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Abstract — Angiogenesis is an important event involved in cell growth and wound healing pro-
cess. However, the imbalance of growth factors causes diseases, such as ocular, inflammatory
diseases. One of treatment of these diseasesis to suppressthe formation of blood vessels. Function
and mechanism of gold nanoparticles(AuNPs) in the formation of blood vessels is not yet proved.
Pigment epithelium derived factor (PEDF) is currently being offered anti-angiogenic materials. In
this study, we postulated that AuNPs might have the ability to inhibit angiogenesis, the pivotal
step in tumor growth, invasion and metastasis. We have demonstrated that AUNPs could inhibit
vascular endothelial growth factor (VEGF) induced cell proliferation, angiogenesis in bovine
retinal endothelial cells.
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N o E a3hi 7] AT} AR Aol Aol ek FGF

s} VEGFe} 28 Al 43 7149e Belsie =

AP Yo e A B FYAY 53] zejop], Behmm A BHAAES Fulsh I EE
o AzeyE e G Ak Bdsky,  gwelw, ok 7)Ao AE Aad Aze Ju3
ofe) 7o) Bapael Ase) Abgeldh Jeluh AWAY Mg gwghd webd VEGFS FGF2- AR WA

Z7e M= 3] ARl A} (vascular endothelial growth o gleix] 7 F238F QLS| (Cross and Claesson-

factor, VEGF)7} v}kl whul &3 Asler] & o3-S Welsh 2001). ¢]&
3 Zle=z dexiv) (Carmeliet 2000). VEGF, A oA A= = thokst
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A A7 o] 2 X8 Ao} B RAss
o} (Xiaet al. 2008).

T =2 T3 A we
W 7k 55 St oE AL
gk} (Park and Webster 2005). 1= 2}2)
oz HEH 2L A7) o9 852
s}e}. o] dFel| Al ambient ultrafine 3 #}2]
WA Zel| A W ubgol| T d&8E A3 dElx
(Roy et al. 2006; Bhol and Schechter 2007; Gojova et al.
2007).

HZ 1A= A 2974 (extracelular matrix, ECM)2]
FAE-S B33} matrix metalloproteinase(MMPs)7} SF
o] Aojell 9le] Fadt J&E 3}7] wfFol] HAAE
o] MMPs A&l Al = gFe] A&3 HelE adyoz =g
W M2 2Hoz 7|9E 3 Qv

B g Feo|rE= Z 9=} (gold nanoparticles, AUNPS)
o] 2A& r3g)c). AuNPs:= Ak s A4 £ (bovine
retinal endothelia cells, BRECs)ol|#] VEGFZ =% 214}
A YL AAstd o} =3 AuNPs7L A E 3 A3}
A ZAFE 714E B, o33 2342 & o, Jxdat
o] shlAE R FAL G Syt o 22 A%
A 8ol glolM 2 d&S & Hloz AlsHH.
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1. AUNPs®] R34

 Agel| A3 AUNPsE Pl ES o] 43 A S
ALg-3lgich Alg vhg o 2= w A, B. licheniformis n] A &
29 Erlenmeyer'sflaske] ¥t 1mM R A (AUNO3)
LA & o]25F ojfd RAEHUL &3 £ 100
mLol gkl 3748 F Behams 24407 §9F 37
°C, 200rpm shakerol| 4] ®.3+ d}9ic}. AuNPse] =71& &
Qlsl7] 93l UV-visspectum=- o] £3}e] 440nm= FA}
3 % 7 e 2AR A9 7o) 2nmelA] 100nme)
AUNPs7} B2 =9t} o] & A7 o] 40~50nm2] AuNPs
e Fsted WA wslw, 04ume] AlNA BHE

