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ABSTRACT

) , ‘ Lo .
tha response of the F2* rrestate 4o deprivation ‘agéx

restora*tior of androagens ha; been studied wi+h *he objective

. - . . ) . . ) »
of @g3aining further knéilegge about " requlation of +issue
~o ’ ' ' . - ’ : o
atrophy, cell proliferation, and Aifferentiation.
. P L

¢

“ . . . . : . . ° . )
Castration of ar adul* male ra+ results in cessation of
PNR synthisic arnd CFllular rencyal in
hours. Papid loss of cells from *ha

davs Ffter cas*ratic- and proceeds until g

abow* ;1°% of thé cellular

time furfher 1cQc of C°ll° OCCUrg varvaslowIV. Yo evidence

- has b@en fourﬁ +o. 1ﬂi*ratpr*ha* loss o‘ c»-ls ic a selective

process.

S

) . ‘\ . R
‘ v -~ . . - -
hc ”a\Ponqa cf the oroqta*o +o. ho*morr adminis*ratioen

‘has heen charac+ erized u51nq rats: off’incorporation of

thymidine\and chanqés in numbor of nuclsi ard wet weigh+ . as

7

indices of rate of Co‘lulaL proliferaticn and of furc+ional

capicity of the tissue. This systenm

-

’C
Aa

25 ~a hiochemical
assay  for ‘*esting the .potencies 3f various ardrogehs and

; antiandrogens and *h> possihls role of mediators of afdrogeq

. B ';“: . .
ac*ion, ' R '
. ‘ _: : o o ot ) . .
- The 'response of *he  castrate - rat pros*ate ° +o
restoration &f. androgens . derends on tha number of cells

~

“ * 0} : . | N ‘. . . > . ‘
present i *ha_*zssuo Tf this nuab»r i< norma l,' as . ir short

g e



» < A . . co
term Canratés, andrjqéns s+ihulatq vﬁcrptlon (the

differentiated fiinction of the prosta c) hut not 'Dwa
. . . . N A
synthesis or c¢211 Aivision, Lona term castrates,, whose
= N e ! . ‘
Sta*es con*ain less *+han +he normal cellula*'complempnf,

1.

pond *o resto :a*lon of Wormcne by Drollfera+*nq un+t 1 the

}mmher'of cells has rsturned - to xnormal.. Proli feratLon Tis

8

rreceded by a vperiod of 1-2' days du*lng which no DA
svnthesis orcell division dccur; the dura+1on ct this laag-~
period doesy not seep fo be affoc‘ed Py -the length of time

A Y

bstwesan cas*ration and ini+ 1a*1on of treatmé@t. R11 th

.

. o~

c21lls +hat .gycvive cas**afﬁon aﬁpear to participate in the

J -

regeneraz+ion of ‘fF proctafc Orce prollf@ratﬂon has
res*ored . the normal cellulaf complcmonw, pNL,syntnesishand

N .

pLoduct on of‘éells ire. *urned off. *This llmlta 1'n on
.ros atic size 4oes not apona* *o. be due. +o d°p1et10n hy thp

V. [3

211s  of sonms subqtance csqcntlal For a*vision-,"n"or to loss

~ - r

1

of rssponse +o hormope, Sinca qQC“G+lOD' Continues to  he

s

stimulated, 7T+ ig concluded " that *herco exists in the

- . . ’ cuy
prostate an internal homcos*a+*c mechanism tha+ llm*EW/*the

y

. . B T ', '.
number of cells.in +ha prostafe to *he normal number ,If th?’”
céllular complament is smaller. thqn normql androqéns are -

n=cessary for it$:&§g%ora tion, but ‘they canno+ ovcrrldc *hc

internal confrol mechanlqm.

hd . ) . b
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I. INTICODUCTTON 1 , o

Primitive, single ccll°d crganisms are =dan‘ d 40 drow
at *he fastes* ra+e possible subjec‘ only to thenkimitations ‘

v
3

of *+he existing environmental. "condizions. For +hese

. o

crganisms *he process, df cellular division is alsoc *he means

.

Py which +the spec&es is propacaied arg

Se a rapid qgrowth ra+<e i1g desigr-=4 *o =zncure

5 e e e

h@ specics.;Becauce these organt

*eleoloaical

survival of

[as
,«D;

celled, each ¢ell nust bave the cap=b*l’ty of perferming all.

\ L > \( N
the furc*lohq rcqu1rcd for qurvvval of *he organisqi/hs one

l

mOvVS s up  +the avolutlonarg scale, perhaps *he most strikire-
change observed  is  an increasing ,fcn;}tcy tcvards |
specializaticrn, or..dlfferanflatlcn, of céllg”so tha+t any,

diven cell performs only a small. part of +he functions .

necessary for - the viability of +ha vhole crgarism-ard.in

its own survival. This type\ct organizatior of multicgiigiar
organisms introduces the . neegd for Cooperatioﬁ, or

communication, amona individual c=lls, On= * aspeg* = of

[
n

- ’ . R M ,~. . ) . . X
functioral “specialization of cells that +re process of

o1 Aseses L e . : C s
cell divisicr has lest 1ts reoroductive furc*;on;.lnstead 

(X
+

! Because of the wide rdange  of matarwal covered in *hi§
1pt*oducfory cbapter, few Qoec;flc literature refersnces ATEY
quoted. "Foo*notes at the heginning of each fgction deQ’qra*o
Leviews from " which .these references can be obsair=g, -
Dafproncc: dealing. s pec1f1cally with the cxpcrlmem*n’ ysTanm
are cited in tho introduction of each cFapt@r.



servc§ o establish the aporopfiate/ numbe;s of cell; in
various tissues durs ng devolopment of fhe adul‘ anlmal‘ ‘and
*henr to maintain these numbers vithi n the 11m;ts conducive
*0, most efficient functioninq 0of the tissue yithin‘the hody

as = whole. Ths Droblem as to how callula* prollLer=*’ov and.

dvf‘cre“+1a+*on arov'@gulafad is one of the mair cnes of.

biology fodqy.'Fé} reasohs which will be outlined b@lbu,pthé“;
. /‘ . l"w’ ) _ - [N

)
e
0
5
in
o¥
Fh
'-
-
®
[}
o1}
IR 2

pProstat= to androgenic hormores has been
. : [

chosen 2s a rmodel systen for the study of +his protblenm.

¢

The dgvelcpmehé\éf a ﬁulticellular adult agimal frbﬁ a
sirale ooCyté is a roccss that can be eruccﬂ in its bésﬁcé‘
~to a scrwocbof ccllular 61v151ons accompan d bv 1ncreas~no
differer<ia+ior of the progeny cells to Fu“c 10¥a1 tissueé.

The key. +o régulgéioﬁx of fhié corplex procesg' is
undoubtcily iﬁ}éfcellﬁlér communicat*ion. Tr thé'early stages
- of dévélopment,KSheh sémi—differgntiatad precursors of organ
s§sféms ;are. emeraing, épatiald relationships ampnq'célls
appear.¢o ha~thc main fac+o*, . and commﬁnication befﬁeen

czlls 'is p*oba“ly dlroc+ At later stag@s indirect or lonq

d*c+anco communwca+1on medlated by fac+ors such as hormones.

_b=comes very 1mror+ar* and continues te 10 so int*o adult
life,
1. For Teviews, " see Baserga  (1971), cCameron and Thrasher

(1971), Camoron et al (1971).



&

T+ . is now well‘v establishegd that functional
specializa*tion c¢ c=211s does nc+ Tesult from loss of genetic

informa*ion hu* rather -from rTestricteq expr

B

information, since under certain "conditions. g3

single cells | of certain organisme are capeble of
-regerarat+inrg an entire organisr. Thus in order +o understand

differen+iation i+ is ultima+ely necsssary *o determine how

‘Q
1
D
n
4

e
n]
D
n
n
¥
[®]

N is requlated, Considzrable rrogrees has heen

mads ir *hic area, hut i+

PR

S rnot yes possiltile *0 reduce the’

problenm +o this level,

n the ajul+ arimal, tissues czpn  be Classified in+o

*hr=e main types with regard to tro:ir prolifaorative status,

Firstly, there are +ha tissyes tha+ are either ircapable of

~Proliferating, such as NRTvous ‘tisiue, or +ha+ proliferate
| , ) »o )

very sléuly, such- as’ lurg, cardiac muscle, and skeletal

o . el
Thess tissues appsar tc b

i)

>ermanently

.

ia*=3. Secondly, *hare are the raridly turning over

su}% ~2s  skin, intestira,  bheone . marrow, . and

/ferous “+ubules. of: Tha “estis, Thie lafter’group is

rally characterized by +bhe €Xistence of a self—reneyinq

“stem" cell _Population. 7This subpopula+ian ‘rroliferates
) | : o o , .
con¥inuously and brovidss  a. constan+ | supply-.» of

. o . : | /
€rantia*ted cells =g replace +hose lost as a result of

fupctional turfidver. The rate

/

3. proliferation in thess
PN ) S .

S Tate of cell loss so as +o
maintair a constant tissue slize. Hence in +hs ca'se of, skinm,.

!";J_,.Vn-‘_“. . T



tor example, cell‘damage by wounding leads to an increased
P . . ’

rrolifarative rate.l'fhirdly, - certain  tissues 'normﬁllv

prolifera*e slowly but are Canable of rapwd proli forat’on in

response- *+*o an apnronrlatc Q*lmuluQ, e.o., liver, - “us,
P , ‘

mammary glard, proctatc .?Gm1nal VQQ1clc° In the Ccase

of liver 2n aporopriate Seir is E?me<ii of part of the
orgar, while for *he la*t r feur organs e 1stimu1us,jis

hormonzal. « Tn “hesge fissuESf‘+ha me jority of the survivi ng.

~

cells” 1C ch='9c*@r Sf*C?llv 1nvolvs4 ir thka prolifera+ivs

rasnorse, 'c“d nrolﬂferntﬂon generallv stops once the normal

;Furctlonal sz~ has teen restor d

-

Proliferz+tion i a cyclical orocess, with one cell
, “ _ . .
giving- Tise +o twg gene*ically idertical dauchter cells.

These daugbter cells can re-enter . the Eroliferative cycle
, : P

o9

1énd ‘civide : again, é-br  +hey can differeﬁfiats. On
‘cy+ologicai %asis, *+he cell‘cycle can bqgvdividcd into. tyq
Phaées - 'mitosisi’d;rind Qﬁich +hc}é€romo<ome< condcﬂCP to
rccoanﬂzaklc qtruc*ures anﬁ ars part t*onedlbé+weeg th9 'tuo
" “daughter cells and actual cell division oécdrs, and’
infarphasp. Within interphase thére is a di€crete.,period
durihg ,vhich th@ DNA of the cell is rcﬁl*cafed ,called tHé
DNA qvnthet*c, or S, phase. ThlS phase can be detccfed g
bwochem*callv by 1nc0foorat’on of a labelﬁd DNA precursor.

The timo botwcan completlon of m1tosws and 1n1t1af10n of ‘the

ncx* round of DNA synfb951s is callpd G1; and the Derlod

Fatween comp19+1on of DNA svnthesls and onset of mitosis is



<

) ,.1\ . . : . . . .
© pespectively., The wmadjor varia*ticn in

The Aurations of §

1]
=
ot

glatively constant in differ
3 - ) .

o8

W?qxag approximately £-12 hoyrs, -« hours, an

*ime yis in the duration of 51, which car. .varv frenm

*he case of rapidly proliferafing- pcoula*ticrs

The relatinnpship Ftwan
differentia+ien 1S 9On=  +has Lbas

relatiorship between the *wo; i.e., prol
to he les. dgiffsren+tiated and differant cells

one 'of daagree than an absolu*e on=

be necessarv for diffsarentia*ion since

[ 4

studied, . prolifera*ior aippears to predede differ

>

g

S

o)

e

- - . - . - o N - ° -
and inhibiti prolifera*ion can in

This concept is r=asonable hecause the® p

replicarion of *he aenome would prowids an e
rearrangament of +he slements ragilating gené =

. N
t >

e G2, and mpitcsi

hours "y}

to Javsyly

:~ive " cvcle

vV in
‘sv
n+ia

reces

Froliferatirg populad*ions,

v

>

and

ibiv  differentia+tion.

s 1of
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PEGUIATTAN F PROLIFFRATION 1

Ed

returred jb the normel level. Such mitotic inhibito ors Havc

___._.___.____.__ _____ LR ~

an-terms of c=11 pcpulaticqs s a whole, two levels ~of

&
D)
=

. ’ : - N ' T ". ’
ragqulation  can scognized: extoernal requla*tion and

ternal regulation. ¥xternal rsqulftion. ‘is "regulation by

I

ue and is generally

(RO
n -
n

elemerte from outside the  +

stimula+ory, ?xamples of ex*ernal . regulat:ion include +he

actior - of various mitoganic hormones on " their target
*I'ssues, such ‘as androa=ns on seminiferous tubules or male

. . . R
. . . . k\\ .
gex accessorv glands, estrogers on b:cas; or' uterus,

isopro*erencl on ~salivary gland, sand adrenocor*vﬁo+rop’c

hermone  on thks  adranal certax. n*ernal r9gulat10n is

r=qula+ion Bv elemerts . prodiuced within +he +igeye’ bzirg

requlated. p loagical wav for a tissua *o mairntain a constan*
Ay

. . ‘ . N

c211 rnumber . woulAd ke a ncga*~v Q\eedback ccntrol systenm in
h

which each cell. would vproduce inhi

*ha* "would ‘ac* on +he population as a whole;'Loss of cells

-

.Qould resul+ in_d?cﬁwa 2d- production oF the inhikitor, +huse

) ,
freeing the,remai.lng cells C'proliferatn. s the cellular'
nurher increasaqd, the conCOitratioh of,inhihitor would rise

until. it was high- enouah +c inhibit ‘further orollfa*a**on

W .
Prpsumablv this woulaicccur when the number of cells hag

.

-

‘

b=en desérib;d and have been called 'chalones (Fhllohqh' ét

al, 1967). They have been implicatad ir growth requlation of

1 For revisws,  see- Raserqga (1971, Camoroh'and‘Thrashér
(197 1y, Camerpn ot al (1¢71). S . : ’

i
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the_ epidermis, *the aranulopoi=+ic an@d erythropoistic-

sys*tems, and +hé liver, rFor manv  +icsyes it ig quits

vossible that hoth external  and in-erral levzls of

Tegqulation are suverimposed on cﬁ% zno+ther.
M

Tn terms 0f +*he cell cvcle, ~agentec stias stipula+e

proliferation can  do =g 2ither " by inducing creviously -

honproliferating cells o en*=sr <tke cell”

speadina up +the progress §f Shose c=11s z2lrezdv ip +ha cvcls

“*hrough  *he  cycle. . Thp the first cas=s, *he grow+h frac*icn '

(*hat is, the f:action of co2lle in *+he propularicr +tha+ ig ip

rad itt +the

T

“he proliferative cell cycle) is incréas=g,’
second - the cell cycle timékis»:qiucei. Mest tgculafors cf

proliferaticr apbpear <g have jeXoRd! cffz=c=+s

nonprolifera;inq‘ C?llS’ are snarally arrcsfed In GT (+t

Q

T

. . \

is, when stimulated ‘to prolifb:a{s “h2y mus* Zepticate their
"DN2 before dividinag), +his stage 2f +he  cell cvele is
censidered  *o bs *he one during which the zador raqulatory

. » _ _ .
evants occur, Nnce cells have starr=j DNA replicatiy

usuallv  proceed immediataly *hrough s, G2  ard

~ .
p .

: : . B o :
.provida=d BNA and Bro+tsin syn+thesis Afe po* Inhibi+ea. TWera
e

tas  been a report ,(Gelfant,'19ﬁi) of mouse cpidsrnal

oY

ca2lls  arres+a for lorg' psriocds of +tine ir /2.  uhan

stimula*ed +o proliferate +

jo gl
D
n
D
0
1]
et
H
n
oy
XX
<
’ ]
[
4]
E S
X
4
T
4
~
)
th
)
«

tours withou* firs+ replica*inag  thsir ©Dpun, However

+
}do
n

phenomeron does not appear to 'be widesorea?d,

Cancer is essentidlly a diseass of urregule*ed ar >weh,



. . . - . .
It is now recognized that malignant cells do not necessartily

'prolif*ra*e fas*er +han all normal czlls, although malignant

cellf derived from a .qiven tissue tend tc prolifera*e moTre,

]
Y

7]
J—

pid

N

v. tkzn normal cells from tha+ tissue. The principal

4l

Characteristic of maliqnart +idsues is that *he rate of cell:

production ‘excesds +he rate cf cell loss, ~so that/ in
contras* to ths nor State. there is a cors+*an* incrsase in
*issuve - mass. | The neoplestig celle ‘+end +o be less

“

differentia*ed than their normal cournterparts. Usually it is
£*111 possitle to.recoqnize the *issue of origin, bhu* +the

ing degress *he 2Lili¥y to perform
J\{j . L ) ‘

ues beyond their tissue of

one  of +he defects ip

neoplas*<c cells is impaitmsnt cf +ne ability +¢ communicate
among “hemselves and wi+th normal celle..

) .
Despi+te almost:

Y

century of ragegrch, howevar, the

fundamartal nzturs o0f *he abnbrmali*y ir malignant cells is

14

S¢ill . urclear. 1A mador Stap towards, =lucidating/ this
abnormz2lity would be discovery of +the mechanisers governing

fhe_:pr@liferaticn cf rormal tissu-s, in Qrder‘to provide a
'sfaﬁdafd for éomparison df'mechéniSms operating inf céncgr
célls. For - thesé‘ﬁtypes oL studies it is definitely
ad?antagéous to'~wofkb with a  tissue wvhose proliferative

status can be manipulated at wil®,



.

v ‘ ' 4

Among the cxt@rnal‘w#ﬁjgulétors of rrolwr~ra%3@n

mentiongd prcv1ou ly, “he anﬂrcaonlr hormores ars.the. h’of

.

w

rzqulateTs n»f +he prolifqré@ion ard differentia+ion of all

the male sexual tissues excapt the tegtes 2ng, hence are +the
€ssential  hormones for . +he development . and maintenance of

e

*he primary pale sayx charac*eristice, -2+ puberty the

increased levels of androqans rasult ir émergence,of the

+

secondary rale sey charaﬂ‘orl stics, _and sustained hiqgh
lavels of androgerns are ' NECASSATY for retention of *hese

characteris+*ics in +ha adulx,

AEDEDC-EégzggzgEI!AB!-E&L;_é21-9E&El§222£§i££§ !
?Duringf~"*he <arliest stages - of embryoloqical

d%vclopmén‘, all émbrycnic S*ructurss ‘hecessary  for +h

- B

developman+ of Dv+kor sfex are Fre sent. The indifferent-qonad
fis composed of a primordial ‘cor+ex ard medulla.,  Both.

ital

i

og

m

sHolffian Aduc+s, the proganitors of  +he npal
s - .
/ : .

.

-tract, and Mullerian ducts,vthc prcdeni*prs of tre female

. . N

uroqenital +ract, are bresent,

The first " step . in asex differsr-iatior is Joradal
di‘fbrentiationl Tn malas, tha medulla cf +he iniif ferent .
gonad expands, enveleping  the germ c2lls, anad the cortex
r=gresses. In  fepales, the \géqadﬂl cortex becomes

) S ‘
l‘These'an@c+° of androgen ac+1on “have beeop rev*cw@d by
‘Burns  (1961), Gallien (196%), price and 0**172(1069),;Wc11§

(1955) and Jost (1970y.



on B . i

. .

f

p*edom_“an‘ and incorpora*es +he q~r@vcells, and the mééﬁ%}af
R : . T A
shrinks. The testis +hep differentia+es fapidly wé&ﬁ%ﬂthe
: . ! N .
OVAry remains undlf‘ereptlated for sonme time. This stage iof
development is@ undoubtedlv under 'genefic control withran
uncer{aimﬁ@actof orlglna+1ﬂa frem the v chromosome .probobly
r=sponsible for: dcvclopmcn* of the male gonad In mammals,

¢

administration of Sex hormeones doess not affect gonadal

The.'oourse‘ of” subseqoent Aevelopment depén?s on +he
presencc‘,or abspnce- of ‘testes duriﬁg several -c:itioal
developmegtal s*tages, The.taétis secretes éﬁdrogens; vhicﬂo
are the samé as tﬁe"adultv'horhoneo.. The ‘androqoné are

rssponSSble for developmont of the ﬁolffianvducts and +he

N

D
rrj A
[o%

StTuctures derived therefrom. - ldymis, vasa deferentiz,

seminal vesicles;' and orosoate. There are certain ‘eritical

)

# stages  in d@velonmarf . during which éndrogens must re

‘presenf, bu% after #he cri+tical sStages, hormore is ne longer
. N , - L)

- T e

-necéssary.lfn addition to andrcgens the testis also Secretes

unkpown Substance +that causss the Mullerian ducts +o

“rophy. In the absence of a testis, as in the casé  of
| . : ~ > .

