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Clinical significance of serum vascular endothelial
growth factor in Kawasaki disease

Ho Seok Lee, M.D., Sin Weon Yun, M.D. Young Soo Jung, M.D.
Soo Ahn Chae, M.D., In Seok Lim, M.D., Dong Keun Lee, M.D.

Eung Sang Choi, M.D., Byung Hoon Yoo, M.D. and Mi Kyung Lee, M.D."

Department of Pediatrics, Laboratory Medicine', College of Medicine
Chung-Ang University, Seoul, Korea

Purpose : Kawasaki disease is a systemic vasculitis, leading cause of pediatric acquired heart disease.
Vascular endothelial growth factor (VEGF) has functions as vascular permeability factor, plays an
important role in coronary artery lesion (CAL). We studied the clinical significance of serum VEGF in
Kawasaki disease.

Methods : Kawasaki group was 49 patients, and control group was 15 patients. Diagnosis followed
AHA (American Heart Association) diagnostic criteria, with blood sampling in acute, subacute, and
convalescent phase. Echocardiographic abnormalities were defined and the definition of intravenous
gamma globulin (IVGG)-responsive and IVGG-resistant was determined.

Results : Serum VEGF of Kawasaki group was significantly higher than of control group. Comparison of
serum VEGF between CAL and non-CAL group,
showed no significant differences. Subacute serum VEGF was statistically higher in IVGG-resistant
group than in IVGG-responsive group, and serum VEGF of IVGG-resistant group in subacute phase
was statistically higher than in the other phases. Serum VEGEF of convalescent CAL and non-CAL
group in acute and subacute phase had meaningful differences. Total fever duration and subacute serum
VEGF had positive correlation. Acute serum VEGEF had positive correlation with ESR and CRP, all
phases serum VEGF had also positive correlation with WBC. Acute and subacute serum VEGF had
negative correlations with hemoglobin and albumin.

Conclusion : Serum VEGF can help to determine the severity of Kawasaki disease, especially suba-
cute serum VEGF seems to be used as a prognostic factor of coronary complication. Afterward, further
studies needed with more strict diagnostic criteria and more study groups. (Korean J Pediatr 2007;50:

between carditis group and non-carditis group
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# FAg Fad AT ks wast Qo) k=dtd, VEGF
£ gaas gzl AYsE Al Eslelo R FuEtel
2 2 A Y EEEANEZD (M EA; mitogen)E ZH-&-3kc}
09 VEGFE =& duvAxd Sstd 72 duai

ol WA g, Aa T Tk ALFAGZTo] F
SE ] wAgA Bgol i Bag v ot

VEGF= 7hehab71 el A wdad deke] Wejagol T3

4
e Aom ARH T oM Ee Seko F2e sHoht

98 =
7 el Qe A4 AdA ExtdlA VEGFe 45g B
89tk Maeno 57 7HtA1BlA VEGF7) dds A%
B FaF SR e] e disiA mastlot o
FEE obd FHEA o Adujolth. wAEHAse] = Thet
APl VEGEZF =7l S45 0o VEGFe #4841t
=AM Agon A A »E fusie] whE Ygom
Fol BUFE 2ok Aow FHAPH Y

et 2 ApdE ol A7ES VRR §he], dF

VEGF9 5%/t 7FeA7H gxloll Al dEd A dddd 75,
w7z 9 SR8 X2 gg S A T ule} xjo]sh
AEAE sty dF FA A2 243 5 JduH o Us
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A71E 9 A% wasle] griERia o
ol ALg A, okiFAlY)E welo] AAE A 2% o] Ayt A
7], ) 8%7)e wee] Aae A 27)9e] Ayt A7l Ael
stich dziel go} AFE 74 BAolw ARl wE
ARG B A FA BV APRse] B4 A7

