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Gold Nanoparticles Inhibit AGEs Induced Migration and
Invasion in Bovine Retinal Endothelial Cells

Soo-Chul Chae*

Department of Biology, Chonnam National University

Abstract — Thisstudy aimed therole of gold nanoparticles(AuNP) in advanced glycation end-pro-
ducts(AGESs) induced migration and invasion in bovineretinal endothelial cells(BRECs). BRECs
wereisolated from theretina. Cell viability was confirmed by the MTT assay. I n vitro wound migra-
tion assay was per formed to investigate the migration of BRECSs. In vitro tube for mation was mea-
sured by on-gel system. Apoptosis induced by AuNP was confirmed by caspase-3 assay. AGE-
bovine serum albumin (BSA) demonstrated increase of cell migration and proliferation in BRECs.
In addition, AuNP regardless of the existence of AGE-BSA suppressed proliferation, migration,
and angiogenesis. AUNP suppressed AGE-BSA induced migration and invasion, and induced apop-
tosis through caspase-3. As a results, AUNP have a potential anti-angiogenic effect for AGE-induced
angiogenesisin vitro and offer possibility for the treatment of diabetic retinopathy.
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2| 23 3}41-E- (advanced glycation end-products, AGES)
< BFeE 7HEEE, 2] HEE o Bol e
% (retinopathy) 2} 72 g E3x dAFte] & A o
i o]t} (Stitt and Curtis 2005). w2 &£3HE- = pensosi-
dinez} methylglyoxal =A<l N-carboxymethy-lysine
(CML), N-carboxyethyl-lysine (CEL)2 = otejx|a1 o+
o]z AGEs & shiv}o|t} (Mooreet al. 2003). 2|2 A+
oA AGEse} AGEs®] 2-249) RAGE: thwwlA 3
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P Fo WelozA 2 93-S sk oz duil
(Wautier and Guillausseau 2001; Goldin et al. 2006).
AGEs:= bovine serum abumin (BSA)z} ZebAl=} 7+
e Mgty w3 ARl Hefsh AW
Q1 =} (vascular endothelial growth factor, VEGF)
FE8 Fotel vlAAR WMz HPE A
o} (Tanaka et al. 2000). AGES:= ©H 3kzte] vt o
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Tl EA delda o)A gty (blood-
retina barrier) 7]% Ao ql e Z=o] =i e} o)

7o} (Stitt et al. 2000). 121} #A) AGEsz =8 =t

P w50 7122 oA Al vk Qe
A7 Ao A e FPH FA (anti-

angiogenic) °f252 7k f7] AFEEIH o5
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oA F Y%A} (gold nanoparticles, AUNP) 7}
g1t} (Grabar et al. 1995; Cho et al. 2005; Li
006). AUNP:= AR A 3L 7hAe, = —‘EE}/\
Fadel og EAEMI g4 A+ A F
W Psel 2 Bt 53] $& ot Ao
Bl oful 22 st 37)e} ZkshAl Agsh, Al 2H)
Ql3} ghelal 24715 712l il A o] AuNPe} 233l
IE58] AESA 7)5e] WA = (Resham and Pri-
byabrata 2008).

2 A= A 3] A & (bovine retinal endothe-
lial cells, BRECs)oll /] AGE-BSAZ §=3 |22 o] %
2 g 22 AAEFd FA 7)=el AuNPe] o3k
stelat A skt
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1. Al xe] ¥

BRECs®| 2]+ Frye and Patrick (2002)2] w}+ el wh
o gstgnh & AFE R AEHA =6l A
T3t L"EFJr Fode =z AgAde 7 g aex
A& W4z 23] AHI F 25ug mL-1e] ampho-
tericin-B (S|gma, USA)2} 100U mL-1e] penicillin-G
(Sigma, USA), 100 ug mL-12] streptomycin (Calbiochem,
Germany) o] Eoil 1%2] A= A3 F ok
= Hz AT s 47 9% A A9
A2 AAstE e e 2ake] = (retind pig-
ment epithelial, RPE)gil-m ZA A AZE3H9
P75 100mmdishz &7 & Folgli RPEZS H-
B¢ okpAz AZstget a3 ohe PBSeE £ oW

