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_ABSTRACT

»

Human pro "%e hormone'receptor‘assays are be1ng
Ll TR . ' o , :
h? %%boratories, with a view to the use of

" 'ﬂ‘h ‘*!‘

- e )
“such Assaﬁﬁ‘ﬁhﬁtﬂe c]inica1 management .of. prostate cancer,

_as 1s‘de”the caseain the management of breast cancer. '

Using’an'hydroxy1apatfte-assay and theeknown receptor -

| stab11izer, sodfum mo]ybdate, androgen (AR) estrogen (ER)

. and progesterone (PgR) receptor 1evels were measured in

the cyt0p1asm of all three types of prostate tissue‘

'(norma1, hyperplastfc and cancerous) and nuc1ear AR was‘

" measured 1n'n0rmaT-and hyperplastic tissue (BPH)

- A method for the 1so1at1on of purified nuc1e1 B

(re1at1ve1y free/of cytop1asm1c contamination) was

'estab1ished A chromatin dep]eted saht-ﬂnso]uble,

| Vproteinaceous 1ntranuc1ear structure %nown as the nuclear

"matrix was 1so1ated from thesé{nucleier Nuc]ear-,h,

extractab1e (or KC] so1ub1e) AR was measured and the

nuc1ear matrites were assayed for the pre%f;ce of AR (KC1-}

v1nso1ub1e, or matr1x bound AR) “in BPH and norma1 t1ssue

. va1ues of 606 fmo1s/q for normal 595 fmo]s/g-for BPH 646

Gytop1asm1c AR wa's present 1n a11 three prostate _./_

3tissue types examined in comparab]e concentrations (mean

’ fmoTs/g for cancer) ER was . present in all three norma1

tissues (mean concentration of 335 fmo]s/g) 1n eiqht of

1_15 BPH specimens (mean concentration of 290 fmoIs/g) Cand

"ftn_four_of_sixgcancer specimens.(mean concentration of 440



:fmois/g); PaR was found in a]i'three normaihtissues (mean‘

concentration of 74$‘fmois/q) 13 of 15 RPH tiSsues'(mean

’concentration of 1446 fmois/o) and four of six cancer
pecimehs (mean concentration of 1806 fmois/g) ‘ v,’

Nuclear extractab]e AR was foundLin @11 BPH specimens

‘examined (mean concentration of 252 fmols/g) and in two of
"the three normal tissues : Nuclear matrix bound AR was
found in all BPH specimensf@?%id concentration.ofu574
hfmois/g) and in all three normal tissues (meahkvvnﬁghtra—
~tion of 838 fmois/g) v A . 4' \\\
‘.J . The unequivocai demonstration of ER in BPH tissue,
not previousiy reported supports the proposa1 of a role
ifor estrogen in the pathogenesis of this condition. The'
presence of ER in a proportionvof maiiqnant tissues a]soh
'raises the question of the vaiidity of routine: exogenous.
iestcooen administration to patients with advanced prostate-
4cancer. | , | .

Since the ce11 nucieus is the site of action of
steroid hormones; it is felt that assays for such nuciear
steroid hormone receptors may indicate the steroid | .
ndependence of a tissue more accurateiy than cytopiasmic

-receptor assays. ~The relative value of ;ait extractabie
“and matrix bound AR as an index of hormone” dependence‘

‘remains to be determined.

C

v')'

vi
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o The prostate is .a chestnut s1zed g1and (Gray, 1973)

sftuated d1sta1 “to- the b1adder neck where it surrounds the
commencement of ?%e urethra (F1gure=1) , The gland 1s

composed of numerous ac1n1 surrounded by a dense but

e
-

vartab]e f1bro muscu]ar stroma Thegac1n1 are 11ned by
f:p‘5f3 cubo1da1 ep1th111a] ce11s and empty 1nto the. f]oor of the_t

Vﬁnatwc urethra V1a 12 20 sma11 excretory

ducts V-The g]and 1s d1v1ded 1nto 1obes or reg1ons
‘de51gnated as anter1or :centra1 andyper1phera1 req1ons.
l7/wtth a sma]ler per1urethra1 zone surround1ng the prox1ma1.
‘part of the prostat1c urethra (F1qure 2) '17: ihf;:gvﬂf5
”f,l_j'idf: The prostate among mamma11an organs shows»extreme
| ‘var1at1on 1n structure (McNea1 1281) and even w1th1n the»u
.order of pr1mates s1qn1f1cant 1nterspec1es d1fferencesvfn
have been ﬁoted on gross and m1croscop1c exam1nat1on .CAsy‘

'/' ’ 0 ».
a; resu1t of th1s d1vers1ty,,the ex1stence of an adequate L

v

an1ma1 mode] for the studv oﬁ human prostate d1sease has

not yet been f1rm1y estab11shed (McNea1 1981) Th1s facth

‘. . . o

"”‘must be borne 1n m1nd when extrapo]at1nq results frOmiie

an1ma1\stud1es to the human. fff5‘_ o : S

ol e
//ﬁﬁ’/Brostate 1s one/of the 1arqest g1ands in- the body

w1th unknown phys1o1oq1ca1 funct1on (Coffey and Isaacs,;:y'

'ngegf' -1981) e,It is known that 1t supp11es components of the'f"'

/’ o A . «



__Figbretl Anatom1c s1te.of the humaﬁaprostate D1agrammat1c
- representat1on of a cross sectlon of the human ma]e pe1v1s,

o iewshowing the 1ocat1on of the prostate (shaded) _5;;¥\,‘_ v

; ‘.4/"'“ o
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ejacuiate but their bioioqicai function is not known"'

(Coffey and Isaacs, 1981). ir'v | d - “\

\

From the point of view of ciinicai significance and ST

management ‘the prostate may manifest ‘two disease
entities, beniqn prostatic hyperpiasia (BPH) in the
i periurethrai zone and carcinoma in the peripherai

‘region The. manaqement of BPH when symptomatic,<is o

[ §

acheLved through surgery and this is the on1y management:,v

v

in use currentiy ' The surqery inciudes transurethraii

resection (TUR) with a 1oop eiectrode and accounts for the, o

vast majority of prostatectomies (Grayhack and Sadiowski
1976) | The remainder of . BPH cases are deait with by open~
»surgery, the adenoma being enucieated\g With both of these r

'af methods, the prostate capsuie and peripherai 1ebe tissue cﬂ'

(to a greater or 1esser extent) is ieft behind\\\Thus it
is possibie to observe the occurrence of carcinoma\\n
i patients who have had previous prostateptomy for benign
disease, as_ the periphera1 zone is usua11y the site of
deveiopment of cancer., vff,: : ‘ﬂgf:;T kel

| Carcinoma is managed byvsurgeryf\radiotherapy,.
chemotherapy or hormone therapy, or. a combination of these
treatment modaiities (Cataiona and Scott 1978) _ Surqery

is indicated in two main instances if the maiignancy is

o ‘confined to the giand many\surgeoms carry out a radicai

tota1 prostatectomy (removing the entire qiand with its

v'-capsuie) in the hope of compiete]y irradicatinq the-”"'

disease on the other hand if a maiignant giand is;--“-’”



- causing obstructive symptoms and a radica1 prostatectomy
cannot be carried out, then a TUR is 1nd1cated to - re11eve
the. obstruction %bther surgical approaches 1nc1ude
_,orchidectomy, adrena1ectomy and hypophysectomy and these
‘ will be discussed under the heading of hormone therapy..

Some c11n1g1ans are once again using radiotherapy,

vv(either externa1 beam or local 1mp1antat10n of ' radioactive

'itseeds) in the management of prostatic cancer (Ray et a1

1973 Bagshaw, 1975 Sewe11 et al, 1975 Whitmore et a1
'1974) The 1oca1 resu1ts to date are encouraoing, andli'{pm
‘this mode ofs therapy has a definite ro]e to p1ay‘1n S
'prbstatic cancer. therapy (Cata1ona and Scott 1978 K1e1n, {w
1979) themotherapy has not yet been shown to contribute
“sign1f1cant1y to the management of prostatic cancer, o
v"a1though much work ° 1s being done in. this reoard at presenth,'
”i(Lamm and Sarosdy, 1982) .T;v v '

A major advance in the treatment of prostatic cancer,ﬁi”

occurred in the 1940 'S as’ a resu1t of the Nobe1 Pr1ze-.'

(=

v’u-'winn1ng work of Huggins and Hodqes (1941) who demon-'

“‘:strated the c11n1ca1 effectiveness of estrogen therapy for.f“

- the disease. This endoCrine therapy may be carr1ed out by'

. fadditive or ablative approaches addftive therapy can be

yperformed by the administration of exoqenous estrogen forjfw

T“ab1at1ve therapy orchidectomy removes the source of

";'androgens Adrena1ectomy and hypophysettomy are

":occasiona11y carried out to remove any extra testicu1ar .



androgens or the source of pro1act1n an other p1tu1tary
hormones (Scott ‘and Schirmer 1962; Bana aph et a1 19745
tatalona and.Scott 1978) .. Between 60- 80 per cent of )
“patients with prostate cancer respond to ste extent to -
efther exogenous estrogen_treatment or orchidectomy
(Resnick and Grayhack, '1978; Fergusson, 197é wa1sh et a1
*1956).‘ Exogenouswestrogen therapy'is'by far the commonest’
form of treatment current]y‘invuSe(fOr prostaticvcancer~ |
(Griffiths et al, 1979). | N

In the norma1 setting the differentiation of the‘
-prostate during embryogenesis,jthe growth of the g1and at

-lthe time of sexua1 maturation and the formation of the

prostatic secretions in the mature adu1t are all under the'

'contro1 of testicu1ar androqens (Hugg1ns, 1946 47 Coffey,vV

'f19ﬁ8) Interesting1y, neither cancer nor benign

;hyperp1asia deve1ops 1n castrated humans (Moore, 1944)

*[,It is assumed that the response to endocr(ne therapy

occurs because the prostate 1s a stero1d target organ;.
dependent on androgens for normal deve1opment and |
-maintenance, thus tumours ar151ng 1n the prostate may _
7exh1b1t a steroid dependence 51m11ar to ‘the parent tissue
~and tumor qrowth may be contro11ed throuqh manipu1ations
‘of the hormona1 m111eu | | L 'v
It 1s qeneraT]y accepted that the anti- androgenic T
(effect of estrogen on the prostate\is 1nd1rect and occursAJ
-J.via the hypotha1amo pituitary ax1s (Coffey and Isaacs,,- |
'1981,‘Griff1ths et_a] 1979) The estrogens are thouqht

ST



N L /
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. . . ) I‘/’/ ) . ) o PN
to_'feed -back' through this axis to decrease 1ute1n111ng

hormone (LH) re]ease and thereby reduce testosterone
secretion (ATder et a1 1968). However recent work using
tissue cu1tures of human prostatic cancer . ce115 has shown
T_that estrogen may aTso have a direct effect on the
i}prostate in some'cases (Hudson, 1981)13 These f1nd1ngs»i,
support earTier reports of a dfrect effect of estrogens
(Farnsworth /1969 Harper et a1 1970)

, Testosterone 1s secreted by the testes where it 1s
_manufactured by the Leydig ceTTs from acetate choTesteroT
ﬂ(ngure 3) The rate of testosterone production 1s under
the contro] of LH reﬂeased from the anterfor pituitary and'

,subject to feed back controT by free testosterone (Coffey
~and Isaacs 1981) Testosterone servesfas a pro- hormone@
Vlvfor the formation of two types of active metabolites -
'-d1hydrotestosterone (DHT) and 17 - estrad101 (w1150n,'v
':1980) (F1gure 4), Ninety five per cent of testosterone in
‘normaT human males. 1s of testicuTar origin the normaT
serum testosterone Tevel beinq 600 ngm per 100 mT (w1150n,
19803 Coffey and Isaacs, 1981) Testosterone 15 |
;-transported throuqhout the body bound to pTasma proteins
as onTy approximate]y two per cent*ex1sts in the freer
'form.j The free portion of testosterone 1nteracts w1th itsl
,target organs.‘ T"V-, ‘ ;, ”

. DHT formation occurs in part peripheraTTy, but the;fv_

major conversion takes pTace 1ntrace11u1ar1y 1n the

prostate and semfna] vesicTes (w1150n, 1980 Coffey and
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-~ Figure 4. Metabolism of Testosterone.
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Isaacs, 1981). Thus the’DHT concentratdon in the‘serum iy
very low (50460 ngm per cent) and it. isﬂvery tiqhtiy-hound
to the plasma proteins. ‘These facts in qenera1 diminish
the importance of DHT as a circu]ating androqen,
espec1a11y from the point of view of a target organ such

as the prostate In contrast “the DHT formed within thewwﬂfﬂ

‘‘‘‘‘ (et

)

growth and differentiation (Cofi y-and Isaacs, 1981)////’

Periphera1 aromatization of testosterone to estradio]
accounts for up to.90 per cent ‘of the estrogen in normal
human males, while the testes (most 1ike1v fron the
Sertoli cells (Coffey and - Isaa s, 1981)) secrete a very
“small amount of estrogen directly 1nto the blood. stream
‘Thus, in the normailhuman ‘male, the physioiogica1' ‘ ,\
'COnseouences of testosterone‘are‘the result of the. .-
_combined effects of testosterone itseif plus. the effects
of its 5-Alpha- reduced and estrogen derivatives

Adren31 androqens p1ay a very sma11 roie in the

maintenance of the prostate , Adrena1ectomy has no

_—

apparent effect on prostate size in intact rats, and

- following castretion, the prostate 1nv01utes to 1ess thane

s i10 per cent of {ts origina1 size despite the presence of

‘norma1 adrenals (Coffey and Isaacstﬁi§§i) JAdrena1ectomy;
and/or hypophysectomy does however bring about some" |
further slight reduction in prostatic size in castrated
experimenta1 rats‘(Arvo1a,_1961 Tisell, 1970)y- . \
With,advancingiage;,thefserum concentration“of‘ -

r



estrogen 1in human‘males 1ncreases by approximate]y 50 per
. cent (Vermeu1en, 1976). This 1ncrease is mirrored by an

increase 1in the‘sex hormone bindfngvg1obu11ns (SHBG) and

results in thevfneemestrogen-1eve1‘remaining constant

"/Thermeu1en, 1976). However, 1ncrease in the sex hormone

binding g1obu11n results in more bound testosterone,

n

yielding a fall in the free testosteronetleve1 Therefore_v'

there is an alteration 1n the free testosterone to free
- estrogen ratio by as much as 40 per cent 1n favour of

estrogen (Vermeulen 1976)

One of the current theories for the pathogenesis of

rBPH is that the prostatfc ce11s produce greatly 1ncreased_

amounts of DHT, thereby stimu1at1ng 1ncreased~growth and

hypertrophy of the g1and (N11son 1980) It has been ’

shown that there 1s a three- to four- fold 1ncrease tn the
DHT concentration in RPH tissue when compared to normal

: prostatic tissue, (Siiteri and w11son, 1970; L1oyd et al

©1975; Geller et al, ’1976 Krieg et al, 1977)”and”1t
'appears that the increase in DHT 1s due to 1ncreased

‘ formation of this metabo]ite within the cells. 1In a

‘recent paper, Isaacs and Coffey (1981) have demonstrated

an 1ncreased prostatic ability for the net formation of

DHT 1n an an1ma1 mode1 system (beaqTe doqs) and‘this

ab111ty for the net formation of DHT‘was found to b€

direct1y re1ated to the 1nc1dence of BPH deveJopment.V/Jn//*"

/

other 1aboratory experiments us1ng castrated dogs it has

been shown that androqen adm1nistrat?on can cause the
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development of BPH (Isaacs and Coffey, 1981). If small
quantities of estrogen are given at the same time, the
fncidence of BPH 1s significantly increased (Isaacs and
Coffey, 1981; Jacobi et al, 1978; Walsh and Wilson, 1976)
and Moore et al (1979) have shown in dogs that such
1ncreased‘estrogen lTevels bring about an elevation 1n“the

i

amount of AR within the prostate ce11s¢ t

. .

