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ABSTRACT
To furtherAcharacterize human prostatic androgen recepfor (AR);
progesterone receptor (PgR), and estrogén receptor (ER),‘previously
established asgay methods were used to quantify cytoplasmic androgen
receptor (ARé)i progesterone receptor (PgR:), ,and estrogen receptor
(ER¢) ih,a Qe;ies of 16 prostate cancer specimens. Additionél]y, the
concentraticns of nuclear AR (ARN) in a 0.6 M KClenucle -~ oxtract and in
‘a nutléar matfix preparation were determined fqor these cancer
§pecimens. Uti]iz{ng an h; ‘roxylapatite assay, the‘ahdrogenic Tiaand
methyltrieroi == (k1881) and Scétchard analysis of‘data, the mean
sreceptor - sncenirations (fmol/g of tissue t S.E.M.) observed were: AR =
2J28 1 Z2u 0, PgRe 4T o 2835 ERe= 278 t 41; ARy (extractable)= 251 1 31;
ARy (matrix-boun: - 396 & 112. B
Correlations of disease response with steroid receptor
concentrat1ons revealed that ARC, PgR(, and ERc were not useful
prognost1c lndlces. Howeye., both KCl-extractable and matrix-bound ARy
were usefu] prognOFtic fnd'heé. The mean ARy (extractab]e)-
concentrations in those patiohts wi;h prégression of disea;e or death
(n=7), énd regreésion“or stabilization of disease (n=9) were 39 + 15 and
178 + 38 fmol/g of tissue t S.E.M:; respec%ive]y. The mean ARy }matrix-
bound) ¢oncentrat10ns in those patients with progreséion of disease or
death, and regfésé%on or stabi]ization of disease were 102 + 33 and 535
i 161 fmo]/g of tissue t S E M., respect1ve1y
Stud1es .of DNA concentrations in prostate cancer revealed as
reported‘preyiously{'that an exgreme‘varjabi]ity of DNA cgncentration-
per gram of brb;tate cancer tissue éxists. Such variability would seem
" to preclude ﬁxpregfion_sf‘1igand binding to AR on a per mg odeNA basis

¢



induced estrogen exchange for ERC of ERN. 7

for this tissue. However, measurement of DNA concentrations alldQs a
correction for the extent of nuclear recovery to be calculated, and is
therefore necessary for accuracy in expression of ARy concentrations on
a per g of tissue basis. |

Studies designed to characterize"ERC and nuclear ER (ERy) of benign
prostatic hyperplas.a (BPH) revealed no ERy by our methods, and no heat-

\

Studies of modifications of the methods used for tissue

‘pulverization, homogenization, and sedimentation of resuilting nuclei

£4

thr0u9h~sucrose were pefformed. These studies revealed that rel. .ively
high nuc]eaf recoveries with minimq] impubjties‘and maximal ARy
concentrations were obtainéd by pu]Qerization'in 1iquid nitroger .
homogenizat{on using the Polytron PT-10 homogenizer, and sedimentation
of nuclei thfough 10 ml of 1.8 M sucrose.

Studies of ARy (extractable and matrix-bound) in crude and purffied
preparations of BPH nuclei revealed that, following correction for
nuclear loss during purificétion, nuclear purification did not increase
detectable ARy concentrations over the‘ARN observed in crude nuclear
pellets. |

The investigations presented herein further characterize steroid
receptors of the prostate; correlate ARy with disease respbnse in
prostate cancer, present a logical basis for expression of ligand
binding to AR per g of tissue (corrected for nuclear recovery), and
provide refinemeﬁts in the method of nﬁclear purification for further

study of prostate steroid receptors.

Vi
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CHAPTER I
INTRODUCTION

Anatomy and Pathology of the Prosfate

The human prostate gland lies immediately inferior to the base of
’the bladder in the male, where it surrounds the proximal portion of the
urethra. The prostate is one of the largest glands in the body with
unknowh function. It supplies a 1arge.number of components to the
ejaculate, but the biologic function of fhe components is unknown
(Coffey and Isaacs, 1781).

The prostate is of composite structure, containing fibrous stroma,
smooth muscle fibers, and glandular tissue (McNeal, 1981). It is
divided into an anteridr fibromuséu]ar stroma, which comprises up to one
third of the mass of the organ, and a posferior glandular portion,
consisting of two fused lobes. Each of these lobes can be subdivided
into a central zone of pefiurethra] glands, and a peripheral zone of
- more laterally placed glands. |
Benign nodular hyperplasia (BPH) has been\vand to be exclusively a
~ disease of the periurethral portion of the g]ana'(McNéa]; 1981). This
entity results in obstruction of the bladder outlet in up to 75 percent
of ma]e§ over 50 years of age (Wilson, 1980). Management éonsists of
transurethral resection (TURP) of the adenomatous tissue using an

v

electrocautery loop mounted on a panendoscope, or retropubic
prostatectomy in cases of large glands. ?

‘The other major disease of the prostate is adenocarcinoﬁa, which
orginates in the peripheral portion of the gland (Griffiths et al,

1979). In men over ace 75, pfostate cancer is the second most common



malighancy, after lung cancer (Geller, 1979). Depending on patfent age‘
. and overall medical status, as well as tumour grade and stage, therapy
consists of one or a combination of several modalities: TURP, radical
prostatectomy with bilateral pelvic ]ymphadenectﬁmy, radiation therapy
(interstitial or external -eam), hormonal manipulation, or

chemotherapy. In general, hormonal and chémotherapy are reserved for
palliation in patientg with metastatic disease, while the aforementianed
modalities are potentially curative in thosé patients with ]ocg]ized

disease (Geller, 1979).

Endocrine Control of Prostatic Growth

Both the theoretical etiology of benign prostatic hyperplasia and
the hormonal therapy of prostatic adenocarcinoma are based upon the
pr1nc1p1e that grow:h of the prostate is under androgenic control, and
therefore mediated by androgen receptor (AR) (Coffey and Isaacs,

1981). Knowledge of steroid hormone action is therefore essential to
the understanding of prostatic disease. In the.normal male, the major
circulating androgen is‘iestosteroné, which is almost .exclusively of
.testicular origin (Coffey and Isaacs, 1981). Luteinizing hormone (LH)
is released from the pituitary gland, stimulating Leydig cells to
synthesize testosterone from cholesterol. Release of LH is modu]éted by
tuteinizing hormone-releasing hormone (LHRH), from the hypotha]amus;
'Furthermore, both the hypothalamus. and the pituftary are responsive to
negative feedback control from cifcu]éting testosterone and/or estrogens
(convertgd from‘testosterone by peripheral aromatization in the brain to
17g-estradiol), [

In the prostate and other sex éccessory tissues, testosterone .



appears fo function as a prohormone which is converted by the enzyme
Sa-reductase to the active form, dihydrotestosterone (DHT) (Bruchovsky
and Wilson, 1968; Coffey and Isaacs, 1981). It is geﬁeral]y accepted
that in the absence of testicular androgens, adre&al androgens are

_ iasufficient to promote prostatic growth. Indeed, with céstration, the
prostate involutes and BPH does not develop (Wilson, 1980).

In men over age 50, there is an increase in total plasma estradiol
levels of approximat?ly 50 percent: presumabiy due to an increased
peripheral aromatizafion of testosterone. This increase of estradiol is
accompanied by a parallel rise in the plasma protein sex hormone binding
globulin (SHBG) (Harper and Griffiths, 1980). Since SHBG preferentially
binds testosterone rather than estrogen, the net result is an increase
in the free estrogen to free testosterone ratio by as much as 40 percent
(Coffey and Isa$c§, 1981).

In experimenﬁs on dogs it has been demonstrated that‘the
develppment of‘BPH is associated with a 3- to 4-fold net increase in DHT
concentration within the prostate (GWOyWé et'al, 1970). However,
utilizing physio]égic replacement doses of either testbsterone oS DHT,
investigators were unable to induce the development of prostatic growth
in castrated dogs comparable to that in'intact‘tontrol animals (Nifion
et al, 1975). Subsequently, fhe administration of 3a-androstanédio1 in
combination with small amounts of 175-estr$hio] to the castrated dog
resulted in profound prostatic enlargement (Walsh and Wilson, 1976); It
was then demonstrated that 3g-androstanediol acts a precursor of DHT
(Moore et al, 1979). This in turn is associated with the development of
BPH in this animal model (Isaacs and Coffey, 1981). =

-

Human prostate also exhibits an increase in DHT in hyperplastic
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tissue (Wilson, 1980) suggesting that estrogens could play a major role
in the etiology of human BPH. It has. further been shown that estrogen
enhances the level of AR within the prostate gland ‘of dogs, which allows
for androgen-mediated growth even in the face of declining androgen-
production with advancing age (wilson 1980). The mechan1sm by which
estrogen increase prostate AR concentrations is unknown “but is thought
to be dde to a direct action of estrogen on the prostate cell (Wilson,
1980).

In rats, prolactin has been shown to be synergistic with androgens
in- promoting prostatic growth, and prolactin receptors have been
identified in‘prostatic tissue‘(Coffey and Isaacs, 1981). Furthermore,
in humans, hyperplastic prostates have been -shown to contain elevated
prolactin levels (Ron et al, 1981), but the significance of this is
unresolved. Prolactin may accentuate the effect of androgens in
stimulating prostatic growth (Griffiths et al, 1979). ,

The observation that both glandular and stromal portions of the
gland proliferate in BPH (w1lson, 1980; Rohr et al, 1980) is important
in the evaluation of investigations based on biopsy sahples,_whiCh may
contain predominantly g]andu]ar or stromal tissue. |

Approximately 60 to 80 percent of prastatic cancers are under
androgenic control (Shain and Boesel, 1978 Geller et al, 1981;
Trachtenberg et al, 1981). It has long been realized that androgen
Aablat1on by orch1dectomy w111 therefore reduce the growth of these
tumours For the past 40 years, estrogen therapy has also been used to
suppress testosterone production to castrate levels, by its indirect .
action of iphibition of LH release (Hodges, 1979).. Whether estrogen

also acts direct]y‘on the prostatei:byameans of receptors, is unknown.



-«

Medical or surgical adrenaléctomy and/or hypophygectomy cause subjective
and some objective improvement of disease status in 35 to 50 percentvof
patient§ in re]apse because of failure of primary endocrine therapy
(Hodges, 1979). |

Despite the well recognized benefit of endocrine manipulation,

orchidectomy is unacceptable to many patients, and estrogen therapy

carries with it complications of feminization and thromboembolic disease

“(Veterns Administration Co-operative Urological Research Group, 1967;

Geller, 1979). Furthermore, the common practice of withholding hormonal

therapy until such time as the patient is symptomatic may lead to a

reduction in efficacy of other adjuvant modalities (Trachtenberg and

Walsh, 1982). It has recently been demonstrated that patients with
androgen-insensitive prostate caréinoma have significant]y Tonger -
survival -on chemotherapy if the protocol is inititiated wfthin one year
of diagnosis- (Paulson, 1983). Therefore, the use of hbrmonal |
manipulation must be judiciously reserved for those patients whose
tuﬁburs\are truly androgen-dependent. An index capable of predicting:
hormonal respbnsivéness could be of great benefit in selecting those
patients best managed by endocrine manipuTEfTbne'and those wﬁo should
receive chemotherapy at a time-when their/E;;;E% burden is less, 5n the
hope that this would increase both patient tolerance and tumour
response.

| Fbr those patients with hormone-dependent tumours, new therapeutic
dgents have been developed recently. Phéfmacofogic doses of LHRH havefd
paradoxical effeét of reducing LH release and Leydig cell responsiveness
to LH (Jacobi and Wenderoth, 1982) and recent trials with long-acting

LHRH analogues have shown these agents to be efficacious in reducing

>



serum testosterone values to-castrate levels, without the adverse"
effects of estrogen %herapy (Jacobj anq Nendertothf 1982; Borgman et al,
1982). Other potential means of hormoﬁa] manipuia%ibn include the anti-
androgen, cyproterone acetate, which may act thrdu&h progesterone
receptors, flutamide, a non-steroidal compound (MaiAvaring, 1979), and
megestrol acetate (Geller et al, 1981).' IH order to\hdequately compare‘
Athese agents to the established methods of hormonal tﬁerapy, proépective

trials in patients with proven hormone-dependent tumours are mandatory.

!

I
I

Steroid Hormone Physiology

Since the prostate is under androgenic control, it is considered to
be a steroid hormone-dependent organ. A11‘steroids act through similar:
pathways to produce the same general effect of mRNA 1nduction and
protein synthesis. These effects are médiated by specific, high
affinity ﬁormone‘binding proteins termed receptors (Grody et al,

1982). Through the use of radiolabe]]éd steroids, cytoplasmic receptors
have been demonstrated in a variety of target.tissue;. Each receptof
binds to its respective hormoné with greét specificity and'high,
affinity, and is present in significant amounts only in targéﬁ tissue
cells (Grody et al, 1982). However, the means by which the steroid ’
enters the cell and the exact nature of hormone-Féceptbn interaction
remain unresolved (Baxter and Funder, 1979). Fol]owfng hormone bindihg,
the receptor .undergoes a conformational or enzymatic activation .called .
transformation, which enab]esxit to translocate into.the nucleus (Grody
et al, 1982). Once in the nuc]eus,.the hormone interacts with the
génome, resulting in mRNA induction and subsequent protein sythesis.

This occurs by way of as yet hypothetical nuclear acceptor sites, felt



\
to be specific areas of chromatin-associated non-histone proteins
(Barrack and Coffey, 1982). The fate of receptors after binding to
these acceptor sites .is completely dnknOWn (Grody et al, 1982) although
they may cycle back to the cytoplasm. |

M’\n

Nuclear Ster01d Hormone Actlon ‘é?

