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Qlotehstu ofuttst Qtutstwd, QIgh AlajetHta
FH: HHIAEEl(simvastatin)0] thaf AEASHO| QUMY AYMAY UMM YotEl SR I|YH AR ot Fet= 0|X=X]
LOLE X} SFRAC,
oot W Simvastatint H.0.2 %E% 22l5t UMY UMAYTIME XS F MTT assayE sall M2 2g=E SN
Cf, Simvastating & HMx|§h QUM Lot MAMIIMEO| H0, 100 umS XM2|5tH Mat AEAS F & ELISAE 0/Z0l0 VEGFE
ZHstAct
21k Simvastatin 10 um7tX[= M2 =0 G0l GIA2L 10 um 0|49 S=UM MZ =Tt Hadte dds 2R Mat
AEY A ot QMY UMAYIIMEES 5 um 0|5+9] simvastatin0ll & Mx| Al VEGFO| Z3H0] HASHUL =EAZHM TGE EH2
A eE Al 7t BAERCH 2402 eE AITHX| RI&ERACH
#E: Simvastatin2 thaf AEHA 51O QUK YLYMALTIMZM VEGFO| 85 HAA7|H VEGFO S7t7t Hole2 X&E5t=
2o ges ogsted =80 2 &+ UAs A2z J|tEn
(CHStettet S| x| 2012;53(6):849-855)

AF UL 504 ool A dofif= &Rtel W kg, ASHES, At 5o thefRt fglo] AlAIEHAL A
RGO R Aol K= 55A] o) gl Qltell A ARt Al on darjul g aE A g Ao A ARkl
UAsE gushe FE Uolo] B Astoln], WA $¥] WA o]F g ATHTARAAE o] 8T A7} YAlel
Uetol iz Qo] wastel g 1 wale] WA Bkt A @] AR gk
3 Qe Aol AR TS 270 =219 PG F35He ARRE= VEGE (vascular endo—
Aoz ERRofR= 149 Fejo|Ant dH oA e thelial growth factor), bFGF (basic fibroblast growth
sto] wigheh Iyl o g EXxjojz|= ArEA ] 2 factor), IGF—1II (insulin—like growth factor—1II) 50| Q1L
Lrehe, AR Al Ashe gt dehh e Eht oAz A== PEDF (pigment epithelium—derived
Bt A& AgmEsiubd Aol skt o)) what factor), TGF- (transforming growth factor-3), platelet
A AT A EZ ofgfjof 4] HhAISE migtul A AE e =2y factor—4, angiostatin, endostatin 5°| St} AAFuA;
AbEEoll dolo] o3 Aael g e dod S A FRYA = Aol VEGRe BuaA oA <l
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wjere} ALAET WA 9l0] sl AE AR AEdL W o] R ARE SN AR QA tel Ak

ol Qxzke] o] A o] Bua HLAYL B
" E 4 2011 7 15 = AASIH: 2011 102 10Y St Abeh AE#HS] ofgh QAR Aol A ]
" AEtote: 20128 48 202 VEGF®] £u] wishs wietep A dae frEske] 4t
T EEUE I 24 QAgPAPIANS AT 5 Uk
QAN B Aoz 27 GO Hal AR FhAdo] Aol FAO] B TEA
olstHatmE Y ot Statins> ZH|AEHE Aol Al Al SEEA|
Tel: 0;2—8 O. 3408 Fax: 032-890-2417 Uﬂ T;_L_F'_'_E}_% ioﬂ ] _zﬂ__?, _’9‘__4_(3 hydroxy—methyl glu—
E-mail: hschin@inha.ac kr

* This study was supported by a National Research Foundation of Korea
(NRF) grant funded by the Korean government (MEST) (No, 2010—
0012245) and by the Converging Research Center Program funded by
the Ministry of Education, Science and Technology (2011K000697).

