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Inhibition of Vascular Endothelial Growth Factor-induced
Endothelial Cell Differentiation by
Intravenous Immunoglobulin and Methylprednisolone

Hyoun Ah Choi, M.D., Kyung Hwa Ha, M.D., Jong Seo Yoon, M.D., Yoon Lee, M.S.
Joon Sung Lee, M.D. and Ji Whan Han, M.D.

Department of Pediatrics, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose : Kawasaki disease is the most common cause of systemic vasculitis in children less than
5 years of age. Recent immunohistochemistry findings suggest that many vascular growth factors
play a role in the formation of the coronary artery lesions. Active remodeling of the coronary artery
lesions in Kawasaki disease continues in the form of intimal proliferation and neoangiogenesis for
several years after the onset of the disease. Intravenous immunoglobulin(IVIG) and corticosteroid
have been used in the treatment of Kawasaki disease but the exact mechanism is not clear. We
have investigated that IVIG and corticosteroid inhibited vascular endothelial growth factor(VEGF)-
induced tube formation of endothelial cells in vitro on Matrigel assay.

Methods : Human umbilical vein endothelial cellstHUVECs) were cultured and seeded on Matrigel
coated 24 well plates in medium with or without the following agents:VEGEF, VEGF plus IVIG,
VEGF plus VEGF antibody, VEGF plus methylprednisolone, VEGF, IVIG plus methylprednisolone for
18 hours. The total length of tube structures in each photograph was quantified.

Results : IVIG significantly inhibited the proliferation of HUVECs. The inhibitory effect of IVIG was
also reversible. In the meantime, VEGF induced the differentiation of HUVECs into capillary like
structures on Matrigel, which was inhibited by VEGF antibody in a dose-dependent manner. Inter-
estingly, IVIG and methylprednisolone inhibited VEGF-induced tube formation of HUVECs. IVIG was
more effective in inhibition than methylprednisolone alone.

Conclusion : We revealed that VEGF induced the differentiation of HUVECs and this effect was
inhibited by IVIG and methylprednisolone. (Korean J Pediatr 2005;48:886-893)

Key Words : Endothelial cell, Vascular endothelial growth factor(VEGF), Intravenous immunoglobu-
lin(OVIG), Methylprednisolone
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WP g3 AFAQAAZE transforming growth factor A1
(TGF-B1), platelet-derived growth factor-A(PDGF-A), ba-
sic fibroblast growth factor(bFGF), vascular endothelial
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Az JhebAzIH el X E AR intravenous immunoglobulin
(IVIG)e] AHgER o 1 A= 7]xe] W¥Es] waxl v §l
t3). iy R Ee A IVIG X3 § Bdsd 3o
BAo] 15-25%14 5% % asigths ®ast glow'” shet
A A 109 ol IVIGE A A9 4
Wzo] gagtts Buw vt Shinorhara 57 IEE =
ZHZOEE IVIGS #Zo] A=l AR B97t Asgirt
Eolxitka Wuatdoen Dale 50 89 94 FHE uz
skl AlZhek Tl FTHHE TRfAbTIHolA] ~HEo| =9} of
29 W A8A g7 Fodvhs B1E stk old IVIG
o FZE|FxERo|=T} VAW WAL EHFE TS Ui
AZlEd ojuet yjHog ZEstEA] olraial B o)A
= Matrigel & ©]-&3to] in vitroolX VEGFl 2& =% U
2 23t o$k IVIGS methylprednisolone®] &35 <o}
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1. GelatinO|] EXE H{LAFA| =H|

22} SFFE 1% gelatin(Sigma Chemical Co.,
USA) &S vh=E 5 121°CollA 2087 EiA AT
HAll 3-5 mL ¥old F 4T ®asairt

St. Louis,
SERD:

2. Human umbilical vein endothelial cells
(HUVECs)Q| £2|

Aoz FukEl 17 Aoz RE AW d@Hs A
Aot AlEuFN(M199, Life Technologies GIBCO BRL,
Grand Island, USA)2.Z 3]4AZ1 0.2% collagenase(Life
Technologies GIBCO BRL, Grand Island, USA)E &3 9to
2 FAAZ T 37T g7l 1583 Fo dAUIHEE B
gkl #2l® AEE 50 mL tubeE %71 4°C, 1,500 rpmell
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QAR AT AERe AAGtT A Er]ANA[20%
Fel¥4, 30 pg/mL, endothelial growth supplements(Sigma
Chemical Co., St. Louis, USA), 90 ug/mL heparin(Sigma
Chemical Co., St. Louis, USA), 25 mM Hepes, 2.2 g/L so-
dium bicarbonate, 2 mM L-glutamine] 5 mLS o] & &3
gk 5 1% gelatin®] =2¥ 30 mm #FHAl ¥aL 37C, 5%
COz vl g71el wiFatArt.

