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Summary—The complex heterogeneous nature of the human prostate gland is such that it is advisable
to know the histological characteristics of each sample used for androgen receptor (AR) measurement,
Adequate size of sample for AR determination is thus a problem if specimens provided during routine
transurethral prostatectomy are to be used for both estimation of AR and histological examination. We
present a simple method suitable for these small specimens in which PHJR 1881 bound to AR is separated
from free steroid on mini-columns of controlled-pore glass beads. Data obtained indicate a single class
of binding sites of high affinity and low capacity with steroid specificity typical of an androgen receptor.
The assay is suitable for samples as small as 20 mg wet weight and is linear using 25-125 ul cytosol
(correlation coefficient 0.995). Intra-assay variation is 6.8% and interassay variation 25.8% (n = 22) over
4 months. A single saturating concentration of steroid measures 97% of AR calculated by Scatchard
analysis. Inclusion of high salt (0.4 M KNO,) and 10 mM dithiothreitol in incubation buffer at pH 8.4
are essential; inclusion of 10 mM sodium molybdate in the homogenisation buffer improves measurement.
A comparison of AR measured in histologically similar samples obtained by a transurethral resectoscope
(TUR) and a cold punch resectoscope {CPR) taken in juxtaposition demonstrated no difference in receptor
content. Although carcinomatous samples contained significantly higher receptors levels than benign

samples, no differences were observed between TUR and CPR specimens.

INTRODUCTION

Experience suggests that three-quarters of all patients
with cancer of the prostate gland will respond to
endocrine therapy for varying periods of time.
Growth of the prostate is dependent upon androgens
presumably acting upon androgen receptors (AR),
therefore measurement of AR should define those
patients more likely to respond. However progress
with regard to successful prediction of response has
been slow; this may be because of methodological
difficulties inherent in prostatic AR measurement
which do not occur to the same extent in other target
organs or with other steroid hormone receptors.
Problems include the presence of high levels of en-
Zymic activity, the existence of other high affinity
steroid binding components and, perhaps most im-
portantly, the complex heterogeneous nature of the
tissue.

Before conducting large-scale trials to determine
the value of AR measurement it is important to have
a reliable and reproducible assay suitable for routine
use and also suitable sampling procedures for obtain-
ing tissue. The sample used for AR measurement
must be representative of the carcinoma and not of
adjacent normal or benign hyperplastic tissue. It is
therefore advisable to know the histological charac-
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teristics of each specimen. Open operations are now
rarely performed. Part of each sample obtained dur-
ing routine transurethral resection must be used for
histological examination, thus the tissue remaining
available for AR measurement will be small. Any
assay chosen must be able to use these small speci-
mens.

We describe a method, modified from that of
Randall and Mainwaring [1] which fulfils these re-
quirements. The principle of the method is as follows.
AR, bound to the synthetic androgen [*HJR1881
{methyltrienolone), is selectively retained by a mini-
column of controlled-pore glass (CPG) beads. All
other cytosol contaminants (which may interfere with
the assay) and unbound [PH]R1881 are washed
through the column. Measurement of [PHJR1881
eluted from the beads will give a direct measure of
AR.

EXPERIMENTAL

Steroids

[*H]Methyltrienolone (R1881, sp. act. 87Ci/
mmol), and radioinert R1881 and promegestone
(R5020) were obtained from New England Nuclear
Corporation (Southampton, U.K.). On arrival
PHIR1881 was diluted to 400 nM with benzene-
ethanol (9:1, v/v) and stored at 4°C. Milbolerone
(a synthetic androgen, 7,17-dimethyl-19-nor-
testosterone) and Organon 2058 (a synthetic
progestogen, 16-ethyl-21-hydroxy-19-norpregn-
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4-ene-3,20-dione) were obtained from Amersham
International plc (Bucks, U.K.). Other unlabelled
steroids were obtained from Sigma Chemicals
(Dorset, U.K.).

Chromatographic materials

Glass balls (3.5-4.5mm) were obtained from
British Drug House (Middlesex, U.K.) and manually
selected for size (3.5mm) and uniform roundness.
CPG beads (PG 500-200, mesh size 120-200) were
purchased from Sigma Chemicals. Precision glass
Pasteur pipettes were obtained from Bilbate Ltd
(Coventry, U.K.).

Buffers and solutions

The following buffers were used. Homogenisation
buffer (H): pH 7.4, 10 mM Tris, | mM EDTA, 1 mM
dithiothreitol (DTT), 15% glycerol; Soaking buffer
(A): pH 7.4, 10 mM Tris; Washing buffer (B): pH 8.4,
10 mM Tris, 0.4 M KNO;; Incubation buffer (B+):
pH84, 10mM Tris, 0.4M KNO,, 10mM DTT;
Incubation buffer (B+ +): pH 8.4, 10mM Tris,
0.8M KNO,, 20mM DTT. All water used was
double distilled. DTT was added to solutions imme-
diately prior to use. All pH values were determined
at 4°C.