3

Pher sex,- sexual

[

females  dr  neonatal castrates of e

development folloys thejfemale course. The - Wolffian ~ducts
are los* and +hs Mullerian ducts‘que rise to the interpal .

. )' '_ '. . . .
"% fopale ‘genitalia - oviduct, = u+

2

rus and’ vagina. These

1)

structures do hot require hormone for their development but -

#

~development is accelerated by estrogens. . Androgens can
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o+
o
D

canrn* cause afroghyv’of‘

f . -
ge

nitali “alsol fnl’ov the fepale course of

L i . - 2A o b
‘d2'velopment  in ¢ he absence cfgho:m;}"l £rtimulus, byt ™are

R -

fore susceptibls *c¢ hormonal 2ffzcts *han are *he int&érnal-

aonltell-" Adrminis*ration of fopala sex kormones to males’

ile development anq stimulates nammarv agland

enlarcemen+. .“Ccnvers;ly, male . sex “ormorc° s+i'mula+e
. .
A oo - i . . ; e .
Clitoral srlargeamen+ anA irhibki+ braags levelorment ip
. . ’ } < '
females. : ' S o '
Neural Structures . madiatirg sexual Pekavior are¥
Pattern=3 by *he pressnce op absence of ror al teste§ dur ing

a cr*“c=1 p=ariod Just béfors cr after birfh, éepend;ﬂu . on’
. . X . o, "

the speciss, Presanqe of tssticular hormc“v¢ mro=$§ ‘ha»malc‘
. o )

o S S i L N
pat=ern uron naural s*ructures ir *h= bﬁpc~kalanuc.'tn the

“ SR ‘ | 7 WRN | S B
apeenca of androgens *the female .patterr Tevglops.t Regause
the . hvoothal amus | reaqulates Pituitarv €furc+icn thece

5

bormo“al otf~c*< also r»cul+ hé azle patterp/of . gonade-
Ul pi*upirtary or +he cyelic

/

stim ula*ory aC?ivity of - the

f»male'pattern. X » ‘
. - . PV - “ .

$ : )

o

The pituitary doas not appear *o be v dinvelved in ' ¢ha

p;:§y59ctcmy'has'nd'

;

primary differentiaticn of scay, Tarly hypor

effect on” oonadag Jyevelooment Hyporhysectomy prior to

)

dﬁVOJ/pman* of ncc9ss OTY sex strictures docs ‘not producs anv

| ,
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.

essen*tial <change in +he course of differertiation, bu*
developmant is retarded as 3 reswlt of~ decreased gonadalﬁ
. . . : ) . v .

Secretory ‘activity due to lack o sgonadotropic stimula+ion.
%
\

QEQPOéﬁﬁg_ANb-SECOEQRPY EALZ_SEX CHAnAcmf? STICS 1

-
1

The male -reproduc*ive system rTemains in an immature

state 4n+il the tinme of, puberty, when pituitary ‘qonadotropin

-

secretion begins. Follicle s*irulating tormoné (;SH) acts on

the seminiferous - tubules. +*o ‘induce and  mainptain
spermatogenesis? Phtersti- ; c=1 stirulatinag hormorne

.

(ICSF) causes ‘esticular leydiqg cslls to Aifferentiate and:

M
“+

o+

40 secrete tpstosterona. . T+ s +hic stimulation of

ﬂ)

stosterone. s=acretiorn *ha+t results in development of

secondary ssx characteristics such as arovtk of facial arnd

" hody hair, ctlargement of ox‘crral géhita1ia,' lcvwsring of

v

on of scalp . ha i , grow+h éourf, 1ibido and

n
e

voice,  races

~

~sexual noten ia. Tn addi*ion, testosterorne ig nvolved alonq

e

P
o+

wi+th Fg

tn
x
o

» stimulatior 'of | sparmatocgeresis, _Finally,

o+
3]
n
ct

ost

D

rone .‘producos "eniargemcnt arad geveicpment of
Jsacrc+ory aC+1v1ty ogv‘he ééceésory §¢x.;organs,A éuchégés
p state and. seminal vésicles.v All,.fbé c_effects cah be
ﬁrqducea'prématurély in immaqué‘ ivals by administra+ion
of andrdéens

A1)l ° the secondary sex characreristics are reversible,

i

L. ¥or review see Paulscn (1Q62).



and in the ‘adul+* reguirs the continuég} presence of
testosterone for +heir .maintenanc=, Thus, for example,

rdrogens. results ir

o

castration or administration of an<i
atrophy of +the  rpros+ate ang seminal vesicles and hormonal

restora*ion s+imuletes regenaration of =hece organs. Hence

(v

The prbstate is the . only male sevy ccessorv aland

natoricégl  ard

[

common fo all ordorQ of mammals. Fowzver +he

~

.hlctoloclcal structurc' anl chemical corrositicer of +his

organ var markedl hetwesan crders, anag somerimes even
: v . N4 . : A

bé+tween families within ord=rs. In addi+ion, *he prostate of
/
a . given Species cf+en ccntaings reg gions whick differ greatly

.

from orc arother. For example *he ra+t prestase corprisas
. _ = v pres 'L
three " paired lobes - -ven*ral, 3o:sul_agd lTa+teral - which
differ in hiétolocical s*ructure, chemical composi*ion angd
5 .

%”fésponsé to hormonal [stimuli. The human awd canine brostates

b

ére no*  loked, ' bu* witkin .th: jlanduler rodvy car  be.
distinauished *wo distinct his+tclogical zores, *he central’
zone and the peripheral zone. Thus direc+ 2xtrapolation of

cies’

K

informaticn about *he prostats betw=zn &¢ s no*-valid,

) [EX

Neverthelass, the basic functions arnd corntrol machanisms -

{ Peviewed by Price and Williams-Ashmar (1961) ana by
.Schoonees (1971) . : o .
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among various species’' ar2 probably quite similar, wlth

differences generally quantitat+ive rather than qua11t3+1v

- ‘

4

The organ studied in this thesis s the rat ventral

prostate, bu* the discussion that‘followc will concentrate
!
on *he aspscts of prostatic s*ruc*@rwfand function common +*o

.all speciesi-unless otherwise ned

N

. RAll prosta*es consis+t of a number of alveoli composed

of a secreteory epithelium surroundipg'a,lumen»(!obre'et al,

1930).  Ducts leading from the \alvpoli: empt y intc the

columrar. 'Nuclei are

&)
Vo

ure+hra. The‘epityeliUm is ¢v

Y
'loCated at the Pase of the cells anéd have censpilcuous

S a .supranuclear

s

nucl=cli and chroma*in particles. There

1]

Clear =zone or light area in +h cytoplasm corresponding to

*he Golgi zone. The alveoli are urrourded bty & - cortinuous

n

basement nmembrane resting on a stroma of connective tissue
con*aining smooth muscle and blood vessels.  Elec*ron

microscopy revzals a s‘ructure of a typlcal secretory cell,

l
vith cors’dcrabla rough endoplasmlc Te* culum, a conspicuous

-

Golgi»complcx, and “the apical 'membrahe fcrming  num=arous

microvilli extending in%to *he lumen.

The orly known furction of the prostate is to secrete a

‘part of +he seminal'nlasma: Subctances foun in appreciable
PP
“ . v)) B .

'quant1+1°s 1n +hc prosta+1c socretion include~zinc, fructose

T

(rat dorsal® Prostarsf and - c0qgulat1ng glands only),' the

. SN _ .
polyamines spermine and perm id e, c1tratc (rat and human),
‘amino acids, " prbstaglan W var

ious small prot lns, and

or
.



Ho
=1
M

several enzymes, most rotablv acid phosphatase ard. alkal

g
-

rhosphatase,

control of androgens. Castraticn of an adul* znimpal ‘results
in "2 general ieclir2 in me+abolic activity of *he prostate
followed by decreases in cell size arnd less. of colls (se=

Chapter TIT). The

o
mn
D
9]
*h
Hh
D
¢}
ot
N
Q
o))
3
log

€ pr ven+ted Or reversed by:

“admini *raflon of Pnu_cqen - (see Chapter Tv),.

~ .-

n add1+1on to androgsns, cavara

Fe U
’—J

other hormones have

N

¢

)
}. 1.
O

. . . . - 3 : i . ] N
'effccts ‘o *ha prostate, sither 4 tly or indirzsc*lv by

(o]
)

affecting the levels of androg n'avgégable *0 the rros+ate,

Fs*roqers can-either, Ainhibit or s**mulct the prosta+e

dopenﬁwhq or several fact@rg ;nclui ng 2ge - and Specizs * of

b

‘he  animal, the oar+ cof +hgw o<+a+ s*udied, *he parameter

bf prOQ‘aYlC func+1on mcacured *h= type, dos= ard Juraticn

of estrogen adm*n’C*ra+*on, and the andrbﬁcnic_étatus of the

‘animal. Tn normal males tho Fredomirant ~ffect of estrogen

\

——

dm1n1q+ra+1on is atrophy of the -prostgfq. This is an
indirect effect due  *o feedback irhibition of pituitary
~ < R R ) _
gonadotropin secretion, resiﬁ?tﬂq\ij failure of the  +estes

- to produce  androgens, i.e., #ssen*ially ' pharmacologic
castrat&g:: In. iszsate animals or in orgar. . culture,

1 For review, . see ‘Schoonees (1971) .



~androgens are

.Cv

1€

I .
estroagens stimulate fibromuscular tissue and produce
hyparplasia and squamous motarplasia. -of epi*helial cells.

Howsver secra2tory ac*ivity .0f +the epithelium 1s never

.

s+*imula*2d by estrogens. In casss where estrogens and

'd

resen*t simultaneously, +the overall effect
deperds on *he relative levels-of +he %wo.

Several piltuitarv hormones have = =effects  on t he

\

“prosta*e. The jenadotropin ICSH has major irndirect effects

: : 174
by stimulatinag the Leydig cells of the +testis +¢. secrete

v
9]
t
=7}
v
g}
D
Q
ot
]
RS
o]
=

the oprostate.- Rl*hough neither has ‘verv

nimals, botk hdrﬁonesgpotentiate the -action of

as+tratad a
“asteosterons in stimulating prestatic grow:tr and function.

-—

. synercistic effect Could_possibly be mediated a%. the.

3
-
’J'
n

'1evek'of.upfake or metabolism of androgerns ty the prostafe.‘

. ¢ AL .
RBoth from studies in-alloxan-diatetic rats anrd in organ

culture, insulin alsc appears +*o have ' diract effec*s .in

[ . : | . ’ ot NS
augmenting testosterone action on the prostate, ¢
(- ' v .
" The  adrenal glands - secrete small quantities of
androLens that are insignifican* relative  +o ncrmal

testitular production. However, output of adrenotorticqy

tro;ic hormone' (ACTH) rises following'castration due to loss

of fsedhack inhibi*ion by ’aﬁdrogens, and the resulting

‘increas=d 'prgduction of adrenal - androgens -may have



-

detectable effects on *he prostate in +his situation. The

- _
major - hormones secreted by *h= edrenals, ‘the
cor*icojteroids,- may possibly  have ° mincr effects in

tAna ardrogen action.

/

Thvroid sta*us of thz animal azffects presta+ic growth
and func-ien, probably’ as a rosul* of *he =ffects of thyroid

kormones cn: metaboliem ~and excretion of testostaronea

Howavar no -dirac+ effocts c¢n +h;broros*af9' havs he-n

mon

n
0

Monce, despite-the multipliciiv of ho

e

tha= = have
effects on *he pros*a*e, <he inescapible conclusicn is +ha*

*he ¢rowth and func*ior ©of *+hs rrecstats “esser+izllv  Adepend

sratus cf +he animal., Th¥s
) \ . . S e :
tac*, plus the apparen*| homoagersity of «cell s*tructure 2angd

!n‘

‘exclusivaly on thke androgenic

presumabklv  hormonal pésronse, and rThs ready availahility of .

sufficient gquanti*ties cof tissue for biochemica

Jd
0n
+
[+
f
[
)]
n
3
ol
ol
M

T

*he androcen-s*imulatad Yrat grestate an excellsn* systen for

the s*udyv of *he raqulation of .csllular .rrolifera*ion -ang

(ST

gifferertiation. Tn  additi

on, th2 existence of two cecmmen
abnormal growtt conditions of the prostate areatly enhances
d

*he usesfulness of anv informaticn 4.

#*

W
S

ived.from‘+bi§/system;
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.

Statictics irdicate tha+ prostatic carcinoma ig  the
third fmos* common cause ©f death fronm neoplak*lc disease in

men ir +ha Uri+=3 q+>*os (hwer can Lancef 'Society, 1270y,
and thé ‘copdl+1on of benign prostatic hyoerplasia cccurs
alﬁost‘ u iversally' ig -aqidq ~ men, U{fortunafely QLQ
océugr_.c of these conditions is corfired +o man, ahd no

e . . - ) . .y beo

complatslyv homolognus ‘animal models sxist, ‘although  canine
e o 195090 ens a4 l ,

=}

j

pros*afic hvoerplaé‘a hacicharac+c“ws+1cc 51m11ar to huma

'b~“1cn aba os*a*wc hv r laela. . ' ‘ .
p .

.- man,  pros*ta*ic carcinoma rnd »henign pros+atic

"hyperplasia arise in differen+t q1ons of thc prostata =

pe:plasgf in - tha pcr*urethral or

'

og
1
o}
-
Q
o
g
i
(0]
n
'»
o]
ad
4o
0
o of
‘<

canptral, recipn'of th gl=nd and carcinoma in the per*pharal
- Sedments cof. the opbrostate. In benlgn prOC+n?1c hyocrp1a31a

the rurisr of cells is increased but ;hev_do not sesn to be

I

abnbrbai. The .condition does not appear tc be precancerous
and rlwnwcal oroblamcba rise only if jthe cnlarged. Prostate
obs*rucfs urinary flow. Drosta ic carcwnoma cells, cn tha
cthar han¢,‘erc cbarac+crlst1c cf neoplas ccllé"in that

thay ‘multiply- in an uncon‘rollod manner and mefastas‘zp to

o+ther *issues, a t?gdgh 4in[”ear1v, stagdes thev mav often

H

gsz2mble adult Prostatic. - epithelium rather than

~.

undifferentiated +issys.

! For ‘review, see VPrice ‘ang Williams-Ashman (196 1) and
-Schoone=s (1971, L ’ o
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Androqéns apbeér ’tc be “invnivaza
prostatic hyperplésia ard  prostatic cércinoma, but almost
Certainly are not* .th§ ’so1e causative fac*ore. Penigh
.ProstafiC'hyp%rpla§ia is‘ngt-observed ir-mqn_cas‘raﬁéd early
;in' life, . buﬁ‘ cas*ratior or"estroqcﬁ a*mi:ictration‘have
little cffect once *ha Condiﬁicn'ha\ dov:iop;d, and énaroqén
adminis‘ration in 1afér lifa io;s-ng;‘inc:caSe-fhe incidence

of the corndi+ion. Tke majori+tv of Pros®ztic carcinomas,  on

)

the o*her hana, ini%ially‘respond dramatically <«g castra+ip

Or 2StTroger, trea*men+ bu+ eévent*tually recur 'ana begin tc arow

aagair, This relapse may hs due +o change o€ cancerous c=lls
*o hormone independanca and/cr to  sszlaceigr cf  hormona

~

independent cells. Ancdrogens alcne
prostatic carcer, since they ic not incr
ir man or ‘induce it in dogs. ~he:

tumors are ‘variable. DPros*tatic tumors

induced in rets  anij 4ﬁic=~'by admiristratior of ¢

.

oar&iroa?ns'such as benzpvrene or’vmethylcbolanthrcn;. Scme
of +trece. are androgen dererdent and *teir Ircidence is

-~

increased by simul+anscus administration of €strogern  but

4
reduced by ‘adminis*ration of inirogan,

Qv

\
B
C e
..

R4
U

:ndrogens play an
C P y

i

The above findings indicate thza
, | i :

important role in beoth . benign prostatic hybverplasia ang
: 3 ‘ ‘

prostatic - carcincna, but that 133itioral factors ‘are
:corfainly»'involved. The understarding of ‘+he role of

androgens  ir abnermal growth corditions would te Greatly -

«

7



clarified by elucidation'ofkfheir role 1in regula*ing. the
growfh and'funct;on of rormal targ;t‘tissues. ®ith this end
in mind,'tﬁis fhcgis deals with éhe charac*erizaticn of +the
varioﬁs respcnées‘ of thg adult gat ~'ventral prostate +o
hd:mdnal m;nipulation and ”Qith *he mechanisms frcqulatinq

prostztic growth. and furc*ion.



TT. MATERTIALS AND MZTHODS

Gereral methods us=d throughou* thigdstuiy ars outlined
in  *hie chepter. Special

aspects of *his work will be

Gereral laboratory chemicalg’ ani. rci@ents wers
purchtased from Fishar Scien+ific Comparny (Yorm“rezY, F.C.) or
from €lgma  Cherical Company (S+.. Lcuis, ¥o.), - urlass

specified otherwise Jltra-pure sucross was rurchasel’” fremo

Schwarz/*ann (drangeburg, N.Y.) and stercids were obtaip=ad

S

from Steraloids, Tnc. (?awliﬁq,‘N,Y.);‘All waiter gsedl wacs
‘alass Aisti1159 ard organic solv

distilleA,

~ Phosphate bufferagd salinc (P5S), cont

Y

Iring ‘T.WU ~

sodium  chlerids, 2,7 p~ Fotassium chlorile, C.¢ p¥ calcium

, C.C
chloride, .5 p™ pagnesium chlerids, 6.1 m* poncbasic scdium

phosphate, and 1.5 ‘a» Gihasic vporas

WU

ivr phesphate, was
4 N .
brepared af+er t+the mothod of Dullecco ard Vegt (1538 . Tris

‘buffer, pH 7.0, contained (.81 Tris  (hydroxvme+thyl
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Tirome*hare), C0.0% oM ethvlensdiamire. tetraacetic acidg
u
& .

(FPT2), S m¥ magnesium chleria

m

€, and C.5 m® mercaptoe*hanol
in  wa*er, adjus*ed to pP 7.C‘uith,hydrochloric acid at roon
tsWperature usina a1 vadiomater pd . meter  (Copenkagen,

Penmark).

ARTOCHEEMICALIS

[Methyl-3u) ‘hvm:iine'(uF¥S§ Ci/mmcley or [me*hyl-14C)

‘b_midina~(FFmCi/mm019) Wwere  purchased from New Enqlénd

2

Fuclear (Zoston, Mass.). Purity was checkea monthly by thin

laver _Chfoma*oqranhy on 'phcspgoethylén@imlré-cellulosé
plaﬁé;igérihkmaﬂn Thstrumenté, Fﬁxiale, ﬁnf.s déing watir as
*he mohile Dphase and was <¢ohsiie:eé‘ qccep+akl~ onlv

thymidire plus thymine’. éoun+CG fO“ areater ‘han ora ;F thc

Licuiad Scintillaticn coun‘ing oL  aquecus famples was

carried ou+ using a Bic-solv ccck+ail con+ai ning fF g of 2,5

dipkenvlozazole (Emersham-Searle Corp.;'Atlinqton Heights,
Tll.}, 21¢ g Fic-solv (B=2s5-3; chkman(\ In trumpnts,

Fullerton, Calif.)  and 7e mlg ‘water

scintillation grade toluene (Fisher). Samples were Adepgsited

in glass viels (Valué Vials; Feckmah) and radioactivi+y

o

'.l-

measured ir a Beckman LS5=-250 au+om=+*c li d scintillation

system. Extarnal s aniardlzatlor was used to convert cpm *o .

'.ln

yos

dom, and =2ffic ency of 3y counting was abou+ ?F%



o
~

Just priaqr +

w

DNA  was mpasu;g§ uéing +ha diptenvla

Rurtor (195F) with calf
Colon;vdcv910meht

hours ani c;flcal d@ﬁqw‘y a‘ GOC

wacs vallowcd fo proceesd
NP was

Snactronic 27 ‘colorimeter (Bausch and

N.Y.). | ‘v o £

e
ZXPIRIMENTRL ANIMALS
Pdult male Wistar rats (270-34
‘¥oodlyn” Laboréigfies '(Guclph} Ont

"~

v . . '
Haalfh‘SCLenCGs Animal Cent=r on &

~and water 98 lwbl*um

frchiectomy was pverformed via

"y

ether aresthesia,.

