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MATERIALS AND METIIODS

ProliFeratiOn

Sin81e‐ dOnor huinan umbilic」 vcin cndollelial ccl15(HUVEC)wcに oし1亘ned
fr02Cn 3t p“ 8310 1 from aonetic.(S:1● Die3o,CA).llle Cel18 were maintslnc」

in cndOthclial ccll growth medium(C10netics)Supplcmcntcd with bovine brain

珊『写蹴∬留協牌!:轟動き機器
:嵐
躙 1

樹柵服亀lⅢ活翼酬 1器鷲路織譜篤;鷺l柵
ovemi=ht.CCl:S Were lllcubal自 」with various concenlradons,■ t icttL Lh“ 澪 con_

躍器糧£黒よ鵬:Lギ冨∬皿盤
nl∴
∫¶驚識l器鶯

sdmulatcd with 10哩 ノni OFFC,2(R&D SySte瑯 ,Inc.l Min■mPo14 MN)or
llledL fOr on lldEIitionコ 1 48 hours,Cell prolifer・ ttion was asslssed wiul a cO10r_

辮L艦臆柑蹴躙罵W猛l霊‖缶『盟猟
r肌
蝋認:

oxyuncLコ c(Brdυ )incorponted dunng DNA synthesis.Resuns籠 ℃exprcsscd llB
thc mcan ab5orbcncc OF dPlicュ t● ●uiturc"m●雲urcd at 370■ m(rete“nce waVe―
length,492 nlll).

謂:蹴蹴
:ぶ
1思T露拙器∬脚異常器

01馳

濯Ⅷl
The“h wcrc cultured alld m山【」ned“ des“bed口崚vioustt rrf)LrevJ._

棚Ll嵩織∬:l詰]肌刑IⅧ性∫器∬f」器乳鷺織
nt 37・ C in 10%co2 priOr:o stimula【 ion with FOF・ 2,C11l proШendon w出
鵬 ● 3ged by cOundng Lhe numbcr of ccllR Pcr wcll Withュ cOultcr zi p● 真icle
counter(COulter Co●

"nalc山 lFL),
Sin3L‐dOnOr adu■ human microvttcular dernlal cells(HMVEC・ d)we“ ●b‐

t■inOd“ zen aI P醸 台由g● 4 from C10ncdc".Thc c● lL wcrc maintaincd in rnicro、
Vascul■ cnd●由Glial cen growi nlediunlⅢ 2個GM・ 2・MVi CIonedcs)′ CellS Wcre
clllmtcd as for】 [Jヽ1〕E deHcJbedュ bove■nd wcrc uned tt P郎

=ag。
35-l in nll

exp― en臨 FOr Prolifertttion ttsays,IIMVEC‐d we“ resuspended in cndodlc―
1lal∞ ll b“』 m“1:um-2(Cl。 コCtlC皐)8uPPlCmcntrd輌th 2%FBS ind 2血И
L‐gluШminc.ceus were plated tt d“ c●bed a“ve For BCEC,田d ttr 30
minutes'preincubュJOn■4th at 108t flvc苗 ■Lttnt conc● ntralons of PSA in
dPlica∝ wclls,culmttd with FGF‐ 2(10■ymL)for m addidOnd 48 hOu“.Ccll

Proliferttuon was ER3● 諄
“
d“ aboV● by cOunrins thc numい r of rells per well.

B16BL6,a nlunnc=“ lunom■ obtlllDed hm ttc Nation■ l carlcer lnR」口:は―
FrtteHtk Cmccr R●march and Develop:nent Cellter tPrededct MD)ccu“ _

poaitory and hutt prOstlltc cllna肛 ●●11 linc,К 3.■ 」食lmm J.F● 1lmm,wcrl
ndnt血ed in Duibccro's nlodiid Engle ntedium eiOnittttr〔 ha)i Supple―
mcntcd with 5%FBS und 2剛 7しgintaminc_Thcュ bilit_v of PsA n inhibit
prOuferttiOmof316BL6WasissttsedwithacolorimericELISAk1looemmgcr

Mannheim BiochenicJ、)おr Brdu incOIPOrttiO■ ER dctc百M above for

―
C,躙d inhibiLOn of PCS protteradon was assessed by cen cOullL FrOm

tnplicnre culurcsi cECh CXPcnment wtt p軒
|●嗣 witt rlvO doses oF PSA,

MigTR●On

To deterlnme ttcュ biliり Of PsA tO block HUVEC migratiOn induced by

柵
iFI∬
li∬:咄舞器肝鵠棚 ,鷺 Xヽl鷺

mi「B● On assay“ deLuibcd hcrc hs bccn c8Lbli、 厳d unly wJth HuvEc:
mlgndon田吊ay3 Wlth bovine(BCEC)alld hunlm(IIMVEC・d)end。山じlial cellE
Erc cu"e■ 」y under devcI● pmcnt in our laboratoγ .1■ bnct HL「 VEC h endo_
lhCI」 。
・
ll』

