FE 384+128%10%mm’ ESRS 423+
273 mm/hr, CRPE 74+67 mg/dL, LDHA: 4957+92.8
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Table 2. Laboratory Data and Mean Serum Levels of Vas-
cular Endothelial Growth Factor(VEGF) in Kawasaki Disease
Patients and Normal Controls

Kawasaki Normal p
disease patients control value
(n=11) (n=11) u
WBC(/mm®) 15,033+5,848 821711466 <0.05
Hemoglobin(g/dL) 11.0+0.8 12.0%+0.8 <0.05
Hematocrit(%) 322%22 35.0+2.3 <0.05
Platelet(/mm?®) 384+128 < 10° 276+116x10°  <0.05
CRP(mg/dL) 74+6.7 - —
ESR(mm/hr) 42.3+27.3 — -
LDH(IU/L) 495.7+92.8 — —
VEGF(pg/mL) 847914957 279911506  <0.05
3000
I| || F<0.05
= 2000 -
£
=)
o
el
0] *
w
=
1000 R
0 »
Control Kawasaki

Fig. 1. Serum vascular endothelial growth factor(VEGF) lev-
els in Kawasaki disease(KD) patients and normal controls.
The sVEGF levels in KD group were significantly higher as
compared with control group.

IUALE, zwe] g 7ga Aol vl Al {93k 2ols 1
Ath(Table 2).

d% VEGF v%55 A% £ A3 xS 847914957
pg/mLelaL, w2 279.9+150.6 pg/mLelgle, thztol
Hake] Baltoll A o 3hAl =tH(P<0.05)(Fig. 1). 82k &
T ow Aol sesidd 58 F47] VEGF &+ 9131+
662.6 pg/mL°]SiL, 3|55 olF4”] VEGF
1,086.24624.7 pg/mLEA FA3719F o}FA47] T A7IlA
= 2450 3 T CALol W 599 H+F VEGF
TEE 1,059.24573.8 pg/mLellal CALel $id 6%e Hit
VEGF F%% 671.9+3825 pg/mLolem, CAL®] U9 2
Aol A o A SAFJAAT EAFOR {23 2ol fU
t}. €4 VEGF w9 o459 u
2 Z¥ VEGF %7l =855 3
718 A EH(P<0.05, 1.=0.75)(Fig. 2).

T3 ¥4 VEGF F=¢F 2477 2 99 3do 2 &
HNAAL =xoF vlas] 2 Az 3 VEGF sk 34 717
A2, WEF 5 4% ) ESR, CRP, LDHA| 1hol] 9w

=
=

o]

Zobat @ Al 46 W A8 & 20039

3000
F<0.05, 1.=0.75
= 2000 *
E
5
g -
e -
= 1000 %
0 1 2 8 4 5 6 7

Coronary artery diameter(mm)

Fig. 2. Correlation between serum levels of vascular endothe-
lial growth factor(VEGF) and coronary artery diameter.

kI
L2k

YA L 1967 Y E ol A 2
BEXE Holxu glon Huloie A%t I 1098T 1193
] ARAE AR AT 10WEE 90l WAl
HuEa glom A WAEe] Trista gl =5
LYool Me 19739 B 5 old) Ag BaE o]F svir)
s ket 9lom, F2 44 minke]l ofrote] Ea}e]
oF 80% BEE AASA, FUHIE 1.6:12A A=t B3] @
2 char s
o] o} A 7}
. 743 A
el FH Sl
A £9 X8
16, 17)7 o= Al
toh Zhepab o) oF 1%l A
At ol s §y

Ag B @ %

oot
ﬂi-l Flot
oo

)
o ox

)