Abgste] J#A1Z] 5 3400rpmel| A 208-7F AA1EE]
F Aol ARg-stale

2. A1 wjj

BRECs:= Banumathi et al. (2009)] w}¥e] wja} A)3)s}
ok 7hebs] webd Eelgt e AlAska 3mme A
ghlla, 222 &4 Fajssieh ojd PBSe} 500ug
mL-12] collagenase IV £} 250 ug mL-! pronase, 250 g mL -1
o] DNaseZ F7}13t} o] & oF 10~15% %< vortexing
< 3k 37°Col|l A 3027t i FRt 3 5 o] EFES
53ume] A5 o] g3t AYllch o5 A2zl e =
Aow AAs MEMoz 33 AlH-& o). nM I3
o] ¢lx= 24L& FHFH o= |Isvove'smodified dulbeccos's
medium (IMDM: Sigma, USA) wj x| A] wfofali=d] o] wul
Alo|= F7}AH o2 10% fetal bovine serum (FBS: Gibco,
USA)} 150ug mL-12] heparin(Sigma, USA), 10ug mL -1
9] ascorbic acid, 100U mL-12] penicillin-G, 100ug mL 2]
streptomycin, 2.5ug mL-12] amphotericin-BE 73}t
& o2 37°C, 5% CO7} Sl wlF71ol A vl oFatsdct.
24717F Fofl wiAE Al A g wlelva HlZ A
7718} & A EE MEM wi A2 A A3 -5 =) 3dw}
o} IMDM wj#] 2 w3l F<iv)

3494 ARl A7

70% o) Are] WxE 2] BRECsE VEGF(50ng mL-Y)
£ A2s7] A, AsiAl Alzkell AuNPs -2 Aoz
© 24 PEDF(10nM)2] &4l utel 33 IMDM
£ 12247 A=spdek vt A2 A2g Qezdoz
2 ARg-sFd et

1AL HEE 27

MTT assayx= Mosmann(1983) v} ol ulz} A]8) sl et
10% FBS7} E9|9)x IMEMe¢)| BRECsE 2x 10%cells
mL-1 M z52 A543 oS 96 well plate(Nunc, USA)e|
100pLH B3a}e] 24217k Fab wlFal et Al E 4]0
9le}A VEGF, PEDF, AUNPs?] &J&F& <olry] $a)
FBS/} Bolgl vkl o mahat ofg et o
24 Aelx 2447 5t vl okalalch.

VEGF7} 453 BRECso|A] AuNPse] oJske 3}<ls}
71 ]84 BRECse] AUNPs(50, 100, 200, 300 nM)<}
VEGF (50ng mL-1)& £A]e]l #2]st}. oW VEGF=
A 2]s}7] 302 AuNPsE A 2]t 2447 i<k F
7+ welleol] 10uLe] MTT (Sigma, USA)=S- A 2|3} 447t
T o wiekle 47 F wljekelg ¥E] 32 DMSOE
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200uL well-24 & o] 587 Al ulx)sle] F=2M 74
A9l formazang L3 A7 = mlcroplatespectrophotome
ter (Bio-Tech, USA)2 570nmell A &4 =2 =3]3}e] o
277} v @)

5. 29] o] 54 274

Plate Aol A BRECs®] o]54& dotr 7| 93l plateo]
scrapers o] 3o wjekst A Eo dRES A A
PBSZ 23] A3 F AlzP¥= BRECs?| ¢]5& B cell
migration assay £ A3 85i . BRECs®| o] 5442 144}
Au)g oz AT, A AN Az Sl
o] =g 9 Sflurouracil (Sigma, USA)2] 4] &lel
A2l g =4

FELEEEFES

24 well plates] matrigel & ZE A]7A 3087 A2 A]
wj) oF5}eic}. VEGFe} PEDF, AUNPs 3=7}38}e] 2447 %
gt #]2]3F BRECs:= 0.05% trypsin-EDTA x|, A3 3 &
1x105celswell $F oz B=3L9t} 2mLe] BRECs
= matrigel o] ZE = wellol] A7}3F & 37°Col|A] 2417+
wjekalgiet. o] 5 Al £S5 PBSZ 33] AlH F 70% ol sk
2 ACoA] 308 oA 1A 39 Tubular length:=
Axiovision FRET, Rel 4.6 software(Zeiss, Germany) & ©] &
ahe] 24 soiet.