Stock s=oluticns o9f hormones were g+ore

o . #nijection

. it

injections weré done bc+wncn Q‘/'4(.‘ and 1737

+hymns oy (Siqma)

de.

*he hormone solutinr wa

minc‘prcqedure‘cf

¥s  s*andard.

At WO for 1A-20

termined with a
~

foch=s+=r,

Tomb,

‘e

route. ynéer

d in %% e~harol.

S dilut:d ten

.

fold with  10% (vyv) polyoxyathylena ltan»mbnopalmitéfé
(Tween Uﬁ;-siqﬁa).'Af-th@:dospc of hcrmore émpioyed‘ this
,ﬁilutfon generalea rnsul;ed in formatiorn of a fihe
 précip;té+c. Animals urd\- lgghf ether an=ssthasia were
injected .| s ubcutancou<ly with_G;“/ml of tlLis suspension per
mne q‘;Body woight 'UQirg a',zﬁ oauah Jrc-il* f}ifés éf
inieqfions JZ?;{ varied dur*nd) ho courQ~ of *rce+mont 311}

R.m. N ’



» >
- - " / X . ) N - -4
niections of o*her mpaterials in sterile saline
solutiecrns were “made intraperitonrally ufing -a 22 gauge
needle,
R+  *he appropriate +*ime apimalcs weTe killed by

- ) f - !

decapi*a*ior, Prosta

fu
,+
]
0n
«
®
n}
D
H
D
=]
o-
<
[(f)
[@7]
0]
Lt
M
’_l.
3
o}
]
fo¥)
(o]
Y
9]
(o]
o}
o]
N
@]
+
’.l
<
D

rigsue, rlgced in a beaker on ic=,.and weiqghed. Three to
sevap prostates were pooled for each experiment.
: S

. _ A
The prostates (250-0920 mg) were chopped with

& Sorvall TC-2 @ +igcsue SeCtidﬁéf’(Sorvall, Norwalk, Conn.)

&

[N

ard wasked with ice cold PES, The tissus wase resuspended in’

S ml Minimal Tssen+tial Mediunm (Grand Islard Riological Co.,
Ber elcy;\\fijif; Catalogue rpumber F-11) "at 270 C  angd

A

R .

incubated with 'gentle cshaking . in an éfmosphere of 5% carhon

dioxide, 25% oxygan ‘(v/V). After ©. minutes of tempsrature
'Y a , p

equilibratier % ml of the abcva . iium conteining 10 ucCi
Tmethvl-301 thymidire/ml were added <o give a radioactivity

concentratior. of 5 uCi/ml and a thymig}ﬁz concert*ration of

f.02 mM in a2 total voluhe of 16 ml. Incubation was ‘con+inued
for a’ further 20 minutes. Tncorpdration was terminated Oy
’ - . EN .

pouring the suspension over crushed ice and diluting i+ with

B

ice " cold . PBS. The suspension was centrifuged in a Sorvall’
, - ~I » < ratd

GLC-1 centrifuge (HL-U roy6rT, Pav 12.% cm) at 'UCng for =&

\

min and . the +tissue vashad once with ice cold PBS./Nuclei



wers isolated as descrihed hele and senicated .using a
iﬁroﬁwill Bicsonrik ITY (Rronv*ll éciamfific, Focﬁestqr;'N.Y.)
with pr' 1% second pulsés at o2 sattinélpf ur’ QliquotQ of
fhe cvfdplasmic 'fraéﬁionb and  the nuclear sonicate were
'Eountcii to..' etermine raiioacti&ityt présab+ ip tﬁesé

frac*+ions. Tbe.rest cf +he fractions wers hrough*t +o 1%

(ﬁ/g) with *+ri lo*oaCL’*c aciq (TCEi.

N

3? minutes at "0 yas wa shed tWwice with S:sqgl =% (W/Vv) TCA agnd
didested  with 1.€ g} r.8 ¥ Nany a+ 70 for of min. DY was
- o o L o , . - - ‘
brecipi*ated bhv addi*ion of .13 a1l 7°% perchloric acid for
17 min a* C° ani hydrolyzed wi+h 2 gl 1.6 % rerchloric zcid
. 7C% for .20 min, Mliquo*s of the resul*ihg superna*tant
wsrs assayed for radisac+ivy vity and for DYA contert. Figqura 1
chows *ha+ af*er a lag ceriod of S, eirnu*ss ‘inceorporation

proceeds linéarly for at leas:. 4n ainutes, and Tigure
demons*rates +ha+ pa ipal incor,ctafion is achievsd with g’

:édioéctivi*y'concenfration of = ucCi/nml, corresndnd:ng To .2

n_vive., inimals were f 3 cfod'in *apC*~*or@ llv with a .

cﬁ-scbof‘ ST uCi [mathvl-3H) 'thymiji".-—/'l"" g hody- e:ght.‘

For+y wminutes. latsr +he " ap¥mals were g=caprita*ed  and
prosta*es removed, plac>d on,ic=, waigke chopped 2 bove,

€h34 once wi*h cold DRS. Vucle1 were +hen iscla+ed as

below and: pProcess=d as f0f~tz: Irnovis
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Ficure 1. Time course of DFA synthesis in vitro . Prostatic
minces ffqm 7 day castrates treated for 2 days with 4G0 g
dihydrotestosterone/190 g body weigh* (sce Chapter IV) were
incutated with S5 uci [methyl-3H],thymidine/ml..After various
~times of imbubafion;”inccrporation of 1label 'into DNA _was

determined. * ‘EBach ~ value is the nmean of two- separate

"determinations. - - ' ‘ - '

A



300 ————

6 ) | .8' 10 o

DNA SYNTHESIS (dpm/ug DNA/20 min)

Ph-rvmiome] wei  m

-

Figure 2. .Fffact  of concentration of thymidine - on pNA
' Synthesis in vitro . Prostatic minces from 7 day castrates
“treated . for 2 days withk 400 ug dihydrotestoSterone/1@O:g
body weigh+ (see Chapter IV) were incubated for 2C  minutes .

- vwith varying amounts of [methyl-3ﬂ],thymidine at a constan+

specific activity of 5¢C Ci/mrmole andg incerporatio- of ‘label ~
- into DN2 de*ermined. Fach value is the mean of AVO. separate
determinatior-~,. : : SR '



‘A11 operations were carri=d ou* at. 0-20, . The chopped,

washed prostatic +issue was suspend=d in abou*.2C ml of Tris

n
O

buffer containing 02.25 .M rose and 1.5 mM calciunm

! . .
chloride,. an&/manually homogenizad in a Dounce homogenizer
(Kontes Glasse Coc., Vinelarnd, W.J.) with 25 strokes of the
loose fit+ing pss+tle, The susp$nsionv was filtered through'

three 1layers of _qéuze,'homoqenized with: 10 strokes of the
tight f:tting pes*le, and centrifuged at 7CCxg for 10 mirn.

v

The supernatant was dacanted and procsssed as the

cyvtoplasmic fracfi%&.
TWo alternative procedures wers folloued for processirg
the nuclear pellet, yielding either.v"crude" or "Triton-

urif

'
[}
EWN

4
A"  ruclai., Tn tbe flrs* caqc the nuclear pellc‘ NaSn

wa

0n

hed in Tris buffer containing 0.95 vodium chlcrmﬁﬂ and

1.5 @™ calcium chloride and resuspandad in ml of the same

.

to
8
}or
oo

solu+ion. ThefshspenSiOn uaS'éentrifuged,a? 4Cxg fpf
to femove debris, -%nd *he superna*tant dgcafted 2s..the
"cruée" ﬁuclear frection. Nuclei 'prepared’vby this  method
.sho;cdv ‘cytoplasmicu ‘adhesions 4'under light micrbsgope

examiﬂé*i@n and <rasiderable debris was generally prlesent,

f

Thié:procedure Y- :1ded z2bout 108 huclei per.g tissue and was

’

used ir experiments where c +c lasmvc con amlna*low was. no*
; : p

I3
imﬁbrtant. Ur15§§ onc1fled otharvlsh.*bls va the ‘nuclear
isolation ~procedure employed...In cases where it;'was

®

ential to have clean" nuclei (Chapter - V). +the nuclear



xS
Neol

:

f r

pellet was wasﬁéd,with about 7 ml pRS containing £.25% (w/v)
. X . . N '
octylphenoxy .polyoxyethano} (Triton ¥-10C; <Sigma) arnd

Te awdnﬁ’ ‘n PBS., The suspension was centrifuged at+ 4lxq
for . 2 " min to remove dabris ard the superratant decan+ted as

!

the "Triton?purifi¢d",inuclear “fraction, 1iqh+ .ericrescopa

~

chﬁinatiOn revealed no visibhle cytbpl swic *aqcvand ver

Y

b , | ,

11*?19 dabr This procedure yield=dq 1.5-3x1ce T cl% Der
aram +issus, 3 ,

To determins nuélear yiclds,' an  aliquot of +he

suspcn ion was stained’ with mcfhylcre olu- erd the number of

nuclei cour*sd using a -Spencer Bright-liras

n
8]
¢
=]
fl
O
‘<
o
3
M
o+
h
4

.imerican COptical Corp., Buffalo, ¥.Y.). .
. f :

In &1l  experiments it is assumed *hat nuclear viesli
. . . . IRL : "° b N

A

E . . Lo o .- ) L N ‘ : .
. Are con-tan* and that +he iscla*ed nuclaei Tepresent a. randcm
f o : - ‘ o ¢

samplina of pros*a*ic nuclei. o o ok
“ . 4 ’ ) v

\
ALCRADTOGE, o 4

‘
e}

Aliqac-= of . .nuclsar. | suspcns on  wer rtrifuged & a*

KA SRR S min. The 11 wera recuqb»nGCd in. 1. m1 10%
(ﬁ/v)'PFS ih wafer for & m1n to swall nqc’ and *he - fixed

*wice in 1 ml ace**c ac1ﬂ/methanol (3: 1 v/v) After fixation
fhcvvnuclel woro re<u3pondcd in 0.2 ml aceric cwd/me}Hanol

L2

3°P1ied to mlcroqcone %lldPQ dried. The sl*dcs wars

dip pad in Ilford Lt emulsion { Fnglanrid), 'éxpossd Cat

é°_‘in_ fotal'darknéss for 2%&- yeeks, developed ir Kodak 519

B
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developer (Canadian Kodak Sales, Toronto, Ont.) and stained

with hematoxvlin and eosin.

-

Rlzernatively, oprostates wereo dehydrated, embhedded in
paraffin, and sectioned at Y% um thickness, The slices were

appl

(=]

9d"fo_ slides, rehydrated, and dipped‘in Kodak NTR2

‘emulsion., After U-§ yecks exposure *he slides were develop=d

in Kodak Dektol and stfained with hematoxylin and eosin.
' Q

For dstermina+ticn of percentagas of labeled ruclei, &51°C

’

34
j=ad
m

or 100" nuclei were counted a* random +hrees *+imes  and

resul*s averaged., . : ’
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TTI. ATFCPHY OF THE PROSTATE FALLOWTNG CASTRATTON

TNTRODUCT TN

2y

Moorae * a2l (193C)  stgdied  +he cvtolegi changes

occurring ir *the adulv ra+ - prostate fellewing castra*tion

using “*he, ligh+* mic:oscop% =nd fournd *hat+ wi +h1p fcur days\\
_ -

. i - ' }‘ .
c=1ll he¥gh+ is reduced, Cv*oplasm c Q‘*uc ure bteagins

br=ak: down, anri nucleil bsccme small arcd pyknotic, Thése

- ¢ . _: .'. . A ) ) Lo

charass ‘are  confin=j mainly D <pittelial cleman+s
). T ’ . »

(MackKernzie et al, . ©19¢f3) ~with  the resyl+ ~hat +he

interglandular Stroma  bhecom=c relétivelv mCre. prominent

(Woodruff - ang Doraz-Moca, T9€2). . With *he elec-ron
micrqQscopa, Barkin. (1957) chowed “hat wi¢hip 21 hours  the
avical «cis*errazc of th rouqh anioplasmic Teticulun dilate.

.,\

ar ual collanse an

oY
jo N
D
go}
—
b
~+
'-lo
O
jou
Q
h

Grcth, 1967y, coincidirg with

Secretery  activity., 2+ “hs  came

*impe, large. numbers of - lyscscmss  appsar (brardes, 19€¢€;

Farkin, 19875 Hirkin, 1962y and theip hvdrolvtic STZVES are

5,

bslievod'to be responsibls for degrada*ticn and removal of

c=1lular ma*srial (e Duve, 1aRay, . . o
R 1 reduction . ip corcerntration. of | biochemical

~constitn:nfs"of Frestatiicc +isswe arnj gecretions, e.q.,
fructose, ci+rate anad ~acid rhosphatase, is among *the most



sénsitivé indicators.éf the prcstatic résponsa to castratiorn
(Brandeévand kFourne, >1§63: Hugqins, 1947; Kirchheinm ~and
Scot++, ‘1§EF; Marnn, 19eu), The activitQ of several‘enzymés
involved in pres*atic sécretory/fuhctlon decrcgceQ fOllOHng
3
cnstrat:or (Qﬁncbal ani Val=dar9< 19F8) ThlS is probably
due *+o 3 “cductwor - of prcst?;ic RNA Folymerase activity,
resﬁlfinq ir a deficiehcy ot riﬁ@éomal. and messenger ?Nﬂ
~which . in ‘urnjléads *o impaired proféin svnthésis. After 2
days, lsss fhan;ufi of this capaéitv remains (BRrandes and
Rourre, 1‘S’E?; Nangan'ét.al,’5967),-and hy . u dafs the_yicid
of.brcstatié‘riboscmeg is reduced by 70%“'(Manganv et al,
1067, FQtler and Schads, 1958; Rilliams-AsFm;n et él;‘iQEQ)}
As ekpecfed, lvsosomal thyvdrely*ic énzymes Sﬁch 'aé‘acid
phospha+acse, aminopenfidase and . esterésesf increase in

activi*y (Prardes, 196€). The respiration rate, oxygen

corsump*ior and rate. of. respirat@on-coupléd' synthetic

(B

activitiasg of rét prostatic tissue dccliné foliowing~
cas+tra*tion (Eﬁtler and'Schade; 1988, Nydén and Viliiamé-
Ashﬁén, 19£3) .due +*c loss of mitochdndriéﬁ(?delman ét‘al,
19€3; Peqqg and Wiiliams+Aéhman,'1969). Araerobic glycolysis,
howcver, does rot appear to be affecred (Barron and'Hugqins
T3u8; Pu*tler ang Scbaie,:1 asg. Nydeh"and ¥illiams- Ashmar,
1953; ©DPrice énd ﬁilliams-iqhmAn, 1“61). Eecauqe of loss of»
~p*o<*a+1c secretion and a relative docreasc ~in -cytoplasmic‘
volure _of epithelial cells, the‘DNA'concehtrainn_increases'

(Kochakian, 19€3; lostroh, \1962; williams-Ashman et -al,

19€4), although . the actual,. amount  of DNA per prostate



decreases.

In order +o as*ablish for regersra*ion stydies (Chapter

IV) +he appropriate leng+h of time betweer cactre*tion and
'\ ) . a
initia+*ion of hormono *reatmant, *he precise +inpe ccurse of

atrophy of the Ta* ven+ral- presta*te  was dz*ermined. The

parame*ters. of wet wa2igh* and nuclear con*ent were measursd

2s ‘Indicators of rrcstatic | functiorn, ard- rate of Dwr
syrthesis ard' ckanagss in rpuclear cont=r* were. used as

irdices of preliferative activ

40

.

ty. In addi<ien, styudicc yer
performed %o tes* whether lose of ¢=lls frer *he rprestate

followira castration is a rardcm Prccess  er wha+her a

predestined +o survive castration, ‘
RESYLITS
»
Efsl;:s_gi_EK:.512:23§_§L_!§;_323921L_cuﬁ_zggliéz’
contert of *he prostate following _Castratioer. R various

't;mes af*er Cas*ration, crostates wzre remov;( anc veidhei;
The ‘ra*tao of nwa synthesis was assayed in wvirro 'éné nucleid
WS Ta isola*@d ard céuhféd as ﬁescriﬁed.in Chap+er 17, ?igu:e
3 sﬁous ;ha¥ tha iﬁ%edi%te %ffeét of caétfa*ion is a declina
in  rate of incorporartion’ of *hymidirs +o 25% of:normal by
day 1 én& to less thén"‘ of dc%ﬁél. by daf 6;’ irdicating

tha*  whka+ little rroliferation *there is in  *he normal

Ve

Fros+a *e s‘ops‘rapidly.nvofh'pro$:a‘ic w=ight, ard nuclear

content remain within the‘normalﬁrange urtil day 4, and then
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Figure 3. Effects of castration on the proctato Animals
were castrated at day 0. A%t various times thereaf tor groupns
of rats were killed and pros‘ates .processed as  in Chapter
IX. Values for normal animals arz shcwn on the ordinate,
- Zach point represents +the mean + S.E. for at 1least three
experlments. : e : ‘



. The dercline in'nuclear content and weiah* wccur . a+ th= zame -

decrease - to about 27% apj 15 of-normal,-r%spectively, bty

day 7,‘after which *ime verv 1i++1= fur~her chence occurs.

~
i

rate, so that DNP concentra*ion remiins cors+ap+,

Ligh* ' microscope ‘ckaminéfion of rros~at= slices
indica?esA tha+, as 1% scussed inp *he :n*roiucfi;n, the maip
cvf@loqical effects of castrz*ion are  arza+ly reduced
@pifhaliaiiiheiqh‘,' deqréased acirnzar size, ard ircreacsé

V’amounté of’éénn;ct&ve tissy- bcfﬁ@ei acini,

Cell survival following_ ‘n thke rormzl

prostate, +hera ie a'.méder‘ ~ } { , fof N svrth:éih,

s2lective retentian of labeled cells.

"pr@fo;Fntially4_surVivaf Cas*ra*ion

label shoulA .havc PO“W+CQ mﬁnatod, avlmalﬁ wers' Ccastrated

bresumably =o rcolace ce=lle.

To tas+ the DO§¢1.¢ ;tY *h“‘~fhssz “*ol rv?“‘;t*‘

-
5
e}
"
=]
aY)
)t
i3

”
continucusly"®

hours a“*er +hé

e

2t varinus times aff%r castration anisils were Xilled anpd

both *he amount of label presen+t in +h- rTostate  angd  +ha

1ab=2ling  dndex (i.e., +we parcentage nf laheled nucl- i)

terrired. Figure U4 shows tha+ both parame*zrs  remaip

essentially corstant Aurihg prestasic atrophy, iIrdicaring ro

furcfional_turDOVer

TN
)l? bl
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Figure U4. Survival of labeled cells following castration.
Normal rats ware injected inttaperitonéallyVGverv 8 hours
with 2% yci [methyl-3H]‘thymidine/100vg body weight for  a
total - of .o injections. 32 hours atter the last injection,
the animals were castrat2d. At  .wvarious *imes after
castration groups of rats vere killed and prosta+ic nuclei
isolated. . Wuclear ‘radioactivity = wvas  determined by
scintillation countirng anrd the labeling index by

autoradiography. o S o '
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Th= above results sugass* +ha+ +he FLrocacs -of prostatic

A*rophy follgwing castraticn can . hz divided in*to +three

T e

Ais*inc+ stages, Firs+ly, from days 1-2 following
castration tha Tate o* DN A Ssynthesiz  has faller

drama*+icallv from +he normal rate bu+ Wet weigh+ @nd nuclear
conten* remain in *he normal rarge. Seceondlv, during days 2-
f, Wwet weiqgh+ and niclear number decrease rapidly. Firnally,

atter day f, all *hree of +pece Larameters are main*ain=dq at’

ap prox1ma*elv “he same reoduced lavel. -p the present study
prosta+ic weigh*  decreased +¢  3F &Y by T4 days after

during *hes period of rapia Atrcphy frop days 2-¢

The dinrterpretation of the STudies orn ¢211 survival is
N 1y

complicated by the,possibilitv‘that'pro

[u]
P
n1]
h
t
v
ot
i)
el
-Q
0
D
|
}d
n
'J'
=

the normal p:osté¥o miqht"producevlab%1€d daudhtér célls
tha+‘9nt§rcdvthe populafiCn cf 'différenfia:@ﬂ »ceils and
“hence  would no+.nroforant1allv survi ve cac*ra*vor Tha ldss
of +haga‘1 beled - differs R;latpd cells m1qh+ Counteract any-
‘foﬁdcncy:'ﬁor sqlect1Vé 'reténtion of labelaqg proliferatinqj
c21ls ?o.incréa;é thellibeling index..ﬂowevsr, the finding.
*hat +h¢' lebelvnq 1ihd9x rémainsé&onstanf at e throudhout

the parlod of vprostatic a%rophy folldwing castration’
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indicates +hat .overall loss : of  ‘labeled cells is random.

ja

Fence, selective retention cof -1abeleq cells n the.

se

£rating  compartment. would hav if)bé accompanied by

$¢ loss of 1labelea ceils  frem  the differentiated

‘ment  in  order for the labelinc index 'tb remadin

=S

Constarnt; +his possibility seems very urlik: ly. Therefors i+
abpears *ha* if there is 3 Subp@pulation of ells in +he

normal oprostate +ha+ prefer=sntially survives castration, it-.

o8

<, e . _— . - - 2y . o
‘canro* ke distinguished 6n the egsis  of - its akili+v . to

jon
e

incorporate labhelej “hymidinre. This does not ‘elimina+te tthe

sxistence of  such  a subpcpulation ¥hick  migh+ e
dis*irguished in Othar ways. Kowaver the lack of methods of

‘ R .
bermanan*tly labeling or 4

'_ln
19}

tinguishing cells c*her +han

[ RS

1abzled  thymidins would}apb@ar to precludebﬁuither studies

2along *hese lipag,

"\

Tn sumrarv, *he *+ine course of atrophy of  +the rat

brosta+s has b@en'charﬁcterized in detail, ang three stages

in

tocgssbhavé been identified -. shutdown of
DN2 v fplloweﬁ by fapidvloss of ceilé, and fhc
period. dur hich a reduced orbstatlc size is/ maintaine
Pased ; '»yb.{o _inéorpofdte labeled fhymidine, thefo

does no* appear fo'be_a'subpopulation in the normal pProstate
tha* preferentially survives castra*ion. S
| | « : * \ B
. Ziia N .