2) A|1E

ZFepA7 o] Ak vl 47 88 (American Heart Asso-

=
= = = & 2~ = 2~ S
sheol Qe F54 A9 FE, dE 2 Uty WEkiEs] 2=
=] =]

o
b 2

fols 3 AlAzMel AnrlEel R folt pYow
G4 hshbgoR BRaga, NAEY St R BR

+5E H7] 93l SONOS 5500
53} 7]17](Philips Medical System, Andover, MA, USA)<

=
gl AAzeTE Adetant Agzeve PriFzd

Fol A HA ] 2R F oF 2F A AAS okEAYI, 2
o dd F 270 A AR B ET] Ao 33] o] A

Aok AF2SIY BT o] AHoe HFI I (left
main coronary artery), 27338l85 W (left anterior descending
artery), Z3|AE(left circumflex artery) 2 $-¥AHs W (right
coronary artery)e] W& ZA3lto] 24 wvhelA o U7 o]
25 mm, 24 o]’del A 3.0 mm ol’dd A5, T 3 B Aol

BB T B0 ubEs
92 oAdy Bde] ¥y 52 WEdon
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PulEeRY MeEe 7

Yol o] WAW A=, priEEd Bgwe gulZnud

Sojol® ek A4 wAz Ad) Aolw 33 0|4 7l

29 9 MEEdEUSR@RANE), AL, dAUR)] T
o)

5) €3 HIHWOMHZE MEQIXH(vascular endothelial growth
factor, VEGF) &8

Microplate ELISA methodE AF&3lel A& Izt
VEGF AR & D system, Minneapolis, MN, USA)°] g%
o] 9l 96-well platedll FAAE 100 puL® Y1 48 34 &9
100 uL& 718l 2A17F ¢t Aol wkgA17 F FA-3kA) S
o] dojupd 33 AHFA I F EAE 200 L 718kaL 2417
E Al Aol A BHEAIZL F 7] A (substrate; B¥EZH)S 7

st 3083 WAL o]F EEEZAH7|(Powerwave X340,
BioTek Instrument, Inc., Winooski, VT, USA)Z 450 nmollA]
A53te] FAE SHEATE

6) SHAzZI

SARALE SPSS version 13.0 for Windows Z =17
43l SYREE TAA, 47 4 Mann-Whitney U testE 4
3l aL, P-valueZF 0.05 W9l A& FAgH oz on|
Aoz st

U o
<)

32

rr

1. Ty #xie] 53

gl Stols F AW o R JteA Y ol 499 (Hol 32
o, oo} 1794, FyH] 1.9:1), 22 159 (ol 91, oo} 61,
wunl 1500 dnk 9139 FUFE Tty ol 253
1650 40.6-79709), HEzS 23.0+14.3/ML(G-60714€)°]3d
oy AFo FHS JFePAY Fholte] 12.05 kg(4.2-20.0
kg), tZw0] 1355 kg(6.6-22.0 kg) oItk & w3kl EAEHH
oz AuglE Aol YA THTable 1). £33 F 7t Hdy
G CRP9] #bol& AT

Table 1. Characteristics of Study Population

Median B.W.
(kg)

Median age

(month) M:F Total
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2. JIAA 20 CHEZCS SMT| 83 SHELHDME M&F
QlXHvascular endothelial growth factor, VEGF)
9| Hlw

ZhetAl7IY - Folt(n=49)9] §47] ¥A VEGFe Haae
642.31383.9 pg/mL °Ix, ZT(n=15)< F47] 4 VEGF
o] Witk 35271751 pg/mL = SAFH ez ou] A 7}
A7 Holl A B =Sk P=0.006)(Table 2).

3. FEH TJItAY otz at HIEE JItAbY
golEel 47| €8 VEGF Hn

A FeaH Folt(n=42)¢] 471 ¥FH VEGF
656.91384.9 pg/mLel L, 1|48 7FA7 ¥ gola(n=7)9]
4371 83 VEGFE 556.9+396.9 pg/mLel e, die F7

Koz {3k Ael7F AT P=0.530)(Table 3).

o

4.2F 7| BAMS Y Wslzn) uiMskzol 8 VEGFS| bl

FA47] s Wk (n=26)¥ v (n=23)e] 471 &
% VEGF2| 3132 Zhzb 743.37429.1 pg/mL2 532.6299.9
pg/mL2 2 fog Aol §laL(P=0.057), oka47] e
Wl (n=21)3 Bt (n=27)9] olFA47] @4 VEGFY

ol

w2 7y 702545187 pg/mL™ 538112922 pg/mLoE SA|
Folg Aol AROM(P-0.17D), H%7] BAE WA A% 7

(n=1D¥ 35 T(n=12)9 $E7] 84 VEGFY 3= 7
7} 420.5%262.1 pg/mL¥ 359.34454.8 pg/mLE <1 Y&
Z Ho|A &JtH(P=0.700)(Table 4).