7.MMP-99] 73z 2d A

47191 FAF 26N FHE AEE PBSZ A3}
I TRIzol reagent™ (Invitrogen, USA)S 4°Cel|A] 1Azt
o} 22)3le] totdl RNAZS E-2]3}¢t} (Chae et al. 2009).
2]l RNAE A=k & oligodT primere}l AMV reverse
transcriptase (RT) S ©]£-3}o] 2uge] RNAd]A cDNAZ
Al sl o} wHEo]Z RT producte]] 2.5mm dNTP, 10X
buffer, DEPC water, premixed primer 2! Tagq DNA poly-
meraseE @31 polymerase chain reaction (PCR: Corbett
Research, Australia) & 4=3) 519t} PCR ¥F-8-0] &3t 3o
= =235 DNAES 1L2%agrosegel S o]&3le] 7=
&}od 37 ethidium bromide (EtBr: Sigma, USA) o2 3 A3t
o}< Alphalmager™ (Alphalnnotech Corp, CA)-& ©]£3}
of 4% DNAZ shelstsiet.

8. MMP-9¢] 4 BANE =4

MMP-9 418 otolr 7] $J3) gelatin zymography=
A&t o} (Herron et al. 1986). 6 well platesl] 10% FBS7}
7hgl wjoFel S o] 83te] A EZE 1x10%cell well-12]

off ¥ m>

w2 2007 B $AAZ F FBS} g w8 w
Moz ZolF & AUNPSE A2|aloch 24417 F 5
¥ vk L arolor sle] geatine] T4 10%
SDS-PAGES- o]£3}le] #7)|93% 3t} 4°CollA] 60V
2 12A)7F A7 Fo] Byt 3o AL SDSE A A s
2]l washing buffer g} o 2 3087+ 23] 4|43 F uk-3-
Nof| 1827k F<F 37°Coll HFSA|A 7R3 2 =313
o}. A& 0.25% Coomassie brilliant blue G (Richmond,
USA) &l o 2 1A|7F A3t 5% | ehe-3} 8% o} E
Aoz eblalhm, AF A el npeke E2alo|w Bag B
2o QA e depi,

9.5 ¥4

A3 ZAzbe] £-olA 7= Student'st test B} ol e}
s em, p<005 SElM FoAE 7&% bl =

£ A9 38 o4 AT UY AoE =z 24e
et

z o

LA XS] AEE 5

o,

AuNPs¢} PEDF®] &g 3ql3}l7] $lsl] $-2]+= VEGF
2 =% BRECs®| F2]¢ 3le]A AuNPse] A &=
gelsled el BRECs: 24A17F 59t 38 %= (50, 100,
200, 300nM)= AUNPsZ #2]3t A3}, 300nM o] A<
AuNPs®] 2] gxolr] BRECs?] A& AAstie
(Fig. 1A). whebr] A A3 A Al z54 o gl
200nM o]8}e] =xoA %3 s}slc}h. BRECso| 4] VEGE
2 4% AZ=2o] thst AuNPse] &g =33 2
3}, AUNPs= VEGFZ. 5% 242 ox)3}ed 1, AUNPs
9} VEGFE =% Y& A2 tx2aa) st Afol7}
319lvt (Fig. 1B). =3t VEGFe} PEDFE 37 wjj<fst
BRECso| A VEGFZ $=% =A< x|t Az
HelZo) 2 AFeA VEGFZ =35 =412 BRECse]|
Al AuNPs¢} PEDFe] o] AA|flvh: A4S B 59l
o}

2 A %4 27

Plate A}el 4] BRECs?| ¢]54< otoln 7] $]3) plateo]
o)z dA3 F7)o] EEE ulSe] A7E =2 BRECsY
0] 5% ¥ = wound healing migration assay & A| 3 5}3c}.
200nM 2] AuNPs:= VEGFZ =% BRECs?| o] %2 A
7t o)2H o=z 7t Ak ulebd AuNPs:= VEGF= 5
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Fig. 1. Effect of Gold nanoparticles(AuNPs) or PEDF on cell via-
bility of bovine retinal endothelial cells(BRECS). (A)
AuNPs inhibited BRECs survival in a dose-dependent man-
ner. (B) VEGF-induced proliferation inhibited by AuNPs
(100, 200nM) and PEDF (10nM) in BRECs. Each bar
shows the mean+S.D. of three independent experiments,
performed in triplicate.