A 583k
%]

3. HUVECsQ| HCHHi2*

HUVECsS 3-49 #j<dsto] wid Al #H9] 80-90% A=
A pH 74 AxsEE&Ao 2 29 AMEH 9 trypsin-EDTA
(Life Technologies GIBCO BRL, Grand Island, USA)E
sto] gdAlzE FstAnh 20% el Aol Sold= Alau
F 10 mL= Ak AASATE dE e AASHAL A EafF
a8 mLol & &8A1Zl H 1% gelatin®] X% 100 mm Ml
FRAlel gl 37T, 5% CO, W7ol Al atieh. 23
o= olefgr #AHS 3-4H AL RS A AEE AME-SH
Ak

4. IVIGS| HUVECs Z4| odH| &3}

1% gelatin®] =¥% 24 well plateo] HUVECsZ 210"
wellZ %3 37C, 5% CO; HI¥7]A 16412 wigstaict.
IVIG(Green Cross, Seoul, Korea)E welld 1, 10, 25, 40 mg/
mLe FERE Yo & thg 24417 48417 F<F 37T, 5% CO:
HjE7]o] B FEFATE. 24413 2 48A1ZF F trypan blue® A4
sto] Aolole Alxe] &5 AAth

5. IVIG7} M2|=E|*E HUVECsQ 7}4M o8

1% gelatin®] =¥% 24 well plateol HUVECsZ 2x10"
well2 Y31 37T, 5% CO; 7oA 16417 alFst & IVIG
£ 40 mg/mLe FEZ Yol F td 24A3F 37C, 5/ CO2
Hj 7] ol HH%E@}??\U}. 24A17ke] 1Ma o IVIGE AAstZ 20
% fetal bovine serum(FBS)°] 7k M199 mM&AES A2
o] 31 oJw|F-E] 24417 48AIZF v T trypan blueZ A5}
o] AolglE AEL FE AUt

6. Matrigel®lM FE(tube) M

80-90% A& HUVECs trypsin/EDTA Helste] ddAE
2 Y= F Matrigelel Z®E 24 well plates(Beckton Dick-
inson, San Jose, USA)ell 4x10'7§2] #lxEet @ purified hu-
man recombinant VEGF 20 ng/mL(Sigma Chemical Co., St.
Louis, USA), @ VEGF 20 ng/mL¢ IVIG 40 mg/mL, @
VEGF 20 ng/mL<¢ monoclonal VEGF antibody(2 ug/mL or
20 wpg/mL; Santa Cruz Biotechnology Inc., Santa Cruz,
USA) @ VEGF 20 ng/mL% methylprednisolone(10 % M,
10 %M or 10 ° M; Sigma Chemical Co., St. Louis, USA),
® VEGF 20 ng/mL, IVIG 40 mg/mL%} methylprednisolone

- 887 -



ol o] 591 : AW AAFAA N o8 fF=E o

(10 " M, 10 ? M or 10 ®* M; Sigma Chemical Co., St. Lou-
is, USA)S 2z ¥a 18AI%F B¢t 37T, 5% CO; wi¥7]dl
st gh 1821 & FE g4 AR5 dv|doez #Esa
x1009] wl&=Z ARS Ao FHe| F Zols FAIIT)

4m

7. NE 234 AHA
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1% gelatin®l =ZF 24 well plated] 2x10%/well9]
HUVECs# 40 mg/mL®] IVIGE Yol i 37T, 5% CO, i
G710 A 6417 wlgEtAtt 6A13F T HlFAES AAzI S

A ETHS trypan blueZ GAse] Aol AEFE AATH
E A
B4 B4 SPSS for windows Version 100 ZZ 13

S IVIG® methyl-prednisolone®] A& & - % 5ol o3t
ANOVA(Bonferroni Post hoc Test)S ©]§3}l9 A3tz
7} A& to] gk Bl Mann-Whitney U-testE ©]-8-3Fit},
A% 747} v HUVECsE °lg3dto] 33 Aldstglon, dd

Avte JREZARE EANAL BARH fFolFEES P<
0.05%2 3}t

l

i
rl
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1. IVIGS| s&2
k=)

SFO0{AlZH0l IE HUVECs &4 x|

IVIGE Z}7} 1, 10, 25, 40 mg/mL FE2 Fofg & 24717+
T 48417 HUVECsS Hl43 5 IVIG X9 AE vk Al
7o) Aolo| W A|EFA JA Hrg FEstATh

IVIGS %% 1 mg/mL, 10 mg/mLE &S wlol= 244
74 48A17F HoF vk BE thxgiel vlEl MESY f93 7
27F It Table 1). &Y 25 mg/mL, 283 40 mg/mL=E

THAS Afole IVIGE FosiA &2 dizxzdtol H|sh
A8t M o8 247 fo3k AEF A BE A3 £ A9
2 W (P<0.001)(Table 1), 25 mg/mL%} 40 mg/mL F %

% 40 mg/mLE A A7 25 mg/mLE A3 AgHT)

Axs 2 B37F 8 FEkATHP<0.05)(Table 1).