1

That nuclear b1nd1ng of hormone is necessary for protein induction
has been demonstrated, at 1east ‘in-the case of estrogen receptor (ER),
by the pos1t1ve correlation of concentratiOns of nuclear hormone-
receptor complex with "estrogen-jnduced orotein" (IP) concentrations in:
the rat (Galand et al, 1978). éther anfma] experiments have
demonstrated that' sustained presence of estrogen in the nucleus is
necessary for DNA’sythesis (Gorsk1 et a] 1977). Studies of these
nuclear stero1d binding s1tes have revealed that only a Timited number
of the nuc]ear s1tes 1s'necessany for estrogenic induction of maximal
uterine growth_in the rat (Anderson et al, 1973). That is, although
" certain target cells . forla sex‘steroid hormone contain up-to 10,000-
: 20 000 cytop]asm1c receptors for that” steroid, full physiologic response
is seen when only about 2000 of these hormone- receptor complexes
1nteract w1th the nucleus (Clark” and Peck, 1976; Leake, 1981). A]though
trad1t1ona11y it has been c1a1med that unbound receptor ex1sts only in
_the cytop]asm, recent autorad1ograph1c work suggests that. free receptor
may be present in the nucleus as we]], indicating that unbound receptor
may be in equ111br1um between the two compartments (Martin and Sheridan,
1982). | '

Much study has been devoted to characterization of nuclear acceptor
sites. The_puc]ear matrix has been demonstrated to be a residual

{
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nuclear skeleton following treatment with detergent, DNase, RNase, and
- high salt concentrations (Berezney and Coffey, 1977; Kaufmann et al,
1981). This matrix consists of a residual nuclear lamina, highly
condensed residual nucleoli, and an extensive granular and  fibrous
interchfomatinic scaffold structure which extends tﬁroeghout the
nucleus, and provides functional. organization for the DNA (Barrack and
Coffey, 1982). The multiple biological functions associated with the
nuclear matrix have been reviewed recently (Maul, 1982) and include
sites for DNA and RNA synthesis (Berezney and Bucholtz, 1981), and sites
of nec]ear acceptors of steroid hormones (Be?rack and Coffey,.1982).
Prior to demonstration of the nuclear matrix, labelled receptors
which could be extracted from nuclei by high salt concentration (F.s M
KC])awere thought to represent the major component of nuclear hormone
actien. However; it now appears that a proportion of nuclear receptors
'. are bound to the nuc]eaf matrix, are therefore salt-insoluble (Ruh and
Bauden&ietel,»1977), and may be the major determinants of steroid
ho:mone action (Clark and Peck, 1976; Barrack %nd Coffey, 1980 and 1982;
Swanek et al, 1982). Barrack and Coffey (1980) have emphasized that the
coﬁcentration.of matrix-aseociated binding sites changes in response to
manipulation of the hormonal status‘of the animal studied. 1In addition,” = -
Swanek et al (1982), demenstréted a 15; to 20-fold increase in the
~number of mafrix-bound Eﬁ sites within 68 hours of induced prostatic
growth in the rét. Furthermore, dexamethasone-sensitive clones of
murine leukemic myeloblasts contain nuclear salt-resistant

LT

gldcqgefticoid receptor, which is not present in dexamethasone-resistant
~

clones. -NEETEEr\salt-resistant receptors may'therefore be involved in

the hormonal dependence of neoplastic cells as well (Barrack et al,



1983).

Type I and Type II Estrogen Receptors

A further area of investigation and controversy in steroid -hormone
action is the probab]e hetgyogeneity of’the“estrogen receptor. The
classical ER has a low capacity with-high affinity, and has been
designated as type I. A second type of receptor has been described,
with a.large capacity for s;eroid binding, but with Tow affinity, and
‘has been termed type II (Clark et'a]l 1978; Eriksson et al, 1978). This
type II estrogen binder has béen described for rat uteri (Reichman and
Villee, 1978; Markaverich et al, 1980; Markaverich et al, 198la), human
‘mammary tumours (Panko and Clark, 1981; Panko et al, 1981), as well as
various other estrogen-dependent tissges (Marka?erich et al, 198la). .
Initially it was theorized that the type II sites were actually alpha-
fetoprotein (Labarbera. and Lihkie, 1978), but thié has subsequently been
refuted (Clark et al, 1978; Kiang et al, 1978; Nakao et al, 1978). \

Type II sites have been described in both the cytoplasm (Clark et
al, 1978) and nucleus (Markaverich et al, 1980) of rat utéri.
Cytoplasmic £ype Il sites may represent precuréors of type I sites
-(Clark et al, 1978), or may bind excess estrogen, allowing it to be
concentrated within the cell (Clark and Markaverich, 1981). Cytbp]asmié
type II sites are distinct from nuclear type II sites, which are -
activated by the binding'of estrogen-receptoi complex in the nucleus
(MarkaverichAet.al, 1980). The function of the nuclear type II sites is
also unknown, and they may interfere with meaéurement of type I sites in:
clinical assays (Markaverich et al, 1980). ‘

Because of the relatively low affinity of cytoplasmic and nuclear
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type II sites, high~ster61d concentrations are required for their
demonstration. Cytoplasmic and nuclear type II sites will produce a
two-slope pattern on Scatchard analysis (Panko et al, 1981), allowing
their detection and quantification. furthermore, nué]ear type II sites
can be inactivated by the su]fhydrylfreducing agent DTT, and are not
bound by Nafoxidine, allowing their’éeparation'from nuclear type I si;es
(Markaverich et al, 198la and b; Clark et al, 1982).

The long term retention of estradiol by the nucleus, which is
required for a hormonal effect, has been shown to be assoc1ated with
stimulation of nuclear type II sites (Clark and Markaver1ch 1981b;
Clark et al, 1982). It has therefore been suggested that these sites
are chromatin-associated and/or matrix-bound (Clark and Markaverich,
1981b), and may "process" the t&pe I sites prior tb regulation off
transcriptional events and subsequent Uterine'érowth (Markavericr et al,
1980). Furthermore, uterine growth correlates more closely with 1evels
of type IT than type I sites (Markaver1ch et ;1, 1980), and inhibition
of uterine growth by dexamethasone is associated with selective
inhibition of type ;I;si£es (Markavérich-et al, 1980; Clark and
Markaverich, 1981). ’These receptors are distinct from those unfi]]ed;
nuclear sftes, demonstrated in immature rat uter{, which have a binding
affinity simi]ar to that of the classical estrogen recebggr, and a
unique sedimentation coefficient (Carlson and Gorski, 15%%). |

Heterogeneity in hormone binding sites has also'been observed for
glucocorticoids and progesterone, suggesting that this may be a general
phenomenon (C]ark~§nd Markaverich 1981). The poss1b111ty that both

types of ER might be 1nvo]ved in estrogenic control of prostat1c growth

has yet to be investigated.



Assays for Prostatic Steroid Receptors

\\ In addition to the aforementioned complexities in steroid hormone"
receptor physiology, a further level of complexity arises from the

%arious available means of receptor quantification. Assay techniques

Tor steroid hormones are numerous, and the technical aspects of these

%re beyond the scope of this review. Hoyever, one point of sufficient
mportance to merit inclusion is that of sodium molybdate. . jhis agent
as proved very useful in many investigations, in a variety of‘tjssues,

és a cytop]asmic steroid receptor stabilizer (Neilsen et al, 1977;

McB]qin and Shyamala, 1980; Nishigori and Toft, 1980; Noma et 51, 1980;

Hawkins‘et"a], 1981; Trachténberd et al; 1981§ Grody et al, 1982; Sirett

and Grant, 1982; Tsai and Steinberger, 1982). It has the additional

feature of preventing transformation of steroid-bound receptor

(Nishigori and Toft, 1980; McBlain et al, 1981; Grody et al, 1982).

Vﬁdth of these properties enable it to.greatly enhance quantificationvof'

cytoplasmic feceptbr (McBlain and Shyamala, 1980; Noma et al, 1980;

‘Trachtenberg et al, 1981; Sirett and Grant, 1982; Tséﬁ and Steinberger,

-,

1982), but its effect on nucleaf matrix-bound receptors has not been
studied to date. However, it has been suggested that mo]}bdate may
extract steroid receptors from nuclei if the mo]ybdate is present in the
tissue homogenization buffer (Trachtenberg et al, 1981).

Development éf steroid éssays for the human prostate has been
hampered by the ré]ative instability of AR, as well as tissue
contamination by sex hormone-binding globulin (SHBG), which binds
testosterone and DHT with similar affinity to that of AR (Trachtenbérg
?t al, 1981; Ekman, 1982).> Natura]’ligandé, §uch as DHT, are of limited

value due to their répid metabolism even at low temperatures (Ekman,

v
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1982), but synthetic steroids have improved\the_reliability‘of theee
assays. Methyitrienolone (R1881) is a synthetic androgen which binds to
AR but not to SHBG (Shain and Boesel, 1978), is also resistant to
metabolic conversion; and exchanges with receptor—nound endoéenous DHT
to about 70 per cent during overn1ght 1ncubat1on at 0°C (Menon et a]
1978). However R1881 also“binds to progesterone receptor (PgR). To
fmprove‘specificity, a 1000-fold excess of triamcinolone (TA) is added
to the assay in order to occupy any PgR which may be present |
(Trachtenberg et al, 1982; Donnelly, 1982; Ekman, 1982). In addition tq
‘AR, ER and PgR nay also be measured in the prostate, using the‘
radioligands-175-estradio] and promegestone (R5020 respect1ve1y.‘ The
assay has been further refined by using an hydroxy]apat1te assay, which
may be super1or to the dextran—coa;ed charcoa] assay at Tower prote1n :
_concentrations (Trachtenberg et aT,'1981; Donneily, 1982; Ekman, 1982),
or in the presence of endogenous protease enzymes. In aﬁdition to
molybdate, phenylmethylsulfony]f]uoride‘(PMSF) is used to inhjbit’
proteases by binding to serine residues (Trachfenberg et al, 1982).

. Using various modifications of these_assay fechniques, numerous
inVestigators have measured receptor levels ih norma] hyperp]ast1c, and
malignant prostates. In1t1a]1y cytoplasmic and more recently salt-

extractable and salt-resistant nuclear receptors have been quantified,

as summarized below. ' ' ' \

Receptors in Benign Prostatic Hyperp]asia

In 1nvest1gat1ons of the etiology of BPH, various receptors have :
' been determ1ned by s1ng]e point assay (one receptor-saturat1ng steroid

concentration) or m1croassay (Hicks and Walsh, 1979) and by Seatchard
5 : , ;

/
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analysis of daté from assays using multiple steroid concentrations
(Ekman, 1982;\Trachtenberg et al, 1982). Cytoplasmic AR (ARC) is
uniformly present in high cohéentration, comparable to that of nprmal
(noh-hyperp]astic) specimens (Donnelly, .1982; Ekman, 1982; Trachtenberg
et-al, 1982). Nuclear AR (ARy) is consistently present in BPH in salt-
extractable (Trachtenberg et al, 1981 and 1982; Barrack et al, 1983;
Donnelly, 1982; Shain et al, 1982), salt-resistant (Bar;ack et aﬁ.
1983), and matrix-bound fractions (Donnelly, 1982). The ratio of salt-
extractable to salt-resistant or matrix-bound ARN.in BPH vafies from 1:1
(Barréck.et'a1, 1983) to 1:2 (Dénne]]y, 1982).
| Cytoplasmic PgR (PgRC) is also present in most, if not all, BPH
specimens, a%though in lesser quantities than AR (Martelli et al, 1980;
Donne]]y, 1982). The function of PgR in BPH 1is unknown (Coffey and.
Isaacs; 1981). Since PgRé is less frequent1y found -in normaf tissue
than BPH, it has been specuiated that PgR-positive “normal® tissue
actually represents eér]y hyperplasia (Ekman, 1982). A]ternative]x, PgR
levels may reflect estrogen activity, as in the breast (McGufre, 1950).
Results of cytop]asmic ER (ERc) determinations in BPH vary wide]y
(Murphy et a]; 1980; Ekman, 1981; Auf and Ghanadian, 1982; Pontes et al,
1982; Donnelly et al, 1983).-.In norma]'spe;iﬁens, ERc has been found in
low concentrations (Murphy et al, 1980; Donﬁel]y et al, 1983). In BPH,
- ER¢c origina]ly was uniformly demonstrated only using single®point
assays, which are inaccurate at 1od receptor concentrations br under
non-qui]jbrium conditions- (Ekman, 1982). However, using’Scatchard
ana{z;%s; it appeared that ER was not uniformly present in both cytosol
and nuc]ear—extracfab]e fractions of BPH (Ekman et al, 1979a; Murphy et

al, 1980; Ekman, 1981 and 1982). These results tended to refute the

""‘!v.
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proposed role of estrogenlin the pathogenesis of BPH. However, these
investigators did not use the receptor stabilizer sodium molybdate or
the protease inhibitor PMSF in’ their preparations. Molybdate is known
to increase both measureable AR and PgR. levels in BPH (Sirett and
Grant, 1982). Recent studiés»in which molybdate was used report that -
most BPH specimens were ER-posifivecdn the cytoplasmic (Murphy et al,
1980; Auf .and Gﬁanadian, 1982; Donnelly et al, 1983; Pontes et al, 1982)
aﬁd nuc]ear-extraCtable (Auf_ and. Ghanadian, 1982) fractions.

Non extracfab]e nuclear ER (EkN) has not yet been quantified in BPH
specimens. Furthermore, types I and II ERy have been described in the
rét‘prostate (Swanek et al, 1982), suggestfng-a.further Tevel of
possible estrogen activity in prostatic growth, although these have not
yet been detected in the human prostate. |

Receptors in Adenocarcinoma of the Prost.te

One possible measurement of the encocrine sensitivity of a

1

malignancy is the presence of an appropriate cteroid receptor within the

tumour. If the Qreﬁence of significant levels of receptor is found to
correlate with resgbnse to hprmona] manipulation, this modality may be
used moré selectively and hopefully with greatar response. Based on the
established predictive value df ERc in breast cancer (McGuire, 1980;
Mobbs, 1982), AR(, EgRC, apd ERc plus salt-extractable ARNohave been
measured in prostatic adenocarcinoma (Trachtenberg et al, 1981; Ekman,
1982) and the recépton profile appears more variable than that seen w{th
BPH (Ekman, 1982). |

ARC is present in most cancerAsbecimens (Ekman et al, 1979b; Shain

et al, 1980; Trachtenberg et al, 1981; Ekman, 1982), and PgRC is present

14



-in approximately 50 percent of specimens (Ekman, 1981 and 1982;
Trachtenberg et al, 1981). ER¢ has been reported as absent (Ekman,
1981), or present in low concentrations in the majority of specimens
(Trachtenberé, 1981). AR_ concentrations have been correlated -ith
patient survival, with v:~i ole results (de Voogt and Dingjan, 1978;
Wagner and Schulze, 1978; Ekman et al, 1979b; Martelli et al, i980; de
Vere White and Olsson, 1981£ Ekman, 1982) and the current consensus is
that ARc does not correlate with therapeutic response (Martelli et al,
1980; de Vere White and Olsson, 1981; Ekman, 1982). It has therefore
been suggested that ARy levels may provide a better prognostic index (de
Vere White and Olsson, 1981; Ekman, 1982) and two recent reports suggest
that a correlation may exist between nuclear-extractable AR and hormone
responsiveness in patients with prostatic cancer (Mohla et al, 1982;
Trachtenberg and Walsh, 1982).