~

phthalmology.org

taryl—coenzyme A reductase)o] that AR AHA = |
2 As} A RA QAo R o] ARE-E| L 9]t} Statins
2 A8 A ATES S50 W HES SAjo A

caE=

849



- isteratets|x] 20124 X 53 B KM 6 =

49} ze plelotroplc effect7} Z®uly 9lon in
vivo AFoA] statinso] @3 U] VEGFQ] HE& =L
T RuEQeh Y Ase B o1s Ea) AleF A
Ed|2of egd JAGHU TN ZA| A simvastatind]
°|3t VEGF9| vHd W3ls waslast shich

CHdh B

MIZZ B

QA A A A ZZF( ARPE—19;ATCC No. CRL—2302)
£ 37T, 95% air, 5% CO7} FF =+ So3hd 7)ol
A ulj ekttt vkl 56 Cof| 4] 3087 EA ]St Fetal
Bovine Serum (Gibco BRL, Grand Island, NY, USA) 10%
2} penicillin (100 U/ml), streptomycin (100 wm/ml)z}+
amphotericin B (1 pm/ml)E =33t 3FAYA|(antibiotic—
antimycotic, Gibco BRL, Grand Island, NY, USA)E &%
3 DMEM:F—12 uj%x](Gibco BRL, Grand Island, NY,
USA)E ARg-shleh ajoFl 3duich A2 w3kshglct.
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QA A AT M| O] A|ZARS FESHA] = sim—
vastatin (Sigma—Aldrich, St. Louis, MO, USA)x} Hy0.2]
otr 7] fJgte] FENREHARE E8 Al
S =2 =A3}3th 96 well microplate (Falcon, Lincoln
Park, NJ, USA)e]| mratiaita] fl S 5x10° cells/well
2 IAA7]AL Al BGH 90 ul¥S Z47) E55H3iT) 24

X7F WSk ol H,0, (0, 10, 20, 30, 50, 1oo, 200, 300,
400 pm)&}, Simvastatin (0, 0.5, 1, 2, 5, 10, 20, 30 um)
2 =xdE 10 ul¥ Y1l )2 2 phosphate buffered
saline (PBS) 10 ul& 9& 5 247k 37°C, 5% CO; o]
ol Al wvjekstoch RE welle]| 3—(4,5—dimethylthiazol—
2—yl)—2,5—diphenyl tetrazolium bromide (MTT) &<
(Sigma—Aldrich, St. Louis, MO, USA) 10 ul& 7]—6‘}]1*7
oA 37°C, 5% COz0llA 4AI1ZE T wjeFsto] MTT7F g
T2 319k ZF welloA medias ¥ 2 DMSO
(Sigma—Aldrich, St. Louis, MO, USA)E 150 ul® g1
108 Zot ZE0)4] AT MTT formazan Z2AE =04
microplate reader (Bio—Tek, Vermont, MA, USA)E o]
3to] 540 nmojlA| FFEE S5t Alxzgddrel 4

A4 FEg

ROk

uﬁ
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23t el FYE Aol S % e gich.

VEGF ‘4ito] =7

QA Tk A M| SZE simvastatine] EEEE(1, 2.5,
5, 10 um) A A3 & 3A17F Holl H:0; 100 umS A g
alo] Ast AEHAE & & cell culture supernate sample
2 £3k8F 5 ELISA (Enzyme-—linked immunosorbent
assay) & ol45}o] VEGFE Z4alolct. @7} %2tel 96
well microplateo]] A|RE A7}kl Al2of|A 2A|7F uljoF
S AIAZE F conjugatedal Aol A ZAIZt i FRE F Al
Z & substrateS 7}t 258 3 stop solutionS &7}
sheleh. B F=AR 540 nmoA FFE=E A6
VEGF9] 2#& ELISA kits (R&D system, Minneapolis,
MN, USA)E o]&3}it). VEGF kit:= 4] 7}x]9] VEGF
isoform % VEGF12:9}, VEGF 165 24390, 24 %
A7Fe VEGF: 15.6 pg/ml (intra—assay coefficient of
variation 4.1%, Inter—assay coefficient of variation
5.4%) 013t} 33] RHE Z7sto] HitghS HFgo = AL
ok

SHEA
A% ATR= 33 ole] SYR A ¥ B + B
z1e] e 2 FASITE EAEA-L SPSS version 19.02
o] g5t o Kruskal—wallis testE o]-83lo] tx+3}
A 119 Aol Wlmslgch p<0.059] A4S FAH
fe40] Qe AoR IR
4 af