B,



ANDROGRY
‘IN THE CicsTR
INTROPOCTION

t

Androgers  can Teversa

biochemical changes  +that

Cas*ration (Moore e+ al, 1927,
- A ¢ )
196 1) -1 fact, +he reg

Proliferatiye ~ffects. of

crgans of cas  .te  vare

testosterons bloplora*e 3t daily

¥ ate
usin colchicina +4 arraa+

castratss a vave of miteoriz

around iIF hours, peaking

arournd C& hours aftay initia+ien

. "2Im Cas*trates (12 ani @ davs

*he same., Tho time of +he
t0 2 sm3ll extont on  +tha

‘occurring farlier wiep

S OF DN SYNTy
RSTRATE opnm

0
N

N DIVTSION
(?‘
€ytclnaical + apg

study of +he

‘acccssqry
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-« Burkhar+t; have teen confirmed in mMouse prostate . by Alloen
. '»"Q : .
:’&(1059). ! : ‘ ’
. . ‘ I
= !’

The first repor+ of stiTulatory effects of ardreogens on
) : N v o : . : .
Ancorporeticn of 3H-+hvmidine by prostates from castrate

&

rats was-. made by Sheppard e+ 31 (1°65)'.  Increased
incorporation’was obsarved zfter 2 1avs . cf treatmen*t bu* no+
after® 7 Jdavys. Williams-Ashman 2 A4 cowcrkers (Fosto et al,
J B -
19675 Coffev e+ al, 19€8) parformed more 4z:tailed studies of
*he effescts of testosteronéprQﬁEOpéte in 7 day castrate
‘ ‘ Tepro :
/ )‘,’,; .
Trats on incorporation of 1sc-gthviidine in+o DNR in vivo and
) <L ) . , N . .
Py opros*atic slices ip vitro\and on the activity of DNA
. . } ) o o 4;3' .on ~.: . | . v
polvrerase. DN2 polvmerasgg@tgiwity_requi:cd Mg*++, denatured
S : : AN gy o '
DNE . *tamplate, ATP, an &ll four deoxynucleoside +tri-

¢

s;<Thew;founi}

i

phospha~ ects =z2fter 2t thours, .but a

massive ies by 48 “joyre,

Tncorpora

0

72 htours and by

Folvmerase - ac+ivi+ maximum 2t 96 hours, and +hap
R - % L . : '
211 ac*ivities decreased rapidly despite continu=4d daily

adminis+tratior = of hcrmore, so that by ¢ days af*er-

[§1]

initiation of trea*ment they had = turred +o the normal

levels.. Hormone *reatment stimulated increases ir -prostatic

welight 2and in DNA,. RWR arnd protein content, Kaximal increace

in DN2 Content occurred within two weeks and could not te
* 1ncreased further by treatment for as long as 25 days, bat

~

‘pros;;:}

q\féighi continued +o increase up to 2% ‘days. Soma
of +hese 'fildings have béen_reFrOducéd in rats by Doeg et al
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a1

 (1972) andp in hamsters by Giegel o+ 5% (1971)

Bruchovsky anéd wilson (1958z). =znpi Anderson arid Liao
v , : g

(1948)  reportzq4 +ha+ ~dibvdrot=stostercne is esléctiv

5]
h

ly

: 4 3 . . '
‘concentrated by ra+ brostatic ruclei af+er ap 1ntravenou§i!
ble ™

for +he cenversion @ is Salpha-reiuctacse (Eruckcvsky “ata.

iy
|de

<

ihiaction of lab=led +‘estostercre, The enzym Tespons

C

v

Wilson, .79¢€Ba;  Wilsnon ana Clé}na, 1977y, The cvtoplasnm
~contains mary metabolites of ardrogsns =znd ditydrotzstoster-
one comprises orlv S9 of Cy*cplasmic ardroaens, bu+ 752 of
*he s*eroid in ruclei is Aihydrotestosterore, with most of
“*he  remainder testosterone. Much of +ha int*rac=allular
+ : P H RESE m s 3 SRR - A
steroid is found associated wi+p §psCiiic pretein  rcecertor

(8ructovsky ard- Wilson, 19€3bh; Mnhjem et 21, 109¢c

al, 19f0; Fainwatinq, 19‘9);1Th9_functional-SignifiCa«ce of

o ) E K ' Cl - . . -
these Teceptors is unclear, hut i+ sceme likely <hat they

mAvV be involved in +he select

je

, .
ve uptake of Adihvdro*ss+cstar-

‘one bty prostatic nucle: (Pan

¥

nte and Fruchovesky, 1973), T

pPros*a“es ir organ culfure (Fanlieu =+ al, 19F83 Totel ot
. ~

al, 19717) -+es*csteronz is  more active in maintaining
epithelial height ani stimulating sccre*ion, while dihydro-

n

*estosterone has areater effects on 2pi*hslial hyp=rplasia,

In_ Vvivo Schmidt et 2 (1972)  found *ha-+ iikvirctestosterone
produces a gresater increase #n DWA conrant cf  prostates of

immaturs cas*ra*e rats than testcsterorn-, ard Tuohimaa et al

<

417

a

£

(1972) observed a slightlv more rapi. 2 d €xtensive increase

of labealing  index. inv:fhe prostates of ore month castra+te



adult rat+s in response to dihvdrotestesterone as ccmpared to

%
stosterone. These findirngs indicate that +hc convcr51on of

o -‘-7.- . .
: - - S e S .
t=stosterone to dihydrotestostercne may ‘be ImpOr€Ent in the
: g -
proliferative effects of androgens on targst tissues, Of
Interest in +his regard is tfpe report by Siiteri and Wilson

Vo

S T by
(1970) 756 confirmation by Giorai et al (1971, 1972) of
i

|4
ct

ncreasefi uptake and retention Oof dihydrotestostarone  in

o

'J
]
O

states of patients with benian prostatic hyperplasia as

compared “o normal prostatas.

s hes beer discussed in Chap*er T, +he arowth and
func+*ion of  the pProsta*e .can be irkibited by natural ‘and
Synthetic estrogens. However tecausa of: their biological-

potancy <*hese compounds have RANYy proper+iecs besides their

Y
e
(=0
=
¥
al
o]
Q
m
=
fdo
(9]
W
0
s
)_l-
<

itv‘ that ‘lead to  undesirab1e _ sido
sffects. Thé Search for antiandrogens tha+ lack th%sé side
effeCts has rasul+z4 ip tﬁc Cccmpounds that appéar'bié be
promising - ‘the S*eroid  Cypr6tefone‘ac=+ate ard +he non-
st@roid,SCH 13521, Roth drugs antagonize +he effects’ of
aﬂdrogens on \fﬁé/lcrowth ~and fﬁnctlon of +he caetratc‘ra+
prosta+e (Geller et al, 1959; walsh and Korenmap, 1975 ; Néri
et al, 1972) onrotcLone aCC+a*e appears. ;c 'coﬁpete uifh
iihydrbfe;tosterone for upfakeiinfo prcéfatic nuclei (féng
et él, 13€9; Fang and Liéo,'1969;_Walsﬁ and'Kdreﬂman; f{§7c;

Fennie andg B*uchovsky, 1077) The méchanism of actiOn'of‘SCF

5

|.J{

€ uncertain,

The 'pfoliferative'effects of androgers on7th§.prostate
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proteins (wllllamq Aqhman :97 ~él' Hﬁsu; iiao
_W1111 ns- Athan 1062;? Cgﬁﬂq,,and,begey;g1°7i;.raigwé
and _Pilce, 1972y . 'Tgpré' aléo‘\ocdu;s an iﬁcreasg
;rcébirafbryv ;méfabolism .ldué" to 1rc£;a s&d’ numbsfs
mifothondfiaJ(fdélman et al, Pegg
. : - R , )
Hi&iiéms-@shﬁan, 1968y '
e - - e
In intprpn@tinq studigs-of early androgenic cf "ect
_lmhs%'bé Eorne in  m%nd  that, as . Jiil be vshoyh in

of,androgéns app2ars .*o

R

increased incorpctaticn of emiro acide



by

chaptef,- the response of the pros‘a*e to. hormonal

s+1mu1af*on derends on the Rura+1on of cas*ration vpricr to

bagirning of treatment. Tn shért term stratesg,

proliferatior does not occur, while in animals castrated for
long periods of tipe androgen doces irduce a prolifera+ive

-

. .o \ '-‘ 3
Tespornsz. Ir  *the former case, RNRA and prctein synthesis

e -

<
probakbly involve d.'n‘the secretory funcfion of thé'prostate:
in  tha lat*9qr cdse, these qyr‘hcscs likely vcccur in
prépara‘ion for‘ rroli fcr$ ~ion. Irn previous work on the
quahtifafiQe aépects Qf stimuléfi§n of  TNA aﬁd protein

- svnthesis these differences 'do no* =seem tco be very

mn’

“importart, bhu+ wher analysis is concentrateé or particular

)
3
-

ép%gies of FNA or pro te +hay uhdo&btedly will,

MATZEIRLS REND METHCDS

N

Cyprotérone : aceta*' (1,_qloba bcthvléno f-chloro
?regﬁa é -dien 17a1p}u-ol 3 20~ -dione- 17aloha -acetate) arnd
STH 535 2“'-r*+ro ?'-+rﬁ‘luorompthvl obut?ranilidé) were
aifts of Scherirng Corp. (Ploomfield N. J ) Edtﬁv cqmpdunds

wers 1njec‘ed using the same vehlclc and ir the sanme mar

as described in Chapter TT for hormene admﬁnlstr=tlor.
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Sfimulaficn by dihydrot Sto
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cccrctorv activity of +he Castr t.

— ——— ———— — e . ——

charac-erlze the varicus responses of prostatic ‘tissue +to



restoration of -androagen, animals which had been Castrated

will he shown b=2low, this dose of hdzmoﬁg > TO
efféc?sA cn inccrporation of +hvmidirs, ac ir Chapter IIT
‘the ‘perameters used as a2 measurs of p*ol*ferétign and
functidnai Aé;atnsx are wer Hcidh{( rumbter of nuciéi per
pros%atc, and; 1ncorporétion cf labeled <hymidine into
nuclear. D¥R. Control animals trzated witE ‘hé'injection

vehicle in +ke sanpe WAV as sxperimental @rimals  showed no

[®N

differerces €reom untreated castrates (Chep+ir TIT), and in
no case d:id significan* amoun*s of 2ciid irsoluble material

app=ar in +*he cv*orlasmic frac+ion.

Yorma Té*s ware Castrataa, nd treatment with ugn ug

Figure F shows,vﬁat_rwé svnthasis is no+ étimulé‘ed, and‘ in
faC4,ﬁa? he sliqhtlv inhibifed.yTheré.anéars *o te a slight
increase “#n  rumb:irs of nuélei, hut évéﬁf fY Lt davs the
"xdigf@feﬁcevfron‘nofmal is not siqﬁificént'(f)D;CF)a Tha 5nly
siqnificaﬁt sfimulatiénvseen in C day castratéé is a2 mérked
increase ~in vet weight at 3 ra*te of approxirately 20 per
dav. Py 2 days after béqinnihq'of *reatman+ th$ wciéht ~is
siqnifirénfly élcvaﬁcd abov; nbrmal (P<T.0Y ., |

@4' éf‘ o .

ig;larr'results +dre  seen when 1 . 3ay castrates are-

sé_*p.

*reated with daily deses of dihydrofestosteroﬁe, as shewn in

. . : R .
Figure f. Tha nimber of nuclei remains within ~th=2 normal
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Figure S.gfﬁe%ponsé’éfco day castrates to dihydrotestoster-
one. Hormone in a .dose of 470 ug/106 g body weight was
admiristered daily as.described in Chapter TI. After various
intervals of treatment, animals were ki¥led ang Drostates
removed ‘and weigh=a. Rate of inccrporaticmu thymidine was
assayed in vitro as describegd in Chapter*I. Each point is

a

the mearnS.F. foff3'§%paéate experiments.
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Fiqgure €, Response of 1 day castrates +¢ dihydrotestosterf
one. After wvarious intervals of treatment with 4@ ug
dihydrotesﬁ%sterone/’ﬂo g body weighz, animals yere killeg
and prosta*es removed ard weighed. Rate of incorporation cf
thymidine was a@ssayed in viiro as described ir  Chapter 1II..
- Values . for 1 day castratzs are shown cn the ordinate, The
closed symbols repressnt the cerkeésponding values for normal
rats, Frror ba:n, where indicate » Tepresent the meansts.fE.
for three Separate. €Xpariments; otherwise each point
represents .a singlde experimen+: ' :
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‘range, while  prostatic weigh* 1increases significantly.

?&"“Incorporaticn of thymidine remains 1low for 2 "days, then
‘: ) . . N |

‘increases *o a level ‘ficar the ncrmal rate of inccreoration.

Jmhe valu=g .are about twire normal,; but +his may bL due +to

- experimental varia=ion. ‘ P . s

- 'prostates are in the process of a*rophy, &are +trea*ad with
daily ‘dosss of 477 ugq dihydrotestcsterone/10C g kody weight
are shown in Figure 7, The process of atrophy contirues fer

1 day fdllowinq ini*+iation of freafhent, *hen DR2 syn

+thasis
is flmul +*ed and *the pumber of nuclei.s+tzrts to ‘incrsase,
. The— . . . .

Tate of DML synthesis r=aches a maxiaunm at day 4 arnd +thern
declines, a2nd@ *the nunber of nuclei has returned *t0o normal by
- day S. After this time +the grea*ly reduced ra*e of DNA
i . . . \

. : g . )
syr*hesis ard of vproducticr of  nuclei indicate that

", *he other hard, continusse *o increa hevon? i+s rnormal
[
i level. and by day 7 is 70% higher than normal.
Figqure £ shows the response 0% 7 day cas*rates to dailv
@4@1 ris*ration of 472 g d hydrc zstoste :;L~/1ﬁ ‘g body

4
). .
,<;Slth. mhe*c is a- lag pcrwod ‘of 2u- 3‘ ourc atter beginning

of ~*reatment before incorporaticn of 1 bc1¢d thymidi 12 into

ruclear DNA incgease rzplilv to a maximal rate by tha third

greated controls  and

AN
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Figure 7. Response of 4 day castrates tgo ¢ihydrotestos+ter-
one. After .various in*ervals of treatment ‘with~ woo ug
dihydrotestosteronq/1GC g body weight, ra*s were killsd and
brostates removed and weighed. ©Pra+e of incecrporation of
thymidine into DNA was assayed in vitro as descrihed in
Chapter 1ITI. 'Values for 14 day cas+*rates are shown con e -
~ordirate. The closed symbols reprssen+ ‘“the correspondinge
- values for rormal rats. Error bars, "where indicated,

represent the meantS.E.. €for thre=a séparate  =zxperimentess
~ otherwise each point representc a»sing%g experiment.
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- one. After various periods of ‘treatment with 4 ug dihydro-
teshotterone/1“° g body weight, ra+s were kllled
prostates rcmovnd and . we2ighed. Rate of 1ncorpora+1on of
.thymidine into DNA was assayed in yvitro as described -
Chapter 7IT., vyalyas: for 7 day cas*rates are shown on the

values
for at least



“hymidines. tv nuclei, ard 'secondly *o an dircrease in the

p=rcentage of nuclear .lahel conver+ed in*o acid-insoluble

';;@rial from l=ss thar 04 jip conttolé ?Q 7@5%‘ ir hormone
’ér@atéd ticsue, Af+asr . <+h=z *hird day, d%spi;c con+inued
admiris*ration of horﬁoné, the Tate of inccrporation
décline?. Py Aav 10 i« has iropp@d_‘o.h?low *the normal level
and by dav AAU‘ tc the level obscrvcd in_rcnfrél Un*reated
‘castrates, The percentage of labéleﬂ‘nﬁclei as d€termined,by
autbradiograohy " correla+és iiregtly with l=avel of

»

incorpora*ion of *hypidin=

—

Thus ghanqos'. in rafé'  of {incorpSYafibn a:é ‘due: o
parficipafibn b?‘ Varying numbe%s of nggiqi ';athér than
variations in rag¢e of Synthesis;amonO’inﬁividual nucl=i, a+
*he péak‘of incorporation at day 2, gboutilﬁ of nuclai  a:e
labeiod in wvi*r . ¥et weights and pumber. of nucl=i per

brostate are siqnifican+ly-abovejthe‘contrcl level (P<C.2)
D : : !

bv' 26  hcurs after bzginning of tr=atm=nt, ard increase

rapidly betwseX dav 2 and dav S. . Durinc this <+ipe  the

=

doublina +ime for +he cell populatior is . g+ 4C hours and

0

tte w:ithgiw r2ases at a rate cf abou<. 4d-t0

'

dav. & ang day 7 thka number of . nhucleirand wet weilght

correla~ion coefficiert = 2.78) .

N . Y N N N . . ® .
raspectivelv, "have re+tyrnad +g ‘+he rormal level, Af*+er %h*c/’

o

time +he rate of increase ‘in numbsrs of nuclei decreases *o
259 of +he former rate, while weighrts cortituye to  increase
Iinearly for at 1leas+@ 14 days (no*e change of scale ip

Figure R) . Py day 14, wéiqhts arg. t;?gé *he  nermal level

while ~nuclear number is ahcut 30% graXTtsr than hormal. The

pd
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2

c¢ontinrued slow increase in number of nuclei after day & may

(Bl

r2presert  an  overshoot due *o0 +he high doses ¢f hermons

[

administersaa,

Ir order t+o ascarftain that the effects on incorrporation
of *hymidine hy mirnces in vitrc are no+* an artefact of the
. - o T . % . ' '
i vi*ro' ircuba*ion, +he ra+te aof lncorroratior was assayed

ir Wwivc as described in Chaptar TI. Figure 9 Qdeponstrates

Vo is the same as

tha* *he time course of incorpora*ion. in vi

L0 . When the nucléi were examined by

S
Lo

*ka* ohserved in vi

1]

ent correla*ion (correla*iorn coefficien+
£.93)  bzatween  rate Sf. incorpora*ion of thymidine and the

percentage of lakelsd nuclei. A+ day - 2, +the ©peak of

.
e .

incorporatior, 13% cof ‘he nuclei ars labeled,

ht

(=
o]

Txzmina*ion cf . pProstate slices urder the 1

b

ricroscop= r=veals tha* hormon:s induced regeneratiocon results

~ c

in res*oration of ‘the rormal - morpholoqv, wi%h decreased
connec*ive  t+tissue, large acini, ° and . tall . columnar

2

epith=1igm, - : ' -

n order to da*=rmine th= lena*h of +ime: a ~dose ' of

androgen- repains weffective, prostates were examined a+
o S : v Sl .
frvals after admiristration of a sinale dose of

t

3

varicus i

r

o»

’..l-
r
(o]

vdrotaestos+teron2/10n g ‘body weight to " 7 day
cas*rates. The ressul+s are shown in Pigure 1C. Tt is 2viden+

that a sipgle g%se of hormore can irduce an increased rate
S . , ,
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thymidine "ip  yive assayed afser various periods of
treatment. Fach pcint represents a single experiment.
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injection of 460 ugq dghydro
afid

ts
tk
Each .
exoprﬂments.

were

killed
idine was- assay=d-

prsponse of 7 dav castra*es *0 &

p01n‘ represents tho meanis.~. for a+
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dose
various times after a single.
estosterona/120 g body weight,
Prostates removed. Incorporation ef
IL vitro as dascribed in Chapter 1I7I.
least 3 separate:

At

of
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of D¥R synthesis Vifhv the sane ﬁime courcse, although:a

smaller magnitude, as observed duriy

jon
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Y
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W
et
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o
oo}
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n

ot
!
31}
ot
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Poth prostz*ic weight and nuclear numbers zra

-incr

il

ase for 7 days a* zbout half +he ‘Tate. rreduc=d by

e A _
mul+iple dos2s ot hermona, but n2ither at+aips +he normal
. ,

lzwelf I* I1s uncer*ain whether hormone is actually presant

in  the pros*ate throughou* the +ipe arowth is' stimula+ed hv

o

tay

v T, i i G R . . - . .
‘a sinqgle dose, but the rapi?  ms+aboliem arg - excre*ion of

androgens compared <o fhé/zzz;‘h of *ime +hat* cffiapes ar
T | TR SREERS e

. , S ol -
observed raises “he possibility tha* contirued presance of
hormore may not" te  necesBary  for of
preYiferstion once i+"has bagun.
/ ‘ . . . N .. ) .’. .