" Thus with increasino age three phenonena may affect
. - : . AN
the endocrine status of the prostate: there is an

" y{ncreased production .of DHT/nithin the prostate, and, it

- has been,sugqested that there may be an fincrease in the

concentration of AR w1th1n the prostate ¢e11s. Both of
these developments wou1d give rise to an increased growth
stimulus 1ead1ngytoathe development of BPH. Th1rd1y, the

1ncreased estrogen to testosterone ratio in the

c1rcu1at1on resu1ts 1n a relat1ve1y estrogen-rich m111eu,

‘and this 1s thought to have a role in the pathogenesis of
< R

BPH (Mostof1 1970).

\ _
An accepted method to determine wheth?r a tissue 1s

e

tissue.- Such assays are being app11ed to determ1ne‘
hormona1 dependence in breast cancer and have béen shown

to be of_value 1n proqnostication and management of this

-
e disease (Jensen et aI, 1971; Byer et a1 1979, McGuire and

‘rChamness 1973). Sterodid. hormone action on‘target tisSUes

J

1s mediated via specific 1ntrace11u1ar pro;eins known as

receptors (Mainwaring and Mi]roy, '1973). Steroids enter

%



the cell and bind to the hiah affinity cytoplasmic
sterofd-specific receptors to form steroid receptor
complexes (see Figure 5). These complexes are transformed
(activated) by a poorly defined mechanism to facilitate
translocation of.the enttre complﬁ&tinto the cellular
nucleus. Once in the nucleus, the complex binds to
certain, as yet unspecified elements of the chromatin

(acceptors), .and thereby alters gene transcription and the

" production of messenger RNA (mRNA), to bring about the

synthesis of cell-specific proteins, or the modulation of
processes which are -observed as specific cellular:
responses to the particular sterofd hormone. Therefore,
in the ce]1,rster01d receptors may be 1in thepcytop1asm'or
in the nucleus (Figure 6); the distribution of receptor

between these two compartments {is dependent on the level

.- of endocrine activity within the host (Barrack and Coffey,
1980).

In studies of nuclear steroid-binding sites,

Anderson, Peck and Clark (1973) have shown that only a

limited number of thebnuclear sites is necessary for

estrogenic fnduction of maximal uterine growth in the

rat. These authors ‘have’ demonstrated that, whi1e ..... uterine""

/ estrogen receptor complexes by the nucleus is reauired for

uterine growth (Anderson et a1 1975) Clark and Peck,

’(1976) and others (Barrack and Coffey, 1980) have observed

13
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. nucTear morphoTogy may be reTated to the presence of the

L

_that nucTear steroid b1nd1ng sites ex1st as two measurabTe

»;fractions ~one fraction is extractabTe by high ionic »
o strength (0. 6M KCT) and the other is resistant to this

T'saTt treatment Long term retention of the steroid

' j'receptor compTexes in the nucTeus 15 due to binding pf.

”these compTexes to a Timited number of nucTear acceptor‘ .

AN

'fgrowth (CTark and Peck 1976)- These apparentTy:ﬂ“
ifunctionaT QEfTear sites are the ones resistant to

: extractfon with/hagh saTt (CTark and Peck 1976)

Extensive work has been carried out to ascertain the-l

'.T 'exact site of nucTear action of the steroid hormones

“dearrack and Coffey (1080) _recentTy demonstrated the e

e

| 'presence of sex steroid hormone b1nd1ng sites Toca11zed 1n

9

"':a discrete nucTear subfraction,’which they caTT the

lnucTe@r matrix This nucTear matr1x 1s/a chromatin-5‘f'7

'-depTeted and saTt 1nsoTubTe »prote1naceous, 1ntra nucTear

n?‘structure The matr1x contains, besides the remnants of v

'.fan internaT protein network a residuaT pore compTex‘

sites, equaT to. the number requﬁred for maximaT uterine ;':

1Tam1na and résiduaT nucTeoTi. The functions of the matrix

fhhave yet to be eTucidated ' It has been suqqested that

matrix and recentTy Berezney and Buchhoth (1981) have

f'_reported that DNA repTication sites are apparentTy

associated with this nucTear matrix. The nucTear matr1x

"has aTso been impTicated 1n RNA process1nq (MiTTer et aT

1978 HerTan et aT 19?9) nucTear contractiTity

w0



‘nY(Wunderiich and Herian, 1977- Nunderiich et al, 1978)
“controi of nuc]ear membrane fluidity (WUnderiich et ai

li978 Giese and- WUnderiich 1980) steroid hormone binding

’ifj(Barrack and Coffey, 1980) chemicai carcinogenesis S

‘(Hemminki and Vainio, 1979) ,and vira1 repiication (Hodge
'vfet ai 1977 Chin and Maize1 1977) However, the,

<”bioiogica1 significance of matrix associated steroid bf,u“

A

b

abinding remains to be deiineated

‘df\\Recent methodoioqicai advances have enhanced the
accuracy of steroid receptor assays | Synthetic steroids
udhave improved the reiiabiiity of these assays For

exampie, the 1igand methy]trienoione (R1881) a synthetic

- jandrogen binds to androgen receptor (AR) but not to sex L

7[ hormone binding giobuiins (Bonne and Raynaud 1975 1976 rf

'gvaenon et a1 1978) Aiso this 1igand is resistant tovsf
d‘metaboiic conversion and it exchanqes with receptor boundi
*dendoqenous DHT to about 70 per cent during an overnight S
:-iincubation at 0°¢ (Bonne and Raynaud 19753 Menon et al,

1978) The synthetic progestin (R5020) 1ikewise does notni

bind to transcortin (corticosteroid binding giobuiin -
:VCBG) but interacts with PgR even more strongiy than<d'

: -progesterone (Bonne and Raynaud 1975).' The non steroidai

'r’estrogen, diethylstiiboestroi (DES) binds~to ER;but_not |
i:to SHBG, and thus aiiows for. accurate ER assay,'when‘used,h
irin competition with [3H]estrad101 (Raynaud et a1 1979)

Secondiy,\the receptor stabiiizer moiybdate ,hasfw

Q~been shown to qreatiy enhance quantitatioh of cytoso]ic o
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J\'
]tShyama]a, 1980' Leach et ai 1979 Mauck etwai 1982) and
- when appiied to AR assays moiybdate has led to '

significant increases in the 1eveis of cytosoiic AR

“measured~(Trachtenberg et ai, 1981; Hawkins et al, 1981;
1‘C Sirett and Grant 1982) i_.'wr ;;‘ ': | ’}‘-:{‘ | |
In early studies of AR in the human prostate t;hjj"
- DHT was the liqand used DHT binds not on1y to AR, butﬁ
aisq to PgR and SHBG, which is present in abundance in the' E
‘rihuman prostate (Hicks and Waish 1979) Conseouentiy, -
o anone of the technioues described for detection of AR in.u, (0

plihuman prostate tissue using DHT [density gradient 'u _ a

. Jcentrifugation (Mainwaring and Miiroy, 1973) ‘ammoniumv
,;Suiphate seiective precipitation (Geiier and wOrthman,cani
. 1973) -agar gei e1ectrophoresis (Steins et a1 1974)

;Sephadex chromatoqraphy (Hansson et a1 1971 Fraser et

”tia]é 1974) and competition by cyproterone acetate (Geyler“
iand Cantor 1075)] was capabie of prec1se measurement of !
‘steroid Specific high affinity bindino of androqens to i
?hR-" Later studies performed usinq methvitrieno]one

»'_(R1881) overcame the probiem of 1igand binding to SHBG :

' but R1881 stii] bound to PgR thus givinq an artificiaiiyr'
:phigh estimation of AR 1eveis (Ekman et a] 1979 Asse1in-;.a;
'(et a1, 1976 Cowan et a1 11977 Menon et al, 1978)“_ o

(a Asseiin et ai U1979) and others (Hicks and\waish 1979

";Nozumi et a1 1981 Zava et a1 1979) demonstrated that

}pthe addition of an excess “of. triamcinoione acetonide (TA):'f’i



19

would prevent the R1881 bind1ng to PqR thus”givinq a more
'Eaccurate measurement of AR 1eve1s. Hicks and Wa1sh (1979)
aISo found that an hydroxy1apat1te assay was more accurate
Fif the protein concentration of the cytoso1 being assayed
~rwas 1ess than one mg/ml ;- as is freouent1y ‘the case. The
.haddition of sodium monbdate to the buffers has further

. 1mproved the accuracy of the assay, and as pointed out
above has 1ed to siqniffcant 1ncreases 1n the observed
'y1eve1s of AR 1n cytoso]ic assays For the above reasons,
7;unt11 very recent1y, the resu1ts of prostatic AR assays

from many centres are not strict1y comparab1e Now that

A

| hfmostv1aborator1es are usinq R1881- in the presence of a“=v

'viesce5sﬁofmTA.‘and adding mo1ybdate to “the buffers:
:'comparab1e resu1ts for AR 1in human prostate tissue'areL.’
h,being reported B | . | | |
b The detection of ER in human prostatic tissue wouldf:"n
:fsuggest a ro1e for estrogen 1n the qrowth and | e
s;fdifferentiation of this tissue ER has been found in low epsl
“concentrations 1n non hyperp1ast1c human prostate tissue |
© (Ekman et a1, 1979 Murphy. et a1, 1980) and in normal- "
” ht1ssue obtained from young rena1 cadaveric donors (Keen et
ta1; 1982) Also ER has been demonstrated 1n a pr0port10n s
.YOf cancer specimens again 1n 1ow concentrations (Murphy
et'aT, 1980; Sinha et a1 1973) Desp1te the work of
'uHSeVeraT groups ER has yet to be unequivoca11y ; |
4'vdemonstrated 1n human BPH tissue Some workers have\"°"

‘-\Hfa11ed to find any ev1dence of ER 1n such tissue (Ekman et
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aT, 1970 Murphy et a1 198b Keen et a1 i982) wh11e the"
positive findings of others are open to ouestion because |
the estrogen binding observed»was not shown by)various
criteria to be typica1 of - binding to high aff1n1ty,
saturab1e hormone speciffc ER (Bash1re1ahi et al, 1976;
Hawk{n3 et al, 1975, ponteé et al, 1982; Wagner et al,
'1975) | | S

i , Progesterone receptor (PgR) has been found in some'i
‘Q”normalﬁ and most,BPH-cytoso]s‘(Asselin et al; 1979,-Ekmanui
hetiai 11979;‘Cowan*et‘a1 1977; Bevins”and Bashire1ahi; |
.1980); but the function of this receptor 1s not b""”
UnderStood ' whether the presence of PgR can be taken as
. an 1nd1cation of/estrogen activity7:as 1n the breast -
(Horwitz et a1 1978) it 1s not possib1e to say Becausei;
of the presence of PgP however, care‘must be taken when»‘
2wassay1ng AR since methy1tpha¥ﬂone‘bdnds to PgR when 1t
1s present as discussed above : S .'v |

' Nuc]ear extractab1e (sa1t so]ub]e) prostatic AR has '

| been measured by some: groups (Menon et a1 ‘1978; Shajn etk

' baT} 1978 Sha1n and BoeseT 1978 H1cks and Walsh 1979{»
Lieskovsky and Bruchovsky, 1979- Trachtenberg et a1 19811”'
Sirett and Grant 1982) and Murphy et al: (1980) Wave a1so

| assayed for the presence of nuc1ear extractab1e ER 1n

man.; In a ‘recent report Trachtenberq and wa1sh (1982)

have reported a corre1ation between nuc1ear extractab1e AR ;;i*

and hormona1 responsiveness 1n 23 men w1th metastatic

psztatic cancer. ’;‘
] | LA
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'\\\ - . . . .
'\ Human prostatic nuc1ear matr1ces have not been .