Simvastatin0| QXYM TIMEZL| SM=0f 0|l FHet

MTT assayE &5to] AZARS Fd61A] FowA Al
| ©7 4= 9l simvastatind} Ho0.2] A =x &
AFeEGITE Simvastatin 1 ume]] 2441 7F Wi FstRS wf A
AE-E0] DMSOE Y2 tfzof H3f 99.3 £+ 2.3%
2 HYow, 5 umoA= 98.3 £ 2.8%E HSth
Simvastatin 10 umoj]A+= 93.0 + 1.5%¥24 20 um ©|
Ao FEoAE FE STkl Wk AlZAESC] AL
2 ZFASH= OFARS B o simvastatin 10 um oA} 9] =

]H‘— EHo] 14-1;]-14—7] /\]xl— A2 ﬂo]zﬂ— 2= Qi
(Fig. 1). H:0; %= 100 umﬂ]/ﬂ% 99.3 + 4.3%=5 HYo
U Ho02 200 umoj| A= 85.0 £ 2.5% % 01 o]Z H.0,
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Figure 1. The viablity of ARPE-19 cells on exposure to
simvastatin. Human retinal pigment epithelial cells were cul-
tured for 24 hours with various concentrations of simvastatin.
Cell viability is fair at less than 10 um simvastatin, but cell sur-
vival showed progressive decrease with increasing concen-
tration of simvastatin more than 10 um and toxicity was ob-
served at 20-um simvastatin. The cell viability was determined
using MTT assay. The experiment was performed three times
independently.
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Figure 2. The viablity of ARPE-19 cells on exposure to H,0,.
Human retinal pigment epithelial cells were cultured for 24
hours with various concentrations of H,0,. Cell viability is
fair at less than 200 pum, but cell viability showed progressive
decrease with increasing concentration of H,0; more than 200
pum. The experiment was performed three times independently.
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Figure 3. Effect of H,0, on VEGF expression in ARPE-19.
Human retinal pigment epithelial cells were cultured at vari-
ous concentrations of H,0,. Concentration-dependent in-
crease in VEGF expression occurred following treatment with
50, 100 and 200 um simvastatin for 24 hours (*p < 0.05).
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Figure 4. Effect of simvastatin (Sim) on VEGF expression in
exogenous H,O, (H 100) stimulated ARPE-19. (concentration
dependent). Human retinal pigment epithelial cells were pre-
treated at various concentration of simvastatin for 3 hours and
further incubated with 100 pm H,0;. Simvastatin concen-
tration of 1, 2.5 and 5 um inhibited the VEGF expression of
ARPE-19 under oxidative stress (*p < 0.05).
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Figure 5. Effect of simvastatin (Sim) on VEGF expression in
exogenous H,0, (H 100) stimulated ARPE-19. (time depend-
ent). Human retinal pigment epithelial cells were pretreated
with 5 um simvastatin for various incubation time and further
incubated with 100 pm H,0,. The decreased expression of
VEGF was evident as early as 3 hours after incubation, and
lasted for at least 24 hours (*p < 0.05).

8] VEGFO] &S Z7gskqinh. Simvastating A A 2|5}
7] Ao Blgte] 1, 2.5, 5 um®] simvastating A 2] 2|5}41
= A5 gl 2B Aske] A Ao A VEGE
o] Wlo] o5t Fadhe As e 4= U2 10

ume simvastatin® A #x)5}9S A-$- VEGF:= 8-23t
HolE Holz| Yokch(Fig. 4). AAGHAAA TN EES
simvastatin 5 umol] A|ZFER(3, 12, 24, 48A|17H) =&
A7l ¥ ELISAE E3) VEGF W3S 2A4stgich AlsF A
E 2519 QAW AT Ao A simvastatino]] 3A]7F =
S of VEGFE] o] 71 A= gl em VEGE oA
Bt eE AIZEo] SRl el Fassiel o 24417k
A &= lck(Fig. 5).
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Statins2 2|2 ) |93ko 2
W IE AT JHE BEn HEEa dastoln
o] ool BI7E o= AR Ak HT A
W statins®] FHAS offans APAAIHEA
9] g a7}t QIS Ao R FET Q) Freidman

o] g3 wdl(vascular model)of| w2 wzha} $EQko)
e wrakaba g ze] A ojAtel wrakata A o)A B
HjElE XA ko] A7E AalA7]R ol E2Ale] §
A, A WA A5y &mal olUe) A3)8ke} v
o] vhie Rttt ofuf statinsof &fgt Ey W A

