
】
Ｉ
´

′

P′οc iヽ♭″ Яεαグ Sε J USA
「ヽo1 93.PP l1802-11807,Octobcr 1996
〔ヽcdical Scicnccs

ユ|卜 ゞ P,轟 ノ■ ■
一

，
ｔ

ヽ
ヽ
　
＾

、い

　

も

一
　

、
′

::::::∬d朧 ∫」∬ ふ

C屁

,'パ[:」::え慢翼 ci:tH」l

AR, but thcir prolifcration is not depcndcnt on androgcn

lnstcad, thcse cclls arc proliferativcly rcprcsscd by very lo、 v

conccntrations of androgcn in culture incdium V`c rcport herc
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inhibitcd b、  finastcridc a 5α―rcductasc inhibitor T
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canccr is largcly duc to progrcssion of initially androgcn‐
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Abbrcviations:AR,androgcn rcceptor;FBS,ictal bovinc scrum;PSA,
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androgcn― dcplctcd mcdium

The publication costs of thiS articlc、 vcre dcfraycd in part by pagc chargc
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accordanccヽvith 18 U S C §1734 solcly to indicate this fact
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lcancer celi progression/tumOr regression/andrOgen rcsCptor/5α ―dihydrotestostcrone/5α ‐reductase inhibitor)

YosHIHISA UMEKIiA,RIcHARDノ ヘ.HHPAKKA,」 OHNン 1.KoKONTIS,AND SHUTSuNG LIAO*

Thc Bcnヽ lay lnstitutc for Cancer Rcscarch,DcPartmCnt of BloChcmistry and Molecular Biology,and Committcc on Canccr Biology,University oF Chicago,5841

S iuthヽ 4aryland Avcnuc,Chicago,IL 60637

εοヵ曖″7:ι れたα′ご″″ んsイ frjθ′,1/71Jν
`ふ

4ソ げ C力 Jεαgο,C力 jεαP,■ ,J“ヶ /Z f996`″ ιε′Jソ

`ど
ヵ″′θツ:′ ″ Jlr″εゴZ f996ソ

ABSTRACT   ⅥЪen the human prostate cancer cell line,

LNCaP 104‐ S,the growth of which is stimulated by physio‐
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104‐R2,are proliferatively repressed by low concentrations of

androgens.LNCaP 104‐ R2cells formed tumors in castrated

male athymic nude mice.Testosterone propionate(TP)treat―

nlent prevented LNCaP 104‐ R2 tumor growth and caused
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LNCaP 104‐ S cens or androgen receptor…negative human

prostate cancer PC‐ 3 cells.5α ‐Dihydrotestosterone,but not
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Removal of TP or implantation of finasteride,a5α ‐reductase

inhibitor,in nude mice bearing TP implants resulted in the
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tumors showed fibrosis with infiltration of chronic inflanl‐

matory celis and scattered carcinoma cells exhibiting degen‐

eration.TP treatment of mice with LNCaP 104‐ R2tumors
rcduced tumor androgcn receptor and c‐

“

y`mRNA leveis but

increased prostate‐ specific antigen in serum‐ and prostate"

specific antigen mRrCA in tunlors.Aithough androgen abla―
tion has been the standard treatment for metastatic prostate

cancer for>50 years,our study shows that androgen supple‐
nlentation therapy may be beneficial for treatment of certain
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the general treatment of metastatic prostatc cancer may
require careful assessment.

Prostatc canccr is now thc most conlmonly diagnosed canccr

in Aごncrican men ln 1996,317,100 ncヽ v prostatc canccr cascs

驚 蓬 酷 ‖脚 l鯛 郡 砥 重誓 礎

bcen thc standard trcatlllCnt for mctastatic prostatc Cancer

sincc Charlcs Huggins publishcd his classic rcport in 1941(2)