Measurement of radioactivity

Radioactive samples in aqueous—ethanol solution
were mixed with 3.5 ml Beckman EP aqueous scintil-
lation cocktail (Beckman, Bucks, U.K.) and allowed
to equilibrate for 1 h prior to counting for 5min in
a Betatrac Liquid Scintillation Counter (Denley Ltd,
Sussex, U.K.). Counting efficiency was 25-30% and
was unusually low because of high ethanol quench-
ing.

Tissue handling and storage

Samples were obtained during transurethral re-
section (TUR) surgery from patients presenting with
prostatic obstruction and subsequently diagnosed as
having either benign hyperplastic or malignant pros-
tates. Specimens from the posterior peripheral region
of the prostate (presumed peripheral zone) were
obtained using the Trucut biopsy needle inserted
perineally and guided by a finger in the rectum. The
needle was palpated and guided to any suspect area
when these were present. A second needle biopsy
taken in juxtaposition (as located by ultrasound in
some instances) was used for histological
classification. Resected specimens were obtained us-
ing a Storz resectoscope with either the 24 French or
27 French sheaths, samples being taken both from
the periurethal region and, towards the conclusion of
the resection, from the presumptive capsule of the
hyperplastic region and peripheral zone. TUR
samples were carefully selected for assay; only large
undamaged chips were used, and a portion of each
specimen was taken for histological classification.

To investigate whether the TUR technique of
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obtaining samples caused erroneously low or falsely
negative AR results as has been suggested by some
groups [2, 3, 4] comparisons were made between this
technique and samples obtained using a cold punch
resectoscope which, as the name implies, generates no
heat and does not cause tissue charring. The cold
punch specimens were sampled entirely from the
periurethral area towards the beginning of the re-
section using a Storz Mauermayer lithotrite with
specially sharpened blades to obtain tissue specimens.
Tissue was taken in juxtaposition by the two methods
and the histological characteristics of each noted;
only those pairs with similar features were used in
comparisons.

All samples used for AR measurement were imme-
diately (whilst still in the operating room) frozen in
liquid nitrogen and stored frozen until required. All
tissues were weighed before use, whilst still frozen. All
subsequent procedures were carried out at 4°C unless
specifically stated otherwise.

Cytosol preparation

The frozen tissue was pulverised using a micro-
dismembrator (Braun, Melsungen, Germany) for 30 s
at full speed. When the tissue weighed below 40 mg
a 50 ul aliquot of buffer H was frozen in the Teflon
vial with the tissue prior to pulverisation (the tung-
sten ball was frozen separately in this instance). The
powder was carefully resuspended in 5vol (w/v)
buffer H. The homogenate was centrifuged at
105,000 g using a swing-out rotor for 30min to
separate the cytosol which was used immediately.

A quality control (QC) cytosol was included in
each assay. A large volume of cytosol was prepared
from BPH tissue obtained during retropubic pros-
tatectomy and 1 ml aliquots were stored in liquid
nitrogen until required. If the QC was AR negative,
or Scatchard plots could not be drawn, or the AR
value was outside two standard deviations from the
mean, the results from other cytosols in the same
assay were regarded as invalid.

To determine optimum assay conditions, for re-
producibility, assay validation and steroid specificity
studies, cytosol was prepared and divided into ali-
quots as for the preparation of QC.

Protein content of the cytosol was determined
according to the method of Lowry [5] using bovine
serum albumin as standard.

Modifications to androgen receptor assay procedure to
determine optimum conditions

Preliminary work established the optimum assay
conditions in an attempt to improve the suitability of
the method for routine use. Some of the details are
shown below.

Column preparation. A 509, suspension of CPG
beads in buffer A was deaerated by vacuum pump for
1 h on the day of use with occasional very gentle
swirling. Two-hundred pl settled volume of beads
(settling time 15 min) in a 1 ml disposable syringe was



Androgen receptors in human prostate

transferred to a Pasteur pipette blocked by a single
3.5 mm glass bead. The CPG suspension was immedi-
ately washed in with buffer A, allowed to settle under
gravity and covered by a circle of glass fibre filter
paper (Whatman grade GF/C). The use of a single
glass ball to block the columns was found to give
better reproducibility than the use of glass wool as
recommended by Randall and Mainwaring [1]. Col-
umns were used within | h of preparation; they were
equilibrated with 2.5ml buffer B and checked for
signs of leakage, immediately before use.