. . f . B . ) . - .
order *o .compare the relatiws po*sncisc of testosterone ard
dihydro*estosterons, .7 day castrate rats wers treated. with

. ; . ¢ ‘ A
dallyvdoses 0f 437 ug testostercne/197 g hofdy wéiche. Ficursd”

.

1N ~shows tha+t +he .DNp . syrthatic resronse inAucsad 'by
) N . B » - . ) ; . ) ' S .
teg*+ost i 5 a b e nli ha
‘o terorne ig verv.broad andvvayfablt, ur,like +he ,sharp
; ‘ . . : - ) " oo ‘
peak observed Wit dihydrotistosterone "ﬁ¢5=+mer;'
therm o+ AR R el
qu.h rrore, "he rat-= of increase of wet weidht andvnuclééf\

s .

con*tent are onlv abou- 39%'of those~'ei

testos*terone, and bv day 2 bo*h varametere

' s
less. (F<C.C%)  than' those. for d-'hyr’.rc{L Stero
N : * T B Y N ’ ’ . ' : '
arimals, T+ takes 14 . 4davs for testosteronz r
. . ‘ : ‘ ) bl ’ Lo R
Weight and number of nuclE€i %o +hedir normal“ﬂ@% 2
dihvdrotes+ost - coilin 7 . | ;.
Arhvdrotestosterone does so+~3in 7 and © 2
) } : ’ . . Y
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to determine +he relative éffects ‘of Testosterone ang

DNA synthesis, rats were +reate’ daily for 2 days wit

various doses of 'testostérope Cr - dihydrotestecsterone and.
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Tate of incorporation of thymidine determired in Vi*roc . 2=
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==L in Figure 12, a* 'all doses eéxcept the lowast +he
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values for diﬁydrotestostérone are cdnsistehtly greatar *hanp

n

those for testosterons. However,  4dy C*0o. conigderablé“

variability in  the rTesporse afiar +his ehort périoi'of

freatment, +re differentes  are statis*iczally sigrnifican=+

o
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effects of . androstanedioge,i 2alp
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andros+anediol and'17ha%afestradiol‘on stimulating rates o

incorporaticn. of tﬁYmidinq;by 7 day cas*rates WETe - compared
| _ Con |
to  those of +ostosterone and dihydrotesfcsterOEGP'Animals

.

¥ere treated daily for T davs with sither 220 or U0 ugyinr
g body weiaht. Resyl+s are shown ip Table . It is evidens

that lalpha-endrostanediol is as potert as DHT ip

stimulating ini*ial-rafés of DA synthesis, but nons of t he

j+

othcr’hbrmones'tested.has very drematic sffects,
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Figure 12. Effec¢t of dose of testosterone or dihydrotesto-
sterone or ‘rate of DNA synthesis. 7 day castrates were

‘injected wi+h various doses of testosterone or dihydrotesto-

sterore. The injaction was repeated 2t hours later. ue@ hours
after the initijal imjection the rats were killed and rate of’
DN2 synthesis assayed ir vitro.as in Chapter II. Fach  value

Trepresenrts - the meantS.%. fcr at least three separate

determirations. - ‘ B
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PADTOACTIVITY TUCCFPORPATED
- fdom/ug DKA/ZIC mim)

v

HCTWANT . Z07 ugyiceq Urt ug/102g
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DET L S R DS
T 122,2+21,.¢ SRT.8+77 .0
A'dions . 0.5 ez
. Ra-2vAio) 2738 -
Th-2vdiol RERG : - '
Ttdiol R SR £
ible @ 1, r‘-‘fcc*c‘. of various hbrmbr;s on TN¥A synthesis,
ﬂplmalc were injecte d with 2ither 220 or 4rc¢ ug/1C¢_ 3  body
w2ight of variocus: htormores, Atbreviaticne used ars DHT for
d*hydro*GSTOC*prone, T fer ‘te=stostercrne, Atdione for
a"droc‘aﬁeé*ove a-3'3ipl fer ‘alqu“FQrOQfaPGﬁlol, b~
E'dicl for. he+ a-androstansdicl, and F'diol for 17be+a-
estradiol. ‘The , ‘injection was repeat=ad U hours later, un
hours . a€+er +he firds indectior the &nimals were killed and
DNA Synthes;s ‘Assaved in vitro as described in Chapter IT.
“Eesults are shown 1 mean*S.¥, where three saparate
‘doterminaticrs Were . . made, or else as values for single

experiman+s



Py DET. SCHY 13521 appears +¢ be slightly more poten+,
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syn*thesis in . 7 ° davy castra*tes. were tasted. Trn all
experim=nts, ‘estostsrons cr dihydrotestosterone was
indjected in 3 doss= of 405 . ugy/10C g body weight,

Antiendrogens ware inject=23 at *he sane tize as androgzn at

a differern* site. Te *est *he effects. of estradiol, animals
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v
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yitre 72 hcurs after injecticr. Tesults are shown in Table

Z. The =ffects of ‘estradiol on dihydrotestosterone-

stipula+ed X2 synshssis are extremely variable, ranging

fror wmarked inhibition <+o  markead stimulation. fhe mean

’

values idingdica== stimulation, but diffifances 'are.‘:not
significan* comparad “0o.animals *reat€d with dihydro*esto-
. . c S . . . oo 1 o
st srore alere, Is*radiol inhibits S ovBry strongly
tastos*srene-s+*imulatagd “incorperation © of thymidine. The

‘refsons for *hes2 =ffects of =stradiol are urnclear. Both thé
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: 1:‘"‘""‘C"“‘I"Y INCOFIQTATED
TRATLOMENT (dpm/ua DNa/Z” vﬂﬁ)Q (° cf con=rel)
DHT ' 71&, 1411 & 107
DHT+F'diol(2r’) 7ac, 50?J“»7 119
DHT+®Ydinl (4l D) ITTRT.LEI07 1 1%2 ‘
" SAZ.E+TT gy 10
THTAi0) (UON) 1851307 2
nuo FAI, Cre3 7 i LR
D””+CA(L’") B S =c
DHT+CA(2000) 267, 2 ca
DHT+SCYH (U0 Q) 271, % @3
DHT+§"F("""C) . 172, ¢ o
Table 2, T-“f‘ccts of’anFiahdrooent Ar rates ¢f TVYX svnthacig,
Anrimals were trea*aﬂ as descrited in thalecye, Abtrasviations
used are NHT feor Hyiro+e<*cbtrr0r5, I e ‘testos*tarone,
F*diol for estradlol, C: for cvoroterone = : nd SCH
for- SCH 13521, Patae of DXY syn*hesis was zes- in *ro as
in Chap*er TI, Fesyl +s are <shown as a#zn#S.T, _tare a+ lezst
three differcnt eXperiments wors Jonz, orceles .o *h>  mean

*wW0O valuecs




The responss cf the prostata to andreogens aprears *o
deperd on how ranv cells are present 3in *he rrestate

relative +0 the numbs

H

normally . present. Tf +he  normnal’
s - . ’ . -
cellular complament is pressnt, as . 1n rormal animals or

short term castrates (Figqur=s © anAa £) ther evern larege

~

doses of eandrogens canroc* induce proliferation. This lack of

prostate, sirce wet weights. are agTeatly increassd ag  a
Tasult of hormona adminis*ratior, vpresumablyv du= +to

stirulatior of pros*tatic secres*cry functior. fr  the o*har
hand, =after "the pumber of c21le in the prosta*e has fall.ej
t2low the ncrmal levsl, as in rats castrzt+ad lcrger thar

*hr2e  Adays (Figures 7 ard %), thz primary r=sronse of +h

e
prosta*se +o restoratiorn of andvcgen egpnsars Te ke
proliferz*icr %o res*ore *he rormal ccrplement of calle,

¢ _ ,

. . - N . -
fnc= this has occurred, howaver, csom= homeos*atic mechtanisa

seems  *o switch ‘off proliforation. -+ is Aifficul* to say

whether secretory activity &f +he pros*tate s*arts during the
proliferative phacse, - or wvh2ther prolifsra*ior  mus+t b=
comple+ed hefcors secreticn‘q;mménCeg. This cculd be test=q
7 '
. Y4

direc*ly bv 2ss3ying ‘some parameter of prostatic - functiorn,
. : L. C - i ",‘

such as produc*ion of citrates. In any case, i* is ¢lsar *hat

- . ' : 7 - g
i P . ) i : . : N . .
once. *he numbar of. c=211ls ‘ha’s returned tc normal continued
’~.:. :._ , . ‘ - ';,‘. k : g
gloiristration of ~ardrogens  is an internse’ stimulus €for

secretory activi*y of the prostate, This sequence of sven*s



- prbliferafion foilowed by expression of differentiateqd
funcfion - . has been observed in a number of é?stoms,.és
discusssd ir Chap*er T. Tf i+ were possible +o specifically
block rroliferation, +his system woul? be an =xcellen* ere
in uﬁich to test whether prolxfaration is 2 Teculremen* for’
subsequcgt édifferentiation, Unforrunatsly, howsver, agsnts
+hat block DwA éyn+hesis or mitosis, such as hviéro¥xvurea or-

colchicine, are  probablv too toxic. for . prolongsd

Administration to ra*s in Apses sufficiérs -5 corpletaly

!

hlock prolifera+tion.

- . -
‘

"uring  androqgen-s=imulateqd r2gznera*izsn of +has 7.asy

cactra+€ ‘prosfafh Piqure 9y, thres vhzses  can ‘be
distirguiched Flrstlv, there e a la+ers rezicd gf Zu-zf
hours, durira which no  prolitera+iye Tesgonse czrT he
datacted, tu+, as  discussed .inp 'fhc rntroduct+ion,  +he

rrostate is very active blocksmicaily. nars

period, Frepara*ions for AR Svn*thesis and c=11

L, rroliferation mus+ he taking placs, 2ni *his {g prehahlv the

the onse* of DNA synthesis. Sacordly, +here <o a
proliferation s*arting a+ 3s5-u48 hcurs and

for about. 72 hours. Ths kiretice cf c=1lular

or during +his time will b2 axamined  in Chaptar

o
By

about s 34 fter irnitiatior of ~ hormone +r@athentj and-

continuing



as hormon=

A L

furdamer+al o

this  chap*er "can pote
Piochemical assav for *h prol
J
tha* would ke @iﬁéler a
I

of various hormornos stimy tin;gPNA syrthesis@f?ablev5)
agree quite well Pwifh? ';/ cffcﬁté‘ or growth in vivo
(quchovskv, 1075) aﬁd on prosfa{ic explants Ir orqgan
culfure’(?cbcl s+ al, 1071). Tn addi+ion,. this assay can
£2TVe && 2  measure of antiandrogenic ic*tivity (jablé 2). .
While ~he ip vi‘ro and in Vivo assays fcer incorperation  cf
*hymidire " show parallelf cﬁaﬁges in ratc‘of DN R synth@sis:

during hormone

of

incorpecraticn, at day. 5‘£foll

*reatment, 137 of nuélcew are

Vitro . These differences are
v

viability prior to and during

in vitro assay

al+*houah +he

of ahsolute

s

T

s lackinag in nzoplas*ic celle.

aU

continues o bz presen*t. The that  occur
around dav 5 that shu+ off rroliferation ame undoub*edly of
mzjor impo;ftn;é irnscfar as unders+andirg of *he rzqulation
65; arowth is concernz@d, and i+ pay well he +hat <he
vparticﬁlar mechanises opera;iné a this tipe are“ tha

Y sSsStTtve as &n 2xc=1lent
iferative cffec+s of andrngans
nd *han +the

cwing

label=gd

nora. obdective

previouslv. The

%rqafm@nf'(Figures 8 and 9),‘thé

course no* strictly ccmrparable

in

.;

relative

"2

A
e

two assaves

. At the prak rate of

of hormors

gtia‘ion ) )
I Vivo but only 3% ir

probably Aue *o loss of c=11

rates of DNL synthesis o~ o

tro incuba*ion. Thus,
use for measuremsnt’
t th true numher of



cealfly DNA synthatic rean

cells  iavolved, i+ can he used  to ccompare rates of DV

9. ; : .
svyrthesis as a result of various “r=a*ments,
o . - )
Ro*thaw#te  relative effects of various doses of
ey
. L . h’” - / ’
*astédsterons and dihyAdro+tes+cstaraone or stimulation of +he

‘ fqur= 12y ard the '  ralative

fr Ty

nT2tes as ghich efiual  Acses induca pros*atic regzreration

(Fiqures A and“ﬁj)_suqqest that Adihviroezs+ostzrcone -isg a:

more  potsnt androaen *han testosterons. Thig tirdirg is ip

o

Adgreemen* with +he wor¥ of Schpidt e+ a1 (1672) and of

Tuohimaa &+ al (1973, Coffav et 2l (19/€), have fourd +ha+

+*astost=pona propiona*e stimulates prosta*ic regsreration a+

[ig]

*he same rate as observed hara wi+h dihvdro*sstos

ot

eronz, hu+
a* double +he dose. Since Figurs= 12 - demonstrates +ha<

doubling +t+he Jdoce of *es*osterone from 407 +o SCC uaz14oc

body weiahk+ has no §ff=ct on rate of DNX synthesis, 1t}
Appedars possikle that testosterons proprorz*s does ro* have
*he same  androqenic: properties as tastosterore. This

diffarence may well be dus to *ha Aifferart solubilit

the *wo compourds and *+o the 4iffe-apt vehicles used (

\ “

01l in the ‘cease of Coffey .ot aly. Tn ary . case, 1f ‘one

assumes tha*  dihydrotestos*arons and tastocterone shar=.a

. - ’ . ’ LY . ' . P
common wachanism angd site  of action, +*ten +he - findinagsg

presentead in  this chapter ar=  consistert with ‘+he
possibility tha* convarsion of tes*tosterone to dihydrotesto-
sterore is a3 necessary stag for 2xpression of its

proliferative =ffects,
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Durlba anﬁroo;n-s:imulat

} (H“am°;r Tvxzfir

W

rats wi*h uce ua'.dithro+estcst

-,
W

Puring  +his! 72 .hour period,

N

d

‘growth of the rat prcstate

RFGENEFRATICYN

LY

ol*‘era‘lon occurs at a maximal raite betwesn
days 2 and © af+er ini+iation cof treatment of 7 day castrate
grone/10% g bhody weiqh+.

the cell povulation undqrdoes

1.8 doublirngs witﬁ;& déhtling‘fime of u4C hours, ,and then

~*he mecharisps-involvad in +his

o Y o Sigev

would be usafyl g know{+he duration

;\\.
cycle phases in +the prolifera®i

of ‘cells, involved in ‘Heorol i

f

sh

"1

In attempti 41\\}uc1da*c

utoff proli f@ra+’oﬁ* it

the various cell

“

ng. Dopu1a+*or\ *he fraction

\w
tive responﬁe tc hormone,

oo . S .
and *h= average number .of divisiors arcell und¢ragoes during

. ) e
the rzgensra*+ion, . °

At

o

Pr=vious studi=ss of cell

o

in
D
<

=ccessory glands of the ‘mouse

(=8

kine*ics in

ndrogsn-s+irtulated +issyes have c0ﬂcentra‘cd on th2 varijious

(7 uohimaa ard Niemi, 19f8;

‘Morley. anﬂ Wri q.* '1972£lﬂquay et al 1973) . A1}l  of +these

studies have used théfifechniqus-Lof- fractio nal labeled

mitoses +o follow a cohort

{n
D
n
e

successive nito

Qf

iabeléi cells throuqb

,pulse'of 3p- ‘hvm¢d1ne 1s admini Stered

-~

%0 2 ¢roup of animals. A+ varlcus timss, animals ara killeq,



*lissuss prepared fer av*toradioqrapkhv, 2r.d *ke provcr+ion

mitoses thet are Yaheled is Flott:4 agairs+t tipe

r

for +he firs+ laheled mitotic figures +o appear COTTesp

to the dura*tion of ©2 (plus rar+ of mitcsic). The Eercen

of 1labeled pi+tgszc incrsassas *o 170% ‘cr

g reriod equa

m

87

tage

1 *o

next
itorsisg, tte percentages of lap=led pitcsas increases again,
Iﬁ'oracrice, ﬁévevqr, because tbé labeled cells Ade net
- Progress syncﬁ:onoUS1y~ﬁhrough ths c211 cycle, 2 cecord wave
©of labeled ritosas is Sfter no* cohsarved, “r th:ase casss the
C?ll cycle +ime canpot 't he measured ditectly tut.muSt'bq
calcula*ed. iﬁdi‘re‘ctly. | o : IY’:_f
Tuohimaa anig V’emi'(1959) fourj thatiadninistration 6f
tes+tost=rops pPropiornate to *uc vc;k/ca§tra:;\xife ilnCregases
- , v o e NG -
*he  labelinc index = of v2rtral osros*a-. from 1.¢% in
untreateyd ‘ocn*rols to FT7%, ani'sho:fens.fgé €=11 cvcle +ipe:
(Tc) from ébout 977 hours t§ 2% hours. Ttre zadoritv  g9f  the

effect on Tc is  due +9  shortarn:

calculated assumirg  s+sadv  state Groweh Xiretics an
R i ' )

n
m -

crow*h ~ fractior. cf 1,.C, a u%bfions tha+ urdcubtsidly

invalid for an 2xparding ponrulation.. Similar effects Lhavs

Fecn3jrepor€eﬁ for. seminal vesicles (Morlev =03 ¥right, 1

Morley =+ al,- 107?).‘ Again, howevar,. a  s:zcend wave
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¥

labeled mitoses was not observed ard calculations were made

)

assumigg =yponential growth, an assumption which also is

probably incorrect. ° In  addi+

| -4

2a, *hese workers ‘hava

d=termined +that the growth fraction (*h= propor+ior of cells

proliferating a2+ a giver +time) "ir rotse <seminzl vesicle

varies with +time after initiation cf torméne treatment,

H
{4
n
[N
E]
Hh
o]

and <“hen falling +o .32 by 72 hours. Fv mezsuring graih

. ) - . - “ , i i ; A . . ) . . . . .
count 4istributiors following administra+icr of 3E-+hymidine
at 72 kours, thev' founrd tha+t labeled ‘cells undergo one
. s . . . ; XA

e

pode

division, *ha+* is, the average nuprker of araine DE

r cell is
hélqu, bu+.nof a sctoné :Eivisicn.‘ éiné@- r=gsrera+ion is
preéuméhly‘ aimos* ccmpletefb" 72 hours,.thié_finding is not
very,meéningful,?and the experimean was fot rerformed - a+

t=chnique of frac+ional labkeled wgitosec irdicate +ha+
o N ‘ ' o - i s »
androagers increase the prorcrtign of cells in t he

proliferative ¢=2ll cvcls ard dzcrezse. +he dura+icn of this

cycle, but *ha =z2ctuzl magnituds’and relative importance of
these “Cfchts “is.uncertainr bhfczus= oOFf *he many assumrctions

irvolved *in the vérious-calculations...Tn ~order *+o oktaip

W
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.'Niller and‘Phiilipc {79¢9) hav= develcped. 2. technique

.

for fractiorating .populaticns of particlec on the hasis- of

size hv lat=+ing +hep settle +hrouah e, shallov aradiert under

+ B «
™~ .

om ©.74 a+ 24 hours tc a peak of C.AZ at 48  hours,

e



*he influence of gravitv. The.densiy of +Ee gradient is low
compared to that of +he particles, so *ha+ +theéi

‘rovement depends direc*lv én.th2ir size and shape. Recause
cells *hat heve -Fust divided'(G1~cells).sﬂculd be  zabout hal®
the size of thosg= ju§zgpreparing to'divide (GZ cells), and

cells in

~Cbp‘quo»

prolﬁf

iaporfod--that;'sgchA fracticnaticr ‘of experan+ially arowing

A

The work reportei<ir this chaptar cencerrs <hz study of

e
.

cell proliferation' kinetics in regensratirc ra* rrostats

D

‘using th

ﬂA
. "1
(=}
23
j4
ot

“*tecknique  of - veloci*y sr&lmcr‘a**cn urn

-
’-‘

garavity to tionata *h= population accordirc +o positicn

3

in +he cell cycle. Tscla*2d nuclei ra+hkar +hzr whols calls

.2re used in +his s*udy because of the 1ig
} o A . _' . . )
L A — . . . , ,
variations 1in  nuclear siz= through +h= c=11 cvcle would@ b=
. . . - [

mor= pronounced than variaztions in *pe’ sive oif +he whele
. : N ’ o "‘j : ‘

- ) e

£ Y . j = e s o
\be of  ;p“¢§yzﬁ1cﬁe size, this
i b i 3 fract i '

. . ’[ s :
0711, and1 because of *ha, d®fficul+y ir isclatirg-dntact.

