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Abstract 

·AlM ： T0 investigate the m echanism Of prOIiferation 

e什ect induced bv (R，R)一XY一10 and (S．S)一XY一10 on 

retinal pigmented epitheIial cells(ARPE一19)． 

·METHODS：Human retinaI pigmented epithelial cells(ARPE一 

19)and human umbilical vein endOtheIial cells f HUVECs) 

were used to investigate the e仟ect 0f(R，R)一XY一1 0 

and(S，S)一XY一10 on cell growth，and their mechanisms of 

prOIiferative actiOn by using ERK、 AKT、PI3K、PrOtein 

kinase C(PKC)and Nit ric oxide svnthase(NOS)inhibit0rs． 

·RESULTS： (R，R)一XY一10 and (S，S)一XY一1O dose— 

dependently increased ARPE一1 9 cell DrOliferation，but not 

On HUVECs． W hen treated with Dr0liferative inhibit0rs． 

H7(5umoI／L)、hypericin(20 mol／L)、PDg8059(2um0I／L)、 

LY2940O2(50u m0I／L)、SH一5 (1 0u moI／L) and L—NAME 

(100umoI／L)，the proliferative e仟ect was reduced by H7、 

hype ricin、PD98059 and LY294002，but nOt by SH一5 and 

L—NAME． 

·CONCLUSlON：(R，R)一XY一10 and(S，S)一XY一10 can induce 

cell pr0Iiferati0n thrOugh MAPK and Pl3 K dependent 

pathway． 

·KE、 WORDS：age—reIated macuIar degeneration；(R，R)一 

XY一10：(S，S)一XY一10；ARPE一19 celIs：human umbiIicaI 

vein endotheIial ceIls：DrOliferati0n 
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INTRoDUCTIoN 

r1_1 he retinal pigmented epithehum (RPE) is a m0nolayer 
1 ceII l0cated between the retinal ph0torecept0rs and the 

choroidal bl0od vessels ’。： that plays a key role in the 

mechanical and metabolic support of the photorecept0rs[ 
． In 

n0rmal eves， thefe is ve nr little RPE ceU tu r|1over． and most 

RPE cells survive f0r an individual’s lifetime． RPE cel1 death 

is acc0mpanied by underlying ch0ri0capi11aris atrophy and 

0Ver1ying retinal thinning， ultimately I℃sulting in decI℃ased 

visual acuitv ． Theref0re．RPE cen is the main element 

of some 0cular diseases，such as pmliferative vitreoretinopathv 

(PVR)， uVetitis and age—I℃lated macular degeneration 
(AMD) 。o’川． AMD exists in both non—exudative and exudative 

f0Hns．The n0n．exudative fnn11 involves at r(】Dhv 0f the cemml 

macu1a with a sl0w and pf(】gressive l0ss of centra1 visi0n．The 

exudative f_0nn is ch啪 cterized bv the wth of new blood 

vessels thr(】ugh Bnlch’s membrane int0 the subretinal space， 

and the development 0f ch0I_(JidaI neovascularizati0n (CNV) 

th r(】u曲 an angiogenic pr0cess． The pmgression of AMD is 
associated with retinal innammation and drusogenesis ’ ． 