"w●
lnediutt wcrc Plュ L410nω 15%絆Ltin_."tcd d‖uc cult● 爬

disbcs(COming cost鑓 1■lc.lr_・ ‖bridtte,MA)and hCubated for 72 hours it
37・C in 5%C02 in moitt air,A働 岬 incuhatlon,conlucnt nlonol匈 に、 Were
WOunded wi血 」st置 1●,sinJc‐ cdsCd No_9■厖or bl口H「 (VWR Sdcndic,Mcdi、
PA),wtthed with phosPhl● _bu∬1躊d sulinc(PBSi BiOWhilukcL I■ ●_).llnd
furtter incubatOd in endothelial ceu basal mediuol supplelllell【 ed wid1 1%nSi
2nいイルーglum」■0,looり /mL Pcnitillin,10o卜 g/mL 8m,PtOmycin,and O.25

μymL ttn=izoDet Wounded monol町 じ鵬wじ re eぇp●5」 lo 2■ノ証
「
GF‐2 or 10

■2/1■L VEG口 in the presence or absence d PSA or to media ttolle for l● 20
hours.The mon01口 ycr8 w`"■ ■ェ●d wiLh EbHolutc mcdlュ■ol■ nd ttLainCd wiぬ
healtloxylin solurlon1 01u No_3(Sittna Diagnosdcst St.Louis,MO)Mttntion

w"qumdica by。。unIIng the nunber oF cc115 that nisptcd from the wound
cdLtc intOlhe denud●d urm」 OnIェ 1■■n dlStulce i口 duplicLte culLu配L Do、 ●―

駒103/007

憫rゝ∫W穐拙鞘鮒ボ器墨動鷺椰 |
traltiOns OF PSA in dup■じュLc cultur● g.

器鸞 爵 椰 鮮 榊
譜I器郡 T構

Endl〕 theliEl】 Tubc Formation

ル T″νθ IИetas‐ぬ饉cЬ〔Odel

B16BL6 mu五 nc mcl■ nollla∝ 1ls● Xlび)were inculutcd iniO c57DL16J

I∴鼎 訛 l渕 、Fl謂 器 :。拙 ]篭轟 ギ¶ 1=譜 」FII
P_murcE wcrc Pc面 Orined inェ cordancc wial stttd"山 dcRc」bcd in the Nn‐
●onJ LIsdwに s Of Hcdtt G″性 ル″働″ a″ど的

`げ
勲 らψ″″7■7"a■

inhibitiOn of PSA ED2ym2tic Activ・ Ity

滉品鳳鵠鷲∬嗣:ふ潔IF「1群肥■:盟緊買鳳:lln
面 nutes.■●ュbiliリ ロf AC=r to llibュ 雌 an嗜輌 grttoryュ ●d宙け of PSA was

‐ R∬|:l1111;凱 rilillli〕くl肥∴よ品器出:||:llllillW」
Statistid Analysls

Mcュ■s weに ooぬp誡 d by uぉ c OFthe Studcnt・ぉ1にsI(0″ 0‐■lLd).Diffcrcncc3
W口にCClnSidcrcd t● be smtigilcdly 5ignifcant il″ く_o5

hSULTS

Wc hl observed the antipЮliferative cffeこts Of PSA in

撚:  撚1榊∬鮒撚
inhibition was 50%)of 4鰤レ,TO dctemine whctheT PSA in―

鷺H庶躙 柵 酬 響ギ辮 摺
艦

Joumal of the National canccr lnstitute,v01,91,No 19,october`,19991636 AccELERATED DISCOVERY
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加d iltmor ccl!Rふ :ッル

".EndOthelid cens・
_hunlan umbiic」 vein cPllhelid cells

(HUVEC)(A)i bovine adrellal capillary cndOLhcu■ Celb(B),and human mi―

crovttculllr dcrlnJ ccIL(HMVEC」 )(C)卜Were Culmrd wlth ibroblttt Ltowlb
fa●●r‐2∈GF・2)h山e presence or abttcncc of thc indicnted concenuntion3 0f
puiFled hllrnan PSAお r3dュ yニ ュt37・ C in S%C02 With huridiけ .TumOr ccll
lines―mu五●●IIIcillnOmュ B16BL6 α》)and human prostute Cttcinollln PC3(El―

1週Lra■ o■,with an IC5。 for BCEC cel15 0F l.25μ 』ごand a13 1C50

for IIMVEC―d ofO.6卜 M
PSA docs notctpPcartO havC a di‐ ct sdmtllュ loTy 9rinhibilory

e∬ecl o■ Lhe proli【嗜江饉on of cancer cells.The ttwth Of lnurille

melallomi cel13(B16BL6)or human pro81試 c ctmcc7r ceus eC3)
Was unffected by the atttion oF puriFled buman PSA(Flg_1,