'There is accumulating evidence that the nuclear matrix-bound
steroid receptor (or acceptor) sites are the biologically important
receptor sites for steroid action (Barrack qnd Coffey,'l982).

Therefore, aS an index of hormonal dependence of target tissues, the
measurement of nu;lear matrix-bound receptors should bé superior to
assays of efther cytoplasmic receptors, or those receptors which can be.
lextracted from the nucleus by high salt concentrétions.

Recently Barrack et a1;(1983) have‘assayed tne non-extractable
fraction of ARy in BPH and prostat{c cancer using crude nuclear
preparations. Although these preparations would have contained
cytoplasmic contaminants in additjon to nuclear matrices, a significant
‘percentage of the ARy was associated with the salt-resistant ?raction.

However, relatively pure human prostate cancer nuclear matrices have not

Ki
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been isolated to date, and thus matrix-bound ARy has not been assayed
specifically in this tissue.

It is too optimistic to believe that receptor assays will become
the primary means of estimating the pathophysio]ogic activity of
prostatic cancer. Rather, these studies should be regarded as a
valuable complement to present diagnostic modalities in 1ﬁdiv1ddalizing
the approach to the treatment of this tumour (Ekman, 1982). Perhaps the
ihtroduction of radioimmunoassay for steroid receptors, based on
purification of monoclonal antibodi-=s %o isc ated receptor,.will enable
a safe, reproducible, routine method of receptor assay to be developed
(Ekman, 1981). However, without receptor purification this cannot be
accomplished. Furthermore, current assay methods still Fequire
considerable refinement prior to introduction into clinical practice.
Methods of nuclear purification are inadequately dochmented, and the
validity of nuclear receptor quantification in the presence of
éytoplasmig contamination has not been invéstigated. Corre]ations
between concentrations of matrix-bound ARy and patient survival in
prostate cancer have not been reported, and the role of ERN in the

etiology of BPH is unknown.

Research Proposals -

In order to further characterize steroid receptors in the prostate'
gland in the hope of further elucidation of both the etiology of BPH and
androgenic dependency of brostate cancér, the following studies werg
undertaken during the -course of this project: |

1) Quantification of ARC, PgRc, ERp, extractable and matrix-bound AéN,

in a series of patients with metastatic adgnocarcinoma of the
: : o )
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prostate.

Corre]atfon of AR concentrations in the various subcellular
compartments with objective response to endocrine therapy in
patients with adenocarcinoma of the prostate. |
Improvements in methods of nuclear purification in prostate
specimens.

Qantification of ARy in crude and purified brostatic nuclear
preparations, in order to determine whether nuclear purification

reveals additional binding sites.

Utilization of an estrogen exchange assay to reveal any

endogenously-bound ER in the cytoplasm and nuclear matrix of the

prostate.

Quantification of extractable and matrix bound ERy of the normal

and hyperplaséic prostate.

Quantification of cxtoplasmic type [ and type II estrogen binding
sites in the rat uterus, as a bre]iminany model forlinvestigatfon

of multiple estrogen binding sites in the human prostate.

)
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CHAPTER 11
METHODS
Patients

Normél prostate tfssue was obtained by total prostatectomy ofi3
cadqveric rené] traﬁsplant donors (ages 10, 34, and 40 years).

Benign prostatic hyperplastic tissue (BPH) was obtained byv
retropubic prostatectomy of 11 patiehts~with symptomatic prostatic
obstruction. o

Fifteen patients with metastatic (n=12) or locally invasive (n=3)
adgqbcarcinoma of the pfostatemwho underwent TURP for urinary
obstruétion secondary to malignancy were the source'of prbstatic
adenocarcinoma (tissue was obtained as described below). A tumour-
replaced pelvic lymph node was-obtained at the time of staging pelvic
lymphadenectomy for adenocarcinoma of the prostate in one a&ditiona]
patient. S

~As shown in Appendix 2, all 16 cancer patients were staged
c]iniéﬁ]]y by histohy'and physical examination (including rectal
examination), serum acid phosphatase by enzymatic assay, radionuclide
bone scan, plus radiographic studies in selected cases. All patients,
were‘weighed,‘@nd had hemoglobin measuréd pre-operatively.. Twelve of
" the 16 patients had a positivé bone scan, 11 had elevation of Eﬁe serum
acid phosphatase concentration greater than 0.8 IU/L, and 9 patients had
both an abnormal bone scan and an elevated acid phosphatase
determination. None of the 16 adenocarcinoma patienfs had received any
endocfine thefapy prior to entry into the.study. However, 3 patfents

had received external beam pelvic radiotherapy for their malignancy more

than four years prior to entry into the study and had since had

]8 ,;- ; ]
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recurrence of disease. Fol]owingﬁsurgery, all patients received either
estrogen therapy consisting of an oral dose of 3 mg:-of diethyl-
stilbestrol (DES) once daily (n=11), or orchidectomy (n=5) (see Appendix

3).

Patient Follow-up (Adenocarcinoma of the Prostate)

Six months following initiation of hormona]'therapyi patients were
recalled, for assessment of disease regression or pqogréséion, according
to the Natigpa] Prostatic Cancer Project res?onse criteria (see Appendix
1). This re?iew assessmenf included an jntérvieh'to aséess compliance
with respect to medications, bone pain, and anorexia. Patients were
weighed and hemog]ébin and serum acid phosphatase were determined..
Radionuclide bone scans and in selected cases, supplementary
radiographs, were also obtained as shown in Appendix 3. Results of the
post-trea%ment“review assessment were then comparéd to the initial pre-
treatment assessment, and the patient was placed into 1 of 5 categories
of diséase response, according to the criteria shown in:Appenﬁix 1.
objective cémp]ete response, objective parfia]_response, objective
étabi]ization of disease, objective progressfon, or death. The details
of this disease résponse c]aséifitation are shown in Appendix 1, and for
each patient the disease response was corre]atgdeith the results of the

1

receptor studies described below.

Animals
For experiments concerning type I and type II ‘estrogen receptors
“(Clark et al, 1978), immature rat uteri were obtained from 5-6 week old

female Sprague-Dawley rats (Biosciences Animal Services; University of
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Alberta). Animals were kept in a controlled environment, with the
temperature maintained at él°C, and a lighting cycle of 12 hours of
light: 12 hours of darkness. Food and water ‘were provided ad libitum.
For some experi@ents, the animals received 5 pg 17s-e§tradiol 1ﬁ 5%
ethanol (v/v) in normal saline, injected intrapéfitoneai]y using a 22
gauge needle, 1 hour prior to sacrifice. Animals were sacrificed by
ether asphyxiation and laparotomized immediately. Uteri were removed,
stripped of connective tissue, blotted, placed on ice and transported to
fhe laboratory. They werelthen immersed in liquid nitrogen for rapid

freezing, and stored at -70°C until assayed.

Prostate Tissue Specimens

Normal and benign hyperplastic prostate specimens, all obtained by
open surgery, were stripped of connective tissue and chopped into small
portions immediately. Other investigators have used the périphera] zone
of prostate tissue (surgical capsule) from radical cystoprostatectomy
specimens (Barrack et a],'1983) as a source of normal tissue. .However,
we have évoided this peripheral tissue, because the patients from which
it could be obtained were generally over 40 years of age, and tﬁehefore
their prostates have been subjected to a thanging hormonal milieu, which
could influence the steroid «receptor concentrations (Wilson, 1980).
Furthermore, in the presence of periurethral adenoﬁa, the surgical
capsule cah no longer be consjdered to be normal prostate, but rather a
compressed atrophic remnant of fhe normal gland, with areas of atypical
hyperp]asfa (McNeal, 1981). |

Fiftéen malignant prostate specimens were obtained using a Thompéon

cold punch resectoscope or cold knife at the time“of TURP, and 1

|



specimen consisted of tumour-replaced lymph node obtained at the time of
.staging belvic lymphadenectomy. A small sample of each specimen was
sent for histo]ogié confirmation of malignancy and was positive in all
cases. Needle biopsy specimens do not provide sufficient amounts of
tissue required for nuclear preparations and receptor quantifjcation by
Scatchard analysis (see below), and TURP specimens are unsuitable
l because the electrocautery denatures receptor proteins (Donnelly; 1982;
Kit-no et al, 1983). Although others have used radical prostatectomy
speci.uens as a, source of malignant tissue (Barrack et al, 1983), in our
ekper”?nce, Specimens obtained by this method are too small (less than 1
g, as ¢ scribed below) to be of value. Furthermore, it is often very
dit7icult to be confident that all of the se]e;ted tissue is ma]ignant,\
beca "e of distortion of the consistency of the normal tissue ‘secondary
“n the previous biopsy_and surgical trauma. ‘

All specimens were tfansported on ice to the laboratory, immersed

in liquid nitrogen, and then stored at -70°C until the time of assay.

Steroids )

R1881 (methyltrienolone, [17-methyl-3H] 178 -hydroxy-17-methy1-
estra-4;9,11-trien-3-one), specific activity (s.a.) 87 Ci/mmol, R5020
(promegestone'[17-methy1—3H] 17q, 21-dimethyl-19-nor-4,9-pregnadiene-
3,20-dione), s;a, 87 Ci/mmol, and'uB]abelled R188{;and R5020 were

_obtéined from New England Nuclear, Boston, Mass. Estradio]-l?s.
([2,4,6,?-3H] estra41,3,5 (10)-triene-3, 17g-diol), s.q; range 92-114
Ci/mmal, was'obtained.froh Amersham, Montreal, Quebec. Unlabelled
diethylstilboestrol (DES), triamcinolone acétoﬁide (TA), dexamethasone,

progesterone, lJ/g-estradiol and dihydrotestosterone (DHT), were obtained

b
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from Sigma Chemical Co., St. Louis, Missouri.

btherﬂMateria]s

Hydroxylapatite (HAP) and Bio-Rad protein assay kits were obtained
from Bio-Rad Laboratories, Richmond, California. Pheny]methyl-
sulfonylfluoride (PMSF), bovine serum albumin, TRIS, monothioglycerol
(MTG), calf thymhs DNA, diphenylamine reagent, and charcoal were
obtained from Sigma Chemical Co., St. Louis, Missouri. Sodium
molybdate, magnesium sulfate, sodium phosphate (dibasic), potassium
chloride, sodium hydroxide, tr1ch]oroacet1c acid, perch]or1c acid,
acetaldehyde, 1-propanol, and glacial acét1c ac1d were a11 of reagent
grade and obtained from Fisher Scientific Co., Quebec. Triton X-100 was
obtained from BDH Chemicals, Toronto; Ontario. " Sodium tetrathionate
(NaTT) was obtained from Fluka Chemical Corp., Hauppauge, N.Y.
Deoxyribonuclease (DNase I) (2333 units/mg) was obfained from Millipore
Corp., Freehold, N.J. Sucrose was obtained from Schwartz/Mann, Spring
Valley, New York. Ethanol (95%) Qas obtained from Stanchem, Winn{peg,
Manitoba. Ready-Solv HP scintillation fluid was obtained from Beckman
Instruments, Fullerton, California. Double distilled water was used to
prepare appropriatc reagents. |

-

Preparation of Cytosc:

Tissue stored at -70°C was thawed on ice, and all‘procedures were
" performed at 0-4°C. Approximately 125 mg of tissue were required for

each 9 poiny Scatchard analysis (see below). Thé tissue was weighed,

chdpped into fine pdrtions on dry ice with a razbr blade; and

homogenized in TM-PMSF buffer (10 mM TFis, 12 mM MTG, 10 mM sodium
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molybdate, 10%\(v/v) glycerol, 1 mM PMSF, pH 7.4 at 22°C) with a tissue:
buffer ratio of 125 mg : 2 ml, using a Polytron PT-10 homogenizer \;
(Brinkmann), set at 4 (four 5 second homogenizations with 30Hsecond
intervening cooling periods). The homogenate was then centrifuged in a
Beckman L2-65B ultracentrifuge at 200,000 x g for 30 minutes, using an

SW60 Ti rotor,.to yield the supernatant cytosol fraction.

Preparation of Nuclear Matrices

- Approximately 1 g of prostate tissue was weighed, immersed in
liquid nitrogen, and pulverized using either a mortar and pestle or a
_thermovéc pu]veriier (Thermovac, Copiague,,N.Y.). Using the pulverizer
gun, 15-20 actions were required to fracture the tissue to a powder
grossly approximating'the consistency of that obtained with the pestle
technique. All subsequent procedures were performed at 0-4°C. In all
malignant specimens, the pulverized tissue was suspended in 15 ml of
STM-PMSF buffer (0.25 M sucrose, 50 mM TRls; 5 mM MgSO4, 1 mM PMSF, pH
7.6 at 22°C) and homogenized with an all glass Tri-R SGS/75 tapered |
tissue'homogenizer (Tri-R Instruments Inc;, Rockvi]fe Centré, N.Y.),
reduiring apprdximately 40 strokes over 3 minutes, on ice, with
~intermittent coo]ing'periods. In later experiments (described below)
the tissue was not homogenized in the g]as§ hdmogenizer, but was"’
homogenized using the Polytron PT-10 homogenizer as described above.

The homogenate was centrifuged at 800 x g for iO minutes, the
supernatant containiﬁg extracellular debris and blood products was
discarded, and the crudé pellet was resqspended jn 15 ml STM-PMSF, to
which 10 pl of Triton X{lOO was added (final concentrat%on of 0.1%).