H
(e}
L
a1
X
2
o
ae)
2,
=3
u
N
)
e
o=
%
oo
20N

o

Lo
o o
o
)
~

Ol

¢

4
to

>
>
o2
N
R
o

Ire
X
L'}
B

N
N

ol\
)
+
©
o,
r)
o,
)
>,
offl
g
i)
oF
N
T
C
o
1o,

1 = oX
N
=

2 ABEFF} CRPE) 4
FhshAbr o] 1ol gkl

o ggn WAL B9

L vral &z A ek

S, AT, rickettsia,
z #AF QS

3 we AFTH

ey FolA Rt o}A A7t AFHL YA el

7i¥el F4714 &4dste dy T g

7V ag3 o2 7hA Aol eSS Ve Ay Fopt v

- 813 -



e 9] 69)

T

Hue Wy s)de) gssl el dEse) glg Ao F
FGE]"! 9\1\;}
HERE:

S E e & 3, BE EAH QA F4S
o= wAPH st ME glonR o FAwS A1
27 ASS e A f4A @uhHP Hzde st Y

ok AAEA ALE-EHE
= ge dt %‘x?i‘jr. Matsubara 577 7HRAH Sl
oAl TNF, interleukin 2 receptor(IL-2R), IFN-y %°] A7
tlztel vlste] FhEo] glow, mek AT FuFo] Buk
€ 7o skl wde el suEA ke vt
SPAIH Fabel] vlE) o A S Baskglt
ald$} Leung™ ol 9)3ha 7telrl7]9
stel A7 ofste] Edstd dH T HZT9 v

jins)

]
r

dz 7o FAo] dojuar o] uw F7tE WANEEL ThA]
o|E7}Q1S Hulate] Hy I AE o3k A7t FAsr S
Wl AEe] g BAS /A A4 dndd s ¢
Hzo] MAETtn F4etArt. ey Shiller 57 ojehd 4
|4 E-AdE F8A AED BHE-] 5 udTe dylo]

VEGFE 19839 Senger §70] EFAZoA da
AR EAE Af e olF W AT o]l
A 3 Ak #ale] WEE ol
A Axs e 4] Axso] %}o% BHHE Ao BT
oz2A ¥

2
It
m &
ox,

ol

T US Az SolsiA A7 FHEss FHE
uwmp 37 A olt}y. VEGFE 34-43 kDa9 BHWA=
VEGF #3170 93}4] encode® mRNAS] 52 A~Zho]dd
olgte] whEoZl 4709 5P E(VEGF 121, VEGF165, VEGFg,
VEGFx6) 2 FA81M, 1 & VEGFe7t 71 &Esla dalA
ol 714 Fod AU Lol A, VEGFE I 4
A E ol EA5E VEGE 5o =24 7|uA FEA<

VEGFR-1(Flt-1)# VEGFR-2(Flk-1/KDR)%}9] A3H& &3t
A3 WA o] A8ste e g3 24 (angiogenesis) ¢
Zolzt AAZAE MolETleltt. A FA= FMAd 5
AZ5E g3 Az A2 2Aske el ojn] &
sl o ERE AAHE FHAHY F HAHol dom,
VEGFE @3 WgAxe] AFE F24, olF 4 tube BES F
TN o 2A HAAAT P F Aol BF dojdity mg
VEGF= A954 Aeleriloma wdyrt

=
=
A% A DL BAS FEHT ¢ WA FIhy

DA ol A B Ao #3F ©3 Vascular Endothelial Growth Factore 94732 <] 9]

S FT7HATIE 7Ise] dth a3 EE VEGFE 27| el
A3 P4, FH] A, Fd 2 I T A E Hel, dF
A4 HF SolA g3 A - Fod 9¥e s, 53
Akl odte] Wdo] FTrtEe Aika A ddAgAAE

doox 2 o f

ST i R R )

1o

2, Aol A8l g

o
2}

o R

F9o 1A, 59 1*&%2"% ‘:Moﬂ VEGE7} #ojste|et
=

%

T=

al

j9%)
4 o o

9-12) 33)
b AR, g 5Pe

S
2
o
@
of
1o
ol
ox,
N
N
L
Jfl
~
>
N
o
ot
_>,i
=
=2
o
(02
_(‘>£

nj
il
uitd
SN
ox
M
et
:“‘.:

EY
oo Lo

(o T
N
o,
2
30
o
fd
ol
lR
)
-
@
§
ol
5
5e)
oy

_O|L
N,
&2
rlo
w
S
o,
1o
ul
ox
N
N
®
>,
N,
of
rﬂ
)
il
2
ox

A

7] A% Qx}) ol u]a}oq 7}9}47]}%‘ Aol A

=2
0o
S
ol
1o
=

N
;',J
—
=~
ol
1o
2d
2

2

L‘

3
ok
rlot
3
®
>

1t of [0 o 1o (T 2 v
o

1R o me ¥o r R
_§9, o P ot

5
.
% e offt
fos
ofN ol ool
i
X
1o
Lo,
;9

0=
°

VEG
ZBY A7 % CRP EE TNF-o 5%
5 A I o b= O N I
4o VEGFS #d%5H $i%s 24 7] duAde 1
A @ ATER Y=, Ohno 57¢] 6692 7HepA7H 3
Z AP OH A3tE Byl oy gkl
=7} EH ?(18”391 F4 7d Folst
O*um 3] 27]0]

l
kY
i
N
~
©
>
N
&
2

I TR
A e},

AAEE 7hAM
Aol VEGFS d3s ¢
ATolA A VEGF v&% b
7] FRptell A A izatel] vk %40}741 E%on

vz 7o}
AR7IHo A €3 VEGF %9 1ashs 71xE &gk 4= 919l
o, o] &g 0}—‘1“ 7] lE g% VEGF =5t =4 #A
HRooz stz el FA7|RE ofgAdrIol AHA VEGF

75

b welstelen 2agen, 34
VEGF &% 24d 7|3 4], WdT 5 4% 4 ESR
CRP, LDHA|¢}= ¥4

o]
o H RS PR
E}. 9 @4 VEGF w=rt #dsus $9s 24 fo



¥ CALC] §id #xtolA 3 VEGF 5&5
A3 HF VEGF 5E7F 1,059.2 pg/mL © 6719
CAL°] AR SapolA o =4 =AU

Hlwa]
pg/mLE
ARE FApe] 7h

He AAR BAHOR {93 ol #FT £ gk 1
U ¥4 VEGF kot #ds® WAzte] AaaAs Ak
B An ggHez 9ol duPE #EEY 5 ggens
g% VEGF %7} 7t ey hgzel A
S gFT F Qe NER AHEEHO A F Qe A B
FA vE 2 Ao o @xt 9 diZ2e 57 FHolA &
44 Ang EEFIA E ey, sheagelA g3
VEGF &%x9 4L 7Meamie 271w ujAdd 7hepat

11
il
JI.
,,
rlo
—
=
=
lo,
e
>
©
™
o
bty

oAl A ZteAZIE o2 d l

2L 3] Aot LY E Hé%é}iie ﬁ%‘% oldo] 1145 di

o2 ELISA W¥lez ¥4 VEGF s&& =733}
k=)

ol& wlastglon, e W, Bl 7z EHRA, NET
4, 823 45, ESR, CRP, LDHX9}9] J&#dAES ZASFITH

[~}
o

}:

1) #d ¥4 VEGF 37
pg/mL, 7FRAZIE AT 847.9+
At ol A «13} l

o e

O -1

~

A EH oA 279.9+150.6
5.7 pg/mLoZ Uz

ol BE] 7FekAl ATHP<0.05).
2) At 5 F H Aol sHestgd wu =471 VEGF
TEE 913146626 pg/mLoli, o] 3IEEH ofFAlY]

VEGF %% 1,086.21624.7 pg/mLEA T471¢ o547 +

AN A BT E=A SHE )

3) A T WAEHF(CAL)7E AW 58] #3t VEGF
FTEE 1,059.2+573.8 pg/mLelSlal, CALO] %i%ia 6792 W4t
VEGF F%% 671.913825 pg/mLolou, SAHo= {9t

akoli= glolTh

4) 8% VEGF sX¢ # s A el fofst izt
AE BITHP<0.05, r:=0.75).