=% BRECs?] o]5& JA|dS & 4 9lslt}(Fig. 2).
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AuNPs®] BRECsel|l A €] A8 3§ &35 s}
7] ¢]3 tube formation assayE A]3) 3} t}. BRECse] 4]
BT YA AUNPse] EA) ol aet @el7 Abal
712 54 #e| Bole ZAsIA. Fig. 3¢ mwl VEGF
¢} 37 228k AuNPs(100, 200nM)2] 7% matrigel ol
Al BRECs 2183 A& A3kt =3k VEGFe}
PEDFE FAloll M=|gt Ao M= AR A7) 33t
9ot o] 3 ZA3= AuNPse} PEDF7} VEGFZ §=

] VEGF
VEGF+AuUNPs

Distance migration (um)

6hr 12 hr

Fig. 2. Effect of AUNPs on VEGF-induced in vitro migration of
BRECs. At 0, 6 and 12 hr after wound healing, AuNPs (200
nM) inhibit VEGF-induced cell migration in BRECs. Each
bar shows the mean=+S.D. of three independent experiments,
performed in triplicate.
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Fig. 3. Effect of AUNPs and PEDF on VEGF-induced tube formation
of BRECs. AuNPs block VEGF-induced angiogenesis by
inhibiting tube formation. AUNPs(100, 200nM) treated with
VEGEF inhibited tube formation of BRECs on Matrigel. Each
bar shows the mean+ S.D. of three independent experiments,
performed in triplicate.

2 AAE YA dAshed $99 A%e Yok
A% & 4 alsleh

4 MMP-92] §77} B8 =3

AUNPsol| 23] MMP-9 &4-9] &A1& Astgl=d] o]
3t g el A HE 2-e o A
3}7] 98] AuNPs7} MMP-9 -4} 1Halol
=7 VEGF= F4& SAXA 45 Hdd MMP9
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VEGF - " - -
AUNPs - - 100 200nM

Fig. 4. Effect of AuNPs on expression of MMP-9. Analysis of
MMP-9 mRNA expression in BRECs treated with 100, 200
nM concentration of AuNPs in the absence and presence of
VEGF using RT-PCR.

VEGF - + - -
AUNPs - - 100 200nM

Fig. 5. Effect of AuNPs on activity of MMP-9. The cells were
treated with AUNPs (100, 200 nM) for 24 h in the presence
of VEGF. Each conditioned media was collected, and then
was analyzed for the gelatinolytic activities by zymography.

4 oA %8 RT-PCRz Z4stedch 1 Az,
AuNPs®] A 2|x=7} Z713te] ule} MMP-92] wHa o)
HAzp ZFashe S A 4 slsde 53] 100, 200
nM2] AuNPsol| 2] MMP-9¢] &l o] #=3}7A] 7rAste
AE & 4 AN (Fig. 4).

5. MMP-9¢] &A% =34

AUuNPs7} MMP-9 &4 341¢] 9)=%] VEGF= X
AN A A5 EdE MMP-9 24 o] 4] of LE gelatin
zymographyE- o]-4-3l gl ®nsiet. 1 A, Fof £4
A Ql VEGF Aol w2 <fe] MMP-9 &40 &
Aol vehds #AF 5 glow 2447k F<F 100, 200
nM2] AuNPsz )23t 23} MMP-9 £49] &40
e ez A=A (Fig. 5).