Following 10 minutes of the detergent treatment, the specimen was



centrifuged at 800 x g for 10 minutes, and the supernatant discarded.
The pellet was reéuspended in 15 ml of STM-PMSF, and filtered through a
30 mesh wire screen, for pre]im{nary nuclear purification. Following a
third centrifugationlat 800 x g for 10 minutes, the supernatant was
discarded, the pellét was resuspended in 25 ml STM—PMSF, carefully
layeredlbver 5 ml of 1.8 M sucrose (this step was also varied in later
experiments), and centrifuged at 74,000 x g for 30 minutes, using a
Beckmann SW28 Rotor in a Beckﬁann L2-65B U]tracentrifuge,‘to yield
purifiéd nuclei.

‘The purified nuclear pellet was suspended in 2 ml of 0.6 M KC1,
incubated forA30 minutes, and centrifuged at 10,000 x g for 10
minutes; Following a second O 6 M KC] _incubation for 15 minutes and
centrifugation at 10 000 x g for 10 m1nutes, the supernatants were
pooled and designated the first KC1 extract. The pellet was incubated
with 2 ml of STM-PMSF containing DNase I (100-500 IU/ml final
'concentration) for 1 hour, then centrifuged at 10,000 x g for 10
minutes. The supern&tant was discarded, the pel]et'resuspended in 2 ml
of 0.6 M KCI, incubafed for 15 minutes, and centrifuged at I0,0QQ X g
for 10 mintes, to yield:. the second KC1 extract. The final pellet,
Containing‘nuc]ear matricés, was resuspended in 2 ml of STM-PMSF
buffer."Since it has been previously demonstrated (Donne]]y, 1982) that
these méthods successfu]]y 1so]ate the nuclear matrix with a relatively
high degree of purity, we have referred to the salt-resistant or non-

extractable binding sites as matrix-bound receptor.

Steroid Binding Assays

In all cases, 200 ul of cytosol, nuc]eanuextracf, Qr nuclear
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matrices were added to 0.5 ml of ah hydroxylapatite (HAP) suepension
[0.1 g HAP/ml TNP buffer (50 mM Tris, 10'mM sodium phosphate, pH 7.4 at
22°C)] plus 0.5 ml TNP buffer, and shaken for 60 minutes to bind the
~ receptor to the HAP. Following this, the HAP suspension was centrifuged
at 12,800 x‘g (Eppendorf 5412 microcentrifuée) for two minutes and the
supernataﬁt discarded. Serial dilutions of steroids were added to the
residual pellet, fhe pellet was resuspended and incubated af 4°C,

A saturation analysis with tritiated ligand in six eoncentrations
(0;2-10 nM for nuclear preparations, and 0.1;5 nM for qytosol

preparations) was used to measure total binding, and -tritiated ligand in

the presence of a 100-fold excess of unlabelled stero1d was used to

measure nonspecific b1nd1ng at 3 concentrat1ons (see Appendix 6).
7[3H]R1881 in the .presence of a.1000- fo]d excess of TA, with or without a
100-fold excess of unlabelled R1881 was used for the AR binding
assays., [3 JR5020 in the presence of a 10-fold excess of both
dexamethasone and DHT, with or without a 100-fold excess of unlabelled
R5020, was psed for the PgR binding assays. [3H]17g‘estrad101, with or
withdut a 100 fold excess of DES, was used for the ‘ER b1nd1ng assays.

~ For the experiments on type I and type II ER, an expanded set of
dilutions was used to provide 12 concentrations of tr1t1ated estrad1o1
for total binding (0.1-40 nM final concentration), and 4 concentrat1ons
of tritiated estradiol in.the presence of a 100-fold excess of DES for
nonspec1f1c binding as shown in Appendix Z

Fo]]ow1ng incubation of HAP- bound receptors wit, stereids for 16-20

hours, unbound steroid*was removed from the HAP by four washes of 10 mM
phosphate buffer as‘fol1ows$ the HAP pé]]et was susﬁended in 1 ml of

the phosphate buffer and?shaken for five minutes; following

25
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centr1fugaf1on for two. m1nutes at 12, 800 x g the supernatant was
d1scarded and the pe]]et again suspended this process was repeated for
the four-washes. After the bound rad1oact1v1ty was e]uted from the HAP
with 0.5 ml of ethanol, the ethanol extract with 10 ml of scintillation
fluid was counted for radioactivity in a Beckmann LS9000 Tiquid
scintillation counter.' Specific bindinngas calcu]ated by subfracting
nonspecific |from total binding.' The resulting data were analyzed by the
method of Scatchard (1949) and the quant1ty of binding expressed as
fmol/mg of cytosol protein, fmol/g of tissue, or fmol/mg DNA, accord1ng

to the nature of the assay. . .

Steroid Specificity Determinations

The steroid specificity for the observed~11gahd'bind1ng to matrix
ARy was determined twice for the cancer specimens by using poo]ed”
samples of 5 specimens. Ndc]bar matrices were incubated with 2 nM of
[3H]R1881 plus a 1000-fold excess of TA with or’@ithouf inereasing
concentrations of unlabelled competitors. Dexamethasone, progesferone,
17g-estradiol, DHT, and R1881 were dsed in excesses ranging.fra% 2 to
?IOOO;fold, as tabulated in Appendix 8, and the resu]tant bindjng of
[3H]R1881 was then measured. ”

\

Protein and DNA Assays

Protein concengrations were determined by the Bio-Rad Prdtein Assay
(Bio'Rad,'Richmond,;California). The Bfo-Rad protein assay procedure-
has been validated py comparison wifh the method of\Lowry et al (1951)
fn this laboratory. DNA was measured in crude and purified nuc]ear

_preparations by the method of Burton (1956), using ca]fhthymus DNA as
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the standard.

Light and Electron Microscopy

Purified nuclei and nuclear matrices stainéd with methylene blue
were éxaminediby light micrbscopy in some expériments using an Olympus
EH in order to assess re]ative'purity. Electron microsqopy was
performgg in two 1aborator1es.u Initial samples were'prepared for
viewing sn the 1a50éatorj of Dr. T. K. Shnitka, Department of Pathology,
as fb]]ows: selected samples of purified prostate cancer nuclei and
nuclear matrices were fiied at 4°C in 4% g]utera]dghyde in 0.1 M
cacodylate buffer (;H 7.3). Epe'nqcle%‘were then rinsed in two changes
of cacodylate buffer and post-fixed in 1% 0504 (Caulfields’ fixative).

They were dehydrated through a graded ethanol series and then treated

. with propylene oxide. The nuclei were embeddedmin Epon 812 resin and

sectioned on a Reichert OMU2 ultramicrotome. The sections were staihed
wi'th uranyf acetate agd 1éad citrate and photographéq on a Siemens
Elmiskop 1 electron microscope.

the Muttart-Collip Memorial Electron Microscope Laboratory, and-were'
brepared as described above, excebt that phosphate buf:er‘wa§ used
rathef.tﬁan cacodylate Euffer, LX-112 resin was used rather than Epon
812 resin, a Porter-Blum MT-2 ultramicrotome was used rather than a
Reichert OMU2 ultramicrotome, and a Siemens Efmiskop 102 electron

microscope was used rather than a Siemens Elmiskop ! electron

microscope. o . S \\\_\\

The electron micrographs reproduced below were obtained courtesyiof‘
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Estrogen Exchange Assay

1 4

As described above, cytosols were prepared from BRH specimens,

1

bound to HAP, and i.ashed once with TM-PMSF buffgr'toufémove amv ferial
not bound to HAP, Fo]lowing 2-16 hours incubation jﬁ}the sence
serial dilutions of 17g-estradiol, preparations were heated t Cin a
water bath for 30 minutes with a control assay at 0°C, to deterﬁine
whether the measured concentrations of- ER might be increased by a heat-
induced exchange of endogenous for exogenous estrogen. All incubations
were performed in duplicate. Normal and BPH nuclear matrices from both
ERc-positive and ERC-negéiive specimens were also washed and incubated
as described for cytosols, with or without heating to 30°C for 30
minutes, to determine the presénce or absence of extractable and matrix-

bound ERy, and to-determine the role of the temperature exchange for the

accurate quantification of :xtractable and matrix-bound ERy.

Variations in Sucrose Sedimentation Requirements for Nuclear

Purification for Benign Prostatic Hyperplasia

To determine the optima] concentration and volume of sucrose in
nuclear sedimentation wfth respect to both nuclear purity and nuclear
yield, nuclei from a series of BPH spécimens were prepared és‘described
above. However, a range of sucrosevconcentrations‘(1.8>M, 2.0 M, Z.F M)
were usgd, and also, the column heights were varied by using increasing
volumes of the sucrose solutions (5 ml, 10 ml, and 15 ml of sucrose) for
the nuc]ear sedimentation procedure. To’éstimate'nqclear recovery,
gamples‘were taken for DNA assay from both the crude huclear pé]]et
(fo]]owing pre]imihany centfifugétion) and the post-sucrose

sedimentation purified nuclear pellet. Percentage‘nuc]ear recovery was
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then calculated as the concéntration of DNA in the purified nuclear
pellet divided by the concentration of DNA in the crude nuclear pellet,
expressed as a percentage. Nﬁc]ear purity was assessed by light
microscopy (1000 x magnification) and the preparations were subjectively
categorized as extremely pure,‘mbderate]y pure, and impure. All
preparations were prepared and assessed by the samehinvestigator and
interspecimen variation was minimized by performing assays on several
specimens simultaneously. Lighf mfcroséopy also provided an estimate of

nuclear recovery for comparison with the DNA assays.

‘Variations in Methods of Pylverization and Homogenization Techniques for

Nuclear Purificq}ion for Benign Prostatic Hyperplasia

To determiné the optimal method of prostate tissue preparation fog)
measurement of ARy, a series of experiments was performed using BPH
tissue, in which 1/3 6f the specimen was prepared in the standard
fashion (pu]verizatioh in Tiquid nitrogen, followed by homogeni;ation on
glass), 1/3 of the specimen was similarly* pulverized bﬁt then
hc qgenized using the Polytron PT-10 homogenizer (as described for the
preparation of cytosol) and 1/3 of the specimen was chopped into fine
pieées, not pu]verize&, and homogenized using thé Polytron PT-10 L.
homogenizer (see Figure 1). Specimens were then processed as described
for the preparation of nuc]éar matrices, and assayed for ARN in both
extractable and matrix-bound fractions. Samples Wére taken for.DNA
assay from both crude and burified nuclei, in order to compare nuclear

i

recoveries and to allow expression of results in fmol/mg nuclear DNA in

addition to fmol/g of tissue.

!
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BPH (3 g)
: - ‘*
Chopped (1'g) . -~ ~Pulverized (2 g) .
Polytron ’ Polytron Glass
Homogenization Homogenization (1 g) .  Homogenization (1 g)

Yo Y e

Triton extraction, mesh filtration, sedimentation through sucrose
(10 ml X 1.8 M) 1lst KCl. extraction, DNase digestion, 2nd KCIl
extraction, matrix suspension.

S A

.ARN binding assay (nuclear KCl-extractable and matrix-bound)

Figure 1. Flow diagram for studies of variations in tissue
pulverization and homogenization for nuclear purification. DNA assay
was performed on samples from cryde homogenate and post-sucrose purified
nuclei, for each preparation. ‘
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Measurement of Androgen Receptor Concentration Following Different

Extents of Nuclear Purification for Benign Prostatic Hyperplasia

To determine the optimal mgthod of measurement of ARy, a series of
experiments was performed using BPH tissue (see Figure 2), in which
approximately 3 g of BPH was first pu]yérized.in liquid nitrogen, then
homogenized using the Polytron PT-10 homogenizer, in 30 ml of STM-PMSF
buffer. A portion (2 ml) of the cruie homogenate was then directly
bound to HAP and assayed for-ARN. The remaining homogenate was then
divided into 2 equal portions‘of 14 ml, fof separation into purified and
crude preparétions. The purified preparation was treated with Triton X-
100, mesh filtration, and sucrose sédimentafion as described above for-
the preparation of nuclear matrices, while the crude preparation was
treated with Triton-X-lOO only. One half of each preparation was then
extracted with KC1 for 30 minutes, centrifuged at 10,000 x g for 10
minutes, fo yield both extractable and non-extractablé fractions.. The
remaining half of the purified preparation was treated with a 1lst KCI
extraction, DNase digestion andv2nd KC1 extraétion, to yield extractable
and matrix-bound fractions. The remaining half of the crude preparation
was treated with KCI extrgction and DNase digestion to yield both
extractable and non;extractable“fract{ons. Samples were taken for DNA
assay from the crude homogenate and the purified nuclear preparation, in
order to leow calculation of nuclear recovery, and to allow expression.
of Ea]cu]ated binding in fmol/mg nuclear DNA in addition to fmol/g of

tissue (see Figure 2).



BPH (3 gq)

Pulverization, Polytron homogenization

Y

Crude Homogenate (*)

Nuclear Purification Crude Preparation

KC1 extractjo? (*) KC1 extraction (*)
Nonextractable = DMase Nonextractable DNase digestion
fraction (*) = djgestion fraction (*) :

2 20 Y
KC1 extraction (*) Nonextractable

* fraction (*)

Matrix fraction (*)

~ (*) denotes fractions assayed for ARy.

t

Figure 2. Flow dia?ram for studies of ARy measurement following
different extents of nuclear purification.



CHAPTER II1
RESULTS

Subcellular Concentrations of Androgen Receptor in Prostate Cancer

ARc, ARN-ektractab1e, and ARy-matrix concentrationslwerg determined
for 16 patients with prostate adenocarcinoma (see Table I and Appendi x
4). ARC was quantiffed in both fmol/mg cytosol protein and fmol/g of
tissue. ARy (lsf extract, 2nd extract, and matrix-bound) was quantified
in fmol/g of tissue." Afthough the protein concentration of the 1st KC1-
extract was determined in all assays, therebyballowing expression of ARy
in fmdl/mg of nuclear extract pro;ein, we have not expressed our fesu]ts .
in this fashion for two reasons. Primari]y; the nature of this protein
and its significance are undetermined, unlike cytosol protein; which has
been repeated]y-demonstrated to be a useful mode of expression for |
Cytoplasmic receptor assays. Secondly,. since the cytosol protein is
unrelated to.the extracted nuclear protein, jt would be of no value to
relate ARc and ARy concentrations when expregsed as functions of their.
respective protein concentrations. In 8 of the 16 specimens, DNA asséys
“were performed; thereby enabling expression of ARN in fmol/mg of
.startiné DNA (pre-purification), or fmol/mg of ‘nuclear DNA (post-
purifgcation) the latter mode correcting for variab]e-nucléér
recovery. A]ternatively, results expressed in fmo]/g‘of tissue may be
corrected for nuclear loss secondary to nuc]eér purification‘by divid;ng
the result by the percent nuclear recovery to yield fmol/g.of tissue
(corrected) (see Table II).