_1;b1ated to date, ‘and thus matrix bound receptors have not
‘been assayed During the preparation of this manuscript
"Barrack et al (1982) have published abstracts on their
'work assaying non extractab1e AR in human prostatic
tissue, BPH and cancer» Their assays are carried out‘on

crude nuc1ear pel]ets,;where no effort has been made to

{jso1ate the nuc]ear matriﬁ from other ce11u1ar debris -To

"*fdate th1s 1s the only report other than that-presented

’“herein which describes non extractab]e ‘AR 1n the human

'prostate.

'hThe purpose of the work presented be1ow was:
hl,’ through the use of an hydroxy1apat1te assay and
fv:--k-cytoso11c buffers containing sodium mo]ybdate,
| cytosolic AR ER ’PgR, and nuc1ear extractab1e AR
'f were to be measured to see if any consistent |
fre1ationsh1p between the three groups’ of
‘receptors (cytoso11c nuc1ear extractab1e and
'\:matrix bound) cou]d be estab1ished
'2.;:a method to 1so1ate nuclear matrices from human
‘ prostatic tissue (norma1 BPH az‘ wlwgnant)-uas"
_to be deve{oped .
3. ”these.matricesvwere4toxbe ass « sgen -
receptorsf(Ah); A

\ »



CHAPTER II

R  MATERIALS AND METHODS |

Tissue_Specimens l v _ . ‘

 Benign prbstatic'hyperp1asia‘(BPh)aspecimens”were
obtained'at the'tfhe df retrOpUb1e prostatectomy; and;at
vdthe time of - radica] cystoprostatectomy, where nodu]es of"
" BPH could‘be easi]y identified. Histo1ogica11y proven
adenocarcinoma was obtatned by transurethra1 resection of
stage C and D prostatic cancers, using a Thompson Co]d |
rPunch resectoscope. Specimens - taken with a d1athermy 1oop
'are~not suitable, as the - 1nduced 1ncrease in temperature
.ydenatures,thehreceptor protein (Nozumi et al, 1981;
‘Snoehowsk1'et al, 1977) Normai prostatic‘tissue~was
:obtafned from rena1 transp1ant cadaverif ‘donors between
the ages of ten and forty years In the BPH specimens,
care was taken to remove on]y the hyperp1astic nodu1é§_for

‘assay, thus obtaining pure hyperp]astic tissue : For the'

.f co11ect10n of ma]iqnant tissue radica1 prostatectomy

specimens dre conSidered unsujtab1e -as positive
'1dentjf1Catfpn;dt the‘na1ignant 1esion.1s-not a1ways'
<nposs1b1e‘(maerdscopica11y) and the’possibinty of'takfng d
~ben1gn tissue a1ong with ma11gnant tissue exists.

A11 specimens were gathered at the time of surgery,
and following examination by. a surgical\patho1ogist

chopped 1nto‘sma11‘p1eces_and p]aced in anrice'bucket for

22 |
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transportation to the 1aboratory.. The tfssue was then
weighed frozen by immersion in 1iquid n1trogen, and
stored at -70°C%unt11 assayed | |
Steroids ' ‘ .
‘ Ppomegestone (R5020) [f7-methy1-3H]>17,21-dimethy1-
19-nor-pregna-4, 9-d1ene-3,20-d10ne (spécifdc.activity’
(s. 2.) 87 Ci/mmol), 178-estradiol, [2,4,6,7- SHNT (s.a.
92 C1/mmol) R1881 (methyltr1eno1one [17- methy1 3H] 17—
hydroxy 17- methy1 estra 4 ,9 11 trien-3-one), (s.a: 87 e
Ci/mmol), [14C] gamma globu11n and [14C] ova1bum1n were
"obtained from New Ena1and Nuclear, Boston Mass » as were
Jun1abe11ed R5020 and' R1881. Unlabelled diethy1st11-
boeSthTl(SES),ﬂtriamcinolone'acetonide‘(TA), dexa- _
methasone est}adid1 dfhydrofestdsterone ‘progesterohe
'and pheny1methy1su1phonyf1uor1de (PMSF) were obtained from
| Siqma Chemica1 Co., St Louis Missouri. AN other |
~-chem1ca1s were of reaqent grade and . purchased from Fisher
'.Scientific Co., Quebec. Hydroxy1apatite (HAP) was from
‘Bio Rad Laboratories, Richmond Ca1iforn1a Doub1e

disti]]ed water was used to prepare. appropriate reaqents.f

a,‘Preparation of Cytoso1 for the Study of Cytop1asm1c
-Receptors o ' u ’

q Tissue,'usua11y.abdut,1 g,'wasabfought‘frou‘570°C to
‘ O?Ciopiice,'iﬁd a1l fuftuep'sfeps were,carried out at 0-
= 4°C,-hThe‘t1s5ue uas,weighed,'ehopped'with a raZOr blade
and hompgenfzed fn 20m1 .of Tris buffer (10mM fr{s; 12mM

/
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monothjog1ycerq[,‘10 mM sodium molybdate, 102 (v/v)
g1ycerbi, pH 7.4‘at 22°C), containing lnﬁ PMSF, using a
ﬁoiyt}onlp-lo homogen1zer.(Br1nkmann), set at 4 for 20
seeonds (four 5-seco;d bursts with 30dsecdnd‘cop1ing
’intenvais).~ The,hOmogenate was centrifuged in a Beckman
J2-21 centrifuge at 800 x g for 10 mintues. The
supernafant was pentr1ﬂuged‘further in a Beckman L2-§§P
.u1tna5centr1f0§e_at 200,000 X g for 30 ninntes using’ana

- SW60 Ti rotor, to yield the supernatant cytdso1 fraction.

‘Nuc1ear Purification and Extraction.

e Tissue, usual]y about 1 g9,; was 1mmersed in 11qu1d
nitrogen, and pu1verized using a Thermovac pu1verizer .
'(Thermovac Copiague,,NsY.). The powder ‘was suspended in
15 m1 of STM/PMSF buffer (0.25M sucrose 50mM Tris, EmM .
MgS04, pH 7.5 at 22°C) containinq lmM PMSF, ‘and gentTy
homogenized with an a1l alass Duall homogenizer-(Kontes;' .
Vineland, N.J.). This was followed by centrifugation at
800 ngﬁfor'lﬂ pinu£es, andvthelsunennatant>distardedf
The pellet was resdspended in 15 ml of sin/?MSF; and
extracted with 1%~Tr1ton X- 100 on 1ce for 10 mfnUtess Ai
"'second centrifugation at 800 X g was done ‘and the super-

“natant discarded. .The pellet was suspended in 15 ml of .
STM/PMSF and fi]tered through a wire mesh (30 mesh) and a
'third centrifugation at 800 X ¢ fo]]owed The nuclear
pe11et was then suspended in 25 m1 of STM/PMSF ‘and 1ayered
on t0p of 5 m1 of 1. 8M sucrose for u1tracentr1fuqa;10n at

o
~
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74,000 X g for 30 minutes, using a Beckman SW28 Rotor in a
Beckman L2 65B uTtracentrifuqe , < |

The pé]]et which passed through the sucrose contained
purified nuclei, which were extracted twice with 0.6M KC],
and“the supernatants saved for steroid binding assays
designated as the first KC1 extract (see below). The
pe11et was: then 1ncubated with STM buffer containing —

/
n Deoxyribonuc1ease (DNase I, worth1ngton Mtl}tpore»Corp
.Freeho1d N J., 100 i. u. /m1 fin l/concentration) on 1ce

for 60 minutes. A find‘ ; 6M KC1 extraction was carried
out for 15 m1nutes, fo11owed by centrifugation at 3000 x g
forflo minutes. The'supernatant'was saved for stero1d,,'
,binding asSay; desionated as the secdhd\KC] extract and
,the residua1 pe11et determined to contain nuc]ear _'

"matrices, was also assayed for steroid binding

. Steroid Binding Assays o i;t"’ '}//?/K‘

In all cases, 200 w1 of cytosol, 'nuc1ear extract or D

nuc1ear matrices was. added to 0.5 ml of hydroxylapatite-

'(HAP) suspension [0.1 ¢ HAP/m1 TNPubuffer-(-SO,mM Tris, 10

mM sodfum phosphate, pH 7. 4 at 22°C)17plus 0.5 nl oTNP
“buffer, and shaken for one hour “to. bind thie receptors to

' the HAP, Fo11ow1nq this the HAP suspens1on was centri-

fuged at- 12 800 X g (Eppendorf)‘for two minutes and the
‘supernatant discarded Ser1a1 di]utions of steroids ‘>H
prepared as 1n Table 1 were added to - the residua1 pe11et

. the pe11et was re- suspended and 1ncubated overn1qht at///;‘
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A saturation analysis with tritiated 1igand in six
concentrations (0.1 nM - 5 nM, see Table I) was used to
measure total binding and tritiated l1igand in the presence
of a 100-fold excess of unlabelled steroid was used to
measure nonspecific binding (3 conéentrat1ons). ER
bindfng was measured using [3H]estrad101~17ﬂ, with or
without a 100-fold excess of unlabelled diethylstilbestrol
(DES) and PgR was measured using [3H]R5020, with a 10-fo1d
~excess of dexamethasone, w{th‘or without a'100~fo1d excess
of unlabelled R5020. For AR assays, [SHIR1881 in the
9resence of 1000-fold excess of TA, with or without a 100-
fold excess of un]abé]]ed R1881, was used for the binding
assays. » |

HAP-bounq.receptors were incubated with steroids for
18-24 hours at 0-4°C. 91an0und steroid was removed from

.the HAP by fouf washes of 10 mM phosphate buffer. (The

HAP beIIet was'suspended in 1 ml of 10 mM phosphate buffer

ahd shakén for five minufes. This was followed by centri-
fugation for two minutes at 12,800 x a in an.Eppendorf
Fehtrifuge. The supernatant was dis;afded and £h1s
process was reﬁeated four times.) Tge bound radioactiiify
Was'efuted from the HAP with 0.5 ml1 of ethanol. The
ethaﬁ61 extract was‘addéd to 10 ml of scint111qt1bn fluid
;(Beckmaﬁ_Readnyo1v HP) and the rééﬁiting samples counted
for radioactivity in a Beckman L59000"11qu1d'scinti]lat{dn

counter. Specific binding was calculated by subtracting

27
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g proteih and fmois/g of tissue

-

N~

xnonspecific from totai bindinq The resuiting data were
‘f=ana1yzed by the method of Scatchard (1949) Specific' B

"binding of steroids is expressed in fmois/mg of cyt0501

2 . . ' '_ I

‘(tritiated 1igand (see Tabie II)

Sucrose Gradient Centrifugation

'“,;Steroid Specificity Determinations

The steroid Specificity for the observed 1igand

;!binding to ER PgR vand AR was determined by incubating

i‘ffoid excess of TA with or without increasing concentra-‘°
}",tions of un1abe11ed steroids. Generaiiy,‘ t 1east one:‘
*Jcompetitor from ‘each. ciass of'sexﬂstexoid or v

.bgiucocorticoid was tested for-competition aqainst each

K\',

oy

phosphate buffer (50 mH potassium phosphate, 12 mMo

_h[14C] iabei]ed standard protein was added prior to:»r

Linear 5 20% sucrose gradients werevprepared in

Tag et

vgmonothiogiyceroi 10 mM sodium molybdate 10% g1ycer01'

';Aabeiied cyt0501 were treated with a dextran coated

"'2charcoa1 pe11et to remove free steroid and an internai_g
7

-w;iayering on the gradients " The gradients were centrifuged‘

‘28

'ifcytosoi with 2 M of [3H]estradi01 -17¢g, [3H]R5020 pius a
’4“4f10 foid excess of dexamethasone or [3H]R1881 pius a 1000--wg:,

th;iv/v) pH 7. 0 at 22°C) (Douqherty and Toft 1982)>usingf“:'
"gthe ISCO Mode] 570 Gradient Former.‘ Sampies of 200 ul qf’:;

,.,in a Beckman L2 658 uitracentrifuge using an SN60 Ti rotor’
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'atn240 OOO'X g4for 22 hours.'-The~grad1ents Were'.
~fractionated us1ng a_ Hoefer fractionator and the L
.”pradioactfvity 1n each fraction determ1ned after the

add1tion of 10 m1 Beckman Ready So1v scinti11ation f1u1d

'Protein and DNA Assays

" Protein concentrations were determined by the Bio Rad\

VProtein Assay (Bio Rad, Richmond Ca]ifornia) Because of R

rtthe use of mo1ybdate and other possib]e 1nterfer1ng

"esubstances 1n our buffers, the Bio Rad protein assay ;

procedure has been va11dated by comparison with the method

'1';of Lowry et a] (1951) 1n this 1aboratory.‘ DNA was |

5measured by the method of Burton (1956) us1ng ca1f thymus

?:'DNA as standard

rLight and E1ectron M1croscopy

Pur1f1ed nuc1e1 and nuc]ear matrices'were routine1y
: examined by 11ght m1croscopy us1ng an Olympus wFIOX o
‘wauc1e1 were stained with methyTene b1ue dye. Samp1es.of
:1pur1f1ed nuc1e1 and nuc1ear matrices were fixed at 4°C
,‘with 4% g]utera1dehyde 1n cacody1ate buffer, before

"'preparation;{or v1ew1ng w1th the e1ectron microscope 'fhe»
XW o

"?-nuc1e1 were then r1nsed 1n two changes of cacody1ate,f

-fbuffer and fixed 1n 1% 0504 (Cau1f1e1ds fixative) ; They

‘, were dehydrated through a graded ethano1 series and then}'

**h‘propy1ene oxide. The nuc1e1 were embedded 1n Epon and

hf'sectioned on a Re1chert 0MU2 u1tram1crotome.- The‘sections



 .were‘sﬁaihed with uranylvacetatg and‘1ead cjtratg_and

photographed on a Siemens Elmiskop 1.

VT

31



- CHAPTER 111
" RESULTS

- .cYTOSOL

. Q'A;  Studies of Steroid Peceptors 1n Human Prostatic h

Cytosol. : »
1. Androgen Receptor

‘a) Saturation ana1ysis of [3H]R1881 b1nd1ng 1n human L

i

”'jprostatic tissue

AR - was present 1n a11 tissues examined. In norma1}j

.y'.