. /.
. ! -
czlls from 2 s0lid tissue shWch as the*rrostate. :
MATEZIALS_AND_MTTHODS o T
. + ) N
”*(a*mvnf of anlmals. Seven A3v cac a S wers rreawed

with daily dosés‘ of 200 uq Flh)dro sctosssrore/ (' a bodv
. 5 . - . - 1 . B . ./ A ’ :

weight as de qcrlbﬁd in Chﬁh*cr'II. Tnis is Aoubkle <hs dosa

A=



I, prcl Minarv experimen+ts i* was found thaf, at dose le

(RS2) solu*ions wer

used in most experimenfs in Chapter IV, and was used because

I3

it Droduces a-more reproducible growth response

¢

(Me*hyl-34] thymidire was injected in*raperitoneally in
salire -as described in .Chapter TII at z dose l=vel of ©

uCi/102 ‘g body weight. At +his dose, . the isotope has. no

deletarious effects on rrestatic . growth, sirce prestitic
" weights and ruclear yields are +he same as for centrol

ct

animals hat ha ve ncot. bean injecte’d with labeled thym1d€ e.
vals
greater t“a“ 1T uCiyz130 g body-veight,'these paramet¢:s vere

consisten+tly less than con*rol values at +1mes longer +than

20 hours af+er inis c+1or.

ration of nuclei. "Triton-purified" rnuclei were

N
»

Fractiona*+ion of nuclei. The apparatus for veloci+*v

(Tofonfo, Cn+.) and mo 1fi.i ﬁy aidﬁ%icn dff a o \#at:r'
j;ckef_ around the_.sédimentaticno cgamb@}'(Figure 1y, The
sedimeptétion éham%gr‘had‘a diameter of 16,0 ém and hance =«
vo%hmc of 22.t ml per ;egéicaé=ﬁm.fAll boVﬁne séfui alburin
‘ @lin\?85<ébn¥aining C.02% . (v/v)

Triton X¥1CC (Sigma) to p ~vcvt aogr@qa*’cn of - nucle* A

M.
4"\3 A

Tepar

= .I‘-J

'were_filtered,through a . 2um Mill: pore 'filter (%illiyé'w

~Corp., Mon*raal, P,Q.).'-TEEE 1% (w/v)\'and 2% (w/vy Esr

N /
3
/.

chambers each.contéinedlﬁoo ml of solutior, and +hd r, -3
o
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Fuspension was diluted to a concentra*ionr

~.in PRS con*taini ng C.3‘z (wW/v) RSk, and*unless”'
stated otherwis= +h2 volume aprlied +o +hHe gsedimentation

charber was 20wl The radisnt was: loadOH at a rate of

Q

'ébdut 2 ml/mln, allovwed *o stard for 3 hours (starting from
.fhé‘tim:‘licL d reached the, top of the ccne .cn loadﬁng). ard

. *hen . unloaded a+ 15-?0 ml/min with frec+ionrs of 1C.q-’1.5 ml

collect=d ‘using a - Brinkmann ST2  frac*ionr  collecter

B , : : .
(Brlnkmannlfnstruments, Torontoe, On%.).

SCTimgntafioh velocity was corputed using the 2quation
i C - ' v s T :
SV = [(ytfuf)nj/[S++Cf(Nf/nt)]
’7 where SV = écd*nenta**c* velocv*v
L\ for Fractlon NE
: : » - Nf = fractior number -
' Nt = total number of frac*wonc
) D = depth/frac*ion =
5 ‘ fractlon volumo/(22 u ml/mm)
. .. 5% = standing;time (fren *op, of cone -

or loading to thﬁ+ of urloadlna)
Ct = collection +time (from start of
s urIOﬂdqu to top cf cong)

.

-\t,
i;§§g;§gjggg_gf_ggg;§;;'An aliquoct of each fraction was

“

d21luta? with filtzred Pps and 57 ul counted using 2 Coulter
A v , a _ g

counter modzl =n (Coulter ?lectronics,zﬁialéah, Fla.) fitter

\

with a ‘SP‘ﬁm aperture. Optimal settings wers d@termined by
pro*+ing +he size dis*tribution of urf actﬂord Gd ruclei - at

a

<
[}

1ous  sefrings, and were 9. 707 for 1/Apc{,2 for 1/amMp, 70

gain, %3H for matcﬁing_switch, 29 for lawer' thr=sholqd,

\A

0

>
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and 107 for upper  “kreshold. Pecovery of nuclei frem +he

gradiert was abou+ 0%,

Efter removzl -of an

2liquot. for ccun*ing of ruclei, “he rest of cach fraction

D

Jfés deposited onto a C.0%am -Millipora. filter (™

(=]

llipor

° i oL . R ) . - ‘J"
Corr.y. The filters were washéd with 5 ml cold PES and <hen

twice® with 't p) celd  cex (é/v) *rickloroacetic acid

~Atied  overnigh+  a* 370, nnlecs nmy Was tn AR eTTEA

below) .ths fil+ere ware cournted irn 2 s5cin*illzn- cortairing

' N i
' . i

Y @ Z,%-diphenylexazole (:mersbamf83a§lc Core., irlington
. e . .

‘Heilagbkts, T11.) per lisre scintillia*icr Grade *cluene
| v - : , .
(Fisher)y! rackarcurds wera *aken as *hs mezn + 2 standard
. . [ -
d=viai+ions of fiva, blank tilters, 2nd were 2)-2= for
*ri+ium. Pecovery of radioac*ivitv frep +he aradient was QP-
Pas .
. [l P

|ns., g
"onhla - isotopas S, counting was er:ormcﬁ usinag two
chann=ls of <HkKa Feckmzr 1§7&7 scin*illz*+ion ccoun-er., A
variable  Iscse* was geeRd for the 3u chanrel, with lower

, <
window s<+'a~' © argd upper ¥irdow 2t 3, Th=

WaS usei for +he I‘C'cbannél.'Facquound'ﬁb.v39 was S comn

and =fficiency abcut 139, backaround for 1eC wae © cpm and

efficiency atou+ &C9, Jsing?34 arl 1ec Standardes, spiilovcr.

e ‘ .

Cf 14C Ein+p fhé,?“ chkannel was detzrpin=A 'o.b:-f.ﬁi,:ari 3y
Cnyurnts yare COYF5Cf%5‘fOT‘SpiIIOVJZ by sub+*racting 2.8% of

. N \ ' . . S : : .
18C counts for thas sample, Spillover of 3% courts ipeg . ~he

'!;C_Channal was ncqliqible;

“ . L R -

&

el

"
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If DNA was to be measured, _.J‘W1' 

[[=0

~-® Y perchloric acid were added to +ha dried filters « arnd

nN2 extrac*cﬂ hv hcai*rc a* 700 for 2¢ hinutes;'The,fil*hrs

3 . . . o
ware r=novad; 1 s ml of  *h= . reTchloric " acid 2xtract was,

: - C R : R :
gssavsid fcr - DN2 us:ng the diphenvlamine procedurs as
descrited in Chap*ter TT, ani +hs resgs of the sxtract  (abou+*
.4 ‘=l Was coun*=3d =as descriﬁid in Chap*er II fOr aqueous

A

) . . .
Frzcticrnation of rnuclei accordl 19 *o_gh=e~ cf-*he coll

hsn a povruli*ior of hucléi from 7 -day- caS+rafe

IS

atirg for 72 hours is

allcwaa *o qh¢«1e +r*ou E oa shal ow.BSA gradier< under .uni+
S & N BRI ' ‘

aravitv, +wo peaks{ of material “ats ob

¥icroscopic examipad '

I : y ’ ) - ‘.: - . ) ] X .

(zbcut  J.% mm/hour) ‘shows it +o copsied of debgis. Tt

con*tains ro  DWX: gnd1 no ,radioaceive

2ftersz 7 fhour pPlﬁ? in vivo with [hzt bvl 3P] *hvm164nc 1uq*/_

. v .. N . N :
Pricr *n ¥illirg, 1abzl is found in 2 peak heavier than tha* .
of ‘hé, ma?ority of nucled, vith. a maximum?®at ‘about 2.7-3.¢C

mm/heour. Wuclei sedimenting betwzbn 1.3 and 2.2-2.3, mm/hkour

con*ain. the diploid amount of DW) _and i*tle. labeled
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icr: to:kills ng, anlmalc wers 1n1~c*=8 with'
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*hymidirs, and accordip 'y ara conelder d *o be in +ths @7

and €1 phases of hc:C°11 cyc‘c Nuclei sedimen*ting he*twvean

()

2.2-2. mm/hour and Aboit 3;1 "mm/honr centain  increasing
amouﬁts of "Dﬁ};: and.  most of. thé 1afeled thymidin=
chérapfcéisfic éfupﬁciéi;in the pfoce@S of TX3X rerlicatjion
tha+ is,. *he 'S. pdééa of thé cell.cycle,‘Finall

o

sedim=ntinag rore rapidly +han 3.1 mm/hour cor

‘0
fir
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dipléié 'éméunt of ﬁNA’aﬁﬂ lit+ls labeled *tvmidirs, ard ar=
corsidéféd +olh: in G2. . .
.gf g’
\JEIQSEE__iQE_Qﬁ.DEElEL.ZEEQEGH_;i:__iil_gislﬁ; Seven Aay
castrat*tss . were puls= 1aﬁé1cd with an Intraparitonzal
fnj%cticn "ot tmf'hvl;3ﬂ] “thymidins a=+ 4? houfé‘ gf+er
initié*iénrof.hormone +*reatment (h?g%aftcr ~refarred +to  as
- tire zerc), and the pregression of =he labcleﬁycells “hrcouah

the c211 cycla followed for the subsaqu=nt 49 hours. H=patic
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- Figure 15. Dpistribu*ion of label bétween 1.ané 12 hovrs. 7
day Casfrates-were'in1¢ct9d t 24 heour intervals with 220 ug
dihydrotps+oqtcron@/10f g body weight. Alerg with the thivd
injection at ug hours, the animals ' were ini€cted
intraperitoneally with. 5 UCl [ mathyl-3¥1 thymidsnghsco q
body weight. pt various tim§g;aafter irjection c¢f: ;é%tope'
rats were .killed ang pfostat;c nuclei  fracp¥ona*ted as
described- in Methods. THe,"diﬁﬁribuﬁion of  nuclei  isg
expressed for each fraction dg 1 percentage of +he peak
~value, and of radioactivity as the percentage of - the total
Tecovered in each fraction., T :
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2lmost complé*c and 1li+tle lébel Temains in  +ha S+q2

9 : ~
ragiorns. A+ 2 i vl i s
gions A 12 hours the peak of radioactivity is ac=uallyv

o+ : 3 .
slower +han the paak of niclei; *his wmav irdicate +hat
- - Cor ) A “
rucleil which havse just. 4ivided are smaller +han *he ma jority

of G1 ruclei,

(B2

fesulrts for +“imes latver than 12 hours (Figures 1# apd

5

17) ares plot+ted as rela+tiva

]
o)
M

Ppurary Sy . . ' ' ' I
sp C1L1§ 2c*ivity of a fraction (cpm/1%¢ ruclei) relative +o

+h . . - - —~ - . - - °
ne  specific ac*ivityv of unfractionz+agd nuclei, in order tc

damonstrate snrichment or deplz+ion 0f 1lzhel Yh various

haze - y j
pheses . of h= cell cvcle. Fiqure 1AB shows *+he data for 1

ty.

hours re t+=2g i p e ;
rs reolo**z2¢ in *his manner rrichment of label occurs

in Maa- ’ i 1 . v .
i =271y " 1 angd d%pl?tlon 1n "late" Gl The situa*tion is

Similar a+ 1€ r iqurs - Do i
ilar at hkcurs (Figqur= 14C). At *his %&me the amount of

il

dabhel <nq 4L . cenn ; ; i ' :
Iabel 3n s 452 regions c¢f the gradient r%@chPS'a minimum

B : Xy
o

(‘.F 47 qe = . . . )
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Shi1f+ nf label hack in*o +his rzgion. 2t +his +ime 27 ca Sf
: ‘ ‘ At +his time 21, cq of
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+Fk2 Y=2h=1: 4 - -« 3 . . .
k= 12bzl-is presan+ in +he S+G? regior of +he gr944;}¢ an
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increass of 137 nyar +the Amount =wprzsant at 1€ hours. Af far
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‘2L bhonre (Fiqure ~ 17 *he S+G62 region continues to  be

er:ichei ir labal, 4sy;cia¥1y &t U2 hours (?iourc.ﬂ7D);”hu?'

cific activities,  i.e., “*he
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Figure 16.‘Di$tribution~of»labcl-bOtween 12 and 24 hours. 7
day castrates were injected with' daily deses of 8or- ug
dihydrotastosteronas10n 9 body weiaht. Alorg with the thirzg
inijection  at 4§ hours : ¢he animals Were injected
intraptrifonqally with - 5 uci [m@thyl—JH]-thymidine/100 g
body weight. a¢t various times after injection of »iéofope
rats were killed = and.. prostatic ‘nuclei fracticnated  as
“w,d2scribed in  Me+thods. Tha. distributien of  nuclei is
“expressed for each frac+ion as 'g bercertage of the peak
value, and radioactivity as spe¢ific activity relative +o
‘that of urfractionateqd nuclei set at 1.0,
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Figure 17. Distribution of label betwesn 37 and:Ug€ Kburs. 7

day ' castrates were injected with daily - doses of .800 'ug
dihyerfeé%csferOne/?OC'g body weights 2long wi#h the third
injection at 48 - hours the animals  were indjected
intraperitoneally with S ucCi [methyl-3H] +thymidines/100 a
body weigh+. 12t various times after injection of isotope

"Tats were killed énd - prostatic nuclei fracticnated as
describeqd in - Methods. The distribution ‘of npuclei is

expressed for each fraction as a vercentage of ' the peak
value, and radicactivity as specific_activity relative to
that of unfractionated nuclei set at 1.0.
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:32;ghref 18. Persistence of DNXA synthesis a+ 24 hours. T'déy,
. castrates wore treated at 24  hour intervals with "800 ug
,“ dihydro€estbsterone/10O g .body weight, Rlong witkh the thirg

injection . at g hours the rats: were injected -
: ‘injraperitoneally with™ 5 uci [methyl=-3H) thymidine/100‘gj'
» > body weight, 23 hours later the rat% WETE injected
“Eihtraperitoneally with. 5 uci [methyl-14C) thyridine /100 g

bogdy welight. One hour after injection of 14¢ (24 hours after
a_’HWinjéction)'theﬂaniM§ls ¥2re killed and prostatic ‘Auclei
~*fractionated as described in Methods. DPistribution of nuclei
-is. shown for each fraction as the percertage of theé _paak
%?value;_bouh;g,isotope counting was done as . in. Methods and .
- Lesults. are shown as the pércenpgqe of the-total recdvereq ®

ijﬁeach§fréction.‘%‘ S \ -
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have a épdwmcntat’on veloc1‘y of about 2 mﬁ/hour, and ‘hat S
-
.phase nuclel have 1n+ammedlafa sedlmentafloh veloc1t1e= and
rhus 1nMermed1ate sizes. Hernce- t‘ is oossvblo to follow all
\

phascs o‘ the ‘cell cycle simulrgk ouslv, & nd ruclel from

varlaps (fiaces can be rocovorad For bﬂochomvcal aralysls
‘. ,1 . *

The one ma-or drawback - the ng pe r% d "of time ‘required
&. ( ’

for oood separation -of. slowly ,m%V1ﬁg_ particles such as

: D _ > N Ca

nuclei - could be ovarcome by the use .of &' low speed

T L

‘centrifugation System* instead ©of urnit aravity, and this
- * . . [ ’ X . .
.would probably resul+ also in improved Tesolution of the

"cell cycle phéses.'

’

By measdring thc appoarance ofslabel in rhe G1 rcqlon'

of the gradient at varicus “imes after labellng of = phase"

"1
—b
tn
-
'—I
ctw
[
n
o]
o
(0]
mn
™

nuclei * (Figu ':.to-estimate'thé'ﬁuration

ﬁof‘the various cell ojclé‘ohasesf.rﬁe’timc rnquireﬁ for' the
first aopcaréhco of lab;i in this reglon will corrcspond fo
E*he mlnlmum‘duratwon of G2+m1tos1s. Since etog; 2ty of label
is presenf 1n»G1 by 4 hours (?1gure 1<C), a reasorable-
esrimate' for 2+m1tos’s would bo 2- ? hours. It Hlll take a
lenqr: f time naual to the dura+1on of S*P4+m1tos1s for a1l
+he label to huiﬁransfcrred to +h? G1 r:gﬂon. Af+er 8 hours
(quuré 15D),.’80% of fbo label is 1n *ha 1 reglon, andfby;
:12 hours thlc valuo has reached ~8¢%; Thus vthe. lenq*h of
S+G2+m*+os1s is somewhat. grpa+er rban 8 hours, 1ead§%g ‘to an

.'esflmato of about 7 hours for. +he s phase.’*he firSt

Teappearance of label. in the S phase reglon. (quura 16)
i . ’ : R ) 4 ‘
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~Indicates ‘the minimum duration of th= coll cvclc in *his

‘ r ( N
‘case about 2¢C hogrs.' From the values of '2 houtgﬁ for
' S . e .
G2+mitosis, 7 hours for s, and..27 hours for *he c=21ll cycle

t - .
*ime (Tc), C1 can be determined to . be approximately 1£-11

B . ' N N
hours. The accuracy of these astimates could be improvgi‘%ﬁ

-

. ‘l
.desired by analvsis a+ more frequent intervals atter the

pulse of labeled thymidine. . - o

.

A

: . ) A
At 16 hours af+er 3 pulse of 3H-+hypidine (Figure 1€Q),

N ' . f T ) .

[ . ~

. . ’ : . : o [ N v ° o
12.4% of "the label is four?l in the S+G2 egvc“s of +he

'
C

dient. Between 16 and 48 hours the amoup+ cf” label in

ra
,q.g_ A ‘ . o —
this region. is greatsr +han® 12542, Tf  one takss +he
. : . L ) ) N ) . -
differeange between these values 0 represant labsl that jie

. - . ) ) . . :*‘ . -
re-entering a second S bhase and assumes +hat *he € hour

bty

interval betwéen'éxperiments is SUfFlC’Gﬂ‘lV ong ‘coffrared

to +he Auration of *he § phase (7 hoursy such that =2ach cell

is counted only once in i*s DASSa go fhrbugh S, then °he sum

-

of the ahova values will 'corraspond@ +o "tha rﬂoorff%n of +hc“»

ision

<

labeleq populatio% that undergoes a secori round of 2i

durir - +his 1ntoLval This value s fC.9%, which mavs ..

1nd1ca*€ tba* one dauqhﬁer cell rﬁeu1*1qq from each divisien

~

: = C A '
dlfferentlates while +he Other continues ¥6<%“31d6. In any

.y

case, i+ cor*alnly appoars tha¥ cnlv a fr=c‘1on of  dzughter-

s

cells re- en‘erq th~ prollfe*a+1ve ccl1 cycle Within enz cell

<cvc1e tlme ‘after dlvwsion; Thu qrowth_ kiretics in the

'rogpnrre*wnq proqtatp ‘are not axponagtlal The'findihq"that

‘50% .o labeled nuclei undergo a 39cond vound of di(‘ on .