Table 1. Inhibitory Effect of Intravenous Immunoglobulin on
Human Umbilical Vein Endothelial Cells Proliferation

IVIG
Control
1 mg/mL 10 mg/mL 25 mg/mL 40 mg/mL
0 hr 23 23 23 23 23
24 hr 473 48+3 41+3 27+3" 23+4" 1
48 hr 85%2 82+5 77+1 51£2" 41+47 7

Data are given as mean+ SD(Cell number X 10°).

“P<0.001 vs. control; 'P<0.05 IVIG 25 mg/mL vs. 40 mg/mL
Abbreviation : IVIG, intravenous immunoglobulin

This study was repeated 3 times
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ME Wi Ao WE oA @3+ 25 mg/mLY 40 mg/
mLolA e & 24471} 48A1ZF BFoA] dlZ2T ) H]uls)ed
FAH o2 frofdt aE HATHP<0.001)(Fig. 1, Table 1).

A

2. IVIGO| 9|st HUVECs &4 oA 5112

T A

o

IVIG 40 mg/mLS 24717t B9t A28 Fo] HUVECsS %
2 AAE B F IVIGE AAs FH IVIGE As 74 &
A iz wlwste] Axe] F2o] # dojd F AEAE
/\]—_\’j%iok]:]_

IVIGE AAsIaL 48A17F & Axo] & 13 2T fARe
&2 FAgo] #EHJoY, IVIG AA F
o] F2 Hlgo] gixtel vl Hojeo] BAHATHFIg. 2).
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Control VIG IVIG IVIG IVIG
1 mg/mL 10 mg/mL 25 mg/mL 40 mg/mL

Fig. 1. Inhibitory effect of IVIG on HUVECs proliferation. As
assessed by trypan blue exclusion, the number of live cells
was significantly reduced by IVIG in a dose-dependent man-
ner("P<0.001 vs. control). Nevertheless, 25 mg/mL of IVIG
had less effect than 40 mg/mL of IVIG('P<0.05).
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o— Control
wedens VIG 40 ma/mL .
g e
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3 ' o
= )
3 .
b s
S 40f  IVIG treat / LTJ
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rpu"""""—' .
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0 1 1 1 1
1 2 3 4

Time(days)

Fig. 2. Effect of IVIG washout on HUVECs proliferation.
Cells were treated with ([]) or without (@) IVIG 40 mg/ml.
IVIG-treated medium was changed to a IVIG-free medium on
days 2, 3, and 4 as indicated by the arrow. The restoration of
growth was delayed by 24 hrs. Cells were counted by the
trypan blue exclusion method.
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Fig. 3. The effect of VEGF and anti-VEGF Antibody on differentiation of HUVECs. (A) VEGF en-
hances tube formation in a dose—dependent manner("P<0.05 vs. control). (B) Total length of tubes were
significantly reduced by a monoclonal VEGF antibody in a dose-dependent manner("P<0.05 vs. VEGF

20 ng/mL; TP<0.001 vs. VEGF 20 ng/mL;
3 times. Abbreviation : Ab, antibody.

TE= HUVECsS {REEYN

3. VEGFO| 2|5i

o]-&-3le] VEGF(1, 10, 20 ng/mL)7F HUVECs
FHE A E=AE Bt VEGFE A g
z‘sﬂQ. UH

T W F

Matrigel =
o B35 =3
Sl g2 vz vluste] R/
(2= 100%) VEGE 1, 10, 20 ng/mL *I2]3|
2ol VEGFY &s=el Hldete] 116+8%, 231+£15%, 390

Epzlo]2 wESs

+85% %2 dojwrar £3] 20 ng/mLel VEGF A &+(390+
85%)2 tzol HEl HAHez o3 AolE el

(P<0.05)(Fig. 3A).
oleﬂﬂl vebd A7t VEGF Eolﬂog dolp=x S &l
A8l & VEGF @AE Agd $ ##asedl, VEGF
f%iﬂﬂ FE7 2 pg/mLAlA 20 pg/mLE 74l wel @4
dol7b @A w=o wlElste] 239+27%°0A 117
iéPOiOEtl(P<o 05), 53] 20 ug/mL&E A
¥ VEGFE Ag&FA & vzt
A 232 B (Fig. 3B).