Miétissues a mean va1ue of 16 fmo1s/mg cytoso1 protein (606

"'fmols/g tissue) (Tab1e III) with a- mean d1ssoc1at10n

'h constant (&d) of 0. 4 nM was observed In BPH tissue the.

mean AR concentration was 22 fmo1s/mq cyt0501 protein (5951‘
| "fmo]s/g tissue) with a mean Kd of 0 3 nM (Tab1e III) |
representative Scatchard p1ot 1s shown 1n Figure 7. kAReesi

~,was present 1n a11 6 cancer specimens at a mean

“_fconcentration of 21" fmo1s/mg cytoso1 protein, (646 fmo]s/q

"tissue) but 1f expressed 1n fmo]s/g tissue two of these

' 'tissues were reTative1y AR poor [mean of 349 fmo1s/g (16

’ifmo1s/mg cytosol prote1n)] compared to the four AR rich
'Ttissues [mean of 794 fmo]s/g tissue (23 fmols/mg cytoso1
>*prote1n)] The mean Kd for: AR 1n these prostatic cancer

:ftissues was 0.3 nM

32
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“BIF

_ Figure 7. Scatchard plot of cytosol androgen receptor |
b1nding in BPH tissue Maximum b1nding 37. 4 fmo]s/mg .

cytoso] protein. r= -D 97; Kd = 0 3nM; B = spec1f1ca11y

bound steroid (pM), B/F = bound stero1d per un1t of free j E
B steroid ‘ SRR L : N
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f-b) Steroid specificity for bindinq of [3H]R1881 in BPH
cytosoi j L r '

B,

_ In order to assess whether the observed [3H] R1881
‘binding of Figure 7 and Tabie III ‘was to sites specific b
.for androgenic steroids, steroid competition studies werev
performedt In/ figure 8 are the resuits of a |
"representative experiment It can be seen that DHT and

'R1881 compete for [3 H]R1881 binding At very high

- concentrations proqesterone begins to compete, as
‘fipreviousiy reported (Hicks and Waish 1979). R5020 also
competes in a simiIar manner to progesterone (data not

shown) Estrogen (DES) and a qucocorticoid

'(dexamethasone) do not compete.'

';C) Sucrose gradient anaIysis of [3H]R1881 binding in BPH.
| Further characterization of [3H]R1881 bindinq was
carried out by sucrose. qradient anaiysis Cytosoiic AR is

known to sediment in the 83 reqion (de Vere ‘White and

S OIsson,_1981) Figure 9 contains a representative sucrose

f_gradient profiie for [3H]R1881 bindinq in BPH Cyt0501 and
a distinct specific binding moiety is - noted in: the 8S . |
region. The buffer used in these gradients contains both
phosphate and moiybdate at pH 7. 0 conditions'previousiy\v
*found to effectively stabiiize other receptors during the
"]ong centrifugation time required “for this assay '
(Dougherty and Toft 1982). This method was appiied to

~three different BPH specimens.'
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~100-
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Z
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o o DES |
2 ® Dexamethasone -
& A DHT
w ~ A Progesterone
& + R1881
R ‘ { :
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2 10 - 50 100 500 1000

- EXCESS COLD COMPETITOR

.

e

' Fi'g.ur‘e 8 Steroid specif_iéi-ty,for-‘bi"nding of [3H]R1§8] in
BPH cytosol. Excess cold competitor units represent the
- n-fold excess of competing steroid as calculated from -
 Table II. o R
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F1gure 9 Sucrose gradient ana]ys1s of [ H]R1881 b1nd1ng :
.. in BPH cytoso] Total b1nd1ng (o), non-specific binding (o),
- and migration of the [ C] gamma-g]obulin (arrow w1th S va]ue).,



f

2. Estrogen Receptor
a) Saturation ana1ys1s of [3H]estrad1o1 binding in human
prostatic tissue | |
‘Shown din Figure 10(a) is a representative p1ot for
the saturat1on analysis data of [ Hlestradio) b1nd1ng in
human BPH cytoso1 Fstradio1 b1nd1nq observed in th1s
cytoso1,was saturable and was disp]aced by a 100-fold n
excess of DES. The data were analysed by the,methodbof
iScatchard\as'shownxinmftgereplo(b) and a sing1e class of
high affinity binding sites) typical of ER, was indicated.
. 0f 15 BPH. sbetimens analysed' 8 exhibited igh
aff1n1ty estradio] b1nd1ng as 1nd1cated in Tab1e Iv. The
mean ER concentration 1n the cytoso1s for wh1ch specific
estradio] binding cou1d be detected was 10 fmoIs/mg
cytoso1 protein (290 fmo1s/g of tissue) and the
dissociation constants (Kd) ranged from 0. 01 to'i.ZnM.
~In-a sim11ar fashion, ER" was measurab]e 1n boﬁh‘
norma1‘andvcancerobs-hdnan prostatfc-tissues as also shown
in Table 1IV. A]thouqh the numbers of these two tissue
'tYPes'ana1YSed wereusma11 the data seem s1m11ar to(those'ﬁ
for BPH with regard to ER conceqtration affinity and the

proportion of ER- positive samp1es.-y,_

o

-~

b) Steroid spec1f1c1ty for the bindinq of [3H]estradio1-
“in BPH: ' ‘ |
In order to assess whether the observed [3H]estrad1011*

'vbindjng of_Figure 10 andvTab1e IV was to-sites specific“““



39

[3H] Estradiol Bound (dpm)

0+ —T T T T T

0 1t 2 3, 4 5
] Estradiol in Incubation (nM)

|

Figure 10(a). Saturaiion analysis-data‘for_[3H]e$tfédio1
binding in BPH cytosol. Total binding (o). Non-specific |
- binding (e). ’ - , ©
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BIF

Figure 10(b). Scatchard plot of EStEogenlreceptor binding

in BPH cytosol. Maximum'binding'llﬁ fmols/mg cytoso]‘protein;'
r = -0,95; Kd 0.01 nM; B = spec1f1ca11y bound stero1d (pM) s
. B/F bound steroid per unit of free streo1d
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>'°:estradioi or DES compete for [3H]estradi01 binding while

-\_in BPH

: is often usefui in characterizing the bindinq._ Cytoso1ic,'_f,?f‘

fqr estrogenic stero%ds, steroid competition studies were -

: performed ’:In Figure 11 are the resuits of a’ 3”-"

'_representative experiment It can be seen 1hat on1y

’?i;Progesterone,~androgens (R1881 or DHT) and a 91UC°' .b‘
'corticoid (dexamethasone) do not comDEte ThfS pattern °fit

t:flsteroid specificity is consistent with the binding of 4
:f,[ H]estrad101 to ER simiiar to the ER described for known o
'estrogen'target-tissues DES (a2 Ton- sceroidai estroqen)
/‘:%funiike estradioi does not bind to SHBG, but binds to ER

i ‘in competition with the natura] estrogens.

- [N

v;e t) Sucrose gradient anaiysis for bindinq of [3H]estrad101 vwﬂi |

o

Anaiysis of [ H]estradi01 binding by sucrose gradf%nt e

'vER from a variety of tissues sediment at 8- 9S on sucrose 'f

'hor giyceroi gradients (Grody et a1 198Q) especia]]y if

,sodium moiybdate is present in the buffering medium (Niu i

£

'7et ai 1981) Figure 12 contains a°representative sucrose:‘

’qradieﬁt profiie for [3H1estradioi bindinq in BPH cytosoTii‘,"

“l“and a distinct specific bindinq moietysis observed in the‘»f

77*85 region of the gradients.v This method was appiied to

fffive different tissues (four BPH and one normai) in a11 44 RO

‘;;cases confirming the presenﬁ& of%;R "Vb,. ' :lw'.';‘,ga
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FngUFef11 Stero1d’spec1f1c1ty for” b1nd1ng of [ H]estrad1o]

in BPH cytoso] Excess co]d compet1tor un1ts represent the".

n- fo]d excess of compet1ng stero1d as. ca]cu]ated from Tab]e 11
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3. Progestin Receptor |
a) Saturation ana1ysis of [3H]R5020 binding 1n human

prostatic tissue

' PgR was present 1n a11 three norma1 tissues,-with a

'mean va1ue of 21 fmo1s/mg cytosol . protein (745 fmo1s/q

;ti sue) and a mean Kd 0.1 M (Tab1e V) Thirteen of 15

;dmens had PgR with a mean concentration of 47

'fm01$/mg cytoso1 protein (1446 fmo1s/g tissue) and a mean
de of 0 3 nM (Tab1e V) Four,of s1x cancer specimens had

'ngR with a mean concentration of 55 fmo]s/mg cytoso1

protein (1806 fmo1s/g tissue) and a mean Kd of 1 3 nM

-»(Tab\e Vieooo L R

b)Y Steroid specificity for binding of- [3H]R5020 in BPH:

_ F1gure 13 p1ots the steroid spec1f1c1ty for R5020

"with [3H]P5020 because 1t binds to PqR as we11 as AR

(Bonne and Raynaud 1976) TA a1so competes wtth

"[ H]R5020 ‘espec1a11v when present in 1000 fo1d excess,,
'\when the competition exceeds 80 per cent. This a1so has"

"been reported prev10us1y (Bevins and Bashire1ah1 1980,

LN

fold excess of cold TA 1s used when assayinq AR (to_
>prevent R1881 bind1ng;to PgR)._ DHT on1y competes 1ess;‘
.than 50 . per cent as previously reported (Bevins and

*_QBashire1ah1 1980' Kodama et al, 1981 Gustafsson et al,

s

3 It can be seen that R1881 competes to a1most 100 per cent i

iKodama et. a] 1981, It 1s for th1s reason that a{1000;>7

'f"lq78); Estradiol does not compete, as 1s typica1 of . PgR. .
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' ~Flgure 13 Steroid spec1f1c1ty for- b1nd1ng of [ H]R5020 in

: BPH cytoso] Excess co1d compet1tor units represent/the”""”>ﬁ##__——*__-_
n-fold excess of competing steroid as calcu1ated from :
"Table II ' : .
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c) Sucrose gradient'ana1ysﬁs for binding of [3H]R5020 in

'»Sfm11ar'to‘the AR and %R exberimente presented'aBOVe;Al
' cytoso11c PgR from three BPH tissues was characterized by
su@rose dens1ty ana1ysis Figure 14 out11nes a - '
‘._representative profi]e and a distinct spec1f1c binding
mo1ety is seen in the 8$ region, as is typica1 of . |
cytoso11c PgR, which 1n ‘the natire ‘state exists in a6 ;

. 8S form (Grody et al .1982).

B: Studiés of Nuclear Androgen Receptor in Human BPH:
1!, Nuc]ear Iso1at10n, Purificat1on, and Preparation of
'Nuc1ear Matrices: | "
-a) Rat uterine mode1~;ystem |

Nuc1ear 1so1at10n and pur1f1cat10n have been

'described by many workers for various tissues 1nc1ud1ng

rat 11ver (Berezney & Coffey, 1974 fBarrack & Coffey,'

1980) chicken liver and rat: -prostate h v & Coffey,

1980) /rat Adterus et“a1 1967) and human prostate:

';ovsky 5 Bruchovsky, 1979) A deta11ed review ofv,

_'methddo1ogy for nuc1ear 1501ation 1n a w1de range of }v‘_ 'e
tissues is presented by Smuck1er et a1 (1976) -A11frey |
(1974) Tats f””?4) and Spe1sberg et al (1974) 51ﬁ¢e’

| Berezney and L ‘ey (1974) were among the first to

describe the nuc1ear matr1x_and 1ts_1sq1at10n, we decfded, s

/

to follow their‘methodOIOgy initially, aSvWefwere also
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primarily interested in ‘the nuclear matrix of the
.prostate. At the beginning of thfs‘project: we uSed rat
.uterus:as,ahtest tissue,'since adequate quantitieS'of
-human prostate were not avai]ah1e; and we’wished_toA
estab1ish-a sat1sfactory method for nuc1ear purificatton
andlmatrix_jso1atton before usjng the.relatiye1y scarce’
human brostateutissue. | | | o

. Using'rat uteri and the-nucTear,1501at1onamethods‘
‘out11ned'fn.the‘Mater1a1s and'Methods\sectjon ahove, but .
with certain modifications asilisted beﬁow, we attemptedu
/to purify nuc1e1 from th1s an1ma1 ‘model system Rat
" uterine tissue (1-2 g) was m1nced homoqen1zed in 20 m1 of -
STM/PMSF/MTG/MO buffer (see below) with a Polytron '
.homogenizer and centrifuqed for 10. minutes at 800 X g.
l’This buffer differed from the buffer described 1n
| Materials and Methods since 1t contained 100 mM
,'monothiog1ycero1 (MTG) and 10 mM sodium mo1ybdate (MO)..

The residua1 ‘pellet was resuspended in 10 m1 of buffer and

- .fi]tered throuah i 1ayers of fine cheesec1oth 1nstead of

the stee1 mesh Furthermore, 1nstead of a 1.8 M sucrose
purification step, the: f11tr%te Was further homogenized
.and then centrifuged at 800 > S for 10 m1nutes and the
pe11et twice more_washed 1n buffer. The remaining nuc1e1
were.suspendedvin.5=m1 of'STM/PMSF/MO buffer-and counted
us1ng a Haemocytometer count1ng chamber and light

f
'microscopy

7

On 119ht microscopy the nuclei apueared to be well



1so1ated from other ce11u1ar components a1thouqh a small

,amount of fi]amentous debris was present We had-

N

previously seen that the inclusion of 100 mM MTG in the

Mtissue homogenization buffer reduced the debris to a -

.m1n1mum but as discussed be1ow the MTG may have
‘deleterfous effects on assays for,nuc1ear-AR Further
.attempts toward more pure nuclei using repeated
filtrations, HAP or 2. 2 M sucrose led to siqnificant]y
poorer recoveries of nUC1e1 Typically, the yie]d of .
nuc1e1 was 1. 7 to 4.x 107 per oram'of uterine tissue and
on light microscopy ‘the ‘nuclei appeared well 1so1ated.