Al
I e E}° g A o5 dofubs Bl 24 °1
}1\_]/%]33 ag, Aol gle] AuNPse] &g tolny] ¢

945 QA2 we e QAT of ek

Wb 27} 532 sl F2 22X o] HEz 97
+ BRECs|A] VEGFZ =% A8 % 4ol AuNPs
2] &L Felsst

¥ A9+ AuNPse] Mz A& 9 Az 4, o]F, Al
AT YA 52 JAlaFel =4S ok

B Ao A}L-3F ¢F 40~50nme] AuNPsE- B. licheni-
formis2 o] g3ted FAIetAth UAbe] =)= HF 50nm
=Z7|2 A%lel 1, VEGRY FGR22 fx3 2188
Pl A ookt vl 4o sl dER g4 &9
o]m] chick chorioallantoic membranesl A} &<l = gl
(Murugesan et al. 2007). A 7}A] = o] HER T 9]
3}l 7+ 3 A (anti-angiogenic) 25 vy} 47 3}
FEEIH o] &5 diRE 9 A HF 22 A4 =
A& 7H EAETh H T A T Bl 3 3§
A ofEE sl A=A AuNPs7F FE5& i
21} (Grabar et al. 1995; Cho et al. 2005; Li et al. 2006).
AUNPs= AJA RS 7™, =1 F=taE 39 &5
dol g SHEH FAol A A SN ARsA el
= EAolth B3] g2 o3t Ao =24 thial, olWld} 2
< oFgt 4719} A Agsh, cysteined} lysine 2k &
7% kR Eo] AUNPss) Agtstel 1Ee] AEIA 7]
3-0] W3}A "o} (Resham and Pribyabrata 2008).

PEDF:= oW 3t t}& 31" &2} angiostatin, thr-
ombospondin-1, endostatin X} & <438 st} (Dawson
etal. 1999). VEGFe] & | ®gl3} PEDF:= <bollA &
ezl FAelar o] 52| v zhg-o] PDRe| w3t <
gl A" Re] A6l sl & 9E s (Leung et
al. 1989; Aiello et al. 1995). PEDF7} Fas/FasL death path-
waye] A4S Fal el AgARAYGARe} A4
BAR A AR Aol o] FHE o M £
apoptosisE &-2138k} (Volpert et al. 2002). PEDFE= invitro
AN 5= gERos i) Hxe FA% o5 o
A gke} o] 712 angiostatin, thrombospondin-1, endostatinst}
Ze g2 JA|RH}t &371 =} (Dawson et al. 1999).
1= VEGFZ =3 mAdf YoM 2] FA3 o)F
AA g} 2 AE A3} gy AAER FA A
2} % sl PEDFE <17kl 9le] 714 743t shalAd
I PR F shtolot & 7oAl AuNPse} PEDF
L+ BRECso| 9] ZA)& oA)5}a o] 72 = BRECse]
A 2+ 83le] AANH T A &7t o= AS o
Agheh VEGF: ofm] Wiz|Hl 2] £dof Fejgivta o
## 9Jo}(Leung et al. 1989; Cleaver and Melton 2003). -$-
2l VEGF=Z fr=3 21483 3 Aol lelA] AuNPset
PEDF2] &35 oolwoltt 7 A= VEGFZ f=3%
AP PAel glel AuNPse} PEDFe] ojA] &g

fr i lo

rlr
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gorshelet
¥ e
ARRY P Az 4 L AR A% 2ol
Fo% Wapelh 22t AR RS A7
WA 2L ok AR op) ) 0|2 @ ABE
Ansit wy F AAEH AE Ak Ao Fo
@ b F shtelch AUNPSS] 7153} 714e] AAER

3430l SlolA) ob# Weizl wr} ek WAl PEDF7) 3
AR Y B2 AET ok B dpoln &

= AUNPs7} BRECsol4] VEGFZ $x=% A2 24|
9 o5, AR FAE AT o)k Axe] A
A3t A4 9 Aolsh AAR AR YHE A
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