ARSI, g 22 g 7HE ol gdte] 1mm ¥

J

Az AA e o] 2A4L 15mL FH 2 £7] 3 300
rpmol| Al 1087 A== 9ot =32 penicillin-G
9} streptomycine] Eoi3l= MEM (Sigma, USA) v A =

9 AHE s

2. A X wl ok

A E o] 9l 22& 2 F2 o= |Isvove' s modified
dulbeccos's medium (IMDM: Sigma, USA) ulj x] ol A] wlj oF
3l=1d) o] wjA|e| = F7}2l o= feta bovine serum (FBS:
Gibco, USA)=} 150 ug mL-12] heparin (Sigma, USA), 10
ug mL-12] ascorbic acid, 100U mL-12] penicillin-G, 100

ug mL-1e] streptomycin, 2.5ug mL-12] amphotericin-B

& A7Bisls 38 8 37C, 9% 00, 1ol
Fatolet. 24417k Fol WA E AAST ARG wo

D}~ Nz 1483 22 xS MEM vAZ A A3k
2 1] 3Lvje} IMDM WX = w3tsl] F910)

3AES) AEE 57

MTT assay:= Mosmann (1983) ¥l el| whe}l A|s)s}s]
o} BRECsZ 2x103cdlsmLt A= =2 A 53 &
96 well plate (Nunc, Denmark)ol] 200 uL# H-F3}ef 24
A7F <t weFsla 0.5% serume] Soigl: IMDM i)
oz mEsT 2447k F7} vikstaich vkl &
200pug mL-1e] MTT (sigma, USA)7} =35 wjefh oz
wEs 3A7F REEAIFAT 3AI7E & kel wEn
dimethylsulfoxide (Sigma, USA)Z- 200 uL well 18-S 4
o] 5E7} Ale Hlx|Ele] FE=2A ARl formazans £
) A]7] & F-3}3}x A (microplate spectorphotometer: Bio-
Rad, USA)2 570 nmel|r &F4=8 ZA sl djx=L=
u) g e,

4. A 22 o)FA 54

Plate 4ol 4] BRECs®] °]§Ad& Fotmr] ¢ls) plate
ol scraperg o|-g-stod wiofdt Alxo] dR-EE AASH
9Jc} (Dona et al. 2004). PBS=z 23] A2 3 Alzpd=
BRECs?] ©¢]%& HE: cell migration assayS A3} s}4]
o}. BRECs9] o] FAlS 9JAA&v]A
AR ARANA A S Be] 24
uracil (Sigma, USA)2] =zl 3slol] Al3) =it}

mlo
2
rr
¢
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FELREEE

24 well plates] 10mg mL-1e] matrigel & ZEA]#A 30
B7F Aol A wjekslgdth 2 mLe] BRECs:= matrigel o]
=99 wello] A7HE F 37°CeA 24417k wjekslsieh
(Moon and Kim 2000). o] & A2 PBS= 33] M3 %
70% ol et-g-2 4°Col|A] 30 oA 1A sl Tubular
length= Axiovision FRET, Rel 4.6 software (Zeiss, Ger-
many) 2 o] -g-5e] Z4alodc).

6. Caspase-3 &4 =3

BRECsE lysis buffer2 &l 1027F F<io7t
12,000g2 1087+ 4°CellA] AR A} Ab=

%38 BCA protein assay kit (Pierce, USA) 2 w2l =%
5 543l 80uge] =S 96 well plates]] ¥ 37 100
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uMe] AC-DEVD-pNA (caspase-3 substrate) 2 3 7}s}oq
37°CellA 2217t F<tb uE3-A1FH (Nicholson 1995). 7
F WEEE 33E B4 (Perkin Elmer, USA)S
o]-g-3te] 405nmell A ZA] 3k

7. A ¥4

Ay A fo4d HFE Sudent'st test W el] o}
g AAslgem, p<0.05 $FA o8 AZ3
o 2E A2 33 o] AT AY e Ed=