5 €3 VEGF ¥x=9 2g7)zk @4z wg
# 47, ESR, CRP, LDHA] Afolol|l 9je]gl= AadAE ¥
A erokrt

>o_l

Zao}at

s Al46 4 A 85 2003

2 B hsMel A 83 VEGE 59 S4e 7ok
We) Av BFEUF GUE DY Sl F8F AxZ A

1) Kawasaki T. Acute febrile mucocutaneous syndrome with
lymphoid involvement with specific desquamation of fingers
and toes. Arerugi 1967;16:178-222.

2) Kato H, Ichinose E, Yoshioka F. Fate of coronary aneu-
rysm in Kawasaki disease : serial coronary angiography and
long-term follow—up study. Am ] Cardiol 1982;49:1758-66.

3) Hirose S, Hamashima Y. Morphological observations on the
vasculitis in the mucocutaneous lymph node syndrome. Eur
J Pediatr 1978;129:17-27.

4) Leung DYM, Geha RS, Newburger JW, Burns JC, Fiers W,

Lapierre LA, et al. Two monokines, interferon-1 and tumor

necrosis factor, render cultured vascular endothelial cells

susceptible to lysis by antibodies circulating during Kawa-
saki syndrome. ] Exp Med 1986;164:1958-72.

Ohno T, Igarashi H, Akazawa K, Joho K, Hara T. Serum

vascular endothelial growth factor:a new predictive indi-

cator for the occurrence of coronary artery lesions in Ka-
wasaki disease. Eur J Pediatr 2000;159:424-9.

Matsubara T, Katayama K, Matsuoka T, Fujiwara M, Fu-

rukawa S. Decreased interferon-gamma(IFN-gamma)-pro-

ducing T cells in patients with acute Kawasaki disease.

Clin Exp Immunol 1999;116:554-7.

Lin CY, Lin CC, Hwang B. Serial changes of IL-6, IL-8

and TNF-a among patients with Kawasaki disease. J

Pediatr 1992;121:924-6.

Maury CPJ, Salo E, Pelkonen P. Elevated circulating TNF-

a in patients with KD. J Lab Clin Med 1989;113:651-4.

Terai M, Yasukawa K, Narumoto S, Tateno S, Oana S,

Kohno Y. Vascular endothelial growth factor in acute Ka-

wasaki disease. Am ] Cardiol 1999;83:337-9.

Maeno N, Takei S, Masuda K, Akaike H, Matsuo K, Kita-

jima I, et al. Increased serum levels of vascular endothelial

growth factor in Kawasaki disease. Pediatr Res 1998;44:

596-9.

Hamamichi Y, Ichida F, Yu X, Hirono K, Uese K, Hashi-

moto I, et al. Neutrophils and mononuclear cells express

vascular endothelial growth factor in acute Kawasaki dis-
ease . Its possible role in progression of coronary artery le-
sions. Pediatr Res 2001;49:74-80.

Suzuki A, Miyagawa S, Komatsu K, Nishikawa T, Sako-

mura Y, Horie T, et al. Active remodeling of the coronary

arterial lesions in the late phase of Kawasaki disease im-

munohistochemical study. Circulation 2000;101:2935-41.

Killp T, Fisher LD, Moch MB. National heart, lung and

blood institute coronary artery surgery study(CASS). Cir-

culation 1981;64:1-81.