5. 2t AI71Y Aol RF0| ME & VEGFQ Xl0| Hlu

ll

N

Al

d7] AT (n=14)3 v A(n=35)2] F47] VEGF9 #H
e 7+7; 633.3+360.8 pg/mL¥ 645.9+398.3 pg/mLE 2
2ol Ao (P=0.919), oFFA7] AGit(n=4)3 vAFT*

LT
N

Table 2. Serum Level of VEGF of Acute Phase in Study Pop-
ulation

KD group Control group .
(n=49) (n=15) Pvalue
VEGF (pg/mL) 642.3+383.9 352.7%£175.1 0.006"

Abbreviations : VEGF, vascular endothelial growth factor; KD,
Kawasaki disease. "P<0.05.

Table 3. Serum Level of VEGF of Acute Phase in Typical
Kawasaki Disease Group and Atypical Kawasaki Disease Group

KD group (n=49) 25.3 (0.6-79) 12.05 (4.2-20.0) 1.9:1 49
Control group (n=15) 23.0 (5-60) 1355 (6.6-22.0) 1.51 15

Total 24.8 (0.6-79) 12.40 (4.2-22.0) 1.8:1 64

Typical KD Atypical KD .
(n=42) (n=7) Pvalue
VEGF (pg/mL) 656.91384.9 556.9+t396.9 0.530

Abbreviations : B.W., body weight; M, male; F, female; KD,
Kawasaki disease

Abbreviations : VEGF, vascular endothelial growth factor; KD,
Kawasaki disease
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o5 9 831: 7A9MA el A EF VEGFS 944 el

(n=44)°] VEGF9] #i#%=
405.8 pg/mLE 3 2ol
Fig. 1).

Z+7} 480.2+505.7 pg/mL ¥} 621.8+
HolA] Skt P=0.515)(Table 5,

6. 2 Al71Y Zn2zE8l
VEGFQ| x0| Hlw

Sz

MHI
00
M
(]
10
[||t)|I

13

1 oo

A2 REYU 9T (n=42)7 E&v(n=4) 9] 7 A7|dE
VEGFS] #iFgke F47101E whs-to] 63213275 pg/mL, &
S0] 544414833 pg/mLE oM U= Aol gllom(p=
0.625) E-&oll A viokal 3 & 7)o whg-wo] 409.1+390.5 pg/
mL, 30| 21948 pg/mLE A o3 xel7k fiSla(pP=
0.641) Al E-&toll A vhokrh ey, ol 7]ellE wkgato]
535.8+336.2 pg/mL, B-3-0] 135572775 pg/mL=E &-&-0]
FA o2 on A E=UTHP=0.000)(Table 6, Fig. 3). v}

Table 4. Serum Levels of VEGF of Acute, Subacute, and Con-
valescent Phase in CAL Group and Non-CAL Group

CAL group Non-CAL group P-
VEGF (pg/mL) (n=26) (n=23) value
Acute phase 743.31£429.1 532.6+299.9 0.057
Subacute phase 702.5+5187 538.1£292.2 0.171
Convalescent phase  420.5%+262.1 359.3+454.8 0.700

Abbreviations : VEGF, vascular endothelial growth factor; CAL,
coronary artery lesion

Table 5. Serum Levels of VEGF of Acute and Subacute Phase
in Carditis Group and Non-Carditis Group

Carditis group Non-carditis group P-

VEGF (pg/mL)