Moreover， it has been shown that the RPE celJs of atmDhic 

(dry fnrm) AMD patients are signincantly higher on cell 

iniun and death ． 

The Mit0genIactiVated prI】tein kinases(MAP )are ubiquit0us 

enzymes， which play a piv0ta1 I_(】le in variety 0f cellular 

functions in many ce11 tvpes [ 。， 
． Three mai0r mamma1ian 

MAPK subfamiljes have been described：ERK1 and 2，the c 

Jun NH一2 terrninal kinases (JNK)， and the p38 kinases． 

Among these，ERK activati0n is typically associated with cell 

sLlⅣi词 ．Pr0lif_em【j0n and diff_erentiati【)fl10Il 
． PhosDhatidvlin0sit0l 

3一kinase(PI3 K)is a family of enzymes that ph0sphor)rlate 

ph0sph0lipids which engage various other enzymes such as Akt 

(pI．(】tein kinase B)． It is we1l established that activation 0f 

PI3 K plays an important role in promoting ce11 sun val and 

p r(Jliferati0n in numemus ceU svstems l̈ J． Activation of PI3 K 

I sults in recnlitment of the serine—threonine kinase Akt．one 

of the downstream targets of PI3 K，to the plasma membrane， 

where it is actiVated by the 3一ph0sph0inositide—dependent 

kinase PDK1． Activated Akt alf cts the activity 0r abundance 

of a number of transcripti0n fact0rs Hnked t0 celJ sun ival and 

pr0liferation ． 

On this study，we want t0 investigate the eflfect 0f(R，R)一 

XY—l0 and(S，S)．XY．10 induced pmliferation 0n ARPE．19 

cells and the involvement 0f MAPK and PI3 K and Akt 

pathway． 

M A_l’ERlALS A D M E J’H0DS 

Materials (R，R)一XY—l0 and (S，S)一XY．10 were 

synthesized( gufe 1)．H一7(1一(5一Isoquin01inesulf0ny1)-2一 

methylpiperazine，2HC1)，Hypericin(C3H1608)，PD98059 

(C16H13NO3)，LY294002(2一(4一Morpholiny1)一8一phenyl一 
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4H一1 Ibenzopvran一4一one。SH一5 (C29H59010P)．M IvI、3一(4， 