4. IVIG®} methylprednisolone?l HUVECs9 FH
M 9N =1t

Matrigels ©]-83 AFA VEGFe 93 fFrse= /2

o] IVIGSH methylprednisolone®l 23] oJA|E =45 Ay
o= e=
VEGF 20 ng/mLE AgstdS o dzad} wuste] Fa

#rdo] 356+25% 2 HEE S
ol IVIG 40 mg/mL H&

(107" M, 107 M or 10°° M2 AR FAS
o] G-<3lA A }«/\-——D:](P<O 05), methylprednisolone®] 7%
1A AEsF FEe vldlste] ooy IVIG FoiAl Btk
= 9A &3 FskdthFig. 4, Table 2). #4

2t VEGF 20 ng/mLE AH&|g o

0131 &% methylprednisolone
o FE PA

3 IVIGS meth-

*VEGF 20 ng/mL; bars, £S.D). Experiments were repeated

FE

7§—°r—t— methylprednisolone
A3 2 HP<0.001), IVIG
‘}ol—t— $ATHFig. 4A, Table 2).

vlprednisolones 4
off J#gle]l BT F

B dE Fold A FA4

5. HUVECsQ| g0 0|X= IVIGS AEF

in vitro ‘&4 S 9A% IVIGZ7F HUVECs® %3
of ojuat JIg& w=x] dolry] 98 1% gelatine ©] &3}
o olr gt}

40 mg/mLe] IVIGE A8l & A 284 &2 gz
tel AEZFE Hugk A% VIGE 3
x| %] k&o] AAEAHFig. 5).

Fog

4o
b

=)

I =

Matrigel s o8& 2 ATolA], 182Xt 52t VEGFE A
3 & A, A2t FRE fFREEAeH VEGE A9 &
T2 2 ug/mLelA 20 pg/mLE F71eel wel FAdE Fro
= Aot A wol nlElste] 239+27%14 117+8% = &
A3HAl A E ATHP<0.05). ol¥ AFE= VEGFZV in vitro %
Al BolHom UutAxzel #ale] gerhs S HolFr
Ferrara 5% VEGF9] H|Z=8 &2 w1ug vl 9lrh
Aol A IVIG wx=9k AE Wik AJ7ke] Zfolo whe
A ArE #EF ATeMe IVIGE L &%l
13410}01 HUVECs? Z4& SAgHoz fosi A3
3, 3 o2 ek [VIGS] oAl 53 7o = YEhsith

1% IVIGoﬂ o3 AE T2 JA a3t b= o 1Ae A
oA govk, 9A AE AR #eo] gl 3lo] oY
g dAHoR YWHAEY T4 GE&s FE AAES Al
= 71AeR A83E AlAEIETL

Matrigel> A74€ 714 & 7142 ey xe] FA ¥

In vitro
/(-“_J_ 2/\]
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MP 10°° M
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Fig. 4. The effect of IVIG and/or methylprednisolone on differentiation of HUVECs. (A) VEGF at 20 ng/mL
enhances tube formation, whereas IVIG and methylprednisolone(MP) reverses this effect in a dose dependent
manner. Experiments were repeated 3 times("P<0.001 vs. contro; 'P<0.05 vs. VEGF 20 ng/mL; TP<0.001 vs.
VEGF 20 ng/ml; bars, £S.D). (B) IVIG and methylprednisolone effectively inhibited the length of endothelial
tube induced by VEGF in a dose dependent manner. Six examples of the HUVECs-tube formation assay on
Matrigel matrix. Photographs were taken under phase-contrast microscopy(x100). Abbreviation : MP, methy-

Iprednisolone.
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9% = AHFig. 4A, Table 2). ©]= VEGFel 9% &
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Table 2. The Effect of Intravenous Immunoglobulin and/or
Methylprednisolone on Differentiation of Human Umbilical
Vein Endothelial Cells

Agents Mean+SD(%)
Control 10018
VEGF" 356+25
VEGF™ plus IVIG' 60+33
VEGF", IVIG" plus MP(10™ M) 73+2
VEGF", IVIG' plus MP(10™° M) 63+4
VEGF", IVIG' plus MP(10°° M) 31+5
VEGF" plus MP(10™"? M) 192+58
VEGF”™ plus MP(10 * M ) 142+73
VEGF" plus MP(10°° M) 11342