Prostatc cancer paticnts treatcd with androgcn ablation thcr‐
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All proCCdurcs involving aninnals、 vcrc approvcd by thc uni―

vcrsity of Chicago lnstitutional Aninlal Carc and Usc COm―

llnittCC For thc tumor growth studics,l lllillion cclls in 0 25 1111

0f Cuiturc mcdium wcrc m破 cd with O.25 1nl of Matrigcl

鰐躍:]雷語[澱盟思i∬::認:織 iじ;路露:剛き
was inCasurcd、 vcckly and tumor volume、 vas calculatcd using

thC ftDrmula lcngth× width× hcight× 052(13)BilatCral

OrchiCCtOmy and subcutancous implantation or rcmoval of

鰍胤ぶIISC忠寵iЛ詭よ:‖『∬温WI脚3
hCart puncturc or from thc orbital plcxus whilc nlice wcrc
undCr ancsthcsia and analyzcd for tcstostcronc lcvcls by
radioimmunoassay or prostatc― sPcCiiC antigcn(PSA)lcvclS by

dual―
gte react市 c cnzymatic immunoassay(TandCm_E PSA;

Hyb責tCCh,San Dicgo)All stcroid hormonc(20 mg)pCllCtS

wcrc purchascd from Hormonc Pcllct Prcss(WestW00d,KS)
FinastCridc(ProsCar,5 mg;Mcrck)waS Obtained from Thc
UniVCrsity of Chicago hospital pharmacy ノヽ1l numcrical data

arc exprcsscd as thc averagc Of thc valucs obtaincd fronl four

to SUく tumors and thc standard crror

RNA Analvsis.Total RNA was isolated from tumor tissuc
using thc acid― guanidiunl thioc).anatc phcnol― chloroform c、 ―

traCtiOn mcthod(14)Ribonuclcasc protcction assa){15、 16)

was pcrformcd using probcs gcncratcd from a l10-bpム υ′:I―

S′εl fragmcllt of human AR cDNA(6.17).a77-bp fragmcnt
Ofhuman PSA cDNA(6,18)、 a252 bp R′ Iε/α l fragmcnt of

human C77● てCDNA(19),and a 14+bp ArI“″cH fragmcnt

at thc 5′ tcrminus of human β2 miCrOglobulin(20)InclusiOn
Of a β2 1niCroglobulin antiscnse RNA probc in hybridizations
scrvcd as an intcrnal standard for normalization of samplcs

containing diffcrcnt icvcls of total RNA

Sequencing of LNCaP AR mRNA from Tumors.cDNA
cncoding LNCaP AR(21)andrOgCn binding domain was
anlplificd by rcvcrsc transcriptasc― PCR using thc prilllcrs

5′ ―GGCGATCCTTCACCAATGTC 3′ (AR nuclcotidc sc
qucncc numbcrs 2780-2799)and 5′ GGAAAGGTCCACG―
CTCACCAT-3′ (AR nuclcotidc scqucncc numbcrs 3184-
3203;ref 17)Gcl― puHicd PCR products(424 bp)wcrC
inscrtcd into thc Eε οRV sitc of PBIuCSCript SK(十 )(Strat―
agcnc)and sCqucllccd by a doublc― strandcd DNA didcoxy
scqucncing mcthod using Scqucnasc(′ mlcrSham)

Histology and lntnlunocytocheIIlistry. For histological cx―

amination,rcsectcd tumor tissucs wcrc fЫ cd ill 10%formalin

cmbeddcd in paraffin,cutinto 5-μ nl sCCtiOns,and staincd、 ith

hcmatoxylin and cosin lminunolocalization studics on Paraf―

fin scctiOns uscd a rabbit polyclonal anti― humall´、R antibody

(AN 15,5 μg of protein/ml)that iS dircctcd against amino
acids l-15 of the arllino tcrnlinus of AR and Polyclonal
anti― human PSA antibody(15 μg of protcin/mli Dako,Car―
pentcia,CA)Nudc micc tumors originating from PC 3 cclls
vヽcrc uscd as ncgativc controls lmlllunostaining、 vas carricd

out using a strcptavidin― biotin―pcroxidasc protocol(22)For
AR innmunostaining,deparaffinizcd tissuc sections wcrc pre―

trcatcd、vith micro、 vavc irradiation in citratc buffcr for 5 min

(11)