24555,

LAZS] AEE

BRECso| 4] AGE-BSAS] 41483 34 &3}s Fql
317] $l8l AGE-BSA 2] A F33 wjA| o)A A=z A
&< 345 BRECs7E 73 wfA]ellA 2kl
e 75 24717 el 1 47} FHAsledeh BRECsE:
o38] %= (5,10, 20, 30, 40, 50, 100ug mL1)¢] AGE-BSA
o] =247 A3}, AGE-BSAE: BRECsE ¥x 2o]&%
o7 Mz FAE doFvh Az 22 20ugmL?
o] F=olM e deploh =3 1% =2 AGE-
BSAS] 79 Alze] FAe] JAIEE & & sk (Fig.
1A). Fig. 1B BRECso|A] AuNP?| Z#}= <to}ny)
913l MTT assay & A A3tdo BRECsE 2447F <t
oJ8] %% (100, 200, 300, 400, 500nM) = AuNPZ Xz
g+ 73}, 300, 400, 500 nM 2] AuNP % =o]A] BRECs®]
AAE frelH ez (p<0.05) HAlsksit Fig. 1C= AuNP
o] g Y& A3 918, AGE-BSAR F=3
BRECs Z4]& MTT assay2 AlA}3it}h. AGE-BSA¢}
300 nM 2] AuNPE- FAlell A{2]3 Z 3}, AGE-BSA o5
A2 gt 799} vlwste] Mo FAe] FoH<l(p<
0.05) 742 Byt

2. | 22 o] 5%

AE o5l 9le]r] AuNPS} AGE-BSA9] &3ts o
7] 48] wound migration assay S Al A]5}gic) & Al
g 2A0A AE o5E oz xdY Aoz
AGE-BSA®] |3 x| o] 553e AUNP 35 2|
g 759} mlwste] A vebdol (Fig. 2). 22y AuNP
¢} AGE-BSAE FAlol #2]3 79, AGE-BSA 5
2& 792k nlaste] Alxe] o] FwHel foxal (p<
0.05) 7Fa5 ®oloh mebr] ¢ A= 300nMe] AuNP
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Fig. 1. Effect of AUNP or AGE-BSA on cell viability of BRECs.
(A) AGE-BSA induced cell viability in BRECs. AGE-BSA
showed the maximal cell proliferation at 20 ug mL-* com-
pared to control. (B) AuNP inhibited BRECs survival in a
dose-dependent manner. (C) The addition of AuNP with
AGE-BSA in BRECs decreased cell proliferation. Each bar
represents the mean+ S.D. calculated from three indepen-
dent experiments. * Significantly different from control at
p<0.05.
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Fig. 2. AuNP inhibits AGE-BSA induced cell migration in BRECs.
The quantitative assessments of cell migration, in which
AUNP blocked the AGE-BSA induced the cell migration
calculated from the control. Each bar represents the mean
+S.D. calculated from three independent experiments.
*Significantly different from control at p<0.05.
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Fig. 3. Effect of AUNP inhibits AGE-BSA induced tube formation
in BRECs. The quantitative measurement of tube length
expressed in mm mm-2. Each bar represents the mean+S.D.
calculated from three independent experiments. * Signifi-
cantly different from control at p<0.05.

x]2]7} BRECsellAq] AGE-BSAo| 2]8t A Z2] o] %
+ JATE & & sk

3 A Ee] W3 A

AAE T Aol ool AuNPe] &g ofolry] 9
3] tube formation assayE Al A)stelc} (Fig. 3). = A3,
AGE-BSAE= *]2]3t BRECs:= RA| ¥ 3A}HS 3Alsl9] S
& o 4 Qlgiek o9} W= AUNPE w5 X2l 3 A3}
wﬂaawzu Mg @43 oJAsgeh =g AUNPS)

1.0+

0.8+

0.6

0.4

Caspase-3 activity (LM pNA min-2)

Fig. 4. AuNP induces apoptosis in BRECs by caspase-3 activation.
Quantitative measurement of caspase-3 activity for various
treatments. Each bar represents the mean+ S.D. calculated
from three independent experiments.

AGE-BSAE FAloll #2]g 7%, AGE-BSA T5 A2
gk A5-¢} wlawste] mAF ] wjde] f-2]% <l (p<
0.05) 2% Btk o= % JJrgc’ s & o,
AUNP7} AGE-BSA¢ 2]3] $3 BRECs?] o]EA ¢
S e ] i e i 2 AtsHd

4. Caspase-3 &4

AUNP2] ©]2 3 BRECs A= o] %A W =#A3A o
A7 oAul gt 7)Ao oa] dejup=A] Felstr] s
apoptosise] wEA <) caspase-3 A AL ZAEY
o} (Fig. 4). 7 A3}, AGE-BSAS] EA]oJ gl Alatg) o]
AuNPy:= caspase-3 &4°] 3718 =313 AuNPej|
9)8] 4-x% apoptosis= caspase-3 14|49l Ac-DEVD-
CHOZ X33t A3} aapxo=s A=

i &t

2 3T BRECsA] %52 AuNP #2]A] AGE-
BSAZ =8l AZ A4 R o5l dg A7) cas
pase-3& %3 apoptosiss ¥13]x} d14idh.