" These 1so1ated rat uterine nuc1e1 were processed to
the nuc1ear ‘matrix stage as out1ined in the MateriaTS and
Methods settion and the,nuc1ear extractab1e and matrix-
bound (non-extractab1e).receptor assayeds ThebreCeptor
being assayed was ER, which is presentvin_high |
concentrations in the rat uterus (Anderson et al, 1973)
Uteri from rats pre- treated with a pharmaco]ogita1 dose
(10" pg) of estradio1 (30 minutes before harvest1nq) were
'compared with uninjected contro]s and as can be seen from
Table VI pre-treatment with estradiol caused the cytoso11c
receptor to move into the nuc1eus and to exist in both
salt- extractab1e and matrix- bound\forms. u

As discussed below, MTG may cause more extraction of
nuc]ear steroid receptors, but whi]e MTG was being used in
these rat- uterfne experiments 1t was washed out before'

nuc]ear‘extraction with KC1. Furthermore,:a reversa])of
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.. TABLE VI. EstrOgen‘receptor distribution in uteri of rats
untreated or treated with estradiol one-half hour

} ‘prior”fowsacr1f1ce

’

"ER Content (Per Cent of Total Measurable ER)

Materia) Assaye&  . | ~ Control o Estradib]:Treated
Cytosol © . 8 -2
1st Extract -1 _ o coen
2nd Extract w0 33
Mateix 23 38
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any effects of MTG was probab]y achieved because the
purified nuclei were incubated with 10 mM sodium tetra-
thionate (NaTT) NaTT has been reported to oxiﬁize
sulphydryl groups to form disu1phide bonds (Parker and
Allison, 19695 Chung and Folk, 1970; Degani et al,
1974) Kaufmann et a1 (1981) have shown that this
oxidation renders a non- chromatin intranuclear network
stab1e and salt- resistant and we found it enab1ed us to_
_recover a greater number of intact nuc1ear matrices.

. Consequently 1ts use waS‘ineorporated'into our }m1t1a1 |
matrix preparations_but to our surprise we found that this
caused a profound alteratinn in the'distrihution of

nuclear-extractable versu: non-extractab]e_receptor as

~shown in Table VII. The details of the Navakffect have .

not been de11neated and are beyond the conte;t of th1s
discuss1on., For a comparison of resultsvwith those of
other workers, we wished to make ourenUC1ear-extractab1e
receotor methods the same as those previously employed

| (Menon‘et a1A‘1978°-H1cks and'walsh; 1979; Shain and
‘nBoese1 1978 Trachtenberg et al, 1981’ so the NaTT .
treatment was e11m1nated from thezprocedure for BPH.
Additiona11y, the va1ue of MTG in pur1fy1na nuc1e1 was re-

3

eva1uated
b) Human BPH: | _ iy ‘
At’this point, we fe1t that the methodo1ogy was

adeouate1y deve1oped and we were ready to. app1y it to the
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TABLE VIIY Distribution of ER in rat uterine nuclei assayed
with or without the use of NaTT in the first KC1

extraction buffer .

i

ER Content (Per Cent of Measurable Nuclear ER)

Nuclear Material

| Assayed Control = NaTT

1st Extract - o ' - 5o’ffn,jré SRR 20
2nd Extract
Matrix.




human prbstatfc tissue. As pointed out above, other
research groups were also beginning toheya1uaté nuclear-
extractabie ahdrogen receﬁtor 1n human pnéstafe
(Trachtenberg et al, 1981; Sirrett et al, 1982; Menon et
al, 1978; Hicks and H§1sh, 1579; Shain et al, 1978; Shain
ahdxéoese1,'1978;.Liesko;sky and Bruchovsky, 1979;) and
our methods Were'S1mi1aroexqept that while these workers
used crude nuclear pel]étﬁ; we used relatively well
*;so1ated‘nuc1e1.

‘Human prostate tissue (BPH) was proceésed in the
mdnner descr1bed\above to'yier'nuc1ei, KCL‘extracts and
matrices. Thé ”pinfied“ nuclei Qere examined unde; 11ght
miéroséépy.. The yield was 1n‘th9 range of‘2.2 -5 x‘107

. i L"i o . .
nuclei/qg of tissue, and the nuclei appeared free of.

EytOpiasmic attachments; ﬂowéver, onveléctron mic@
- (EM), it waé clear that there was an dnacceptab1e.aﬁbﬂﬁt
" of tyt0p1a§mf§§debkis sﬁrrouhding the ﬂutiei, which had ~
ndf been apéa;enteon’liéhf mfcroscopy (Figure 15).“in
view of this ffnding, it waS»&ecfged to cenfr{ngelthe‘
nuclei at 74,000 x g for 30\m1nuteszthrough a.
discontinﬁous su¢rose gradient, coqustfhg of 5 ml of 1.8M
sucrose layered on top of 5 ml of 2.2M sucrose. It was .
\found“that‘ho nuclei pasﬁed thrbugh the 2.2M ;ucrose‘even
if the time of.centrifugation'was increased to 90 minutes
'_as thevnuc1e1 were lodging at thé‘interface.bétween:1.8Mv

and 2.2M sucrose. " Further sucrose centrifugation there-

fore used 1.8M sucrose at 74,000 x g ‘for 30rm1nutes and
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Figure 15. Electron-iicrograph of impurified
nuclei (x 10,000 magnification). .






; '!('\;"‘V
this was found to y1e1d hiqh]y pur1f1ed nuc1e1 as 'seen on
e :
EM (Figure 16) ;;gfj

A further modificat1on was: added to the methodo1ogy,

when it was found that the nuclear yield could ‘be
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1ncreased from)an average of 50 per cent of 1nit1a1 DNA to -

-_70 per cent 1n1t1a1 DNA, if the cheesec]oth filtration wasf

-d15pensed with: and rep1aced by simp1e fi1trat10n through
‘wire mesh to ‘remove on1y the 1arge debr1s The 1ow speed
centrifugation and the sucrose centr1fugation removed the

. \ - _
:sma11er debris adequateTy.~‘So, after much tr1a1 and EY

error, - the nuclear purification methodo]ogy as out11ned in

:":Mater1a1s and Methods was estab]ished

, The nuc1ear matrices were iso]ated "a’s out]ined and
'-their presence confirmed by EM (Figures 17 and 18).3f“
Occas1ona1 m1tochondr1a were present but were few 1n

"number and some. co11aqen f1hres/Were a1so 1dent1fiab1e
/ - o

' "7vSome of the*%atrfces were broken to a greater or 1esser

,L;extent accountinﬁggor the other debris seen 1n some

-e1ectron microqraphs. This fragi11ty of matrices has . a1so

fbeen the experienCe of other qroups workino with nuc]ear~'

matr1ces (Sufrin et al, 1982? and we have ear1y-e1ectron.

’umicrographic vidence that NaTT stabi]izes these prostatic '

jfmatrices, as Was reported for 11ver matr1ces (Kaufmann et

1981). Figure 19 (a, b and c) shows nuc1ear matrices

‘_from one tis'ue,’prepared 1n three d1fferent ways: -a) No

d,%fjfadded before f1rst KC1 extract aThere were morertntaCt

added after first KC1 extract and c) NaTT"



o

"Figure»16}_E]éctron%ijrogkaph'of‘pufified

nuclei (x 10;000 maghificatﬁpn), 

)







Y.

-

= FigUrev17.‘E]ectronemﬁcnograph of nuc]egf
matrices (x 14,000 magnification).

|
|
|







Figure 18. E]ectron»mi\pfograph of nuclear
matrix (x 25,000 magnifjcatjon).






- \‘Fig‘ure 19 (a). E]ectron-micrograph of nuc]ear' - ]
matrix (x 25,000 magnification). No- NaTT treatment. .

!



-




- Figure 19 (b). Electron-micrograph of nuclear
matrix, (x 25,000 magnification). NaTT added
after the fFirst KC1 extraction. Note denser
~ appearence of matrix compared to,‘;'f.igure 19(a).

-
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Figure 19 (c). E]ectronlmizrograph“bf nuclear

matrices (x 14,000:magnification). Note dense:
appearance of matrices, as in figure;19(b).

L Debris is aggregated into strands.” NaTT added
. prior to the first KC1 extraction.’
'5 4
B
t
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/ .
" matrices 1n'b).than a);/and COnsiderab]y_morev1n c) than

 4b)." The matrices in b) and ¢) weré'aTl,more'homogenousﬁtnv

appearance, un11ke the de11cate network of a). »In c). the

[

debris 1s.1n continuous strands vwhereas 1m a) 1t 15 1oose
I

and scattered Thus, NaTT appears to strengthen the
nuc]ear matrices, and cause, agqregat1on of any debris 1n

the preparation

.“J-,,'

B : = ‘ ' .‘ 8 ‘;K}?i p ,. o r;f.‘ '_:1‘; 5 ”4
o : 2¢ Nuc1ear Pecentor Assays 1n Humaﬁrepnas

&

3’y5 Pre11m1nary AR measurements ;'{,.;‘f7e:'.f.‘h v;il g
‘,‘ Nuc1ear sa1t so1ub1e or- extractab]e AR andusalt?:xﬁ'
1nso1ub1e or matrix bound AR were assayed ResuTtsffor o

';?f'the first ten tissues (BPH) were very unsatisfactory, as

on1y 1ow amounts of spec1f1c binding were observed aiso;

the b1nd1ng was not reproduc1b1e, and’ the Scatchard p1ots“”

. %;'f:t;11near.y AR qbntentrations ﬁkre much 1ower than
thpse previous1y pub1ished (Trachtenbeng et a1 1981, L
Hicks and‘Wa1sh ‘1979 Sirett and Grant 1982) and 1t was
suspected that certain methodo]og1c prob]ems existed. ‘Inhrt‘:
wﬁew of this,'a visit to the 1aboratory of or. John »
Trachtenberg at McGi11 University, Montrea1 was arranged
to perm1t a. compar1son of methods.; The work 1n the i
Montrea1 1aboratory 1nv01ved measur1ng ﬁuc1ear ex%wactable
receptor from crude nuc1ear pe11ets so that our nuc1ear o
purification scheme as deve10ped above was nnt L?;.“f
question.: The pr1ncip1e difference 1n m;%hods was @hat 1n'“

Montrea1 the tissue was frozen 1n 11qu1d nitrogen and then |

\,’
SN : :
PR A N



pbeing chopped with a razor bTade The rapid freezin

',“subsequent thawing after Tiquid nitrogen immersion p_

,fwithout disrupting the nucTei

) quantities. .
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," '_ﬂ . : . : . ‘» ‘ ,\ .
Yiquid nitrogen. The resulting powder was gently

Vhomogenized with an aTT gTass‘DuaTT Homogenizer (Kdntes,

Vineland, N.J.) rather than in a homogenizer with

‘ bTades The ‘use of Tiquid nitrogen has the advantage of-

' enabiing the tissue to be puTverized into a powder whiTe

it is sti11 frozen whereas the tissue can reach 4°cC whiTe

ca very effective and qentTe way of disrupting ce11r1"

[

The PoTytron gomogenizer is muc@ more vigorous than

~ the DuaTT qTass homoqenizer,‘and even though the _
'homogenized tissue was her in ice whiTe being homogenized i
rusing the PoTytron it is possibTe that there was an |
eincrease in the temperature -of the tissue during the
;fprocess. These factors coqu have contributed to an
/‘inactivation or deétruction of the nucTear AR, thereby
".accounting for the unsatisfactory resuTts which we .
»obtained initiaTTy.' 0nce the tissue pu1verizer and gTass.:
: homogenizer were used the nuciear assays gave acceptabTe

ﬂvaTues for extractabTe receptor (see beTow) and the

"j'ScatchardrpTots were satisfactory._ Matrix bound receptorsf]

'wf(or ‘non- extractable receptors) were aiso detected in Targe

’.,J
J
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L v
b) Saturation ana]ysis of nuclear, [3H]R1881 b1nd1ng in &

.BPH and norma1 tissue:

G“

. Roth extractab1e and nonQextradtable {or thdx-
bound) receptors were measured by the methods dev 10ped as
deScribed above. To.date, ‘the nuc]ear extractab1e
receptor57reportedqusewhere haVe‘been extracted from a

' crude nuclear pe11et by one: washing 1n 0 6M KC1 such»'

"pe11ets retained all the nuclear DNA, and accordinoly
.pthose reports did not take 1nto account any receptors

”f’which may only be extracted fo11ow1ng digestfon of the DNA

by DNase I : Barrack ‘et al (1982) however digest the DNA -

o e e

;;heir crude nuc1ear pe11ets pr1or to the KC1

[ ‘raction by suspending the pe11et 1n DNase I for 30
;minutes (25 units/lOO p]) | |
ii(ﬁ/ﬁ‘ﬂ. ~f, In onder to measure those’receptors which are free1y
| extractab1e by KCI and those whicht@re bound to DNA we |
{carried out. KCI extractions both befzre and after DNA'YL
'_d1gestion, assayinq each extraction separate1y for AR. ﬂ]17fv7
fSince we have shown that we can successfu11y 1so1ate the -
“nuc1ear matrix with a very hiqh degree of purity, we feel
‘ 1 justified 1n ca11ing the non- extractable receptors matrix-
d”nnbound This 1s 1n clear dist1nction to the work of S
Barrack et a1 (1982) where the non- extractab1e receptors ‘[:
pare assayed from very crude nuc1ear pel]ets containing a
"1arge quantity of cytoplasmic debris wh1ch 1n turn cou]d

account for: some or a]l of the observed b1nd1ng 1n their

L

"apreparations.