(n=14) (n=35) value
Acute phase 633.3+360.8 645.91398.3 0.919
Subacute phase 480.2+505.7 621.8+405.8 0.515

Abbreviation : VEGF, vascular endothelial growth factor

U Carditis B Non-carditis l
200 ¢ P=0.92 0,52
|
600 [
T 5007
E
o 400
2
Lllﬁ 300 ¢ n=14 n=35 n=4 n=44
w
> 200
100
0
Acute Subacute
Fig. 1. The comparison of serum VEGF in carditis and non-

carditis groups.

w71l EAA R &
T7rerslen vl 3

FAE ek

225d E&w9 VEGFe H ik
AA FRAT7HP=0.000) oFFA 710 vllS-
E7lde SAHSR ugiAl 7 (P=0.000)3t=
tHTable 6, 7, Fig. 2)

7. 387| HASY HE X572
8% VEGFQ| Hlw

1t HIXIEZO 2t Al7|d

3 E7|7HA] BT WEt A&EE T(n=15)7 A&EA &
= (n=32)9 Bl FA7] VEGFS Btk 27 8335+
481.6 pg/mL, 558.81304.4 pg/mLZ folstAl #ds= w3} %
&aro] EQEA(P=0.022), °FF47] VEGFS Hugh dA 217
911.4+£555.7 pg/mL, 464.5%222.9 pg/mL=E <3 2o]& B
S1HP=0.000), 357] VEGF®] B gke 247} 420512621 pg/

Table 6. Serum Level of VEGF in IVGG-Responsive Group
and IVGG-Resistant Group

IVGG-responsive IVGG-resistant  P-

VEGF (pg/mL) (n=42) (n=4) value
Acute phase 632.1+£3275 544414833 0.625
Subacute phase 535.8£336.2 1355.7+2775  0.000"
Convalescent phase 409.1%+390.5 219.48 0.641
Abbreviations : VEGF, vascular endothelial growth factor;

IVGG, intravenous gammaglobulin. "P<0.05

Table 7. Serum Levels of VEGF in IVGG-Resistant Group

VEGF (pg/mL) P-value
Acute phase 544.4+483.3 0.000°
Subacute phase 1355.7+2775 0' 000"
Convalescent phase 219.48 '

Abbreviations : VEGF, Vasculér endothelial growth factor; IVGG,
intravenous gammaglobulin. P<0.05

O |VGG-resistant(n=4) O |VGG-responsive(n=42)

~=0.00

) _ £=0.00
1,400 L=

1,2001
P=0.00
1,000

800 F=0.63

600f || “

4007

VEGF (pg/mL)
o
]
o
(83}
P

2001

Acute Subacute Convalescent

Fig. 2. The comparison of serum level of VEGF in IVGG-re-
sistant and IVGG responsive group, and the comparison of
serum level of VEGF of each phase in IVGG-resistant group.

- 998 -



O Convalescent CAL(n=15) B Convalescent non-CAL(n=32)

1,000
£=0.022

900 —
800
700
GO0 ! ~=0.70
500

400 —’—‘
300
200

100
0

—— F=0.000

VEGF (pg/mL)

Acute Subacute Convalescent

Fig. 3. The comparison of serum VEGF in CAL and non-CAL
groups of convalescent phase.

Table 8. Serum Levels of VEGF in CAL Group and Non-CAL
Groups of Convalescent Phase

Convalescent  Convalescent
VEGF (pg/mL) CAL non-CAL P-value
(n=15) (n=32)
Acute phase 833.5+481.6 558.8+304.4 0.022"
Subacute phase 911.4+555.7 464512229 0.000"
Convalescent phase 420.5+1262.1 359.3+454.8 0.700

Abbreviations : VEGF, V*ascular endothelial growth factor; CAL,
coronary artery lesion. P<0.05

mL, 359.3+454.8 pg/mLE EAgH 2
A THP=0.700)(Table 8, Fig. 3).