14) WA, AEA, 2AAE, olF8. Lo g4 IFRANSSTL 54

9| 0“‘“4 azk Aot 1973, 16 61-7.
15) F93, A, &89 Kawasakiy AdA . Loty

1992;35:330-4

5

N

6

=

7

—

(o]
<z

9

=

10

=

11

~

12

=

13

=

—

16) B89, W%, PR, A%, oM, WEE T 97-999 T

- 815 -



o) &

=l

17

18

19

20

21

22

23

24

g

~

=z

=

=

~

=

=z

fa

1 9] 691 :

) ZFertzi o] et AL 91d-961d9] At FAMETS] v
AT Al 512 tgkaolatets] A3k 3 20014 10
€4 19-20%; A& Ae s digkol#ehs]) 2001:83.

whiled, oA, A3 olFal, FH 2, FAE. g AFelA
ZhpAZ o] kA ATH(1987-2000%) : TF T oS
Ao Aol 2002;45:783-9.

Harada K. Intravenous 7 -globulin treatment in Kawasaki
disease. Acta Pediatr Jpn 1991;33:805-10.

Bell DM, Brink EW, Nitzkin JL, Hall CB, Wulff H, Berko-
witz ID, et al. Kawasaki syndrome; Description of two
outbreaks in United state. N Engl ] Med 1981;304:1568-75.
Terai M, Miwa K, Williams T, Kabat W, Fukuyama M,
Okajima Y, et al. The abscence of evidence of staphylococ-
cal toxin involvement in the pathogenesis of Kawasaki dis-
ease. ] Infect Dis 1995;172:558-61.

Furusho K. Ohba T, Soeda T, Kimoto K, Okabe T, Hirota
T. Passible role for mite antigen in Kawasaki disease. Lan-
cet 1981;25:194-5.

Stanford T, Shulman ST, Anne H, Rowely AH. Does Ka-
wasaki disease have a retroviral etiology? Lancet 1986;2:
545-6.

Leung DY, Siegel RL, Grady S, Krensky A, Meade R,
Reinherz EL, et al. Immunoregulatory abnormalities in mu-
Clin Immunopathol

e

=

5

cocutaneous lymph node syndromne.

1982;23:100-12.

e, WHAIE, wBlF nAP Jhhbgel 99H 13 4
PN

Zheprb7 v 2ol v al, Aobdt 2001;44:1448-53.

=

ZheA ol Al B E R E A #$ @4 Vascular Endothelial Growth Factor$]

DREICE!

25) Kawasaki T. General review and problems in Kawasaki
disease. Jpn Heart J 1995;36:1-12.

26) Matsubara T, Furukawa S, Yabuta K. Serum levels of Tu-
mor necrosis factor, Interleukin 2 receptor, and Interferon—
y in Kawasaki disease involved coronary-artery lesions.
Clin Immunol Immunopathol 1990;56:29-36.

27) Donald YM, Leung DY. The potential role of cytokine-
mediated vascular endothelial activation in the pathogenesis
of Kawasaki disease. Acta Paediatr Jpn 1991;33:739-44.

28) Schiller B, Elinder G. Inflammatory parameters and soluble

cell adhesion molecules in Swedish children with Kawasaki

disease. Acta Paediatr 1999;88:844-8.

Senger DR, Galli Sj, Dvorak AM, Perruzzi CA, Harvey VS,

Dvorak HF. Tumor cells secrete a vascular permeability

factor that promotes accumulation of ascites fluid. Science

1983;219:983-5.

Lund EL, Spang-Thomasen M, Skovgaard-Poulsen H, Kri-

stjansen PEG. Tumor angiogenesis-a new therapeutic tar-

get in glioma. Acta Neurol Scanand 1998;97:52-62.

Ferrara N, Houck K, Jakeman L, Leung DW. Molecular

and biological properties of the vascular endothelial growth

factor. Enodocr Rev 1992;13:18-32.

32) Zachary 1. Vascular endothelial growth factor:How it
transmit its signal. Exp Nephrol 1998;6:480-7.

33) AN A= F47] 7HAE Fole] EA vascular en-
dothelial growth factoroll thgt A7 Ao}2} 2002;45:114-9.

29

=

30

=

31

~

- 816 -