74

The mean'1eve1 of receptOr in the first kCT extract

of BPH tissue was 178 fm/g of t1ssue (range 0- 557) with a

mean dissociation constant (Kq) of 3.5 nM (range 0 9-to

.7 8) {see Table VIII) Sma11er more consistent-]eve1s

were found 1n the second KCl extract _uith a mean ua1ue'of
74 fm/o of tissue (range 0- ?36) and mean'dissociation"
“-constant of 3. .8 nM (ranqe 0.7. to '10. 9) (Tab]e VIII)
:.Siqnificant1y higher 1eve1s were noted on the nuc1ear

matrices :with aé@@an value of 574 fmo]s/g of tissue e
;,v;(range 82- 1700) .and mean d1ssoc1at10n ‘constan¥ of 2 .99 nM
'%(rangeIB 4'to 5. 9) A scatchard plotrfon one of'these o

/’ X ) o o

matrices 1s shown in Figure 20, QQ R
;’\ i s

In the three norma] tissues, no r%ceptors were found lf

’;3: the first Kc1‘ tract of two" of these specimens Ip

;the third Spec?men 150 fmofs/g ‘were assayed in the fdrstc_s
'extract Bindino ‘was found 1n onevtissue fo11ow1ng the “Jp»‘
"second extract (Tab1e VII}) 247*fmo1s/g of tissue, w1th a‘hf”

- lg“

‘"Kd of 1.7 nM. However,‘matrix 1eve1s in norma1€t1ssue

‘(mean 838 fmois/g of tissue mean Kd of 4.1 nM) wg%f

. ‘h1gher tmgn thoig Kbund tn BPH tissue As‘the numbers;of
unorma1 tissue spec mens are very sma11 .n0'Statist1ca1~

‘ hanaTysis was “done comparinq normal 1eve1s w1th those found

“=*'1n BPH. S o

As 1nsuff1c1ent amounts of ma119nant tissue were

h..available, no resu1ts for nuclear AR 1n cancer tissu@JLere

\’estimated L R



"

75

. @ e
i .uZuuWw: mwammmv ozu ..uppo % w—amvufuxw Y3 M m:mmz U0 3yl E vw.smmoe E>3 5
.mlummo: mmzmm_.u M3 43Y30 ( m< ozmaumgﬁxw Yy A.w=mw3 Y3 E vmgammme Pm>w._ q
ranssiy Jo 6/} 9& E uwmmw.axm m%mmz LLe LE uedWw Y3 40 044D va:mum ¥ _Emz e o
. . - 3
S st T € ewoN k
(WugE) 98 F 8L 0L o Hdd ,
o(PY ueaN) "3x3 3sT . N - amssL
JealonN CIIIA FWWE
2, PR 2 )
. w8




,,,,,
2 Lt

76

. FiQUre,ZO.,§patchard plot of matrix-bound andnogen'recepEQf.,
| Max imum binding: 647'fmd15/9 tissue; r = -0. 96; Ky =3.4nM,
B
“unit of free ste?oid

specifica]ly bound stero1d (pM). B/F = bound steroid per jl“

-n



CHAPTER IV
DISCUSSION

The clinical app11cationvof cytop1asm1c steroid.
~Vreceptor assays in greast cancer has been clearly demon-
llstrated (Byer et,a1; 1979; McGuire and.Chamness; 1973?,‘.
Jense; et‘a1, 1971) and;now is ‘a part of the management-of
'pat{ents with this dfsease.d The va1ue of'such assays in
~the management of pat1ents w1th prostat1c cancer remains
to be estab115hed A sma11 ear1v study by Wagner and: .
Schu1ze (1978) fa11ed to estab]ish any corre]ation between
receptor concentrat1on and ¢linical response to endocrine
man&gement of . such patients ) Subsequent reports by de
Voogt and Dingjan (1978) and Ekman et al (1979)v
‘ estab1ished such a corre1ation between cytoso11c AR and
pat1ent cecponse’ t0»therapy. A 1ater'study (Trachtenbergj
Aand Na1swr 1982) failed~to substantiate‘th1s corre1ationf
fw1th cytoso11c bindino, but.did estab1ish a're1ationshdp
between nuclear salt- extractab1e AR and c11n1ca1 response
to therapy in 23 cases. -This Tatter study 1s.the only one
in which an attempt has been made to estab1ish a corre1a-
:dntion among cytop1asm1c recgptor nuc1ear receptor and
clinica] response.t

As yet, no attempt to corfelate nuclear matrix

'receptor 1eve1s with c11n1ca1 responsiveness of a tumor

‘have been reported since such matrix receptor assays are

. ’.
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oniy\now being established. Since nuc]ear receptor‘may be
an 1hdex of funct10n1ng receptor we felt that the nuclear
matr1x was the most likely area of receptor research to

bear fruit from the point of view of c11n1ca1 app1§ﬁation

1n the future; thus we set out to establish such an assay.

The genera1-method.used to measure cytop1asm1c‘
- receptor is to homogenize a sma]] quantity of tissue in an
. ‘vv

' : N\
:appropriate buffer The cytop1asm1c receptors are sol-

1Mub11fzed in the buffer during homoqen1zat10n, and ‘ Lﬁ:
fo1low1ng,centr1fugation of the homogenate the super-
.natant termed the cytosoi'“is saved for'assay This
fraction is then assayed for cytoso]ic receptors and the
‘technique is now re1at1ve1y standardized as out]ined 1n
Materia1s and Methods. | : » o h ‘ ;
. The cytosoT1c AR levels reported hereiﬁ (Table IIIf
are 1n¢{eep1ng with pub1fshed series to date,'where sodium‘
mo]ybdate was 1nc1uded in the buffers When compar1ng the
' cytoso?fc 1eve1s presented above with others one must.be
carefu1 sfnce sodfum mo1ybdate has oeen shown to cause a-
- two to four fo1d 1ncrease in observed AR,concentratfon in
»:cyt05011c assays (Trachtenberq et a1 1981? Hahkfns et al,
,‘1981) ~A1so the use of " tr1amc1no1one acetonide (TA) to
,fprevent R1881 b1nd1ng to PoR Towers maximum b1nd1nq
aieve1s to as much as one half: (Hicks and Na]sh 1979) or
even one fifth (Nozumi{et,a1, 1981) of the levels seen in

.the'absenCe‘of.TAl 'Interestihg1y, the effects of
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moTyhdate and TA are counteraotive, but both should be
used to permit accurate measurement of Am'binding sites.

' The'onTy studies.therefore directTy'comparab1e‘to our
~ OWn Qith regard to concentrations of cytosol AR in BPH are
those of Trachtenberg et a1’(1981), Hicks and Walsh
(1979), Sirett_and Grant (1982) and Keen et al (1982). ;As
can be Seenbfrom Table IX,:hean va]nee for BPH in our
series corre1ateIWe11 with those of Traohtenberg et al

- (1981) and Hicks and Walsh k1979), but are ‘somewhat lower
than those'reported by Sirett and Grant (1982). In this,{“
1atter paper, the number of specimens ana1ysed are not
} ~reported and consequent1y the figures ‘may. be skewed‘due\to'
smatl numbers. ‘The very high values of Keen ‘et al (1982)
Just reported are very d1ff1cu1t to exp]ain (2251 fmo]s/g~
.protein) even though the methodology was very si@ﬁ]ar to
that used in ghis study. o

| Ear11er values reported by other outhore were

. measured 1n the absence of molybdate or TA or both ‘and as
"such are difficult to compare; for-examp1e _the’ 35
fmo1s/mg cytosol protein reported by Ekman et al (1979)
"the 32 fmols/mg cytoso1 protein reported by Kodama et al
A(1981), the 28 fmo]s/mg(cytosolnprotein reported by Nozumi
et ai'(1981); the 12 fmo]s/mgncytoso1vprote1n reported by
Krieg et al (1978), and the 52 fmols/mg cytosol protein
reported by Shain et al (1978), are simtiar to-those 1h'_
Table IX,bUt should not bevcomperedvdirect1y., Values for

AR in cytosol.of normal tissues have been measured by



TABLE IX. ' Comparison of AR Results (Cytosol) of

Different” Studi}es 7

Authors ' \ . Mean AR"Concentration
- v

' \(\fmo1s/mg cytosol protein)

Trachtenberg et a1“ 19 + 1.04

Hicks apd Walsh 1979 -~ 26 £ 1.5-
Sirett and Grant 1982 38 % w,
Keen et al 1982 = ° 2251 + 1698 (fmols/q)

* Donnelly 1982 - 22 + 2.96

80
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Trachtenberg, et al (1982) and a mean of 259 fmols/mg DNA
(approximately 260 fmols/g of tissue) in ' cases was
reported. 'This concentration compares wtth a mean value L
of 606 fmols/qg in the three cases in our study. Again,
mean values reported by Keen et al (1982) of 2239 fmols/g
Cin three cases are significantly higher, and difficu\t to
exp1a1n “ | | |
', Observed va1ues of AR 1n cytoso1s of cancer specimens
iin'this study were 646 fmols/g of tissue (or 21 fmols/mg
oytOSOT protein), which are comparéb1e;w1th'the resu1ts of
.Hawkins'et al (1982), (28 fmols/mg cytosol protein) in
their series of nine cases. Unfortunate1y,_this“group
‘on1y'reported‘f1nd1ngs for ma11gnant tissUe.' To,date; nq
'other groups have reported cytosol AR Tevels in ma1ignanty
tissue measured in the presence of sodium mo]ybdate and (
TA. It is 1nterest1ng to note that these Tevels are l \ -
almost identica] with those found 1n normal tissue,tand
not statistica11y different from those found in BPH (Table'
1. e
Nhatﬂpercentoge.of the total ¢e11u1ar AR thefcyto— ’
plasmic receotors constitute fshdifficult to say, as the

cytosolic and nuCTear assays were not conducted simu1tan-

‘eous1y in our- study ATso&‘mo1ybdate was used 1n the ’

'cytOplasmic assays, but noé\in the nuc1ear ones for thev_7m34‘

reasons to be dfscussed be]ox ’ Molybdgfﬁgga&%b;en sk

 to cause a 1oss of nuc1ear b1nd1ng (Tmaﬁhtg

1981, see below) ‘The mechanism of. this 1s not under-‘f g
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stood. Molybdate may behave as a salt, and thus Cause“
lowering of nuclear'btnding by this action. The numbers
'of nuclei recovered following pur1f1cation{ﬁﬂy 1nf1uence

the nuclear receptor values noted, 1n t 1s possib1e,

that one ce11 type 1s more numerous fol}

: purification steps, than in the 1ntact‘tfssue. AHowever,

if the mean cytosolic 1eve1 is exprésmed as a percentage

of the total of;the mean values for BEQ tissge_ga;ee/on
tissue weight, it is 42 per cent of the total (Table X).

" Again, from tissue to tissue, there 1s eons1derab1e
vartation Two cancer patients were re1at1ve1y AR poor

(1f the levels are expressed in fmo1s/g of tissue) while
the other four patients all had high cytoplasmic levels.

: Thisopattern’has been previous1y reported by Ekmanvet.al
(1979) who correlated such findings with c11n1ca1 respon-
siveness to endocrine therapy. _Trachtenberg et al (1982)
more recent1y reportedtno-corre1atjon between eytOSo11c AR -
Tevels and‘patienttresponse,'1nA23 cases. Rather they
report a corre1at10n between nuc1ear extractab1e AR 1eve1s
and patient response to therapv, and patient survivaT We
‘have not carried out any clfnica1 studies but these may be
'1n1t1ated in the near future. | ﬁ |

' Estrogens have been proposed as a major etio1og1ca1
‘rfactor 1n the pathogenesisAof BPHL1n manf (Mostofi, 1970)

and thﬂs'proposa1 ‘has been supported.byastudjes of canine .

ﬂ«mode1s,\(wa15h and Wilson, 1976; Jacobi et al, 1978;

Lo Isaacs and Coffey, 1981).”7Estrogensfhave been shown to.

o S : N ‘ -,
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TABLE X. Cellular AR Distribution in BPH Tissues
} ‘Assayed” in this Study
AR Concentration - i
Cytosol L*Nuc1ean:E§tractab1eg ‘ Matrix-bound
, . | »
574 fmols/g tissue

(189)-

595 fmols/g tissue ) 252 fmols/g tissue

| v
; (40%)* j

(429)* .. .
S Ca1cU1§ted-from mean values for Each'ce11u1ar 1ocation 
- expressed in fmols/gm: of tissué;j}, ' ' -
f
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‘;LIsaacs and Coffey, 1981) and as we11 1t has been observed

jing1y, ER has been found 1n both canine and rat prostates
N :
\ -a(Cha1sir1 et a1 1978 'Armstrong and Bashire1ah1 1978

g'act synergistica11y w1th androgens 1n the 1nduct10n of

dothat canine prostatic ejdrogen receptor concentrations are
"‘re1gvated by est:oqen treatment (Moore ét a1 1979) ;Iff'-
:aestrogens act d1rect1y on the human prostate, ER would be

“;expected to be present An- prostatic t1ssue.f Not surpris-:'

e ' L R . oy B
: . : e R R !
)

»'canine BPH (W%lsh‘and w11son 1976 Jacob1 et arl, 1978

1 v

'_f,Jung Testas et aT‘ 1981)

:'”support a role for estrogen 1n the growth and differen-

Vfltiation of th1s tissue ER has been found ig normak«' o

E/H The detection of ER in human prostatfc tissue woqu

\

_.:tfssue 1n our\three cases, and these findings are borne
'Tffout by Keen et a1 (1982) in tissue obtained from rena1 \ T

7fjcadaver1c donors, and by Murphv et a1 (1980) and Ekman et

‘h55a1 (1979) 1n non hyperp1ast1c tissue Low concentrations

".5~],of ER have a1so been demonstrated 1n a proportion of P ;‘”.'