The mean ARc concentration, as shown in Tab]e.I and Figure 3, was

1028 fmol/g of tissue (range = 0-3938 fmol/g of tissue), with a mean Ky

»
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|
Figure 3. Androgen receptor of prostate cancer. Bars represent mean AR

concentration in fmol/g of tissue ¢ S.E.M. (n=16), and percentage of
total cellular receptor, for AR-positive samples, using HAP assay,
R1881, and Scatchard analyses (n = number of positive samples of the 16
assayed specimens). AR-positive is defined as specific binding > 10
fmol/g of tissue. :
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of 0.3 nM (range = 0.1-1.1 nM) (see Table I and Figure 3). Both

patients who had no detectable AR had received radiotherapy previously
(#4, #5 of Appendix 4), and on; of these also had no detectable ARy
(#4). However, the third radiotherapy patient had detectable AR and
ARy (#16). |

The first KC1 extract contains ARy which is relatively easily
extracted from the nucleus, while the second KC] extract contains ARy
which is extractable only after DNase I digestion (Donnglly, 1982). The
mean ARy concentratipn in the f%rst KC1 extract of AR;positive specimens
(AR > 10 fmol/g of tissue) was 140 fmol/g of tissue (range for all 16
specimens = 0-253 fmol/g of tissue), with a mean Kg of 1.1 nM (range =
0.2-4.4 nM). The mean ARN~concentration in, the second KC1 extract of
AR-positive specimens was 111 fmol/g of.tissue (range for all 16
specimens = 0-184 fmol/g of tissue), with a mean kd of 1.7 nM (range =
0.3-4.2 nM); “The sum of ARN in the first and second extracts thérefore
represents the total extractable ARy (251 fmol/g of tissue, range = 0-
341 fmol/g of tissue). However, since 12/16 specimens contained ARy 1n
the first extract, and only 3/16 specimen; contained ARN‘in ihe second'
extract, the majority of salt-extractable ARN is éontained in thé first
extract. It is noteworthy that of the 4/16 specimens which contained no
detectable extractable ARy> only one also had no defectab]e mafrix—bbund
ARy (#4 of Appendix 4), while 3 had significant quantities of matrix-
bound ARy (#3, 6, 10). The significance of the finding of,extractablei
ARy in the absence of matrix ARy in one patient (#7) is as yet .
undetermined, but it is'notéworthy that this pafient died of metastatic
diéease three months after initiation of hormonal fhérapy.

The mean mat({x-bound ARN concentration of AR-positive specimens

37
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was 396 fmol/g of tissue (range for all 16 specimens = 0-1330 fmol/g of \
tissue), with a mean Ky of 0.8 nM (range = 0.3-1.7 nM). A
representative saturation analysis and derived Scatchard analysis from
the same specimen (#15 of Appendix 4) are depfcted in Figures 4 and 5
respectively. Although one of the two specimens with no detectable
matrix-bound ARy had detectable extractable ARy (#7) as noted above, the
other patient had no detectable AR in any other cellular compartment |
(#4). Table I»alSo provides mean ARy concentrations expressed as fmol
per mg of starting DNA, and per mg of nuclear DNA. The histogram
display of the data in Figure 3 illustrates both the greater
concentration and variability of AR: as compared to ARY.

Lineae regression analysis revea]ed no correlation between Gleason
score of the tumour and the concentration of the various components of
ARy, whether expressed as fmol/g of tissue or fmol/mg o; nuclear DNA.
There was a marginally positfve correlation (r = 0.60) bet;een
extractable and matrix-bound ARy, but only when expressed as fmol/mg
nuclear DNA. As expected, there was no correlation between AR( and

extractab1e, matrix-bound, or total ARy (data not shown).

Studies of DNA Concentration in Prostate Cancer

In order to determine the optimal means of expression of ARy
concenfrafion; it was necessany to first measure fhe DNA concentration
of the specimens. From this.data, expressed as mg of- DNA/g of tissue,
binding could then be expressed as fmol/mg of DNA, in additien to fmol/g
of tissue. If the receptor assay was performed on a crude pe]]et, it
would be reasonable to assume that the amount of DNA in the initial

homagenate would correlate with the number of nuclei present, and



Figure 4. Saturation analysis for
of adenocarcinoma of the prostate.
binding (0O).

[3HIR1881 binding to nuclear matrix
Total binding / ~). Non-specific
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Figure 5. Scatchard analysis for [3H]R1881 bindjng to nuclear matrix of

‘adenocarcinoma of the prostate. Maximum binding = 1281 fmol/g of
tissue; r = 0.97; Ky = 1.0 nM.
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therefore with the amount of ARy within those‘nuclei. However, because
of the inevitable loss of nuclei during nuclear purification, any
receptor assay performed on a purified nuclear preparation must be
accompanied .by determination of both starting DNA concentration (DNA
concentration of the crude hamogenate), and nuclear DNA concentration
(DNA coﬁééﬁtration following nuclear purification). Comparison of the
starting and nuclear DNA concentrations allows estimation of nuclear
recovery. |

In the 8 cancer specimens in which DNA concentrations were '
measureé, the mean nuclear recovery was 55 percent (range = 26-76
percent) (see Table .Il). Results can therefore'be expressed'qs fmo1/mg
starting DNA, fmb]/mg nuclear DNA, or fmol/g of tissue, corrected for
loss of nucfei, allowing expression as fmol/g of tissue (corrected).
Table II provides comparison of these parameter% for hétrixfbound ARp.
It is readily observed that from the basic mode: of expfession (fmol/g of
tissue), a wide range of Sinding values is created by introducing the
variables of mg of homogenate DNA/g of tissue (starting.DNA
concentration) of.mg of nuclear DNA/g of tissue (nuclear DNA
concentration).‘;Since nuclear recovery averaged 55 percent, the mg of
nJc]ear DONA/g of tissue is less than thét obse}ved for the homogénate.
Therefore, bfndinghéxpressed as fmol/mg nuclear DNA is approximately

twice that of the corresponding value obtained using the DNA

concentration of the initial homogenate. . -

" Further variability is introduced by the wide range of nuclear
recovery seen in our sampies (for example, #14 has a 3.8-fold increase
in fmol/mg DNA when‘correcféd for nuclear recovery, while the same |

correction prodqce% only 1;4-fo1d increase for #15). The mean DNA

Py
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concentration was 5.34 mg/g of tissue in the homogenate (range = 0.21-
15.90 mg/g of tissue) and 2.80 mg/g of tissue following nuclear
purification (range = 0.16 - 7.65 mg/q of tissue). The mean matrix-
bound ARy concentration was 148 fmol/mg starting DNA (range = 0-331
fmol/mg starting DNA), 336 fmol/mg nuclear DNA (range = 0:485 fmol/mg
nuclear DNA), and 1378 fmol/g of tissue (corrected) (range = 0-2418
fmol/g of tissﬁe (corrected)). Corresponding ARN concentrations for the
first, second, and total extractable ARy, plus-total nuclear ARy, are
provided in Appendix 4,“with corresponding mean values provided in Table

L.

Cytoplasmic Progesterone Receptor in Prostate Cancer

fﬁe concentrations of the in all 16 specimens of prostatic
adenocarcinoma are shown 1n.&qb]e iIIvand Arsendix 5. .PgRC was
detectable in 11 of the 16 shecimens, with.a mean concentration of 945
fmol/g of tissue, or 44 fmol/mg of cytpsoIlprotein (range = 0-3253
fmbi/g of tissue, of 0-165 fmol/mg of cytosol protein), and a mean Kd of
0.9 nM (range = 0.1-3.9 nM) (see Table III). There was no obvious
correlation between absencegof PgR¢ and absencé of other cytoplasmic
receptors, in that absence of PgRc . urred with presence of ARc and ER(
(n=1), qbsence of AR¢ and ERc (n=1), and presence of ARC with absence of
ERe (n=3) (see Appendix 5).

0f the 5 patients with no measureable PR, 2 had disease
progression or death, and 3 had disease stabilization or regression.
The mean. PgR- in those with progression or death was 324 +-110 fmol/g of
tissue (t S.E.M.), while the mean PgRc in those with regression or

[}

stabilization was 903 + 339 fmol/g of tissue (¥ S.E.M.). The obserVed



46

(050342 jo bu/|owy ¢ ¢ uoL3PJIU3IUOD J03dada4) sa|dwes aALg1sod-u03dasad Joyg

- | | =

91

=u ¢(urajoud
W*3°S F.ueay

¥

I'0 + ¢°0 v FEl Iy ¥ ole | < 91/9 A3

€°0 ¥ 6°0 _ AN 4 €G¢ ¥ 66 | . | 91/11 dybg
S S9|dwes 8ALILSO( pafessy

+(Wu) py xUl9304d [050340 jo Bu/jowy ¥3NSSi3 jo 6/|owy  -uo3daday jo uorjdodouy J03daoay

UOL3PJ3U3IU0) J03daday

|
i
91€3S0Jd 3yl jO PwWoulIJIROIOUBPY UL
J01d323y usboJdqsy pue 3U0J331sabouyd oLwse|dolh)

ITI 379v1



47

difference is not statistically significant using the Student's t-test
(p > 0.05) however, due to the extreme variation in binding in the two

patient groups. A

Cytoplasmic Estrogen Receptor in Prostate Cancer

The concentrations of ERc in all 16 specimens of prostatic '
adenocarcinoma are shown in Table III and Appendix 5. ERc was
detectable in 6 of the 16 specimens, with a mean concentration of 278
fmol/g of tissue, or 13 fmol/mg of cytosol protein (range’= 0-387 fmol/g
of tissue, or 0-34 fmol/mg of cytosol protein), and a mean Kq of 0.4 nM.
(range = 0.1-1.0 nM) (see Table I1I).

Of the 6 patients -with measureable ERc, 3 had disease progression
or death and 3 had disease regression or stabilization. Similarly, of
the 10 patients with no measureable ERc, 5 had d1sease progression or
death, and 5 had disease regression or stabilization. This parameter
was therefore not a useful prognostic index for adenocarcinoma of the

prostate in this series of patients.

Course of Disease and Androgen Receptor Concentration - Correlations for

Prostate Cancer Patients

According to the National Prostatic Cancer Project Response
Criteria (see Appendix 1), the 16 patients were initfa]]y categorized as
objective complete response (n=1), objectjve partial regression (n=3),
objective stable (n=5), objective progression (n=3), or death (n=4) (see
Appendix 3). Because of‘the sma]f numbef in each group, similar outcome
groups were combined to form the categories of objective regression or

stabilization (n=9), and objective progression or death (n=7).
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Figure 6. Androgen receptor and disease response for adenocarcinoma of
the prostate. Open bars represent mean AR concentrations in
cytoplasmic, salt-extractable, and matrix-bound fractions (fmol/g of
tissue + S.E.M.) for patients with objective evidence of disease
progression or death (n=7). Shaded bars represent mean AR
concentrations for patients with objective evidence of disease
stabilization or regression (n=9).
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| Table IV outlines the relevant AR data of these two groups; and
Figure 6 is a graphic‘representation of the same informatioh. The mean

values and'T.E.M. preseﬁted in Tablte IV and Figure 6.are calculated
using all assay values, including those in which there was no detectable
binding, since the objective was to compare receptor values in all
patients with progression ér regression of -disease. If only those
patients with measureable receptor are examined, the mean values and
S.E.M. are as depicted in Table IV by the figures in parentheses.

Statistical comparisons between the_varioys receptor concentrations
and their ability to‘predi&t disease outcome are listed in Table V. ARc
_concentration did not correlate with disease response, since there was
no significant difference between: the ARc concentration for those
patients with disease regression or stabilization and those with disease
progression or death, as analyzed by the Student's t-test. Conversely,
both extractable and matrix-bound ARy concentrations did correlate with
disease response, whether all specimens or only those with measureable °
ARy were 1nc1uded in the analysis. The coeff1c1ent of var1at1on_(see
Table V) is a measure of relative variation about the mean between two '
samples, correéted for dffferences in the magnitude of individual values
between the samples. Tﬁere are minor differences in the coefficient of
var1at1on betwegn extractab]e and matrix-bound ARN, but both are
cons1derab1y less than that observed fbr ARc. The highest level of
significance (p < 0.02) was seen with comparison of total ARy
concentrations between the two patient groups. In summany, both
extractable and matrix-bound ARy concentrations corre]ate with disease
response, but the best correlation is -obtained with tota] ARN

concentration.
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Steroid Specificity for Binding of [3HJR1881 to the Nuclear Matrix in

Prostate Cancer

In ordernto determine whether the observed binding of [3H]R1881 to
nuclear matrices was to sites specific for androgenic steroids, steroid
competition studies were performed on 2 pooled sampies of pfov‘ate
cancer matrices, each derived ffom 5 cancer specimens. The res .ts for
the 2 samples were very.simi]ar, and one is depicted in Figufe 7. .Both
R1881 and DHT inhibit [3H]R1881 binding to the nuclear matrix.
Progesterone is s]ightly inhibitory at high concentrations, as has been
previously reported for other prostatic AR (Hicks and Walsh, 1979;

Donhe]]y, 1982),'wh11e dexamethasone and estradiol do not inhibit R1881

binding to the matrix sites.

Electron Microscopy of Purified Nuclei and Nuclear Matrices of Prostate

- cancer, nuclear matrices. Figure 11 is an ele

Cancer
cancer

In order to be certain that our methods of nuclear purification and
matrix prepa}ation were as adequate for prostate cancer specimehs as had
been previously demonstrated for §enign specimens by Donnelly (1982), it
was necessary to obtain electron microscopic confirmation of nuclear
purification and matrix preservation. Figure 8 is an electron
micrograph of an isolated prostate cancer cell nucleus (x 15,000
magnification). Fjgure 9 (x 16,000 magnification) aﬁd Figure 10 (x
18,00b magnification) are electron micrographs of isd]ated prostate

. A Rét\r:on micrograph of a group
of prostate cancer nuclear matrices (x 15;006 magnification).