Aht ASee WED weln mAEY Yo BRE 5
kY

7N A QHE U A A O] WS b=tk o9} Hesio]
TP AT A ZFo)A] statins @] RIS EHolElIET] in
vitro Ao|A QAT A E(ARPE-19)7} apoB100
AR TS SPAshE BHjshe A e Zuwstelon statins
o] JAGHFEA|Z e S FHE FHAHES FFS
B A A Zo A apoB100 A AT O] Fu]E
AA el AL Zwsigit”

Z| L statins©] gALEFREo0] oS o] it
of 17} ke FAEC] 1 E A @it} Blue Mountain
Eye Studyoll w2 24202 statins& H-884= Zlo]

AFHANAA ool F3 vlEvloly SIS &
43 A3 gi53 a3t = Ao yEeRgon, statins
o] protein kinaseZS A FA| A Arg} A A (nitric oxide) 2]
AL Z7IA]7] T o] metute] HEZ FpAA|A §F
A &eriE s HesiEthe A HaE o

E3) el AL uhy 92 Qursll o= %
7b A8 E=t statins> 2 FA oz C ¥hgA ol
(C—reactive protein, CRP) 9] UWsA|xZofo] 2-&-S- 9|
o 0k oy} CRP A& HEo =i 9545 il
o]”f_‘ 7/‘1.9__% oal_e:]ﬁq_l7 20

2|2 o8] dFoA statinso] % VEGFY] =5
Al7]1aL VEGFS] g/dof A HARIAE skaF 28 A|
the Zlo] Ha o statinso] VEGE =84 ¢] qliteks
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UdS Hlws 2otk 2% o%‘—E—J simvastating 73}7]
Al AlZZHY= HARE AR 23 10 pm7kAl= 93.0 £
1.5%9 =& AxZ HEEE HPOo 10 um o]/4dolA
SimvastatinQ—] w7} 2718 )| whet AjZ AYEL0) 7:]]5:7(4
2 Zdasto] Al 545 Uetle w%71 10 um o4

& 9 4 SI5ek(Fig. 1. 4ok A= el 2sto] Sl <Al
A AV A SEoY| A simvastatino]] 2] VEGF2] ¥4l
olHL AlFoAlL 5 um ©0]5}e] simvastatin® A Z %]

A9 HO5 9502 AU 4.0 VEGRe] k)
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=ABSTRACT=

Effects of Simvastatin on the Expression of VEGF in Human Retinal
Pigment Epithelial Cells

Kyoung Jin Kim, MD, Kyong Sil Kim, Na Rae Kim, MD, Hee Seung Chin, MD, PhD

Department of Ophthalmology and Inha Vision Science Laboratory, Inha University School of Medicine, Incheon, Korea

Purpose: To examine the effect of simvastatin on vascular endothelial growth factor (VEGF) expression in cultured human
retinal pigment epithelial (RPE) cells under oxidative stress.

Methods: RPE cell viability was measured using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) as-
say after 24 hours of incubation with various concentrations of simvastatin or H,O,. Cultured human RPE cells were pre-
treated with various concentrations of simvastatin and then incubated with 100 um H,O,. After 24 hours of incubation, an
enzyme-linked immunosorbent assay (ELISA) was performed to evaluate the expression of VEGF.

Results: Simvastatin showed no toxicity up to 10 um, but cell viability gradually decreased with increased concentration of
simvastatin. Human RPE cells showed increased VEGF expression when exposed only to H,O.. When RPE cells were
preincubated with simvastatin and later exposed to H,O,, VEGF expression was relatively lower.

Conclusions: Simvastatin downregulated the expression of VEGF in human RPE cells under oxidative stress. Simvastatin
may have some clinical benefits in preventing retinal diseases associated with VEGF.

J Korean Ophthalmol Soc 2012;53(6):849-855

Key Words: Age-related macular degeneration, Oxidative stress, Retinal pigment epithelial cell, Simvastatin, Vascular en-
dothelial growth factor
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