Excancer specimens (Murphy et a] 1980 Pontes et a1 1982~

.GRE11iott et aT 1981 Krieg et a1 1978) Our series has,}

fER in four of six cancer tissues and the observed higher

lconcentrations compared to previous reports (Murphy et a1

7?1980 E1liott et a1 1981) are most 11ke1y attributab1e to

'Jlgfour use of sodium moTybdate 1n our homogenization buffer.-i T

The fact that PgR was present 1n both norma1 tissue

L and al] four cancer tissues that were ER positive,‘ S

isupports the suggestion that estrogen has a. roTe 1n‘v5'ﬁh\v

S ls

et el T e e '»7J5'v84;i”‘
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o _ma1ignant tissue adds credence to the vfew that exogenous

:51eve1s 1ncreased 1n 8 of 46 ;suggesting that estradio] 1n"
some way 1ncreased the metabo11c activity /f/;he/egr1swf77‘

LaBearing these facts 1n mind zdt\WE/possib1e that, 'tmf

prostatic metabo1ism, since 1t 1s kn/yh that estrogenq

. Vﬁ;‘\enhance the praiuction of PqR\in a var1ety of target ‘
'. - \ : Ty B
‘tissues™ (Horw1tz et al, 1978; M?Wgnom et al, 1973) ER in

) . “g .
. W

gyeestrogens maJ 1n some cases have a direct effect on
;prostatic cancer tisaue ‘ Further support for this 1dea~

ﬁftwas recentTy presented by Hudson*{lQBtﬁrwho demonstrated

that upon addit of estradio] to the medium of human'.
N \ -

- éprostatic cancer tissue\cu1tures, there was ‘a fa]l of acid

t

’il‘phosphatase production 1nf10\of 46 specfmens. SOmewhat

rugf,more d1sconcert1ng was the fact that the acid phpsphatase

IR

- -~

?'wfpat1ents whose cancer tissue is ER- and- PgR posftive,;

’;4;progestat1°"al antﬁhndrogen (Such as cyproterone acetate)

P B

‘fgmay be a. more suitab1e endocrfne agent than estrogen
tf:Thus, these assays may have a ro1e to play 1n the c]inica1
ft'm_nagement of patients with prostatic cancer by selectfnq J”

“_ut that particu1ar group of patients,,that respondx Q’

,,b“

“7ﬁu‘faworab1y-to estrogen,_f S

The 1nab111ty to unequivoca11y demonstrate ER 1n a11

';1;previous st\dies of human BPH was disappointing and some«V:

t_iwhat surprising Manyéworkers simp]y failed to f1nd any ?ffE p»”

evidence of ER 1n such tissue (Murphy et a1 1980 Ekman

et 1979 Keen et al, 1982; Shain et a1, 1978), while =

,t_a'the positive findings of others are open to question,lxofy__‘;%geg

. »v*'
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- because the estrogen bind1ng obserVed was not shown by S
'ihvarioUS criteria to be typdcaT of binding “to high -
“_affinity, saturabTe, hormone specific ER These earTTer

‘reports of ER- 1n BPH are. considered beTow.‘

The neqative results of Ekman et aT (1979) Murphyfet'

-

-";faT (1980) and Shain. et aT (1978) may/be expTained by three
'ﬂ:factors.f None of these groups used the receptor ',,; o .pf
. stabi]izer, sodium moTybdate and these qroups also faiTed

‘vto use a/proteOTyt1c enzyme inhibitor such as PMSF ilm‘

3¢/th;1r preparation, thus aTTow1ng endogen{ys proteasesmto : ’H/

‘ contihue to act.. Furthermore 1n a11 series, dextran-l( ‘
' coated charcoa1 (DCC) assays were used, which may, 5 a -

resu1t of receptor prote1n adsorption to the DCC have?ﬁf

'?v;F caused Toss of bind1ng 1?\receptor concentrations were ;_ab'

Tow._ The use of an hydroxyTapatite assay woqu overcome‘ = "
!
further enhance the probabiTity of detection of ER 1f

| present as shown by the resuTts 1n this report In the
119ht of the above the negative f1ndinqs of Keen et aT
(1982) “in 10 BPH specimens are. difficuTt to expTain..vThey‘

used moTybdate and aTso an hydroxyTapatite assay Wh11e""
they do not appear to have used PMSF the use. of

te

the TatteA two probTems and the use of moTybdate would )f”';qtf

vrhydroxyTapatite shoqu have heTped to overcome any probTemt_""

x‘xwith proteoTysjs. , ' N TR ,
| The positive fﬁndings of Bashire?ahi et a1 (1976) ford[~
7{3ER in BPH t1ssge are probab]y due to b1nd1ng to sex- .- |

Lff'7§"hormone b1nd1ng gTobuTin (SHBG) -as 1nappropr1ate 11gand



sysfems wé?e used (1abe11ed and uniabelied estradioT“ both
'of which‘bind‘to SHBG and to receptor) A 1ater pubiica-h‘
a'¥ﬁ tion b;‘the same group (Bashire]ahi ‘et al, 1979) again
“ reported ER in human BPH tissue using the standard 1igand
systémw(iabeiied‘estradioi- un1abe11ed DES)r, Unfort- k v
unateiy, on]y single point. ana]ysis was perfofmed rather ,j;‘r
than saturation -analysis. Sinqie point assays can often
be misleading because theyaoniy measure esbradioi binding
’%i‘“ﬁat oné concentration and as such are not acceptab]e as. ’
L unequivoca1 evidence of a. receptor prdtein because no
| i%;vestimate of affinity is caicuiated As Murphy et a1
jij(1980) point out in their study,,lO of 12 cytosois that
were negative on saturatioW'anaiysis wouid have been
| positive 1f on1y a’ sinqie point assay was performed at 2
Z;M M of estradioi e _,‘ f R
-_ Using agar geiveiectrophoresis Ha kins et al (1975)
de Voogt and Dingjan (1979) and Waqner et a1 (1975)
reported estradioi binding in human BPH tissue However;“”
as Hawkins et a1 (1976) point out his estroqen bindinq
protein differs from the typica1 estrogen receptor in itS'ivn:
faiiure to precipitate w1th protamine its instability iniﬂyl‘i :
response to de%dran coated charcoai extraction, and the v:», h
fact that its sedimentatioﬁ/co efftcient is 45 instead of,;;_;,,e
the 85 seen for more typica1 cytosoiic estrogen . ‘ ':”‘ i
‘iireceptor.y Thi@ 1atﬁer discrepancy may be e*piained by the »hai;
| absence of moiybdate in which case the receptor steroid

"11compiex may be activateﬂ or transformed into its nuciear

e-:a\,<J_H
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confl uration ring the preparation process,vthus‘

g rom'8$ to 4S (Grody et a1‘ 1982) However, it
may aiso mean that what was being measured was in fact a
.non=specific steroid binding protein such as SHBG The
“steroid specificity studies carried out by de - Voogt and
Dingjan (1978) sugoest that ‘the Tatter is the case, since

oniy naturaiiy occurring estrogens competed with [3H]17s-

estradioi, whereas DES and Tamoxifen did not. y L lgﬂu' .

The majoi drawback of ‘the agar qei eiectrophoresis
‘method used by aii these oroups, is that one cannot cab—

cuiate the binding affinity or dissociation constant for

the binding protein in order to heip differentiate between \

iow affinity non specific binding, and high affinity
receptor binding

1 Pontes et ai (1982) recentiy reported finding ER in

human BPH cytosois, using the three methods of DceC assay,,“

'. sucrose gradient anaiysis and high pressure Tiquid

chromatography (HPLC) : This group aiso used sodium ‘
) moiybdate in their buffer systems Usinq HPLC they found
a mean Tevei of 20 fmois/mg cytosoi protein in five of six

tissues examined bindino TeveTs were iower»by the. other

L two assay-methodsc However the bindinq affinity is very ‘

10w at 7 4 nM (oniy one Kd being reported) no steroid

specificity studies were carried out and the sedimentaa4if_ :
TR

tion co- efficient of the estrogen binding protein was not

' reported despite the fact that sucrose gradient anaiysis

o was,performed The omission of these important items gf



findings. REEEEERE
'thanadian (1982) report findinq ER fn the cytosol of~18 of

t19 BPH'tissues aSSayed | They used sodium moiybdate(in ri‘

'; simiiar to. that reported herein. However, the disso-

;a typicaJ cytosoiic ER. This may beﬁ

\\ . . . o o ' /

~information 9“11 into questiom the significance,ofythe t,

4
/

£ 4

~During the preparation of this manuscript, Auf-and

L

their buffers and report mean levels a1most identica1 to

L4

: those reported herein. The steroid specificity is also

7 .
R
O

rd S,

'r;.ciation constants reported are very high for ER (mean 2 9
vnM) with a very)wide range (S D t 2 6 nM), a finding
“,ewhich would 1ead many workers in the\V}er to squest that

the binding may not- in fact be to a typica1 estroqen f

'receptor. Furthermore the sedimentation co efficient of

LA

?';45 for the cytosolic receptor is nOt;ﬁﬁat.one expects for‘

‘that these workers did not use a proteoiytic enzyme

ﬂ"inhibitor (such as PMSFT‘in their buffers and the smaiier{

sedimentation co- efficient may be the resuit of endoqenous~*

[:proteases cieaving the receptor into smaiier units

>

As’ pointed out in our results seven of the eioht ER-
I

:ﬂpositive BPH tissues aiso had high 1eveis of PgR Six of
'the seven ER negative tissues aiso had PgR in 1arge
'”;s_ouantities.. If the presence of PgR in the prostate is an
".index of estrogen activity, as is the case in human breastr
| Q}cancer (Horwitz et al, ’1978 Miigrom et a?’ i973{ this
;finding 1ends further support to the,proposa]‘%hat |
gestrogen hms—a roie in the pathogenesis of BPH in maﬁ/

PR S
[N

xptained by the fact;‘t"
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Since a major site of action of steroid hormones is

5
o NNy

was to isoiate thﬁ~fhiiﬁ%ucttus as free of cytopiasmic

'contamination ak pd%si%?e ) Once this was achieved the

binding sites The use of pure. nuciei wou1d give con-

binding to matrix components, and not binding to any

90

in the ce11 nucieus, oné? the objectives 1n this project

_nuciear matrices cou1d be isoiated and asgayed for steroid_

' siderabie confidence that any steroid binding detected was'

residua] cytopiasmic components Tissue homogenization is,

"'a universaiiy accepted way of breaking up - ceiis without

:. destroying the nucTei‘@ This achieved,vcytopiasmic debris

has ‘to be removed, and the nuciei rendered as ¢lean as

fpossibiea Since the nuciei are the 1argest and most "dense

eiements remaining after homooenization they w111
i ¢

_sediment most rapid]y on/;iow centrifugation, 1eavinq the
°k.smaHer, 1ess dense cytopiasmic debris suspended in the
rsupernatant The greater the number of washings of the
‘ﬁpe]]et therefore,.the more debris one removes :

o Initiaiiy it was intended to carry out both cytosoiic .

and ndciear assayston the same . piece of tissue but’ this

;“was not possibie, for severa1 reasons First it was not
| possible for one. person to perform cytoso]ic AR ER and‘ |
‘PgR assays and at the same time isoiate pure nuciei
,perform the nuc1ear extractions ‘and then assay the'
f'fnuc]ear receptors. Second it was found that the nuciear

assay conditions were not optima1 if the: homogenization



s

\

was‘performedvby the Polytron homogen1zer, whereasvthe
cytoso1 assays worked we11 using this simp1e homogen-

1zation method _ Furthermore, the, use of sodium molybdate

’(wh11e be1nq an 1mportant stab11izer for cytoso11c

|

~ assays) has been shown to 1nterfere with.observed nwclear

binding'levels (Trachtenberg et al, 1981). 4'F1na11y, Walsh

4(1982) has reported that the use of the reducing agent DTT

.9

(an equivialent of monothihoycero\ 1ﬁf1%$ effect) a1tered’

@ s\, YA ‘.'x

his crude nuc1ear preparat1ons, and that in hfs lab-

.oratory, such agents were not used 1n nuc1ear assays. - We,

' 11kewise, excluded reducing aqents from the buffers used

g -
in nuc1ear assays.;

For the above reasons, cytosolic and,nuc1ear‘assays_r

" were carried out on separate tissue.specjmens,at different
‘times and\using the two!different buffers described Our

4cytoso11c resu1ts are therefore comparab1e to other groups

those of Walsh's qroup (1982) the on1y other workers

attempting to-measure non- extractab1e nuclear receptor

As pointed out above MTG has' been found in ear11er

unpbb1ished work in this 1aboratory0to decrease the

&

quantity of filamentous material in the nuc1ear prepara-z"

ftions. A1so,-aggregat10n of nuc1e1 1s prevented by fts
'duse; The exc]usion of MTG from the buffers used in.
nuclear 1so1at10n (because of its effect on thé distribu-

tion_ofpnuCIear receptor (Walsh 1982) (see‘be1ow),

! .

.the ratio of extractable to non- extractable receptors f&g7§f“2

G

- using mo]ybdate and our nuc1ear resu1ts are comparab1e to
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therefore leads to both of these problems, but other steps
in the purification process heip overcome these drawbacks
‘One step which contributed significantiy to the
purification process was the 10 minute extraction with 1
per cent Triton X-100. It has been 'shown by Kaufmann et |
- al i1981) and others that nuclear membrane phosphoiipids

.and, cytop]asmic contaminants are removed by deterqents

“Triton X-100 is a non-fonfc surfactant which SOLub111ZES

.hcytopiasm disrupts - mitochondria, and E@WOVQS the outer
sphosphoiipid 1ayer\of the nuciear.membrane bilayer (RPenman
et ai,'lqéﬁi. This'has thetadded effect of releasing
nuciearvmembranevproteins yhich may'be‘attached to'cyt?— .
p]asmic tags, thus rendering the nuclei free of such | |
tags. Following this“io minutewincubation, centrifugation
at 800 X g:for.iO minutes'peiiets the nuc1ei,.and the‘
supernatant'is discarded: Waish (1982) has shown that

L3

v,nuclear receptors are’ not aitered by ‘this extraction

o

treatment.