8. M7| €3 VEGFQ| Az 2|

Ok
-3

2ozt 2471 & o=

% 47|t FA47] VEGFS #Hirgh kel AadAE fe
12 ko (r=0.031, P=0.839), °F547] VEGF9 B #tate
£k oko] AdAA(r=0.443, P=0.002)2 ®.JtHFig. 4).

ol
52

_lﬂ

(ESR) C-HISMCIE(CRP) A0}
GF9 AzEHH

9. MEFEZLK/E

=Y ¥ V

1
o,

718
o A
P=0.001)7F A3, C-WH-g-Ad eha =)

Al(r=0.371, P=0.014)7} AATHFig. 5).

Flr o

VEGF®] it ghat 4873735
2 [e)
-1

g

A

0. & WET 2t A7IE €3 VEGFQ| M2

FA7) FNE e §47] VEGFE Hit gk o AaaA
(r=0.301, P= 045)E AL, olFA7] TIPS} olFAY]
VEGF9] #ig= %o 4a37(r=0.393, P=0.009)S R oW,
3|57 WE &7 JJr 3]57] VEGFY gk 9A F3ig 4

FHAA(r=0569, P=0.007)7F AATHFig. 6).
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1500. 00—
- Subacte phase
Bl
. 100000 I P=0.002 _~
£ = '
o [ ]
2 m .
o =2 ] e
[G] e m . i e
i) -
4 2 B
500.00— 2 A Acute phase
: =0.03
aam et
S mPr,084 W
smm . .
51 A
0.00—
I I I I 1 || 1 i
200 400 600  BO00 1000 1200 1400  16.00
Fever (days)

Fig. 4. The correlation between total fever duration and serum
VEGF in acute and subacute phase.

1400. 00—
ESR
~=0.64
1200, 00 P=0.001
1000, 00—
CRP
—~ =0.37
E  800.00- £=0.01
5 =
2
w
@ G000 -
w
=
400,00 _——
200. 00—
R Sg Linear = 0.094
0.00 R Sq Linear = 0.415
T T 1 I 1 I
0.00 50.00 100,00 160.00 200,00 260.00

ESR (mm/hr), CRP (ma/L)

Fig. 5. The correlation between serum ESR, CRP and serum
VEGF in acute phase.

1. SMA9L 2} AIJ[¥ EF VEGFQ &z

#47] @Aaet $47] VEGFO Hvale &9
-0.442, P=0.020)& R, olg4d7] A
o Hgk A 29 FFBA(r=-0.628, P=0.000)Z HSo}
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o5 9 831: 7A9MA el A EF VEGFS 944 el

2000, 00—
Subacute phase )
® =039
P=0.01 S
1500.001 S
3
E
o
£ 1000.00 \ 4
w
& &
w
=

Acute phase

=0.30 )

P=0.05 / Convalescent phase
=0.57

¢ P=0.007

500, 00—

7
0.00—

T 1 T T
1600000 2000000 2500000 2000000
WBC (/uL)

T T
0.00 5000.00  10000.00

Fig. 6. The correlation between serum WBC and serum VEGF
in each phase.

2000, 00—

1500, 00—

Subad
==0.4
P=0.0

1000, 00—

Acute phase
=-0.44
P=0.02

VEGF (pg/mL)

/-i __

||
500,00 Convalescent phase

' \

~=-0.39 -
P=0.08 -
AN
s \®
@
0,00~ \\
|
T 1 T T T T T

8.00 9.00 10.00 11.00 12.00 13.00 14.00

Hemoglobin (g/dL)

Fig. 7. The correlation between serum hemoglobin and serum
VEGF in each phase.

357 IAxs} 387 VEGFE
0.082)& HolA &Urh(Fig. 7).

FElg B A (r=-0.388, P=

12. SRBIT} 24 AJ|Y HE VEGFS 4B
A7) RNAS FY7] VEGRS] BTEE FAS &9
B (r=-0.426, P-0.004)F WAL, o}t47] P 473} of

F47] VEGF9 HH 3= &9 ”‘Lﬂrﬂrﬁﬂ(r— 0.694, P=0.012)%
wgou, B87] 4yl £33 8)%7] VEGFS Bt Fel
22 tHr=-1.000).
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