5一dimethvlthiaz01—2．v1)一2， 5一diphenvl tetrazoliun1 bI．(Jn1ide 

were purchased frnm Sigma—A ldrich(St． L0uis． M0)． The 

chemical stⅢctures of(R．R)一XY—l0 and(S．S)一XY一10 are 

pI sented in Figure 1． 

ARPE．1 9 Cell Culture The human REP celJ line ARPE一19 

0btained flr0m American Tvpe Culture C0lIectioI1s (ATCC； 

Manassas．VA)was cultured in Dulbecc0’s m0dified essential 

medium supplement with l 00n1L／I feta1 b0vine seⅢm(FBS)， 

50kU／L penicillin／streptotnycin and 2．5mInol／L glutamine at 

37cc incubator with 50mL／I C0 ． The cell Iine is n()t 

transfbrmed and has structure and fll】nction pr0perties 

characteristic 0f RPE ㈨ ．The cells were seeded into 96一 

we11 plates， and subconfJuent celJ m0nolavers were studied 

within three to ten passages． Befbre starting the experin1ental 

procedures， the medium was removed and repla( ed with 

phen0l red—free low—gluc0se D—MEM supplemented with l％ 

calf senlm，0．6 L glutamine，and l％ penicil1in streptornycin． 

HI C CultⅧ HUVECs were Durchased f_r0m ScienceCelJ 

(San Dieg0， CA) and cultured in l()w—glu(．I】se EBM一2 

supplemented with l00n1L／L calf senlIn， EBM一2 inc1uding 

EGM一2 SingleQuots(Cl0netics)，2I1lI1】0l／L glutaⅡ ne，1O0ku／L 

penicillin， and 1 00g／L strept0mycin in a humidi{ e(1 

atmosphere 0f 50mL／L CO ．950ml／L air． The cel1 line is 

not transfl0rmed and has stI1】cture and {_1】ncti0n properties 

chamcteristic of HUVECs 而 订m ． These cel1s were 

p0sitiVe for the end0thelial cell—speci c v0n Wil1e})rand fact0r 

and angiotensin一1一c0nverting enzyme a( tivity． The cells were 

seeded into 96一we1l p1ates， and subc0nnuent cell mon0lavers 

were studied within six to eight passages． Befl0re starting the 

experimenta1 pI．()cedures， the medium was rem0ved and 

I℃placed with phenol red—free low—gluc0se D—MEM 

supplemented with 1％ calf serum，O．6g／L glutamine， and 

l％ penicillin streptomvcin． 

CeII Damage Assay Culfured RPE celJs and HUVECs were 

seeded onto 96一well Dlates with a cell volume()f 1xl0 cell L， 

and were grown to 80％ 【：onnuence bef0re treatment to prevent 

contact inhibition． The cells were exp0sed to the control 0r 

vari0us concentrations of(R，R)一xY一10、(S，S)一xY一10(1， 

3，10，30，1O0m昏／L)，the culture were then ineubated at 37({C 

f0r 24 or 4 8 hours． Ce11 viabilitv was assessed bv using a 

3一(4， 5一dimethylthiaz0l一2一y1)一2， 5一diphenyl tetrazolium 

br0mide(MTT) assay 10 determine the pr()por【i0n of living 

ceUs in each culture(̈ ving celJs are those with mitoch0ndrial 

functi0n of dehvdrogenase) ． The 96 we11s cultures．after 

exposure to the c0ntr0l 0r the test compounds f0r 24 h()urs， 

were incubated with 5￡ I M IT at dilution of l：1 0 base 0n the 

volume of culture mediun1 f0r 3 h()urs at 37℃ ． At the end of 

incubation．the M Ivr soluti0n was removed．and the cells were 

dissolVed in 0．1 mL／well DMS0． Tl1e pr(Jp0rtion Viab1e ceUs 

(th0se with mitochondria capable ()f cleaVing the M I 

molecule to p r()duce the dark purp1e substance， f0rmazan) 

was dete ned by lTleasu ng the absorbance(4)0f each sample 

at 570 nm using a SpectraC0unt plate eader (Packard 

BioScience． Meridan． CT )． Exact celJ numher was 

determined using Trypan b1ue exclusion an(1 a hemacytoIueter 
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Figure 1 Chemical structures of(R，R)-xY-1O and(S，S)- 

XY．1O 

counting cells using trypan blue excIusion and simultaneously 

DeI rming the M I r assav 0n ce11s seeded at identical 

densities established a standard curve of A570 vs． cell 

number． The phot0graphs were captured with 01ympus DP 

C0ntrol1er(0lympusoptical Co．，LTD，Japan)． 
Effect 0f InhibitOrs RPE (·e1ls were washed and changed 

with fresh DMEM—Fl2 luedium were added Dr0hferative 

inhihit0rs such as H_7(PKC inhibit0r)、Hypericin(MAPK 

inhihitor)、PD98059 (ERK inhmit0r)、L 294002 (PI3 K 

inhibitor)、SH一5 (Akt inhibit0r) and L—NAME (N0S 

inhibitor)in medium c0ntaining various concentrati0ns 0f(R， 

R)一XY—l0 and(S．S)一XY—l0 fnr 24 hours incubation at 37℃ 

incubator． Reactions were stopped by washing 0ut the medium 

and 5 L MTT at dilution of l：10 base on the volume 0f 

culture medium was added f0r 3 hours at 37℃ ． At the end of 

incubati0n．the M IvI1 s0luti0n was renl0ved．and the cel1s weI．e 

diss0lved in 0．1 ml／we1l DMS0．The pr0porti0n viable cel1s 

was determined bv measuring the absorbance (A) of each 

san1ple at 570 nm using a SpectraC0unt plate reader(Packard 

Bi0Science．Meridan．CT)． 

Statistical Analvsis A11 data were Dresented as mean ± 

standarf| err0rs (SEM)． A nonpaiI d Student’s test was 

ped_0rmed to analvze the signm(：ance between two means at a 

certain time D0int． The differences were considered significant 

ifP <0．05． 

RESULTS 

Eflfect of(R，R)-XY．1O and(S，S)-XY．1O on ARPE．19 

CelIs (R，R)一XY—l0 and(S．S)．XY—l0 concentration． 

dependently induced celI prohferation at 24 and 48 hours．The 

Ⅱ1．dxium inc1．ease 0{。vja上)ilifv al 100I11 L was 127．0％吐2．2％(P< 

0．01)and 121．8％±2．2％ (尸<0．01)，respectiveIy with(R，R)一 

XY一10．and l15．9％ ±1．6％ (P<0．01)and 87．9％ ±5．8％ ． 

respectively will1(S，S)一XY—l 0． The increasing potency 0f 

(R，R)一xY—l0 was higher than(S，S)一xY—l0(Figure 2)． 

Effects of(R，R)．XY．10 and(S，S)．XY．10 0n HUVECs 

(R，R)一XY一10 and (S，S)一XY—l0 did not induce cel1 

pI_(】hferation either at 24 0r 48 h0urs(Figure 3)．The viability 

at 1∞ n1 L was 82．2％ ±0．6％ afld 82．5％ ±0．6％ ，respectivelv 

th(R，R)一XY 10，珊1d 85．9％ ±1．4％ and 8＆1％ ±0．7％ ． 

respectivelv with(S．S)一XY一10． 
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Figure 2 Efrect 0f(R，R)-xY·10 and (S，S)-xY-10 on 

ARPE-19 ceus(MTT assay，mean±SEM， =6) 