RESULTS

Tumorigenicity of LNCaP 104‐ S and LNCaP 104‐ R2Cells in
Nudc ⅣIice.Palpablc tumors were dctccted in 83%of normal
m lcc,but O%of castratcd micc(TablC l)4 wccks aftcr
iⅢCCtiOn Of LNCaP 104-S cclls ln contrast,palpablc tumors
wcrc dctcctcd in 75%of castratcd micc,butin O%of normal
micc,4 wccks aftcr inlcction of LNCaP―R2cclls Howcver,7
Wccks aftcr inicctiOn,palpablc LNCaP 104 R2 tumors wcrc
detcctcd in 509る  of normai nlicc, and thcir avcragc sizc was

831± 191(mcan± SE)mm3,wllich was almost thc samc sizc
as tumOrs found in castratcd micc(884± 64 mm3)at thiS timc
LNCaP ccns havc a pOint mutatiё n from A to G(21,23)at

Prο 6′、4α′′Иεαグ

Tablc l Turtnorigcnicity of LNCaP
nudc mlcc
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LNCaP cclls、 vcrc injcctcd into 12 normal malc nude micc and 12

nudc mlcc castratcd 24 h beforc ccn ittcctiOn Micc with palpable

tumors wcrc idcntificd cvcry wcck No tumors were found 3 wccks
aftcr canccr ccll inicctiOn

nuclcotidc position 3157(17)in thC DNA coding l‐ or thc
androgen‐ binding domain of ARヽVc found that AR cDNA
deri、 cd from Lヽ CaP 104-S Or 104-R2tumors also havc this
mutation 、hich is consistcnt、 ith thcsc tumors originating
from thc iniCCtCd Lヽ CaP cclls

Effect of Androgens and Other Steroid Hormones on the
Gro、 lth of LNCaP 104‐ R2 Tunlors lf a tcstostcronc propi―

onatc tTP,pcllct、、as implantcd at the 4th、、cck in castratcd
nudc mice、 ith qro、、inq Lヽ CaP 101-R2tumors.furthcr tumor
growth、 vas inhibitcd and tumor sizc、 メ「as significantly rcduccd

to 100 mm3。 r lCSs at thc 7th wcck(Fig l)A similar tumor
supprcssivc cffcct 、/as obscrvcd 、/hcn tcstostcrOne or 5α―

dihydrotcstostcronc pellcts、 /crc irnplanted 5β ―Dihydrotcst―

ostcronc,a nonandrogcnic stcrccisomcr of 5α ―dihydrotcstos―
terone,was not cffcctivc,suggcsting that thc supprcssivc cffcct

rcquircd androgcnic stcroids 17β ―Estradiol and nledroxypro―

gcstcronc acctatc wcrc not supprcssivc and actually showcd

somc growth stirnulatory activity

Effects of TP on the Growth of Other Tumors.In contrast

to LNCaP 104-R2tumors,prolifcration of LNCaP 104-S
tumors was stimulatcd by androgcns(Fig 2)If tull10r bcaring

nudc micc wcrc castratcd 4 wccks aftcr inicctiOn Of cclls,
grOヽFth Of L卜 ICaP 101-S tumors stoppcd and,during thc ncxt
4、/ccks,tumors rcgrcsscd to 10%of thcir sizc bcforc castra―

tion lf TP、 ras inlplantcd at the tilnc of castration,thc tumors
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FIG l  Androgcn spccific supprcssion of thc growth of LNCaP
104-R2tumorsin castratcd male nudc micc Nudc micc werc castratcd

and inlcctcd With LNCaP 104-R2cclis Four wccks latcr,nlicc with
tumors(240■ 20 mm3)wcrC implantcd with a 20‐ mg pellet of
tcstostcronc(T),TP,5α  dihydrotcstosterOnc(5α ―DHT), 5β―

dihydrotcstostcronc(5β ―DHT),mCdrOxyprogcsteronc acctate
(MPA),or 17β ―cstradi01(E2)TumOr SiZC was mcasurcd cvcry wcck
Each POint rcprcscnts data for 6-15 tumors Control micc 、vcrC
castrated but did not rcccivc a steroid pcnct irnplant

LNCaP1 04‐ R2 1l T
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