Although the structures of interest are surrounded by cell debris

in these photomicrographs, these preparations are'much purer than crude

/ .
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- Figure 7. Steroid specificity for [3H]R1881 binding to nuclear mati ix
in adenocarcinoma of the prostate. -Nuclear matrix preparation from
pooled cancer gpecimens was adsorbed to HAP for 1 hour and incubated
with 2 nM of [“HJR1881 plus a 1000-fold excess of TA with or without
increasing concentrations of the indicated unlabelled steroids. The HAP
pellets were washed with phosphate buffer and the residual radioactivity
determined. Total binding (100%) and binding in 'the presence of
unlabelled R1881 (4 ), dihydrotestosterone (A), progesterone (A ),
estradiol (O), and dexamethasone (@) are depicted.
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Figufe 8. E]e&tron micrograph of prostate cancer cell nucleus (x 15,000

magnification). *
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Figure 9. Electron micrograph of prostate cancer nuclear matrix (3(
16,000 magnification). g
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Figure 10. Electron micrograph or prostate cancer nuclear matrix
18,000 magnification).
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 Figure 11. Electf‘on‘rﬁicrograph of prostate cancer nuclear matrices (x
15,000 magnification). ,






\ 6 4
preparations of prostate cancer specimens, as documented by Figure 12 (x
18,000 magnification). These photomicrographs therefore demonstrate the

relative purity of our nuclear preparations, and adequate nuclear matrix

pr,?ervation. \
; |

Studies of Type I and Type II Estrogen Receptors in RatlUFeri

In. order to provide a modél for the investigation of multiple
estrogen binding sites in-the human prostate, a series of preliminary-
experiments were performed using the rat'utérﬁs, to quantify;type [ and
type II cytoplasmic estrogen binding sites. Previous expériments in our \Lf?
laboratory had suggested that type II ERc might be revealed in the
presence of the sulfhydryl oxidizing agent sodium tetrathionate (NaTT)
in rats injected in vivo with estradiol (data not shown). For the first
expériments reported here, animals were injected with éstradio], but no
ERc could be detecteﬁ, both in the absénce and presence of NaTT (data
\not{shown). Since it was-po;iible %hat the Tris-EDTA-Glycerol (TEG, see
" below) buffer used for theseAexperjments was inactivating type II sites,
an experiment was performed using a sing]eisaturating dose‘of‘lp nM..178-
estradiol, measuring ER; with a variety of different buffers iﬁéluding
STM, STM-glycerol (STM plus 10 per cent (v/v) glycerol), TE.(IO mM Tris,
1.5 mM EDTA), TEG (10 mM Tris, 1.5 mM E_DTA,I 10 per cent (v/v) glycerol),
TE-sucrose (10 mM Tris, 1.5 mM EDTA, O.Zé,M sucrose), again in the
presgnce'or absence of NaTT. The results (not shown) again showed no
demoﬁstrab]e-ERC. A simi]ar experiment using 0, 1 and 2 mM NaTT in the
presence or absence of glycerol again revealed no ER¢ binding. These
pré]iminany experiments (data not shown) suggested that after.estradiol

injection in vivo, very little ER remains in the cytbp]asm of the rat



Figure 12. Electron m1crograph of prostate cancer crude nuclear
preparation (x 18,000 magnification).






utefus, and“that ERC is nét demongtrqble in this sithation, even in the
presence of NaTT; The reason for the earlier observation that NaTT
could.be ﬁsed.to revéa] estrogen binding in the uterine cytosol of
estradiol -treated rats~is as yet unresolved. |
AFtentioﬁ was the% directed to the unstimulated immaturé rat
uterus, presumab]y in which most ER wcui. noc be transjocayed fnto the
~nucleus, as ovarian production of estradigl would be minimal. Scatchard
analyses using 12 point Scatchard p]ots.with an expanded ubper range of
steroid concentrations (see Appendix 7) to reveal binhing to 1ow’f |
affinity sites (such as ER type II sites) did not reveal type.II—
binding, although type I ER; was consistently present (data not
shown). This experiment.was repeated with the following modifications ‘
(data not shown): |
a) comparison of'ERC in cytosols to thch ligand was addéd prior
to HAP binding as opposed to addition‘of ligand following HAP
binding. ' :
~ comparison of ERc using DCC and HAP assays.

L S _ ‘
elimination of rotary shaking during HAP binding, to avoid any

possibility of heat-induced inattivation of type II ER: bj the
mechanical shaker.

d) wuse of a 30°C for 30 minute heat exchange to reveal
endogenously-'fﬂ\]ed ERG. ' -

e) cgmgarison of ER& in frozen uteri with froien cytosQL,

'f) variable time'of inqdbation,with radio]igand, ranging frém 2-20 5

hours.

@

g) addition of the Known receptor stabilizer sodium molybdate to

cytsol buffers.



\
Despité these rather comprehensive attempts, it was not possib]e to
c]éar]y’or éonsistent]y demonstrate the presence of type II ERc in the
immature rat uterine cytosol; more work will be required to duplicate®
the findings of Clark's group (Eriksson et al, 1978) for both type I and
type II estrogen binding before>this concept can be extended qp the

human prostate.

‘Estrogen Receptor in Benign Prostatic Hyperplasia
| ERc concentrations were.determined in a ser%es of 6 BPH specimens
of which ghree were ERC-negative (ER concehtfatinn < 3 fmol/mg of
. cytosol prote1n),.and 3 were ERc- pos1t1ve (mégn ERC concentrat1on = 8
fmol/mg of cytosol protein, mean Ky = 0.7 nM). Duplicate incubations
_ subjected to 30°C heating for 30 minutes did not show any change in
.measqred ERc concen¥ration in any of the specimens (data not shown).

- ERy (extractab]e-andvmatrix-bound) was not detectab]e in 2 norma]‘
prostate specimens, ahd 9 BPH specimens. In 3 of the BPH specimens, a
30°C 30 minute tehperature excaange also revea]ed nd?detectab]e ERN-
In order to avoid the possibility of receptor denaturat1on dur1ng

"‘—-s%0f/§e at -70°C for ]ong periods, ERN assays were performed on 2
additional BPH specimens, within 24 hours of obtaining the tissue. No
‘

detectable ERy was present in either of these fresh specimensgﬁwith or

without a 30°C, 30 hinute»temperature exchange (data nbt'shown).

~ Studies of Variations in Methods of Nuclear Pur1f1cat1on for Benign

Prostat1c Hyperplasia

/

In order to achieve optimal nuclear purification while maintaining

a reasonable nuclear yield, it was decided to determine both nuclear



purity (by 1ight microscopy), and nuclear yield (by DNA assay) in BPH
specimens which had been sedimehteq thrdugh variable sucrose

concentrationé and column heights. The resu]ts of{these studies aré
shown in Table VI. All experiments Qere perforhed on 2 different BPH

samples, and all numerical values are the means of the 2 results so

,obtained. -Subjective assessment of nuclear purity did not vary between- -

samples subjected to the same sucrose conditions. Purity varied |
,inversé?y with nuclear yield as.the column height was increased, for
both 1.8 and 2.0 M sucrose. The low nuclear yield despite excellent.
purity using 5ml of 2.2 M sucrose.prec]uded use of this sucrose

Lo

cqncentration. The highest nuclear yields were observéd'wiihfeither 5‘
mi or 10 ml of 1.8 M sucrose. Since nuc]ear pur1ty was substant1a1]y
" better w1th 10 -ml as opposed to 5 ml of 1.8 M sucrose, all further
exper1ment§‘1nvolv1ng nuc]e;r pur1f1cat1on'Were done using 10 ml of 1.8
M sucrose. | |

In order to deté”mine the optimal method for preparation of tissqe
homogenate prior_to. nuc]ear puraf1cat1on, pulverization under I1qu1d

n1trpgen was compared to no pu1v§31iat1on, followed by a compar1son of

_wPolytEQn and glass homogéﬁ1zat1on, as “outlined in F1gure 1. The resy]ts

. | : .
.are presented in Table VII, and represent the qeans of 3 experiments on
. . - . - i)

different BPH specimens. Omitting pu]verization/frbﬁ}tissue preparatﬁpn
resulted in a significant Toss of ARy. Although g]éésbhomogeniéatjon':
resulted in a higher nuclear yield than»Po]ytron_hor§4;nizatibn, jt waso
~accompanied by a grezter degreenof huc]ear imburity. @hen ARN was
adjusted for nuclear recovery variations by'expressionias fmol/mg

R o
nuclear DNA, there was little difference between Polytron and glass

homogenization.
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TABLE VIT

‘Studies of Variations in Pulverization and Homogenization Techniques
for Nuclear Purification for BPH

Method of - Nu¢Tear Recovery § Nuclear” ARy *
Preparation - (percent) Purity t Total
Polytron only. == 6 pure 1404
Pulverization, - - 7 . .
- Polytron ) .33 - - pure- . 3709
- Pulverization, ) - c o .
5.'g]ass homogenizer - 64 impure o 3480 ;

i
v

; B
(RS P

* Alldva1ges-éxpressed‘in fmol/mg nuclear DNA, Mean of 3 experiments.

§ Recovery = ‘post-sucrose DNA concentration 100 Lo
' pre-sucrose DNA concentration , "¢, .

t »ReTat{ye nuclear purity assessed by 1 obs&rver uSing light microscopy
. 'J il . * > . . '4 N ,_q{;;'lt.

. e . o i
A 7 T
vy N . ., ; f.‘l"'
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. / .
‘Studies ;;>Nuc]ear Androgen Receptor Concentrations in Crude and

Il

’ .
Purifieé/Preparations of Benign Prostatic Hyperplasia

InNorder to determine the optimal method of measuring ARN in the
prostatk; extractable, non-extractable (in crude preparations), and
.métrfx-bound (in“bﬁF}fied preparatioﬁs) ARy was quantified in 3 BPH
' $pec1méns, angut1ined in Figure 2. The results of these studies are

pre§ented in Table VIII, with all”va]ues;representing-means of the 3

experiments. When observed binding is corrected foﬁﬁvariable nuclear

recovery, by expression in fmol/mg nuclear DNA, very.little difference
v - & : :
is observed for AR concentrations in‘ crude and purified nuclear

preparations.
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~ TABLE .VIII

Studies of ARy in %Eudé and Purified Preparations of Nuclei of BPH ‘*

ARy Concentration (fmol/mg nuclear’ DNA)
Method of Method of txtractable Non- Matrix-  Total
Preparation Extraction extractable  bound
None - - - , 231
Crude KCI1 78 247 - 325
KC1/DNase 44 161 205 |
, KC1 18 318 - 336
Pure ol .
KCT/DNase a9 - 279 328

* A1l values represent mean of 3 experiments

Sy
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o CHAPTER IV
)

DISCUSSION

Benign Prostatic Hyperplasia

The role of. ER in the developmenttof BPH is current]y unresolved.’
If ER has'a*significant role in this disordenti?t should be uniformly
detectable in BPH‘specimens. Auf and Ghanadian (1982) and Donnelly et
al (1983) have presented the most reliable studies to date on ER in BPH.
In the former study, ERC and extractable’ ERy were’ detected in 94 percent
of BPH specimens, but the b1nd1ng affinity was cons1derab1y 1ower than
that usually reported for ER. In the latter study, despite the use of
sodium molybdate, PMSF, and Scatchard ana]ys1s, ER¢c could be
demonstrated in on]y.§3 p=rr 't of assayed specrmens. Furthermore, ERC
was only present in Ton concentrations, implying that -it might be .TEss
important than AR orjpiﬁt,*both of which were oresent in greater than
tnice the concentration ot ER¢c in the same study. We therefore wished
to extend these 1nv&ﬁt1gat1ons by quant1tat1ng ERN in BPH, by emp]oying
' a heat exchange to determ1ne whether endogenous estrogens were occupying
" ER and therefore preventing .its detect1on,~and by determ1n1ng whether
'.type I1 estrogen b]nd1ng s1tes ﬂere present in BPH.
The methods used 1n.quant1tat1ng ERy (extractab]e and matrix-bound)
were identical to those which had been successful. in measur1ng ARy 1n

BPH (Donne]ly, 1982) However ERN was not detectab]e in any of the BPH

'“f mens 1nvest1gated~(n 99, or in the two normal spec1mens assayed -for
'onpar1son. S1nce some of the spec1mens had been 7n storage at -70°C
\;_//for sevéral months, it was postu]ated that receptor degradat1on m1ght

| have occurred. However, ERy was a]so_not detectable’ in subsequently

A+



assayed fresh BPH specimens. .

Previous investigation§ ;ﬁ our laboratory (T11de<]ey and McBla1n,
1983) have demonstrated that a 30°C, 30 minute temperature exchange is
an effective method of reyea]ing ERc occupied by endogenous estrogens in
human mammary tumours. The temperature increases the rate of
dissociation of endogenoug‘sterfjd from the receptor, thereby allowing
radioligand to bind to the receptor in its place. OQur attempts to

produce a similar steroid exchange in BPH have been unsuccessful, both

‘ for ERc and ERy. It is possible that d1fferent conditions of heating

wou]d be more effective in the prostate. However, since ‘thére was also

abso]ute]y no change in measoreab]e binding using a 30°C, 30 minute
exchange, this is unlikely. A]ternativ, methods of steroid exchange
such asltreatment‘with’O.S M sodium thiocyanate or 5 mM mersa]yl acid
(Tildesley and McBlain, 1983) have not yet been investigated in BPH.

Wilson et al (1975) have strongly 1mp11cated elevat1on of serum

estrad1o] in the pathogenesis of canine BPH. Since estrogens generally

act via a receptor-mediated pathway, it is reasonab]e to assume that ER
‘would be present in human BPH if estrogens were a s1gn1f1cant factor in
this d1sorder. Our investigations do“ndf sdpport the hypothes1s that .
.type I ER is 1mportant in BPH, However, it is poss1b1e that estrogens
act through type II ER, as descr1bed by C]ark et al (1976 1973)1
Wh11e this manuscript was in preparation, Ekman et al (1583)
reported the presence of type I and type I}/ERC and ERN (salt-
extractab]e and salt- res1stant) 1n norhal hyperp]ast1c, and ma]ignant
_ prostate spec1mens. Qur pre11m1nary 1nvestigations~of type I and type
II ERc in the rat uterus have not .revealed type II ERC desp1te a variety

of exper1menta1 cond1t1ons . Since demonstrat1on of type II ERC 1n the
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animal model used by theyorigfna]«investigators has as yet been
unsuccessful, we have not attempted to measure type II ER¢ in human
prostate tnssue.