Efrects of Inhibitors (R，R)一XY一10 and (S．S)一XY一10 

d0se—dependentJv increased ceU pmlifefati0n in H，0 and DMS0 

treated ARPE一19 celIs，H—7(PKC inhjbit0r)、Hype cin(MAPK 

inh itor)、PD98059 (ERK inhjhit0r)、LY294002 (PI3 K 

inhibitor)signi cantlv inhibited(R，R)一XY—l0 induced cell 

pm f̈ rati0n especia11v at higher c0ncentration of 1 00mg／L 

( gure 4A)． SH-5 and L—NAME did not aflfect the ceIl 

survival(ngure 4A)．H-7(PKC inhibitor)、Hypericin(MAPK 

inhmit0r) and LY294002 (PI3 K inhibitor) signi矗cantlv 

inhibited(R，R)一XY一10 induced cell proliferation especialJv 

at higher c0ncentration of 1O0m L．PD98O59、SH一5 and L— 

NAME did not aflfect the cell survjval(Figure 4B)． 

DISCUSSIoN 

It is known that deficiencies of the retinal eDithelium aI℃ 

pivotal in development of certain eve diseases． This is in 

agreement with the concept that the loss of RPE cells is the 

main reas0n during the ear1y phase of AMD 。 ． PI_evious 

studies on transDlantation 0f healthv is0lated RPE cells in 

humans have shown to increase cell numbeI and I℃scue 

photorecept0rs or even pI．event further visua1 10ss 。8' ]
． 

There{．(1re，adequate pr0̈ ferati0n 0f RPE ce Jl is probably to 
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Figure 3 Effect 0f (R，R)-XY-1O and (S，S)-XY-1O on 

HUVEC (MTT assay，mean±SEM，咒=6) 
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Figure 4 E佰ects Of inhibit0rs 0n ARPE-1 9 celI pr0liferatiOn 

A：(R，R)一xY一10；B：(s，s)一xY一10；(M1Tr assay，mean±SEM 

n=6)， P<0．05， P<O．01 contro1； P<0．O5，‘ P<0．01 

H20 or DMS0 controI 

increase wound healing ()f compromised retinal gment 

epithe1ium in atmphic AMD 川 ． In addition， replacing 

diseased RPE with healthier RPE can rescue ph0torecept0rs， 

prevent further visual loss， or even pr(】m0te visual 

imDr0vementl ， ’ 1。
． 

In 0ur study，we f0üd that(R，R)一xY一10 and(S，S)一XY一 
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(R，R)-XY一1 0和(S，S)一XY一1 0诱导的视网 
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摘要 

目的：观察(R，R)一xY一10和(S，s)一xY一10对视网膜色素 

上皮细胞的增生作用，并且进一步的研究其作用机制。但 

(R，R)一xY一10和(S，s)一xY—l0对人脐静脉 内皮细胞并 

无增生的作用。 

方法：通过人视网膜色素上皮细胞(ARPE一19)和人脐静脉 

内皮细胞(HUVECs)研究(R，R)一xY一10和(S，S)一xY一10 

对视网膜色素上皮细胞 的增生作用，并且采用 ERK、KT、 

PI3K、蛋白激酶 c(PKc)和一氧化氮合酶(N0s)抑制剂来 

研究其作用机制。 

结果：(R，R)一xY—l0和(S，S)一xY—l0促进 了ARPE—l9细 

胞的增生，并具有剂量依赖性，但是对 HUVECs细胞没有 

影响。如果同时加入增生抑制剂 H7(5 mol／L)、金丝桃 

素(20 nol／L)、PD98【)59(2 』J】oL／L)、LY294I)02(50 Jl】ol／L)、 

SH一5(10 n0L／L)和 L—NAME(1O0 mol／L)，则给予 H7、金 

丝桃素、PD98059和 LY294002各组的增生作用受到 了抑 

制，而给予 SHI5和 L—NAME两组的增生作用没有影响。 

结论：(R，R)一xY一10和(s，S)一xY一10能够诱导 ARPE—l9 

细胞增生，其作用可能是通过 MAPK和 PI3K的途径来发 

挥该作用。因此，(R，R)一xY一10和(S，S)一xY—l0能通过 

修复损伤的RPE细胞来治疗老年性黄斑变性。 

关键词：年龄相关性黄斑变性；(R，R)一xY一10；(s，s)一xY一 

10；ARPE一19 cells；人脐静脉血管内皮细胞；增生 