D and E,respectively)_

For cvaluadon or theれ ソf″θ cttcc● of PSA on elldothelhI
cell llligiation in response tO FGF‐ 2 or VECF,confl■ ent Ⅲono―
layers of ttJttC were scmped to remove a sec」 on of mono・
layCr and cultured for 24 hours with FGF・ 2 oI VEGF in the
presencc Or absencc ofparified hliman PSA.The ctldothellal cell

response was nssessed by counting he number of cells 山ュL

甲igratd into the denuded arca of the cell mO・Olaycr`ne data
in Fig.2.A and B,“ mOns□mte tlle dose―re3Ponse OfHUVEC to

the inhibiLOry effccts of PSA on FG卜 2‐ 田通 VEGF― stimulatcd
mgrmoni respectively,with an IC50 fOr PSA ve■ us FGF‐2 of

l.2山F and fOI PSA vcrsus VEGF of 4 μル[On a molltr basis,

thO inhibitory tttlvity of puFifled PSA on both endodlelial cell

proШ
"ation and migndon wtt appro対

matcly 5vcf91d lo 10-

:肥 盤 総 鼈 質 町 Ⅷ l棚 為 d蹴 駅 諄
uddheは 側 D〕 or by performing ceu counts(L C711nd tt llB dCSCnbcd in ttc
'lMュ面 alぉ

=nd Mlthodば'“澪tlo■ .■■にh data pOint is tte mean of observatiolls

■ m LipLcnte expedmenis± 1駅and山」Jeviェ」On_0_D=oPtiCJ dCnぉ iり:iC■。
=conccntra輌。n3t WhiCh inhibitiOn was,0%.

fold less potent ttn tllat of dle andangiogcnic pro[cin3 Ang10-

s口lnO prOtcin md EndosLttinIM Protein(dcnta not show⇒
.

Assays to measure llligration or cndclthelial c早 1ls can be

couplcd with Hleasurenlent of ttodlcr paramcLr of anglogene‐

sis,invttion,by pcrfOrmillg the ttsay h a two― chmber envl―
ro■ ment where the chttbens aro sepTatcd wlth a lnembranc

fllte・r coa“ d with Maむ igel.h dlis田3り,PsA(5卜の inhibited

榊 欄 驚 鰤 爵 絲 蠍 職 鷲 I爵

露脚li肌‰席駅W」I翼路il:喘認酬l蝋
was■oted,dlere were nofullcdOns and,山 us,no clctt indlcatlon
Of functional tibes made by the endothclial Cells.

Wc havc bcen using ttc lndnc B16BL6 melanoma ceu line

in a model of experiluental mettttttis to疇 串css the antiturnor
efFects of lhe angiogenesis inhibitor EndostatinTM prorein,In this

m(》山317 mice were inoculated in麟 lve■ Ously with B 16BL6 ccll∫
on day O.On day 3,the micc were trcated subcutancously once

Joum81 of■にNationd cancer lnstitute,Vol.91,No.19,Octobcr 6,1999 ACCEERA‐ D DISCOVERY 1637
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Antiangiogenic Activity of Prostate― Specific Antigen
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BACKGROUND:Measurement of serum:evels of prostate― specinc antigen(PSA)is widely used as a screening tool
for prostate cancer However,PSA is not prostate specinc,having been detected in breast,lung,and uterinb cancers.

:n one study,patiehts whose breast tumors had higherievels of PSA had a better prognosis than patients whose

tumors had lower PSA levels.To test the hypothesis that PSA may have antianglogenic properties,we evaluated the

efFects of rDsA on endothe‖ a!ce‖ proliferation,migrationi and invasion,which are key steps in angiogenesis,the

process by which tumors develop a blood supply.METH()DS:To assess the antiprOliferative efFects of PSA,we

treated bovine endothe!ial cells and human endothelial cel‖ ines(HUVEC and HMVEC― d)with puriled human PSA
(0.1-10?ル )and then stimu:ated them with 10 ng/mL ibrobiast growth factor-2(FGF-2)EfFects on FGF-2-or
vascular endothelial growth fattor(vEGF)― stimulated endotheilal ce‖ migration,invasion,and tube formation were

measured by use Of one ce‖ line only(HUVEC).PSA was administered to mice at 9?″ for ll consecutive days after
intravenousinoculation of B16BL6 melanoma ce‖ s to assess its ab‖ ity to inhibit the formation of lung colonies(ie.,

metastatic tumors).RESULTS:PSA inhibited endothe!ial ce‖ proliferation,migration,and invasion at lC50(ie,the

concentration at which inhibltion was 50%)Oalues ranging from O.3-5?″ ln addition,PSA inhibited endothelial ce‖

responses to both angiogenic stirnulators tested,FGF-2 and VEGF.ln a mouse model of rnetastatic disease,dally PSA

treatment resuited in a 40%reduction in the mean number oflung tumor nodules compared with phosphate― buミヽ red

saline treatment(two―sided′ =.003).CONCLUSiON:To our knowledge,this is the lrst report that PsA may func百 on

in tumors as an endogenous antiangiogenic protein.This function may explain,in part,the natura‖ y slow progression of

prOstate cancer.Our indings ca‖ into question various strategies to inhibit the expression of PSA in the treatment of

prostate cancer.
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