In summary, ‘although the finding of ERc in some BPH specimens by
Donnelly et al (1983) suggests a role for estrogen in BPH, we have been
unable to demonstrate ER in the nuclei of BPH, or to detect endogenous]y
occupied ER by steroid exchange: assay. ERN may 1ndeed be present, but.
in Tow -concentrations whieh are not detected by our assay, or the ER may
be unstable and therefore inactivated by the vigorous nature of the
‘nuclear 1so]ation and extraction procedures., E1ther the magne51um of
_ the nuclear. pur1f1cat1on buffer or the KC1 of the extraction buffer may
have inactivated any ERy present.

| It is also possible that ERy is present fn'substantial amounts, but
»cannot be detected by addition of radioligand. Stud1es in the estrogen-
sens1t1ve human breast cancer MCF-7 ce11$]1ne have shown that following
trans]ocat1on of ER¢ to the nucléus, the stero1d-receptor complex canhnot
be detected poss1b1y due to modification of the receptor, or its ‘binding
sites (Horwitz and McGuire, 1978 and 1980) This phenomenon has been
termed "nuclear processing" of receptor,. and may represent an
equ111br1um between degradat1on and synthes1s, or a red1str1but1on of

receptor w1th1n nuc]ear binding sites of d1fferent aff1n1t1es (Horw1tz-

and McGu1re, 1978b) A]ternat1ve]y, ERN may be un1mportant in BPH, in,

S

wh1chfcase the DHT accumu]at1on assoc1ated w1th BPmeay s1mp1y be dueuto ;

an 1ncreased stroma] Sa- reductase act1vLﬁy”’7$ suggested by McLough]1n :

»

- et al’ (1983) “ifﬁ% a LA
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, DNA however, there was cons1derab1e over]ap %ﬂffﬁr:

"nuclear pe]]et in this study cou]d have resu]ted i

Adenocarcinoma of the Prostate

While the présence or concentration of AR does not correlate with
therapeutic response in adenocarcinoma of the prostate (Wagner and

Schulze, 1978' de Voogt and Dingjan, 1978; Martelli et al, 1980; de Vere

g White and- 0]sson, Ekman, 1982), it has been suggested that the

concentrat1on of ARN may prov1de a better prognostic index for th1s‘
disease (de Vere White and OISSon, 1981; Ekman, 1982). Two recent
reports suggest a correlation between extractable ARy and hormone
responsiveness in patients with prostatic cancer,(Moh1a et al, 1982;

Trachtenberg and Walsh, 1982). Since most prostatic cancers are AR-

positive, a critical level of AR binding may be a more appropriate index-

than simply the resence or absence of receptor. Mohla et al (1982)

reported that 86 percent of patients with an extractable ARy '

concentration greater than 50 fmol/g of tissue. responded favourably to

endocrine therapy, while only 28 perceht:of those with an ARy

concentration 1ess than 50 ﬂno]/g of t1ssue responded favourably.

-

Trachtenberg and Walsh (1982) established th;'yif

of extractable ARy with regard to durat1on nj

e
?gz.

)

'fc§2§p1a5m1c

| contam1nat1on, and therefore, any observed b1nd1ng Qgght have been to

z,\
cytop]asm1c as we]] as nuclear receptor. To avoid bfh@” g to’ res1dua]
cytop]asm1c components, we have used a re]at1ve1y pure nu lear

preparat1on for our assays. Our results for ‘extractable ARN suggest

=y

B

that th1s receptor assay @ a usefu] prognostic: 1ndex, in accordance
w1th Moh]a et'a] (1982) and Trachtenberg and Walsh (1982), even though

i : g ' . R . L Cag

s ., . \ ~ < . . v T ’ ,r‘: -@

i
S
£

ooty
SR T

*,vbetween responders and nonresponders. Furthermd ~ > EHR ise of, a crude .

L4
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the patient data‘jd}fhe'1atter study does not entirely support this
cuinclusion.

In previous investigations in our laboratory (Donnel]y, 1982),

‘nuclear matrices were isolated from normal and hyperplaﬁi?£4pfbstate

specimens, and shown to contain significant quantities of ARy (see Table

"’“f“\4x/éﬁﬁ Figure 13); Barrack and Coffey (1980) have demonstrated that, in

I

~ the rat prostate, nuclear matrix-bound AR is the primary determinant of

androgen action. Therefore,‘we decided to investigate matrix-bound ARy

in prostate cancer. Our results indicate that although fhe

concentration of matrix-bound ARy and extractable ARy are useful A .
prognostic indices, {p < 0.05) total nuclear AR is the major determinant .

of androgen dependenéy in prostatic adenocasginoma (p < 0.02).  Since 75

percent of those patients'with no detectable extractable ARy had
significant levels of matrix-bound ARy in our series, combined
quantification of extractable -and matrix-bound ARy is necessary for

accurate prognostication.

Due to our relatively small sample size, we are currently unable to

estab]1s¢ a cr1t1ca] concentrat1on of matrix- bound ARy to reliably

\pred1ct tumour androgen dependenqy However, on]y one pat1ent with $

;
matrix-bound ARy concentrafhon greater than 200 fmol/g of tissue had&]
(‘y' . .
_ v . .
disease progression, and only one patient with matrix-bound ARN

LS

concentrat1on less than 100 fmol/g of t1ssue had disease: regression.

Therefore, matrix- bound ARN concentrat1ons greater than 200 fmol/g of .

t1s§g§.or less than- 100 fmol/g of tissue appear to correlate with
disease regression or prégression,_respgstively. Matrix-bound ARy
concentrations beyweeq 100 and 200 fmol/g of tissue are of little
predictive va]ué, as 3 of these patiéﬁts@had disease prbgression and 2

-



s

"

_ )
Table IX _ i _
Androgen.Receptor of the Prostate t |
Tissue n ' ARC : ARN ARN AR
Extractable Matrix-bound Total
Normal** 3 606 + 59 . 113* 325 + 139 1044
BPH**‘ 10 595+ 59 " 230 65 548 t 129 1373

Cancer 16 1028 + 255 251 ¢ 31 396 + 112 1675

T Mean t S.E.M. for AR-positive samples, expressed in fmb]/g of tissue
* Only 1 of the 3 tissues exhibited specifit binding of [3H]R1881

** Data from Donnelly (1982)
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Figure 13. Nuclear androgen receptor of the prostate. In both salt- -
extractable and matrix-bound compartments, hatched bars = normal
prostate (n=3), open bars = BPH_ (n=10), dark bars = prostate cancer
(n=16). Bar height represents mean ARy concentration (fmol/g of tissue)

t S.E.M., for positive cancer specimens only (alN\opg=s and. BPH
specimens were positive for AR). N
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had disease (egression. We are also currently unable to predict relapse

rates during hormonal therapy, due to our short périod of observation.

However, these data will be forthcoming with continted observotion.
Previous quantification of AR’in normal ‘and hyperpjastic prostates

A

in our laboratory (Donnelly, 1982).permits comparisons of AR

concentrations among the various tissue ee Table IX and Figure
13). AR represented 43-61 percent of ular AR in the three
types of tissue; extractab]e‘ARN represe... U-16 percent;’and matrix_

bound ARy represented 22-39 percent. Matrix ARy therefore represented
.74, 70, and 61 percent of tota] ARy in normaT, hyperp]astjc and

- mal1gnant tissue, respect1ve1y (data derived from Table IX). As the

number of normal tissue specimens is very small,ﬂno sratisticalaanalyses
were done- compar1ng the concentrat1ons of AR in normal t1ssue with those

found 1-*BPH or cancer. The unpaired Student s t test revea]s that the

al] AR va]ues between BPH and cancer are
,xThe re]at1ve concentrat1ons of ARN are
e .F1gure 13, wh1ch 111ustrates the -marginal .
d1fferences between normat fhyperp]asﬁ1c and'ma11gnant t1ssue,-1n both
.~extractab1e and natrix-bou d receptor compartments. These'results_haVe
'not been corrected for;any loss of'nuclei during nuclear purification.
Whlle th1s work was in progress, Barrack et a] (1983) reported a
series of 11 prostate cancer spec1mens in which ARN was quantified as

either sa]t-e4tractab1e‘or sa]t-res1stant (see below). However, these

investigators used a crude homogenateggwhjch ﬁpuiﬂ contain considér%b]e

: P , A 4 g
cytoplasm1c debr1s) rather than a NN e&\preparaﬁﬁon'(Donne]Ty,

1982). In contrast,’as ment1oned above the use of relatively pure
p 3 - N

’ *niclei'for the study- reported herein'gives'gonsidenable confidence that.

\ : o ' it ~ " . o
L : ' LT ' R e Gy

-

q
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the steroid .binding detected was binding to.nu. ~ Components, and not
‘to any residual cytoplasmtc components:— - o \

As.shown in Table X, Barrack et al (1983) expressed theirhresu]ts
as fmol/mg DNA, thus correcting for any loss of'nuc]ei} However;'they'
did not Correlate ARy concentrations with patient response ta hormona1
therapy, -A}though the follow-up penipd'of six months for our-'patients
is relatively short, androgen dependency and resu]tant benefit from
‘androgen suppress1on frequently on]y ]asts several months.' Therefore we
- fee] JUSt1f1ed 1n conc]ud1ng that ev1dence of d1sease regress1on at s1x
months on hormona] therapy is indicative of androgen dependency as

préd1cted by extractab]e, matrix-bound, or preferab1y, tatal ARN,

) “’ . : P
. ';'\ . i
The Problem of‘Express1on of Nuc]ear Androgen Receptor Concentration in
' ko ‘ ] o l,

Prostate Cancer o _ \ ‘ .

In order to provide a mean1ngfu] quant1f1cat1on of AR, 1t was

necessary to adopt the most accurate assay methods, and in addition, to

w

determine "of _the most appropr1ate mode,of Fxpress1on of any”measured

binding. =« - S, o o ‘ -

W

Although single point microassays have-been advocatddwfor"

]

‘estimation of steroid receptor content.(H1cks and Wa]sn/ 1979~“Barrack '.",_”

. et al, 1982), the most’ reliable method rema1ns saturation assays w1th

"-u

data ana]ys1s by the method of Scatchard (1949), wh1oa %?ov1des the S
" maximal b1nd1ng capac1ty (B max), d1ssoc1at1on cgnst‘“ ( ), aﬁd{ -

correlation coeff1c1ent (r) (Murphy‘et al, 1980 Ehmaﬁ:‘1982)

\

B max is 1ncons1stent1y expressed as’ fmol/mg/prote1n, fmol/mg DNA

? ! N

or fmo]/g of t1ssue, oy var1ous 1nvest1gators, mak1gg compar1son among
L ’

. studles d1ff1cu1t. Any of these methods—Ts su1tab1e for ben1gn t1ssue,

» 47



Table X
l

Comparison of Prostate Cancer ARy Concentrations
Expressed as fmol/mg DNA for Existing Studies

Author salt-extractable salt-resistant total
. nuclear

Trachtenberg and
Walsh (1982)*
“(n = 23) : 207 ~ not determined not determined

Barrack et al (1983)%

(n = 11) 227 128 - 355
Gonor (1983)t . . ,
(n = 8) 113 - 336 449

T Sa]t:resistant = Matrix-bound in present series. Expressed 1in
fmol/mg nu¢lear DNA.

* Expressed as fmol/starting DNA equivalent.

+ Expressed as fmoT/mg DNA.
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which ﬁas a relatively consténtlDNA concentration of 1-2 mg DNA/g of

tissue (Hicks and Walsh, 1975; Sirett and Grant, 1982). Hgwever, in the

malignant gland, the DNA conﬁent is highly variable due to extreme

degrees of aneuploidy €Zetteéberg and Esposti, 1976; Céffey and Isaacs,
4z1b}, which could render th1s mode of expression unsuitgble.

In our series of prostatié cancer samples; DNA cdncentrations
ranged from 0.2-15.9 mg of DNA/g of tissue Kmean value 5.3 mg of DNA/g
of tissue) wh%le Ekman et al (1979) found 1.3-14.0 mg«of DNA/g of tissue
(mean value 5.4 hg of DNA/g of tissue). Thus, spe&jmenghcontaining
identical amounts. of receptor could have vastiy different ARy
concentrations when exp(ession 1s‘based on the DNA concentration.

It has even been sugéésted that the greatér the p]oidy,ithe worse
the response\to hormonal therapy (Bohm and Sandritter, 1966). Since an
increased ploidy results in a greater DNA concentfation, with less
fesultant androgen binding when expre§sed per mg of DNA, ARN values
expressed per mé DNA will be inversely related to the degree of
aneuploidy. Therefore, in prostate cancer, a low ARN concentration
(expressed per mg of DNA) indicates high ploidy and a reéu]tant poor
response to hormonal therapy possibly on thi; basis alone, It is thus
evident that progression of disease in the presence of a low ARy
concentration (expressed per mg of DNA) méy be correlated with
aneuploidy, which in turn produces the artifactually low AR&
concentration. |

In view of these difficulties, we propose that in malignant tissue,
ARy concentrations should be expressed in fmol/g 6f tissue to avoid

ploidy-dependent receptor concentrations. Although results for

cytoplasmic receptor assays may be expressed in fmol/mg of cytosol



protein, this is less eppropriate for nucﬁear assays, where the
significance of protein concentrations is unknown.

The expression of binding capecity per mg of DNA becomes even more
problematic when nuclear purification is introduced. The 1nev1£ab1e
loss of nuclei during nuclear purification produces a lower DNA
concentration in the purified preparation. Bindiﬁg may therefore be
expressed either per mg of starting bNA, or per mg of nuc]ear‘bNA, the
latter expression adjusting for variable nuclear recovery. ’wﬁen dafta
are expressed per mg of nuclear DNA§ the value obtained is therefore
higher‘than when expressed per mg of starting DNA. In order to correct
for nuclear ]osé'while evoidingﬁthe probiem of aneuploidy, the binding
must be expressed as fmol/g of tissue (corrected), which is obtained by
dividing the binding in fmo]/é of tissue by the percentage nuclear
recovery. This value represents the amount of binding present per g of
~ tissue, corrected for nuclear loss during purificafion, and is the most
‘1ogica] mode of expression for prosfete cancer if one is asseming
variable nuclear recovery, since any mode of expression which 1nvo]ves:
DNA concentration is_uﬁsuitab]e because of the wide range of ploidy.