YR _ e

o



0

would be consiste Nt with %teady state kiretics; however,‘ as
) o« . - .
will be d1ccue<ed bclow, maintenance of the observed rate of

'grqwth requires recr 1tment cf prSV1oucly nonprol ferating
’ " y" ! ' B ©
cells, and Fiqgure 18 demon§trate=‘ that thls,”recruifment

occurs. Hence cell p:biiferation kinetics in négenerating
) - . ‘ '

o

a* prostate arse nei.her_strictly-%xponeﬁtial - nor st:ict%y
teadv state. ,
¥ cell cycle +ime of 20 hours +o$€ther\ uith a

o

DooulaTIOﬂ doubllng time of un hourQ leads to an eqtlmatn.of

O.U(‘for the grow+h Fractlon {GF) . Ati ug <hours after
. \ ' "J. .

Y

ation -of . "hormone *reatment, examination‘ of

J=e
e

nit
2utoradiogravhs of prostatic slicss folloulnq con+1nuous
1abéling w**h -3H- +hvm*dlroar'evealq the lahtlwnq 1ndex to be

- 1€¥ and to bhe' 1nc*casang at *he rata of abcut 1% per hour,
: J

N
- . . . o
and éLhc m~+o*1c 1ndcx to bhe 2 1% (1t 1¢A1rferest1nq‘to note
. - T i o ~
tha+, if pre calculates the rcentagc of nucloi found in

iont, it aiyraqas out “to- 16,3%
n excellent - agreemen-g B 'i ‘the . labeling . index-
det-rmihétioh).', The the labeling index is

init llv 1£% and- ns arcroa51ag at, 71% per hour "indicates

that _af?gr one .ccll ‘(25 ;hCUES) the géouth

fraction will be .26, Tf ona assumo q+eady qta+e klno*lcs

that is, a random distrlbutron of nucldz’ nd t o-‘call'
cycle, +her +he follovlng equatlongwcan be'u%ed to calculata

the g*ow*h frac*lon (Pplfanova, 1966%




Ty
: -~ S
GF\f LT x Tc/Ts or o 6GF =.MI X Tc/Tm
Avv‘ . ) ( o P .-
wherf LT = laba2ling index =- 1r9
4 ~ Tc = cell cycle timé = 20 hours L
S Ts = durat on of § = 7'Hours
, MT = mi*otic ind@x = 2, '
' Tm = ﬂuratlon oF mﬂ'oc*~ = 1 hour
. iy 5

' » ' o~ . - . . :
The arowth frac+tion is C.ue.usinq'iabellng ndex or 0.4

usinag mitotic = indax data. AltérnativeLy, aSsumiﬁ§
. .S : b v . . t.
exponenfzalv growth, th@ .-growth frad+ion can Hc.calcqlated

from the- followvnq oqua*ﬂon (ﬁlpavcg 10;7)

. '/"‘
GF = LT/r(=xo("“°1n2/"c)‘1)@’”""91“2/T )

where LT = lahaling irdex = RIS
SO - TS = duraticn of § = 7 h g
N Tc = cell cvcle time = 208% 5
R 7 Ta = durat*ticn of G2+7 .8mitosis e 2 hours

t4

" In *his.case, the value for 6P is 2,5k, This value 825 not
agree ' very wﬁll with | the o*her four values;' +his may
indicate that the ,prolifera*iona'kiﬁegiés are closer +o
SR ' o S . C - F o ‘
steady state than . fo»»éxoon?n*ial In summary, thd@@fore,

g,vsral differen+ me+hods of calculat*or lead :o’an estimate

of 0.4 for rhe FraCtlor of cells 1nvoltgi §§ the initial
- | & \¢ -
prol foratﬂvc raqoonsa Lo dlhydroneqtos+erorc A

' ) } ’ ’ .
The grawth  frac+ion is undoubtedly charqvnq w*th tﬂmn

'durinq the ijurqc of rcaﬁnpra+1or, Since by 72 hours after

initia+ion o treafmen+ the labeling index reackes a maximum
: : : o : :

v
s

S of about

as /détarm*néd. bv  examination of

- : /‘ . - ) -
autoradioqraphs of proqtatlc slwces. Assumlpq the cell cycle

parametﬁr ldo not chanqe, th~svvou1d corfespond,fo 2, growth

. I b . "'
frac*lnn of jus* legg than 0.6.VHowever, after thlS'time the
A

N

labeling 1rdex dpcraa%eﬁ rapldly, so thau,C u is. probably a/

gl - e
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reascnable estima¥e for the average growth fraction’ during

prostatic Tegeneration, growth fractlon of +this
= Y

‘maghitude is cavpable of'main+a:n1ng cell pfoductlon 2t the.
. - N '
. ) ¥ .
rates cbhservead. Pﬁ*h a 20 heur cell cycle +¢me, almost "four

cycles bf division vould be required‘ to" repopulate <h=

}de

Assum ng4 that'the_ih tial grow+h ftactién is”Q,QA
and  *hat. fre  of 'daughtef 'c§lls do  no* 4re-eht2r "tﬁg
ptoljfera%iﬁe cell cyélg éfter égéh round of»d*v151on,‘it<is
‘evident t;at ;“t1a11y all the cells present gn‘the‘7 déy

Cas*rate prcstate mus* p_ollferate ’af some ;timgy during

pros+*atic reganeration,

Tevious studies UC“ng the +échnique

n
o}
=3
n
Q
s
r
ol
D
h
RNVIEE

'3
[=7]
'.J
:Jt
fol
n
0,
L‘ﬂ
'O

gjof fracticral labelad mitoses 1Tuoh1maaiand'ﬁiemi '1@68'
*orley ‘and Wright, 1972:>Hor1°y;éf él 1913). The: valueq for
.cell'cycle,paramsters arc'almos+ 1dont1ca1 +c “*hose reported

-

hv ‘uob maa and Vlaml (‘068) espite differenéés:in species

- SR EE = AN
o [ “ . . ‘; - -] .
studied lmQuse vs rat)y." and hormore admlnlstergg
testosterore pr pionate vs dlhydrouestostcronc) The K

cf Mgrley aﬁd ﬁrighf (1077) and of Morlcy et al (1°7ﬂ
indiéates that *hc pfolvfcrative. sponce of mouse‘.seminal
‘yesiclq.to te téeterone Droplona+é 1§'s£§ilar-to that of the
rdt prostate t§ dlhydrotestosterone, excépt that_if‘is mora
rapid. Allowing for the differences in‘ *ime course, +the
laﬁelihd 'index;’ mltéflc index,ﬁ ﬁurétion;'of- celly cyéle!

. o ‘ ’ o y
phases, and_ growt*th fraction at various times ~during
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'*réd#oécfivify cpula be emplq>éd that it'wopld take over BCO
hou}s forv an’ average .labeled' nucleuc ,Eof accumulate 20
'disintegtatibns. Pcnﬁe cell cvcle analysis h} écdimenfatibn
‘velécvty asryoppOSed to fract*ona‘ labeleqd mlfose< greatlv'

éé the parlod‘ﬁurlnh which Jone can fgllow 1&b€1°d<¢¢1l§

W ?bou+ the danger of/rad1=*1or damag
‘ . . ° . - - *

oL g - . - . +

ar

TC0 summarize the fimdings 1y this chaptwr, the

-
s

following conclusions cah-bc drawn wl*b rejijJ to ccllular

rtoliferatioer k h: *1cs in *e en=rating Fra+ Drosta+:«
p _ :

<

firs+tly, all cells *n +he 7 6av cas*rate prostate seem to ke

>
" A

'ﬂnvolvcﬁ “inp r@generafion,,of,the organ, and,fsecondly; any

given'c911fcan,épparenfly divide from one to four tﬁmcc"

v K
' . ) -
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'Aﬂenosiné"B':E' cycllc monochospha*@ (cyclic AHD) is an

‘ & . R . ‘3.’4’:\‘1’7.‘\ <
intracellular madlator *ha*, Ssince its disco%éﬁy: by .

/fw@&érland, has beer shown +o ac+ as a "cccond m@csnrg 2T" by

whic: certaein regulatory subqtanccc ‘e.a., cthchc1=mvnn§}

=ni ce-tain  peptide ho"'noncc 2Xert their effacts _an
*r.cel_ular me*tabolism (Pobison e+ 21, 1071y, Cyclid amp
» . . .. f

* form:1 from ATD by +ke manmbrane boundf/:;;ymc ad=nylate

cvalase and requlatesfmsfabolism bv inﬁluencing the
vaZious enzymes, «Qde, qlvc%&fn DhOCOHO*VlaQG (K*ebs,;f

b, 1ER)Y, quroaon syr*Hstase\-(Larner <t al, %19r8) and

L0 . ‘ '
v.rious oro*cin kinases (2.q9., >
- o e ’ R

.
Pecently{ much a“tention has f£q usfed cn t<é possible

role of cyclic AMP .in the T2qulaticn ¢f cell proliferation.
T - L N B . '
Fviﬁence’for’éuch 2 role is +ha+ lev91¢’of Cyclic AMF appsoar

to be ﬁnvércply correla*Od with rafas cf ‘preliferation, boxh
in rormal cells (Macmanus et al, 1972 Purqcr et a1, 137>

Millis e+ al, 1972; Kram et al,' 1973) and in . transformed
Y - . Q@ ’ \ .

cells  (Dtten et  al, 1972; -Sheppard, 1972y, ana thae

prolifgrafion of ho*h normal cells (Willinqham ey al, 1972;

Bomhik -anaqﬁurqer  197?' Froahllch and Fachmoler 1973)_and

l

+rap3formad cnlls (%mefs, 1077' Pau] 1972: van Wijk e+ . al,’



abilitv +to  enter cells ard be +aker up int® the nucleus

-

) prollferatlve effects of dlhydrotesfosterone. '

91

19733% Thomas Et al, 1973; Teel and Hall, 197R) is inhib%ted

bv ircreased intracellular levels o€ cyclic AMP. Thus cyclic

3

'AMP has bheen- consiiered to be an 1nh1b1+or xof cell

?

. . N . . . . .
prd}lferatlon. However a chort has appearcd 1nd1caf1ng that

F . .
in chick embryo flbroblasts‘ cycl;c %}P Stimulates growtk

1} ‘.
AN

fﬁoyi and Vakeri, 1973y,
? an N

Tnsofar . as steroid hormones are® Concegned. their
(BN : . . ’

"~ obviates ‘be naceqs1+y for a socond messenger such as cyclic

EMP. Nover+hclnqc a faw reports have appeared - indic%@ing

that cyclic AMP' can minic the effects of androgenéaéf

Stimulatina cer+tain carbohydrate metab%%izinq enzvmes in the
: : g . ‘

prostate (Singhal et al, 1971;-ﬁangan et‘al"1973), leading

*o the hypothesis that androaanlc aFfec+c may be medla*ed by

’_g_ . - ¥

cvcl-)/ AMP (Singhal ot al, 1¢71). However +he effectm.oL

_cvclwc rMP on‘prc's‘ta+C are insignificant relative <o the

effocts of-androgens (Matigan et al, 197’), and ardrogcn% do

. F : L -
rot abpear tc stimulate adenvlate cyclase,, as would ,be

'expécted if this hypothesis Were +*rue (POsenfeld ‘and

,O'Maliey,'1970; Liao =t al, 1971; Hangan et al,  1973).

'« The prolwfpra*lve responso cf the ca<+ratC rat prostate

to androgens (Chapter Iv) ns an excéllent model‘ systom, for

.{he study of aqan+s that affect s ero*d-g‘*mulated cell

~

DrollfOra*lon. Acccrdlngly, studlcc havi\been pefTormcd to,

¢

dstermine whether 'cyclic AME can. mimic or modlfy the
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BATERIALS_AND_METHCDS . t
‘ 0
IE:QEEEHE_QE_EEEEQiS; Pgnosine  aried

W ‘a

monophoqnha+e (Sigma) Or N6 ,027v-43: butyryl cycl C A"
)

nd theophylline (Sigma) were administzred

(=]

traper

dycl*c-
P (Slgma)

itoheaily

in 1.0 nl s+*erile saline‘containjﬁg'in sclution 1C mg cvclic
. ’ . ‘

). : ‘. o
sonicated theophylline., mhig wWas  the Prctocol

Singhal et al - (1971). ',It has ‘bean assumed *bat

-. by thRis route ahd that it has tbc same blologlcal E

Fo R

+ SYNithesis ip

as . cyclic AMP. However, these assumphor’c hcvC
H . «

teéted. levdrotectosteronc in a d0%c of ulc oL 8CO

AMP  of dibutvryl; cyclic ayE plus ir_:< suspension 1n mg

Py

used by

dlbu*vryl

;CYCIIC' Amp can pcnc+rafo prostatic ﬁallc when adm*histe:ed

rop=rties

not becn

¢

ug/160 g

-~

body ve‘qh+ vas 1njoc*'ed as decchHnd in Chapter I1.

pzZ‘SU]’_'T‘S

———— =i

QJOQ‘étlc drowth. In order to tht whd/hef cyclic

_—_.‘_____~__—-

in&hce prOQ“atlc arow‘h 7 day castra+n rats' we

S

w*th two dally doses of. cycllc AMP or: dﬂbutyryl cyc

e . S

N
< °

|

i

e

—

AMP  has ény <1gn1f1cant effcctq on any oF the parameterSc
&

tested wh119 d hydrote%toqferone has ‘ve;y *marked

even after *hls short perlod of treatmcnt

AMD can
‘treated

lic'fAMP,;
prosta*ic weight, nunBer of ‘nuClei and ,raﬁﬁ of DN!

r measured. Fesults are ehowh 1n”mab1e 2

effectsﬁjc*

o
I

STt is evident +hat n e1+hcr cycllc AMP nor .¢butyryl cyclgé.

kY
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" PPOSTATEC WEIGHT NUCLET/PROSTATE 'DNA SYNTHESTS

TREATMENT (mg/prostate) R _(dpm/ug DXA)
Salire . . wu9s5 ), L8200 Ly 2s0, 7.
- Cyclic arp u7§}\J IR ZILE U0 PR U,310,7
Db cvclﬁc AMP . . Uusg { 1 248 “i o 2.9
DHT . 87411 N A.75085 < 79687811, s

§

Table 3. rfect of ‘cycli % AMP or dibutyf%1 cyclic¢ ANR on

were injected with sabine, The injections were: repeated 24
hours’™ later. a8 hours affer the first 1nject10n, prostates

‘prosuafwc growth. Sevan.day Castrats rats were injected with'
.cyclic -AMP or di butyryl cyclic AMP as in ‘Methods.,. Cortrol:.

vere removed anl rate of DNA synthesis assayed-in vitro as.

described in Chapter TII. Results -are shown as meantsza.

wvhere at least three ~exper1ments were done, or else as
.sirgls determinations. The values . for an;malc treated with.

dwbvd\otcs+oct°rone as in Chapter hown - fer

comparison. Abbreviations us2d4 are DHT for dlh rotes+oqt°r- .
_ore and Db CYCllG\PMP for dibutyryl cyclac AMP, :

.



”Aﬁ&wtrpatmenf vas no* d (wable E) When dibu tvr

~infubation mixture, - a very marked ihhibitiqn (82%) " was

- A . ! ‘). 9 " |
Ziﬁisij" dlbU‘Fxl cyclic awe gg_garhz(‘ro -e€stosteronas
‘stim ;éigg_gros‘%+1c_gLowth ,Td’defermi ne whe the er dibutyryl
] - ) , ’ ]
cvyclic AMP ‘manccs Of inhifits the effccfc SF'dlh d testo-
; I} '
. N * M » ’ A b
stercne. on proetafic growth, 7 day c§§*rafnsu were treated
. 5 ‘ S ;

.1
v1f+ ho*mora a!on@ or\ylth hormone Dluq dﬁHutyryL\cycllc‘AnP

I‘

; ~ \
for 2 or = dav# \ﬁs seen irf “abl— u, dl/uty yl cycllc EMP-
o S LT - . ‘
has no_<ig f*cam(ga“ec%s on d*bydLo+paios*orore stimulgted
: P\

4 A

"1ncreasc in weigh*¢ or in the umber of nuclei per. nrosta,_.

-~y i

: \.'.'
Howsver, when rafe oﬁ *rcoroofa*lon of radwoac ive thymldlqe

S : / N . -{" ra

‘was as saye d,: a- markod 1nh 1twon FolloVInq d*bu*vrvl Pvél*c

]

R, 1 cyclic,AMP
W .
N ) - . < . .

vas admlnlcteréd <¢ anwwaIs 1n viy o e, 27-2T% iphkibi+ion in

-~ . ) -

A >

'1ncorpor=t10n of, ﬁ%e*hyl -3y thymidine ip vitro was ohserwved

-4

S after ¢1tb9r‘2 orqudavs of’ *g@a‘meﬁt, ‘comtared to tiscue-

’ ] ’ [N ’ .
trca+ad with ,‘Rlbydro esto@tarone‘,alohe.; Wher ra+e ‘of °

a in  tissue treated aﬁ
- < o B:

ll)/

inéﬁrpotation A »!itgg*uasras§ay
Ty T . .
. .

;ﬁoﬁydpe; alons - buf'viﬁh u*fryl cyclic ) ng*ﬁsan* in’ the

]

-

. - - . i . 3 B = ) ‘ : . . L
foaurd.- This veryv rapid effact pf dibutyrvl cvclic AMDP pakes

) - . b T . e ~—
Y “ . . . . . B \‘,
1t unlikely that its -effects  are at the  level 'of DNA

synthesis ‘ﬁfself;,'Fipallv, to ensure thkat the effedts of .

- o W : *'~ . S
dibutyryl cyclic %FP on 1ncq;oc;a+von of thymidire Aare ‘not
an’ ar*éfacr of ” thef";g 'giigg fincubations,” rate of-
- ) - ' S ' . 4 ‘ -
1n¢orporat10n of tbymld ne vas acsay d ik vivo and an even

: . Y - ' . . ~

groa er 1nh1bvtwon (é’i) ‘}R obcerveda" B ' A

- . .0 . o s “ . . .
a . : 2 e i : v
. a . [ ) L
[ . B 2 . . .
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: : . : . FRCSTATIC WEIGHT = NUCLEI/PROSTATE -
TRTATMENT 7 DAYS (ng/prostatey - = ° x10-e¢ '
DHT+saline .2 C93gu ¢ 8.3$1.2
CHT+Db cyclic aMp anss _ ‘8.640.5

DHT+sdlire q... 5 s 180225 - qg/8342.3
DHT+Db. cycliclame = - 18642F 641,22
’ 1 . Y - L

- Tabtre . u. Fflffect of dibutyrvl cvelic amp cn dlhyarotestosterf-

one-stimula prostatic - growth .Seven day castrate rats
w=Te injected‘simultangously with Haily Jdoses of dihydro-

testosterone+saline ~or dihydrotéstoéterone#dibutyryl_dyclic’

AMP. Abbreviations used are DHT for dihydrdteqtosterong “and
Db cyclic‘AHP.for_dibutx;yl'cyclic AMP. At 2 days or § days

~after irdtiation of ‘treatmen< (24 ° hours after +the Tast.

injecticns), fproStatevaeré”remoVed ag@fweighedband*nuclaar
content-defermined as described'in'chapter TI.' Resultg e~are
shown “as meantS.E. for at least three ‘experiments.