The pe]iet is then fiitered through a wire mesh (the

"'cheesecioth filtration step beinq abandoned) which

removes any remaining buiky debris' The u]tra centrifuga-"
tion through -1 .8M sucrose removes all mitochondria and
remaininq cytopiasmic debris from the nuc1ear preparation,
leaving reiativeiy}purified nuciei for the extraction
'process. ' o | | ”

Walsh' s group (1982) as mentioned above, have found

'that the presence of DTT 1in the buffers alters the nuciear B
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receptor pattern; without affecting the total numbers.
xThatlis, the addition of DTT (or presumably another
su1phydry1 reducing compound such as MTG or g~
‘mercaptoethano1) to the buffers causes a marked fncrease
in the extractabfe receptor levels (by much as 2-fold)
whentcompared:to,eXtractable'Ieve1s measured in the
‘absence of DTT (Na]sh 1982) We may have noted an almost .
“1dent1ca1 effect of MTG 1in oyr rat uterine studies,. where
iwe found that 1f the effect of MTG were presumably .
reversed by the oxidizinq agent NaTT the nucTear- 4f‘
extractab]e\ER was.decreased.' The addition of NaTT to the
extraction buffersJWas able to alter the ratio of extract-
‘abIe to non- extractab1e receptor from 70 per;cent,; 30 per
cent (1n the abience of NaTT) to 40 per"entF}VGO'per '
'cent in 1ts presence. These rat uterine tissues a11 ‘were .
;1n1t1a11y prepared 1n the presence of 100 mM MTG the ;
Veffect of which may have been reversed by the subsequent :'- ‘.
..addition of NaTT, ther by a1ter1no receptor d1str1but10n
"'so that nuc]ear ER were less eas11y extracted. ) h

L AJ] pub1ished reports to date of extractab]e receptor;nx
Tevels. 1n human prostate tissue have been Measured 1n the };
preSence of DTT a1be1t low 1eve1s (approx1mate1y 1 mM), 4
.and for this reason, our f1rst KCI extract results may not
be strfct1y comparab1e. Our observed concentrations of AR
(mean 178 fmo]s/g t1ssue) are approximate1y one th1rd to g j!{k.

half of those in other pub1ished reports,_for examp1e,vthe
mean of 616 fmols/mg DNA in the.1atest}report of = .

) -



Trachtenberg et al (1982) and 512 fmo1s/g 1n Sirett s and
Grant s recent report (1982) are higher than our vp1ues
(see Table X1). In Trachtenberg s laboratory, average DNA
in mgs per gram of tisgue is, 1 mg, thus his extractab]e
'receptor leuel would be approximate1y 600 fmo1s/g.
| “Interestingly enough, 1f our results for extractable
reeeptor (1st extratt) are expressed in fmols/mg of
‘protein in. the 1st KCT extract' then the mean value of 1st
»extract is 63 Fmols/mq protein - a figure wh1ch is almost
"1dent1ca1 with ear]ier reports of wa1sh and colTeagues
"‘(Menon et a1’ 1978) (68 fmo1s/mg protein) and “Shain and
Boesel- (1978) (60 fmols/mg protein) Th15’1s somewhat |
’asurprising since both of these groups were 1nc1ud1ng DTT
©in their buffers at that time. Furthermore both of these
qrodps have sfnce reported much higher 1eve1s, us1ng the .
. same. methongogy, but do not exp1a1n the 1ncreased feve]s

“x\

1n their more recent reports (Trachtenberg et al), 1981

-

;Shain et a1_ 1980) T 'C*w.

v
oY

The prob?em of what paraMeters to use When expressing
.jbindinq remains to ‘be - solved The methods of protein

: estimation ahe genera11y standard1zed and re11ab1e such:‘
:’....—-(*""‘
as the B1o Rad method" or Lowry methOd (1951) As ‘men-

v

tJoned above, thfs 1smca1cuTated by measuring ‘the protein

concentration 1n the extract supernatant. S1nce our

' ‘-nuc]ear pe11et is siqnificantly purer than those of these

other’ groups, our protein concentrat1on 1s 1ower so ;he-

°fva1ue when expressed 1n fmo1s/mg protein wou1d be expected

.\‘ N
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TABLE XI. Comparison oﬂ Nuclear Extractable AR Results

in Other Series

Authors

Mean Extractable AR Concentrat1on
(fmols/a tissue)

Trachtenberg et al 1982
Sirett and Grant 1982
Donne11y 1982

600
512
. 178
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to be somewhat hfghpr than values estimated from a crude
pellet. On the "other hand, in our nuclear isolatfon,
thirty to fifty per‘ceﬁt of the nucle! are lost, which
would lower the observed binding values. Likewise,
Burton's method (1956) for DNA méasurement 1s almost
universally used. However, some groups take their samples
for DNA assay- from the inftial homogehate, and this Tevel
will ofrnecessify be higher thaq/a sample measured ju§t
-prior to KC1 extraction, when some nucle{ have inevitably
been 1ost,du}1qg purification.

Furthermore, measured prostatic DkA congentrations
.differ among 1abog;t6r1e;, for example, Hicks and Walsh
(1979) reportea a>mean of 1.9 hgs bNA/g of tissue;
»Trachtenberg (personal communication, 1982) reports a mean
of 1 mg/g; Sirett‘and Grant (1982) a mean 1.2 mg DNA/g of
tissue "and our mean is 2.3 mg DNA/g of tissue. As pointed
out above, the»ﬁroteih concentration of the nuclear
-extract wf11 depend on the purity of the nuclei, which in
turn will affect the va1ués expressed in fmols/mg
proteiﬁ. . In yieh 6f‘these dif%icu}ties,r1t is aav1sab1e“
“'for the.present to expresé'resd1ts using all three indices

where pos$161q until a satisfactory standard can be worked

l, out. ,

The quantities of AR which were extracted by 0.6M KC1
following DNése 1 digestion 3§e considerably lower than
the levels noted following the Tst KC1 extraction (Table

 VIII). " The. fact kﬁat these receptors'Were‘on]y extracted

\]
)
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gn

) ' after the DNA was d1gested suggests that they are close1y

2%

h'associated w1th the nuc1ear DNA., This may ‘mean that there“”

'are two types of sa1t 1nsolub1e or ‘non- extractab1e

Q

receptors withﬁn the nuc1eus one group 1s c1ose1y asso-;f '

ciated with DNA and can be extracted once the DNA has

been digested the other group 1s c1ose1y ass%ciated w1th R

the nuc1ear matrix and 1s unaffected by DNase digestion.‘t

LY

°7ft; 0n the other hand these resu1ts may simp1y be due to the_f '
fact that some saJt so1ub1e)receptors are trapped 1n the
DNA w1th1n the nuc1eus’and are on]y re1eased fo]]owinq
fragmentation of DNA. ;,‘"i’fbf beQ*LJ¥;f}; \j«‘ u'

; There 1s accumu1at1ng ev1dence that the nuc1ear

<

bio1ogica11y 1mportant receptor sites within the stero1d

,:; matrix bound stero1d receptor (or acceptor) sites arevthef:7' ‘

target ce11s Anderson %eck and C]ark (1973) have showna,"

that the 1ong term retention of on1y a 11m1ted number mf

':'”~estrogen receptor comp1exes 1s a requirement for estrogen-°"'

1nduced uterine growth They have subsequent]y shown that
this number of sites 1s equa1 to the number of sa]t-~ B

1nso1ub1e sites 1n the nuc]eus (1975) Barrack and Coffey

’t‘—/’“fTDBO) have %uqqested that these 1nsolub1e sites are asso-vﬂ"

Lciated with the nuc1ear matrix Furthermore these
j;;workers have shown that the 1eve1s of matrix associated
’hvbinding sites chaﬁges 1n response to manipu1ation of the
: f,n_hormona1 status of thehanima1s studied For example kih-%f
| }tthe rat ventra1 prostate,‘the nuc1ear matrix-associated 1}tf

b1nd1ng sites for DHT that are present in 1ntact adu]tS'f



,~into question the significance of cytopiasmic assays,'

‘nonly sait extractabie hormone receptors gﬂonma et ai

fi:vf1977) <again suggests that these nuciear residuai

'ﬁ‘n;and'neopiastic ceTTs to specific steroid hormones

essentiaiiy disappear within 24 hours of castration

'“f’gAndrogen repTacement therapy restores, within 1 hour thef
i’number of matrix binding sites for DHT to normaT concen-% |

M'f,trations Interestingiy,‘these same authors point out |
ithat in the castrated animais, there were Targe amounts of
AR in the cytosoi when there were ess&ntiaiiy none asso—f

B ciated with the nuciear matrix,‘a findino that woqu caii

-

ey without simuitaneous'nuciear assays. )

The report that dexamethasone sensitive murine

e<1eukaemic my910b1asts contain saTt resistant nuciear\"
Trr binding sites for gTucocortic01ds, whereas the nucTei of

'5brfjcertain ciones of dexamethasone resistant ceTTs contain

/

/

*fractions may be invo]ved in the reSponsiveness of normai

/ :'..“j’.‘

“‘iFurther ev1dence of thefbioiogicai siqnificance ofomatrix-is‘

- / J

"5_‘&bound receptors comes from the work of Sufrin et‘ai_"
~(1982) _who demonstrated in rat prostate that there is a’
7°ff15 to 20 foid 1ncrease in the number of matrix bound ER

"bsites within 68 hours of induced prostatic growth

The mean matrix bound AR Tevei in our. study compares ]f

:'~;favorab1y to resuTts reported by Waish " qroup (1982) the

foniy other group studying nuciear non extractabie f 'ﬂ g,*f

j

"freceptors.v They reported mean vaTues of 250 fmoTs/mg DNA

Tt_for non-extractabie,,and as noted above their mean DNA ;Jf

,Q'
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concentration per qram is 1 9 Therefore they noted ‘AR at

‘ff.approximateTy 500 fmoTs/g of tissue in BPH : We noted a.‘

n*meanfof;574 fmoTs/g,ofvtTSSue in BRH. Since the nuc1e1 1n
theirbpreparatTOn‘are‘notfas<pure‘as ours, 1t appears thatv
the. contamination with cytopTasmic debris does ‘not affect
 Tnon extractabTe TeveTs. However, their KC1- extractabTei'
.1EVE1S are- aTso approximateTy 500$fmoTs/g tissue (250
”fmoTs/mg DNA)t The totaT extractabTe AR 1n our series‘
.pﬂ(sum&of‘Tst ahd an extraqt) 1s 252 fmoTs/g and strictTy
:;speakfnq, the vaTues shoqu be comparabTe because neither

,group used reduc1ng agents during the isoTat1on of

ﬂinuc1e1 : The difference between our procedure and that of

'i}'WaTsh sﬁgroup (1982) is the purity of the nucTear peTTet

T*Ours“being presumabTy much purer : This suqqests that some"”

'-1of the extractabTe receptor waTSh s group (1982) are

- v;,measuring may 1n fact be from the cytospTasmic debris._ SR
The ratio of extractabTe to non extractabTe nucTear -

AR 1n WaTSh 'S study (1982) s 1 1 and 1n our study 1 z

‘*T‘Barrack and COffey (1980) found a simiTar 1 2 ratto 1n

thefr studies of the rat prostate nucTear receptors.%

;':These Tatter workers were assaying pure nuc1e1 and us1ng

‘tlbuffers 1dent1ca1 to those of th1s present study, whfch
Taga1n suggests that some of the extractabTe b1nd1ng 1n"

‘ngjwaTSh s study (1982) may be from resfduaT cytopTasmic

°ﬁ'edebris.'*

oy

The c11n1ca1 significance, ifiany;fOf’the hatrixé -

.»gffbound recéptors remains to be cTarified by C11"1C31
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';g correIat1on 1n a series of patients, foIIowed fomia per1od

“\of time It wou1d appear from Table VIII that wh11e there b
s an’ overa11 1 2. ratio of extractabIe to non extractab]e
4a'nuc1ear receptors there is considerabIe var1ation from f'v

._tissue to tissue, wh1ch makes the measurement of matrix-
rbound receptors necessary for'each individuaI t1ssue fThe‘
:ffinding of hiqher mean 1eve1$ of matrix bound AR 1n normaI-
5tissue as compared to BPH tissue somewhat undermines "
‘Ffw1lson s theory (1980) for thewpathogenesis o# BPH.;dO en..
bkiwou1d expect to find higher IeveIS of AR 1n %he nuclei of

:fBPH than norma1 tissue. The ﬁai]ure to estainsh this‘

fy« pattern 1eads one ‘to. question the importance of the a]‘f

| finding that DHT IeveIS in. BPH tfssue are two to four fold

S

lfhigher than in norma] tissue.‘ However it is quite~a“

h{possibIe that when a 1arger number of norma] specimens

have been assayed the mean for norma1 tissue wil] be
UIower than for BPH since the 1evels of the three normaIs ;
"fin thfs study fa11 we11 within the range seen in the BPH

”‘specimens. A ‘.,';; : ,v,g‘;_v;i'_~r_ R \‘f/f

The a1ms of this study were -h 1'[* Ir"”i ;ﬂl*=z[;7?
1) h to measure cytosoIic AR ER PgR and nucIear j
; 4 extractabIe receptor to see 1f a constant re]a—vf
“ tionship between cytosolic ~nuc1ear extractabIe
and non extractabIe receptors cou}d be :'

'v~estab115hed hhgd A
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. ‘ : ﬂ N
2) . to 1so1ate nuc1ear matr1ces from human prostate

Jtisébe (norma1 BPH and cancer):

SR . i
+3)  to assay these matrices for Aw.,

P

dﬂ:I_am,happy to report that a11 three a1ms have been‘»
‘fachieVedrdexcept that due to shortage of adequate amounts o
’f of7cpncer tissue, nuc1ear assays 1n such tissue were not
‘:Earried out. The numbers of samp1es assayed are not |

‘ 1arge, but‘on1y 11m1ted numbers of tissues were obtain-'
'::ab1e, a1$o, a sign1f1cant portion/of the work was devoted
to estab11sh1ng tﬁe methodo1oqy Now that the methods and
'wJ pre11m1nary studfes’ have\\een successfu11y achieved, a -i_df

larger series ¢can’ be- estab1ished\and c11n1ca1 studies

carried out( "Tgl'
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