Data are given as mean=®SD(total length of tubes as % of
control)

"VEGF 20 ng/mL; 'IVIG 40 mg/mL

Abbreviations : MP, methylprednisolone; IVIG, intravenous im-
munoglobulin; VEGF, vascular endothelial growth factor

This study was repeated 3 times

Korean J Pediatr : #4148 @ #1 8 3 2005

A Ao JEgFS vHvE 2SS 4 5 Ak

Wetd £+ 71211 W, Wegener's granulomatosis 2}
AT R HEhe] WA HARddA T3 JTE
Axzoln® W VEGFE oleld WAzl o3} F2e
Wy FF2 g4 5o o8 ALY VTS -3 V)
gty Bas s ot P

7heprt1 el WE e e A =ESddAE VEGF 53¢
22 oy @ AAIAEC] FHEH UutFo] FAFozH
aL ol W
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olr
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Fuol ATHE bS] BN Fuzel Fag W
Ao Ags A% Z1del FAHD od AEAA A

s & WM Yol o]FoRA = 7|HMoE VEGF
o od fEEE WHAlEe] E3lE AR o}l X EA (apo-
ptosis)7t dojibE Aol Hashe, Wt Ee] ofEEA| 20
o @ AESe] AwdEEA AAEde] AHHTE B

[] control
[ IvIG 40 ma/mL

A 120
-

@ a0+

e

E=

= =]

5=}

36

80 60 +

s

Eu

< 30t

0 1
Control

B IVIG 40 mg/mL

IVIG 40 mg/mL

Control

Fig. 5. The effect of IVIG to attachment of HUVECs on 1% gelatin. (A) Attachment
of HUVECs on 1% gelatin was not affected in the presence of IVIG. Cells were
counted by the trypan blue exclusion method. (B) HUVECs attaches on 1% gelatin with
or without IVIG. Attachment of HUVECs on 1% gelatin were not affected in the pres-
ence of IVIG. Photographs were taken under phase-contrast microscopy at 6 hrs of in-

cubation( X 200).
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o]=7t ZFeAH
Aoz 2-g3sl=A OLO}EJ_ A} o= Matrigel S ©]-&
sto in vitrodl A VEGFel ©]3] %E-ﬂ WA Eshel] oigt
IVIGS} methylprednisolone®] &3E X i1z} sFSITh

Hb B : MatrigelS ©|&3t in vitroolXl VEGFel <&
8 WA 2 E3bo] gk IVIGSE methylprednisolone® &3}
& HIx VEGF, VEGF$¢ IVIG, VEGF® VEGF antibody,
VEGF$} methylprednisolone, VEGF, IVIG®} methylpredniso-
lones 27 YolF1, HUVECsE 18A17F &t uld ¥ HFH o
% AolE ZAsA

A WGAE 5t o AWE dgIEEdY MEzdgoyEee] v

A

1) IVIGS] %EE 25 mg/mL, 18|31 40 mg/mLE T %s}
e A IVIGE Folahd e ozo] uiste] FAH 0
% ) FOR AZHEUVECY e SAE BB % 93

°f4(P<0001) 40 mg/mLE A &3 7§‘°r } 25 mg/mLE *&
g AR AESF A Z97F o FEERTHP<0.05). AlE
HH *]7}01] w2 AA 3= 25 mg/mLY 40 mg/mLollAl i
5 24A3HI 48AIZE R Atz it wlalste] F A o

2 v*& 35 B ATHP<0.001).
2) VEGF 20 ng/mL& A &gt T'__LOH IVIG 40 mg/mL E

o3#] %9 methylprednisolone(10 > M, 10 ° M or 10 ° M)
S AHAA3 FAS W FE FAHol FoshA AAEHALH(P<
0.05), methylprednisolone® % 1 A HAE7F s=e v
gto] dojton} IVIG FolAl Rl A a3} 33t o
#H, IVIG®} methylprednisolone®t WEFoI3 4= meth-
ylprednisolone &%=°l g#gle] 7 FE FAS & A

KX
°mW(P<0.001), IVIGRE ©= Tk A3 EAH Aole gl
t},

A E: 2 AFNAE in vitroolA VEGF7F HUVECsS] #
S}5 frwsta wakd WAl W Aol IVIGS methyl-
prednisolonedl 98] As@tE AL BAFAG. o= 7IepA

7199 WY EMEgHFo] A7= 71H T VEGES U9hA 9]
3Rl doue #FEHe AFAHES IVIGS methyl-
prednisolone®] ¢A|3th= AL AlALeY A& 71A F U=
Zﬂ ]E ‘}l\" 9}]\]—/]’
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