. - ' . N .

i
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‘ | :
U | INCORPNRATICON nF TNHIBTTTON
3 AL - 3H-THYMIDINF FELATIVE TO
TDEATNFNT~__ ’ DAYS.. . . (dpm/ug-DNA) - CONTPOL (%)
P 1;£§0 3
DHT+saline _ 2 512.6+8 2u °
DHT+Db cyclic axp 2 37€.3461 27
DHT+saline +. 2 3,2 : - R2
Db cyclic amp - . , ‘ -
in vitro o o ‘
DHT*saline N . 463.8+39.
DHT+Db cyclic Amp - & 328.7¢0.2 s 3D
: ’ 1g§v1vo -
DHT+=aline ‘ 2 4.2, o
DHT+Db cyclic ‘amp 2 72.8 3
‘, o .
L . RN .
Table S. Inhkibition of ethvyl- 3q] hypidine 1ncorporatlon
by -dibutyryl. cyclic AMP, Seven dav casgtrates were!injected

simultaneously with' Yaily. doses o 1hydrofe¢*cster--
Onet+saline or dlhydrot Stosterone+dibut: Tyl cyclic AMP, 2+ 2
days or 5 days after 1n1§§a?10n of trea“ment (2u bours after
3*he 1ast 1njpct1onsr’)ongorpof%tlon of thyridine was assayed
;1n itro . or in vi as described in Chapter II. Tn one
experlmsn » animals were treatedqd vlth dwkvdroteetostcrone
aalone, and dibutyryl cyclic AMP plus theophvlline were Jadded
to the incubation mixture ig vitro at a concentration of 1

'mM each, Abbrev1at10ns used are DHT for dlhvdro+o=to¢terone

~and Db" cyclic A"P for dibutywyl cvcl;c AMP, FResul+g ‘
shown as. meants for at’ least three exper’men*c Oor 2lke.as
51nglp defermlnatlons. ’ . , :

\\
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The findings presen ed in this chapter show that cyclic

. AMD igbﬁﬁhOt  involved ipn andpoden-stimula ted c=211
/*“/}6«a>

Vpdulator. It

proliferation, al+her &s a m@dvauor or as
neither stimulates prostatic'q;owth itself ng; modifies the

rowth resporse cof prostate tc dihydrotesfosteronew These

results are in agraomODf u1+b the flndlngs t¥at andro 2ns 4o

ndt ’ ula*e adenylate cYclasa (ﬁosanfCId and 0'"a11cv,

19727 Liao et al, 197135 Nanaan et q}, 1973y ; ;and thaébbthe

.leyel“of cyclic amp remains constan during atrophy and

regenoratioQ?of‘the - preostate (Craven et al, 1974y, The
- 3 k3 3 ' ~ - i - . ) - ‘ N - . - | -
inhiti*ion by Cyclic -AMP cf lncorporation of thymidine ¥s

apparently not at the.1l wel of PNA synthesis - itself, since
- Y R . 2 Y

-~

production of DPNA  is no* affecfed, but may be dus to, ar
B b)
<4 , L i
effect on up+aké or utﬂlwza“lon of exogenous brecursor. This

p01n+ is smportant lnsofar as rate of céil proliferation is
SN s , . ’o T
rou*inely peasured "by rate of incorporaticn of labele
thymidine, S
£ 7 {

Therefore, it appears .that if cyclic gnp'dOGs have  ary
restricted -effdcts on the ,prostatd’ these effects are
insiarifican+ rnlatﬁve to the wide spectrunm of biochemical

chanacs elicited by andro,gcnc



Covr, CONCIUSTONS g , v

_ v v : - ‘ o
The  responses of +ha rat pros+a ~e to daolo‘:or ard
: » ‘ P
restoration of androgens:have beep »develorad as a model

éystém. for - the study ‘of steroiAj hormdn; action and +he
. ;

sue atrophy, céll

proliferatien, andg c211 d1f76;;;}1atwon.._hc cdvé¥tagcc of

’I)'

furﬁamen+a1 blolcolcal proc, sses of i
\\this system includ?ﬁthe ready. aVallahili;v - of ﬁ%f:1c1en“

ssue for bigchemical e+y ies, tre ability "+o

" ; e . '

vy

quantities of +

“

induce the ‘various.responsesiwith a2 .kncwr and

. time course by hcrmonal manipu 1% ~the i vy
hormone ~antegonists -as a +eds  for spacificity: of' " tkhe
responses, the wealth of ’<bic¢hemical and  strictural
I ' S H . + .
information accumulatiﬁg concarnina Dros*atic funct;on, the
apparent homogenai+ ty of resoonqc *o hcrmcn~ in-the'prostatic
i . . - . - ¥

cell popula+ on, and thc fact that androgerns aposar - +o. - be .

the _ . sole 'hormones_'on - whi

normal prostatic function. ¢

depends. Tp additior, unde:stanéin' mecba4isms involved

in requla*ion of normal proc‘a+1c arowth would contrih ute e

X

knowledge .about regulaticn~ of grow*h in many othér-normal

tissues, and would “proiide “a standard agairnst vhick +o

compare the  abnormal . growth ‘conditiors orf prostatic

carcinoma and benigrn praffatic,hypérplasia. _ L )
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UPTAKE AND_ MFTRROLISM OF ANDPOGENS TN ergrfon ¢ \)
P.OL;F"‘-'W'\""VE EFFECTS =

It has been shown in Chapter 7TV that the responé% of. .

*he prostate to_androgens_depends,on how long animals have

14

been castrated prior +o nitiation of“treatrment. Im ~animals

castra+tesd less than ‘thres Jays, the\cellular,éomplement'has
i itk e : :

e

rot fallern below ncrmal, and Athe T=Sponse ‘o thormone is-

-,

. i e .. R '
s2cretion rather th¥g prolifsaration. In long term castrates

(four days or more), the initial response is proliferation

[do

unt

(v

1 +h

l"
D
o

*he response swit

q -
-y

©S tc seCretion. Thus in studies of

Y

andrecen - acticn, +ha'.duration of castration must be chosen

€0 25 to produce *he Tesponse one wishes to studv.

me*=tol: t2e have nevar been clearly defineqd because  most

 studies have. used Drocta ic uplgh* as an 1ndex of Do*ency.

The sys*omc dﬁvclop@d in C apter IV prov1qc the ability to

tost androqens. 1n?ébendently for halr potpncy with regard

)

p_.o

to stimun tlor of pr011fera?10n and of qecretlon.‘One point

e

tha*t has emerged from udlac of the rcla*lve potency of

various androgens is ‘*hat thesa effects may -be due +to

differences in the amoun*.oF hormone ac*ually reach’ng the
o . '

_target ,issuc aftﬁr 1nw¢c‘1on of Qqual dcses rather than to

8@ . true difference  in potency. ,For example, teStosteron9

r'c‘

. -

normal cellular complement has been'restored; and

“ive =2ffec*s of the various ardrogens and +heir

cpionate appears to te almost as active  an - androgen . as

(s

'.dihydrbrestosteroné, whi le testosterone._is less potént;

~ ~ . o : .
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(Coffey ot a1, 1968; Schmidt 2t a2l, 1972; Tuoh%maa et al,
o . ' '

1973; plus resylts in Chapt@n *V) This may be due to *he

fact +hat the solubil-ties of testosterone prop ona te,an

\‘l .

dihydrotcstosterone,aro similar, while testosterone i

fo?)
(o]
-h

 110~6 -soluble. Thus one must ensure that, vh@n'potehciés

compared the sage mcde of adm1n1q+raflop bcc bccr used, 'and
one uct,‘rwar irn mind that in dl‘feren* injec*tion vehiclse

the'réla*lvc oo*anc1cs of androqonc may cha W

-The suggestion has teap made (?obcl 2t al, 1971 *hat
the various. androqen metabolitas hav— diffefent_effecté on
the prostafef These firdings and +he resnl*s Presented iyn
Chapter TV indica+e tha+ dihydrofectosferohe,is more potant

as a‘stimulus for prolifera+ion +than testos*Srore, hut +ha+

+

e

n
+

‘0ostarone may b2 a stronger s*imulus for secre*ion., If

-

this. hypothesis is true, then changes ip the uotake or

‘me+tabolism of administerej hormones could te: important

elerents regul +*ing- tho'prost&flc rasponea +o androgens. For

example, +he 'slower p*ol*‘oratwvo response induCedﬂ by

testosterone

cou}q be due to time requ1rnd for ’ncuc*lon of
: \

Salphta-reductase. to convert 1t to 11 thro+°°+o<tcrone and
the switch o%\the prostats from prollferafﬂon to sec:etion

‘ ] .
-once *he normal cellular complemcnf has been restoreq - might

/r

be a rosulf of chanaes in the"ntracallular concep+ra*1on ofﬂ

andrOgen ” motabcll es.{hThé model,.systems

developed/ in Chaptcrs I*I and Tv- can ﬁpe‘ uséd to examine

changes . in hormone uptake anﬁ metaholism following

o
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Castration ard at various Stages of regenaration.

Tnformation accumulating abou+ specific . proteéin

.

recertors for steroid hormones indicates that they are:
) . .

of "Lormone

ymight bte effected. The model . s?stem devaloped . offers ap

obportunity . +o studv whether charges in proliferétive and

. . . o . .
functional s+atus cf +ha prostate ars accompanied Ly changes

in *k= recep*ors.
) 7
The interac+ion of Sterolds wi*h chromz+in 3is a sub-e

that promises ‘+o yield much vaiuable kﬁowledge'- abou+

regulation of gene activity 3in general. Chromatin from f

uns*imulated cells anAd from cells that are Drollferah ng - or
differentiating can be compared and +he spec1f1c components
of chroma+1n with’ which radloac‘lve stere}é; interact can be o

determined.

ROLE_CF_ANDRCGENS IN MAINTENANCE OF THE- NORMAL PROSTATE

“

- The  process of prostatic ‘atrophy appears to be

I

i'characteris+tic of degenerative processes irn general in  that
it involves 1oss- of cells- by aufodlgestlon, bu+ dlfferent

from at*opb c processe< in tissues such‘as muscle 'which‘jdo
! ! .. ,
not ' involve loss of ¢ells but rather result from decreases
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I @ﬁ'/%'.
aL active process and noz) ;
: w b
8

“0. & cessation 0f cell productior zccomgpaniag ~by

’,&gnuetlon of . normal turnover.(ﬁell production does stopd  ﬁé

I o2 _ .
Q# wgp?&%t 1mm dla* lv (Chaate* ITTy, ‘but the subsequent
Bowstt Ty . '

-

cells is mdgi/mQ{i/ziE}ﬂ ‘han vould be expected from

turnover, Putolysis of c=lls is though+ tc'beﬁcaused hy tke -

action of such as nucleases  and

.DProteases,

avrar=ntly

ops
following . £,
) 2 - . ‘ a‘*“,«*}
the role of androgers is
*hat *hey Trepress of

lysosomal. d=gradative

However the situa*ioni must be mora ~complex *han a

simple repressiva effect of androgens or lysosores, s f -

pte
jde

nc=a.

cas*ration, but, as shown in Crap<er . TIT, +this AJo2s  not
accur. 0":2 mean< by vﬂich’survival of +he

vaccomplvcheﬁ - would b2 the  existence

., © a’ - spacific
subpooulation of  cells 3in +th= . nermpals prostate  whose

‘-'inteq:i‘y does not depena et 12 orass fnce of l}ahdrooens. An
s

a*{ompf vas made in Cbaptor T12 to‘téSt thi

determining vhe*;\} callq i:btﬁe.ﬁorgal. prqstafeﬁ tka+ can
1ncorpo'—a*c labeled -fhymidiné..ca£ 1prgferentia’ly édtvivq.
castration, byt results ‘uere hgqativ§,' Another -po;Siblé
Cﬁgrécteristic - “that mighi jdisting@ish 'ﬁgch‘ § putative N
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e . .

flsubpopulatwon would b= the wav i¥ handles androcens, such as

—
dlffercnces in roceptorc or mefabollzlnq enzymes. This could

fbe c‘udlod by Followlnc enr1chm@v+ or.*depletibn of these

N - : -~ .

. substances © in +the surviving cell population during the

-~ , . . -

course of castratien. Fven if +he pos*ulated ~surviving
~ . .

population = does ‘exis*, i* dces not escape entirely *he
effects of androgen deprivation, since *he ¢olls surviving
castration have 1lost nmos* of their cytoplasm ard +heir

func*ionél'capacity. Thus a limited amount of autolysis must

have occurr e in *thes> cells. Hencs 3 secord possibil

Hh

that  survival o a2 . small number bf cells, alfeit

funﬁtlopally inactive cells, could bz due to & rcqu*rem°n+

BN

for con*irued oroduction df 1vso¢omal enzvmcc in ord°§\for

autolysis to‘proceed; Sinca prctelu synthes is Ceqses afterﬁM\
. Y k

castra+ion, fhe cells +hat,have”not'b an COmplefely digested

[de

when deqgradat

Q
4

ve enzymesaare‘déplqted'miqbt be the ones to

survive cas+* ratlou.'h variat ion of *hﬁs Dossibility would be

'

the ex1s*cnce of a diffusible factor required for 1lysosome

"

function secre+ed by +the prostatic cells, acting on the

+

}de

Ssue as. a wvhole, arq antagoni~=2 by androgens. 'Wheh_,the

nunkter of - cells had declined to ‘a3 evel below which

9

subthres hold amoun'rc of th*s fac*o* ware pr duced adgblYSis

r

'would stop. Thc La‘*cr two poss ibilities predict that loss

‘of cells folldVing castratioh is random, while fhe firégv

'J-

prédicfs that +here s a cubpopu1a+1on ir ‘the normal

prosta*c on@destlned *o surv1ve cat*ration.A

K
e

A
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‘The initiation of DNA sSyn
prostate after hcrmdne restoratwon

3

clocply deflned tlme course (Chap*c9

svnthos1s- is d@tectable, wvhile a*

thymidine is sigmificantly elevated’

and by‘.ﬂP‘ hours i- is'almést ERARA

Thus the everts. occurring betwgen

- key  +¢

probably  +he

svn+hg is. Collq can be compared at

-and 4R bourc af+ter 1n1+1a*1or of +rca‘

‘st*mu1a+ory -fac+or< or dlsappnarﬂv

o .

r@qulationi

. L S100

ENTIRTICN

FF

v

D_pr

1s in +hp 7 day castrate

is  ar 'eQent/ﬁcith a
TV). A* 2t hours no DNA

a

36‘ﬁpq:s 1nco*pcra‘1or of

above control

levels,

tires "+he control.level,.

24 ard 2€ hours "are

of iritiation "of  DNA

var’ouc "met be 2

m
M

n
mert eand appcarﬂrc¢ of

ce of :nhlbltory factors

could be meaqurOG with a sul.able--assay system. Detailed
studies of RNA and .protein sy thc51s -arad changés in
chfoﬁa*in durirg this period vwouﬁd undoubt@él§ \Wwrovide
valuable . vinformafion'  aboﬁ£‘ the processes 1nvoived:'?n
convertihg a‘quiescent ceil ropula tion fo‘ a proliferafing
'ong.  . | | A
The kinétics of cellular . proliferation 'during +the

f@genepative process, as studied in Chapter v,.

eliminate several possikble. mechan1<m

in llmlflng the size of the proctata

not app2ar - to be a qm=11 stem cel

contlnuouqu, but rather all cells t

‘probably prollferate at 'scme

‘éeconaly, proliferationidoéS'.not‘

time

Seen

cnable’ohc to

s that m*obt be involved:

Flrstly,j'+here dooa
1 populat*on tha+ Cycles
‘caétration

ha+ ‘surv1ve

during.

.

to

regeneration.

be 1limited bv
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dapletion cf-‘somc‘esséntifl substance,aft;}_a g'ven'mumber_
Aof éivisions, since any givan cell can"apparently' divide
from 0?7/10 four‘times.‘This'conclusion is supportad'by the
results with 4 dav castrates rcportcd in Cbap er Iv. Iﬁ this
case, ‘f the cells underwent the same number of divisicns as
do *hose in’7 day'cssfrafes; *hen "hev resulf woul@ be a

N

"hyperplastic prostate; r ver, this is no* observed.

",

~The. c¢essation of proliferatsion does rot occur because
of loss ~f horﬁOnal effects, since the pros*a ic  weight

continues +o 1ncreas° drama‘ cally lonq after, the nuﬁbér of

S . ‘ ? :
nuclei'haS's+ooo =d ¢ncr°a51ng (Chap er IN) This shif¢ ip .
*he response from proliferaticn’

© secreticn rust be due to
some changes in the cells themselv | As’ discussed abcve”
one tyce of changs. that  COuld 7eniis§géd uoqld Eg'gn'
altera+ion "in the .manner inc-uhicﬁ cells vtéke up and

mstabolize hcrmone. However, all results ir Chapter I' point:

ot

to . +*he numher of Acélls in the prcstate,as the key‘factorf

). -
determnnlpg whe+ther the response

e

S proliferatipr (nuaber of

cells bclou normal) or secrotlon (number cf -cells norﬁal).
if is dlfflcult to'seé how’ thls tvype of'cegulatioh could beu~
:%cccmpl shed without somL sort ,cf mechanism  dependen; 'cn
totél c=11 humbef A noqat*ve feCdback +ypc of control sﬁch;

‘as +bc chalorc hypoth051s of Bullough et al (15€7y , uouldabs'-
4he 51mpl st mechanxsm'that could link +ho response +o +ota1

cell ﬁumber;‘-If~ funcfionai prosta+1c cells, produced an

inhibi+or of prollferatlon such that *h— amount produced * by -

s
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the normal number of cells ¥er2; just sufficien* to shut off

p“ollferatlon, “han prollfcraLlcn wodld cccur only W en

number of. cefy “had fallon 5elcw ap— normal l@vc] 'and would 1.

-

b= shut off :ip a\rcqcnera*lng pbpulatlor onge the rormal

s .

cellular complcmnnt had bocn restored, in accord%nce with
the exp@rimental observations. This kcv reaula*ory mechanlsm

wvould te indépehdcnt of hormoens, gl*houqh one of ‘he means

by which it might con*trol pIOlItcrr‘lon- could be by’
L ) ‘ . .

affectirg +*he uptake and metabeclism of‘hormorc. In effect,

‘there would he +wo superimposcd'wechaniSNSn reculating

+ic ‘sizn, one ~'r\tcrnall (‘ﬁcdback irhi bl*or) and one

external-(and L) . brdrogcns uould bc,'nqcessary but not e
sufficient for or llfara*lop. !
\:J

The response of the. oroqt t? to androgers is also an

excellent system 'in which +o study *he relationship hetween -
,prolifjpéiion and differentiation. Some indirect.efidsfce
indicating that  sacretiorn might  not  occur _ befdre
Y > _ ) ) . . : .
rolifefatior is complets can  be found in +he studies \in
Chépter'IV'on the effects . of +testosterone on stimil-+in

prosfatic"'qrovth in 7 dgy Castrates. Wet weight is

stimulatad <o 1ncreaso at a ra*e greatsr than +he rate of

increaee’*n numberQ of nucle If the hypo*thesis of Rob@l et
al (1071) that testosterdne‘ has more~- arked eff@cts on
secre+1on' than on broliferétion is\/ﬁor*ect ‘hen thlS.

finding - sanesfé. tha+ qgc*etlon cannot-be stlmulaLed un*11

e

prollferat*on has bcen completad *Since gthe dlffeggntiated
(\. v SN
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functions of 7 the prostate  have been quite well " &/

oo . et
c&aract@:ized, it is possiple to assay biochemically %

functional capacity,'rathe;.than relying oh wat weight as an
indicator, -as in $he present sfudy. Such studies could
determins - dgﬁectl§ whether d*fforentiaticn ' soccurs
'siﬁultansously with prollfaratlcn, or whe*hercptolifération
ﬁﬁst. he complated bafor~ secretion cdmménces: This

disti nc+1on has v*mpor+anﬁ implications for the model of

gulqt’on oF Droqﬁa**c prolifera+ion pnoposed‘ above.. If

“

sec:efion,-heré' fdund o b= stimulated- prwor to restorawlon

of *hevnOrmal'cellular complemert fhen androqers could be
N ‘V

considered +o bhe the sole regulatcrs of pros*atic function,

%

would  be unnecessarv to prooocé a’ suparlmposed

control’ meckanlsm such as appears to be necessary
for requlation of p*ollferatlon._'If, on the‘ other hand,
secret+icn ﬁere not,s+1mu1atod untll proLifsrat’on had been

completed, +hen it woulgd appear that ihi internal Qccntrol

complementafy to the one'régﬁlating proliferation

P

t

summary, +he ‘dependence - of the proliferative
N N . ‘ o
resporse of the prostate primarily on thes size of its

E}

'collular complement and -secondarily on +he presence;'of:

.androgen ‘1ndlcates ‘fhat the potenflal ~of ‘the prostato for
prolm@eratlon -isg dotermlnod by ‘some ,;nternal, control
mechanism-”based - on +he total number of cells present,.

) \ B ) .
Androqcr is necessary for expre531on of this, potential but

)



saecre¥*ory func+ian mayv d

mechan

: "  1cs

W

. R [
cannot override * the dnternal control mechanism. Prostatic

3

pend exclusively or the présance of

/

L

androgen or 1t may, glso bz governed by” some internal

|ds

Possible that inp prostatic carcinoma ° or Fenign-‘prosnatic

hyperpfasia *®e cause of th=s ‘abrnecrmal growth may be 3 défect

»

in +*he internal contrsl mechanism tha+ falls 'to shut off *the

Ca )
A o

. .& . s . . : 3
roliferative ¥ae ornse- to+hormone, - N
P : i - -

- \ . e ’ ' . L

Sm link2d ‘to *he one regulating Proliferation. 74 is
’ . . \ [ : . : ’

O
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