A 2 vk e EAl 2] Z)eE ols®
ol 9lo} W =& Foh AP Ao WA
2o ujeke me mAFo| ¢lgly Be] &fo| Uig
(Suetal. 2003). A% Ful Azl AAL HeFg Ax
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52w st =Egale] AeE gt dgla, 1 A% F
HAlze] AAE & 4 s 283 48 AAHE F
3] BRECsZ <dgit} (Frye and Patrick 2002).

QFFoll A YAt KAL) zAA] Al 3 A]
< A3} (Ren et al. 2005). <14 9] ¥b4= (aqueous humor)
2} 2] A (vitreous body)ol| 4] Y=Y A}e] 5= 05~3
ug mLtz FAEAE AER YA A3E gk
A 3te] A7 79 A=) (Spranger et al. 2002). v}x=3]
o) FABYA B A e 2 e 2
ATFelA 5= AuNPE BRECSS A& %
zdo=z A3ttt o] AuNP7} BRECse| 24 =
g3te] xRk e deiFch =3 AESA
©7]7] ¢k AUNP %ol A= BRECsel 4] wHate] A4
B P 245y A4 AGE-BSAS) 4% o
5 22 B4 dAFoA Az JE3 IBYAY o
e odsigst 25 ol 7189t o

gFofof & Aoz Alg
AGEst Taitess}t 2 Fagi Sl oA &
23 AFe o Az, FEIH 2, A E, 2
T, B Fxo| o8 MM x| R glejA AGEs,
RAGEs?] -2 77} 9Jsdch (Sakataet al. 2000; Yama-
gishi et al. 2003). o]x 2] o)A x| Zz)A AGEs

rl off
o[l“

=)

EANES PAE Fesldyr B 94 AgelA A
ko] ZAjel| w3 %h% 2] &4 AGEs ~Fo| 8ulv}
=7 Vel (Stitt et al. 2005). 2 ¢ 7oA AGE-BSA

1+ BRECsdl|A] A= xgza o] %, A AT Ao =7}
5 7Sk vl S Az 40 F7bt 20pgmL Y] w=
7428 AGE-BSACA] R AR, 2 o] el 7
Aateh =M A AGE-BSAS] FA% Fha
= AlE 93} apoptosisell )3 Zlo|eta AlsHH.

H]5 AuNP2] shaldE R 34 FAdel s A3
o H AL AARE o)A @ ATl AuNP7}
BRECs®] apoptosisE oF7]slctw <A} ¢) 3 (Chen et
al. 2006), ot& A2 A W] &= Iop= At
Ae] d¥A ‘}l\:}(Hutchingetal.ZOOZ) e i so
912 AAE R A AAA 7 W= Ml 22 apoptosisE
Fregeh Yregizks WA 2] apoptosiss oF7]Eh=
caspase-3& Fw=dte] FAAE R PA S doF (Vol-
pert et al. 2002). ¢t 2o AFE P FHZE A=5
e Az BAS e Aot

7 2

B 31 BRECso|A] AGEszZ §x3 A x9 o%

d

2 Aol 3leiA] AuNPE] el 3t dFelvh & 7
HozRE WIMNEZE REsiy, AlE AEES MTT
2 3F¢l3}¢d o). Wound migration assay:= BRECs2]
ol gH & syl $la 4=)3ld=t. Tube formation->-
on-gel systemS E3f &<lslgict. AuUNPL] apoptosis 5
X+ caspase-3 assay S E3 Eelsleith. AGE-BSAS
AMzFA g oolFel SlelA FIhE BedFdd =&
AUNPE= AGE-BSA &3] §-%ol Adgle] Mz =4
olF, ANER FAHE JAE 1, caspase-3S 53l
apoptosisE =3}l o]8st A3}, AuNP= AGE=
e AR P4 9 Az o E4E dAshe o
AR A, Fud PEFel Qold Aoz Fad
#2479 Aol

;
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