Although Mohla et al (1982) express fhei?\results for extractable
ARy in prgstate cancer in fmol/g of tissue, Traehtenberg and Walsh

e |
(1982) rely on fmol/mg starting DNA equivalent. This latter expression
is ca]cu]ated by determining the DNA concentration in the initial tissue
homogenate and using this starting DNA value to express the
concentratiun ui AR extracted from the resulting crude nuclear pellet.
This\de".vaf‘ﬁn ascumes a uniform nuclear DNA‘concentration, which is
not precant in adenocarcinoma of the prgstate; To allow comparison with

other studies, we have expressed our cancer restlts-per mg of nuclear

86



DNA (see Table X). It is apparent from this table that we observed
comparanble exiractable ARy to that seen by other ihvestigators, but -that
our n.trix-bound ARN was significantly higher.

Ithis noteworthy that for studies of benign tissue, DNA
concentrations remain useful,'and have the advantage of allowing
correction for variable nuc]ear‘rgcovehy (when expressed per mg nuclear
DNA) thereby permitting comparison of binding in crude and purified

preparations. !

Nuclear Purification 1nd Receptors

In the quantification of any nuclear receptor, a basic prerequiéite
's that the observed binding must be to nuclear co%ponents, rather than
to cytoplasmic or extrabe]]u]ar contamindnts. Nuclear purification is
therefore a logical measure in quantification of nuclear receptors in
the prostate. For thé Erostate cancer ARy studies presented above, we
relied on the basic method of nuclear purification utilized by  Donnelly
(1982). We have since attempted to refine this technique by
jnvestigating three aspeéts of nuclear purification: (1) determination
of the optimal sucrose concentration and volume, (2) determinatioﬁ of
the optimal method of tissue homogenization, (3).comparison of
measureable ARy under conditions of crude and purified nuclear
preparatioﬁs.

Our studies of ve iations ih sucrose sedimentation (see Table‘VI)
indicate that an optiral balance between nﬁc]ear purity and nuclear
recovery is obtained with loﬂml of 1.8 M sucrose. Nuclear recdvery is
enhanced marginally with 5 ml of 1.8 M sucrose, at thé expense\of a

substantial loss of purity. Similarly, nuclear purity is enhanced with

87
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20 ml of 1.8 M sucrose, at thé expense of a substantial .oss of !
nuclei, Increasing the concentration of sucrose to 2.0'M proiuces a
relative increase in nuclear purity, but with low niclear recavery.
Therefore, all subsequent nuclear purifiéatiohs were done using 10 ml of
1.8 M sucrose. -

?eriodic evaluation of cancer preparatfons with light microscopy
demonstrated variable cytop]aémic contamination. Since a glass
homogenizer was used for these preparations, it was ngfessary to
determine whether cytoplasmic contamination might be lessened, while
simu]tﬁneously maintaining reasonable nuclear recovery, using an
alternative method of tissue homogenization. An additional .parameter
examined in these experiments was' the need for‘tissue pulverization
under liquid nitrogen prior to homogenization. Our routine method of
pulverization by Thermovac compression gun or mortar and pestle produced
a fine powder which we felt was more uﬁiform in consistency than‘simp1y
chopping the tissue with a razor blade. Results of these studies (see
Table VII) indicate that pulverization is essential to avoid
underestimation of ARy in BPH. Furthermore, although nuclear recovery.
is superior with glass homogenization, this is a;;;Ziated with a marked
impurity._ When ARy concentrations are expressed in. fmol/mg nuclear DNA,
thereby correcting for nuclear loss, Polytron and glass homogeniiatioﬁ
produce similar méasureab]e qUantities'of ARy. Because of the
‘comparab]e ARy detection, with much better purity, tissue pulverization
followed by Polytron homogenization is thus the preferred method of
~nuclear preparation in BPH.

'Other 1nve$tig$tors of salt-resistant ARy (Barrack et ai, 19835

have relied on a crude nuclear preparation without purification (see



) Yj .

above). To determine whether the differences in ARy Coégentration
dbserved between our series énd that of Barrack et al (1983) (see.Table
X) were dde to uncovering of bindfng sites, it v-s esséntial to cﬁmpareﬁ
ARN measured in crude andrpurifﬁed preparations of BPH, }hese studiés'"
haVe demonstrated that sait-resistant or matrix-bound ARN concentrations -
are similar in crude and purified BPH preparati-is, when corrécted for
nuclear loss with purification. Therdfore, our nigher levgls of matrix-
bound\ARN fn prostate cancer specimens égggrehtly ce ot be*exp]ai?ed by‘
tre unmasking of binding sites by nuclear ;urificati i. Barracg et al
(1983) used TEG (Tris-EDTA-glycerol) buffer for their subcellular
fractionation procedures, while STM (Sucrose-Tris-magnesium) buffer_was‘
used in our series. STM contains 5 mM MgSO, which is a known stab{]izgr
of'nuclear membraes (Beréznéy and Coffey, 1977), and omission of MgSOy
may explain the wide range of ‘nuclear recoveries (averagihg 70 percent)
observed by Barrack et al ’i983). If we epress our results in fmol/mg
starting DNA, thereby discounting nuc]eaf.léss during Qurifjcation, the
mean matrix-bound ARy concentration is 148 fmol/mg starting DNA (see
Table 1), comparab]e to that observed by Barrack et al (1983). It is.
possible that by not correctly accounting for loss of nuclei during
tissué preparation, these investigators may not” have accurately
quantified ARy concentrations. |

It must be emphasized that ifiresu1ts are expressed in fmol/g of
tissue, nuclea; burification produces lower ARN‘va]ues, due to nuclear
loss. Therefore, for BPH specimens, comparison between crude and
purified preparations requires quantification of nuclear recovehy and'
eipression of.binqing in fmol/mg nuc]egr DNA. Alternatively, expression

of ARy concehtration in fmol/g of tissue (corrected) will also allow

A
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comparison- between crude apd purified preparations.

The Future

~

We have demonstrated the utility of ektractab!e, matrix-bound, and

[

total ARy quantifications in adenocarcinoma of the prostate for

b\

pradiction 6; an&ruge? dePendency, and determined that the optimal %ode
of expression %or ARy in pro-tate cancér specimens.is fmol/g of Lissue,
corri:cted “ar nuclear recovery in purified preparations. Our

p ~"imi.ary stuc. . do not confirm the role of ERy in the pathogenesis
ol 8FY, an! we “ave been unable to demonstrate type II ERC in the
immature @' slerus. We have therefore been unable to apply th1s
FCthcpt to the prostate. We have also refined the methods of nucleam

purification for srostate specimens, and demonstrated the equivalence of

~

crude and purified preparations in quantifications of ARy.

Future considératfons‘for the appliqatiQ? of st_-oid receptor
/ .

i
assays in prostate cancer include issociatiof of ARy from the nuclear

g/
of sod1Um molybdate on ARy, more

matrix,tdetermination of the_éffe

~

extensive pat1ent follow-up, an determ1nat1on of a cr1t1ca1

concentration of matrix-bound ARN neces§any for androgen dé}endency
Furthermoge, ERy and nuclear PgR~(PgRN) hi /e not been 1nvesfigatg§ in_

‘ .
. 7
S !

prostate cancer.

In benign prostatic hyperpiasié, our findings regafdingnERC and ERy
§ / ’

must be investigated further, possibly by determination of the présence

or absence of type II sites withiq/the prostate, or a1ternate_mgthods of

i

S . >
exchange assay, in order to c]arify the role of estrogen and ER in the

pathogenesjsfof BPH. In addition; PgRy has yet to be ‘uantified in BPH,
and this receptor may also modUlaée prastatic cellular grohth;
. \‘ . - .
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APPENDIX I
NATIONAL PROSTATIC CANCER PROJECT RESPONSE CRITERIA

(a) Objective Complete Response (all of the following)
1. Tumour masses, if present, totally disappeared and no new
lesions- appeared.
2. Elevated acid phosphatase, if present, returned to normal.
3. Osteolytic lesions) if present, recalcified.
4, Osteoblastic lesions if present, normalized.
5. If hepatomegaly is a significant indicator there must be a
complete reduction in liver size,‘and norma]izatfon of all pre-
treatment abnormalities of liver function.
6. No significant cancer-related detérioration in weight
(<10%), symptoms, o performance status (became or remained

ambulatory).

(b) Ubjéctive Partial Regression (511 of the foi]owing)

1. At least one tumour méss, if present, is reduced3by 50% in
x-sectional area.
2. Elevated acid phosphatase, if présent; returned to normal.
3. Osteolytic 1esipns, if present, do not surpass.

4. Osteoblastic lesions, if present, do not progress. - /
5. If hepatomegaly is a significant indicator, there must be a/’
_reduction in liver size aﬁd at least a 30% improvment of all
pre-treatment abnbrma]ities of 1ivér function.
6. There may be no increase in any other lesion and no new

-

areas of malignant disease may appear.
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7. . No significant cancer-related deterioration in weight
(<10%), symptoms, or performance status (improved or remained

the same).

(c) Objective Stable (all of the following)
1. No new lesions occurred and no lesions measurably preéent
increased more than 25% in x-sectional areas.
2.. Acid phosphatase Tevel decreases, though need not return to
'normal.

3. Osteolytic lesions, if present, do not appear to worsen.

X‘

' 4: 'Osteoblastj; lesions, if present, remain stable.
5. Hepatomegaly, if present, does not worsen by more than 30%
and symptohs of hepatic abnormalities do not worsen.
6. No'significant cancer-related. deterioration in weight

(<10%), symptoms, or performance status (improved or remained

 the same). , s

(d) Objective Progression (any of the following)

1. Significant cancer-related deterioratioﬁ\fn\weight (<;O%);
symptoms, or performance sta£us (at least one scorékleve]).
2. Appearance of new areas of malignant disease.

3. Increase in any areviously measureable lesion_greater than'
25% in x-sectional area.

4, beve]opment 6f regurring anemia secondary to prostate

cancer.

5. Development of uretha] obstruction.

I



N

NOTE: An increase in acid or alkaline phosphatase alone is not to be
considered an indication of progression, and should be used only .in

conjunction with other criteria.
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APPENDIX 4

Patient Androgen Recéptor Data (Adenocarcinoma of the Prostate)

AR \ ARy (Extract 1)
Patient A B F G A C D’ E F G
No.
1 1439 41 0.96 0.3 106 - - - 0.75 0.5
2 455 34 0.83 0.3 37 - - - 0.91 0.2
3 1035 48  0.97 0.4 0 .0 0 0 - -
4 0 0 0 0 0 0 0 0 - - -
5 0 0 0 0 213 36 58 349 0.74 -4.4
6 1336 297 0.74 0.9 0 - - - - -
7 149 8 0.85 0.2 56 77 128 93 0.80 1.3
8 232 9 0.87 0.1 73 - - - 0.84 0.4
9 923 18 0.76 . 0.1 253 26 46 460 0.95 0.5
10 414 23  0.79 0.3 0 - - - - -
11 967 31 0.94 0.1 246 - - - 0.81 1.0
12 710 22 0.93 0.1 231 55 123 525 0.95 0.8
13 755 24 0.84 0.4 90 - - - 0.90 1.7
14 385 11 0.80 0.2 46 47 78 177 0.78 0.2
15 1660 61 0.79 ' 1.1 2 (spilled) a
16 3938 140 0.96 0.2 190 - - - 0.87 1.1

O T MO ®>.

fmol/g of tissue

‘fmol/mg of cytosol protein
fmol/mg starting DNA

fmol/mg nuclear DNA

fmol/g of tissue (corrected)

r value (correlation coefficient)
Kq (nM) (dissociation constant)
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APPENDIX 4 =~ continued

Patient Androgen Receptor Data (Adenocarcinoma of the Prostate)

AR& (Extract 2)

ARy (Extracts 1 & 2)

Patient A C D E F G A C D E
No. : ’
1 0 - - - - - 106 - - -
2 0 - - - - - 37 - - -
3 0 0 0 o - - 0 0 0 0
4 0 0 o - 0 - - 0 0 0 0
5 0 0 0 0 - - 213 36 58 349
6 0 - - - ' - 0 - - -
7 0 0 0 0 - - 56 77 128 93
8 0 - - - - - 73 - - -
9 88 9 - 16 160 0.72 0.5 341 35 62 620
10 0 - - - - - 0 - - -
11 62 - - - 0.96 4.2 308 - - -
12 0 0 0 0 - - 231 55 123 525
13 0 - - - - - 90 - R -
14 0 0 0 0o - - 46 47 78 177
15 184 24 3 - 270 0.98 0.3 184 24 35 270
16 - 0 - - - - - 190 - - -

DM MO O

[T L TS L { I I T

fmol/g of tissue

fmol/mg of cytosol protein
fmol/mg starting DNA

fmol ‘mg nuclear DNA -

fmol/g of tissue (corrected)

r value (correlation coefficient)

Kq (nM) (dissociation constant)
. ']
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APPENDIX 5 ; ) ‘ N

1
1

Patient Progesterone and Estrogen Receptor Data
(Adenocarcinoma of the Prostate)

‘ : PgR¢ _ ER¢
Patient # A B C D A B C D
1 596 17 0.92 0.9 0’ 0 - -
2 134 10 0.97 0.3 0 0 - -
3 1230. . 57 0.92 0.5 0 0 - . -
4 45] 24 0.66 . 0.7 0 0 - -
-5 0 0 - - 0 0 - -
6 742 165 0.90 0.3 153 - .34 0.65 0.1
7 0 0 - - 0 0 - -
8 346 | 14 0.55 0.1 175 7 0.74 0.4
9 1292 25 0.82 1.0 386 7 0.56 0.1
10 0 0 - - 0 0 - -
11 0 0 - - 0 0 - -
12 3253 101 0.92 1.8 - 301 9 0.94 0.2
13- ~. 861 . 28 0.99 0.1 387 12 0.82 1.0
14 700 20 0.70 0.7 0 -0 - -
15 0 0 - - 268 10 0.52 0.7
16 0 - -

788 28 0.92 3.9 .0

fmol/g of tissue :

fmol/mg of cytosol protein

r value (correlation coefficient)
Kq (nM) (dissociation coefficient)

OO WX
oo n

s
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