Separation of bound and free [° HIR1881. Solvent
was evaporated from the PH]R1881 under nitrogen
and the solid immediately redissolved in the appro-
priate incubation buffer (as described later) to pre-
vent the generation of impurities. To determine total
binding (TB) of steroid, cytosol was incubated with
[PH]R1881; to determine non-specific binding (NSB)
of steroid a duplicate aliquot of cytosol was incu-
bated with PHJR1881 in the presence of 100-fold
excess unlabelled dihydrotestosterone. A 500-fold
excess (relative to the radiolabelled material) of tri-
amcinolone acetonide was also included in each
incubate to prevent binding of PHJR1881 to pro-
gesterone receptors [6].

For Scatchard Analysis [7] a range of [PH]R1881
concentrations (0.6-10 nM final concentration) was
used. The concentration of AR was calculated from
a Scatchard plot and expressed as fmol/g wet weight
of tissue, the binding affinity (K,) was calculated as
moles/litre incubation mixture. Preliminary experi-
ments used a single saturating concentration (SSC) of
[PH]R1881 (10 nM final concentration) and were per-
formed in triplicate. Optimum conditions for AR
labelling were investigated.

Labelling of AR on the column, according to
Randall and Mainwaring {1}, was carried out as
follows. A 50 ul sample of cytosol was added to the
column and allowed to run in. The column was
washed with 8 ml buffer B to remove cytosol con-
taminants, with AR being retained by the column.
Four-hundred ul of the appropriate [PH]R 1881 solu-
tion in buffer B+ was allowed to run in followed
immediately by 200 ul and then by a further 400 ul
of the same solution 30 min later to label the AR
retained by the column. After varying periods of time
(1-24 h) the column was washed with two 1 m! por-
tions and then 20 ml buffer B.
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Labelling of AR “in tube” was performed as
follows. Fifty ul cytosol was added to 50 ul appropri-
ate ["HJR1881 solution (final concentration 10 nM)
prepared in buffer B+ + (final salt and DTT concen-
trations of the incubate were the same as for the in
situ column labelling method) and incubated for
varying periods of time (1-24 h). The whole incubate
was then transferred to the column and washed in
with two 1 ml portions followed by 20 ml of buffer B.

The above procedures separated the free
[PHIR1881 from that bound to AR, with the free
steroid being washed through the column and AR
bound to either PH]R1881 (TB) or to DHT (NSB)
being retained by the CPG bead columns. After this
separation the [*H]JR1881 retained was allowed to
dissociate from the receptor by leaving the columns
for 1h at room temperature. The steroid was then
eluted with 1 ml absolute ethanol, the radioactivity
counted and the AR concentration calculated.

Using either of these methods, specific binding (SB)
of PH]R1881 was maximal at 16 h and decreased by
24 h thus 16 h incubations were adopted. Labelling of
cytosol “in tube’ was used in all further work as SB
was higher, and NSB and background levels of
radioactivity were lower when compared with label-
ling on the column (Table 1), thus giving greater
sensitivity.

Binding of [PH]JR1881 was also measured in male
serum diluted 1:10 with buffer H to give a similar
protein concentration to cytosol. No SB was detected
when labelled by either method, however, NSB was
lower when labelled prior to separation on the
column.

Optimum wash volume. Using SSC the effects of
different washing procedures on TB, NSB and blanks
(R1881 only) were investigated. The labelled cytosol
or blank was applied to the columns and washed with
varying volumes of buffer B from 0.5 to 20 ml, using
0.5ml aliquots up to 5 and 1 ml aliquots thereafter.

The wash volume chosen for subsequent assays
was 3ml because with this volume blanks were
consistently low and SB was constant. The smaller
volume also has the major advantage that the assay
is carried out more quickly (20 min compared to
140 min) thus making the assay more suitable for
large numbers of samples and therefore suitable for
routine use (12 Scatchards can easily be processed in
one assay).

Table 1. Different labelling techniques of cytosol and serum

Total Non-specific Specific
binding binding binding Blank

Cytosol

Column labelling 1610 + 177 784 + 47 826 + 107 275452
Tube labelling 1364 + 57 130 + 21 1234 + 33 98 + 16
Serum

Column labelling 702 + 84 707 + 111 — 275+ 52
Tube labelling 225+ 44 243 + 55 — 98 + 16

Values are mean + SE dpm eluted from column calculated from 3 replicates. Serum was
diluted 1:10 with buffer H. In blanks buffer H replaced cytosol or serum. See text

for further details of methods.
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Fig. 1. Determination of optimum wash volumes. The

effects of different washing procedures upon (a) total
{(@---@), non-specific ( x --- x ) and blanks (+ --- + ), and
(b) specific binding (---). One-hundred u! aliquots of cytosol
were labelled with the appropriate 10 nM [PH]R1881 solu-
tions (in triplicate) for 16 h at 4°C, applied to columns and
washed with increasing volumes of buffer B from 0.5 ml to
20 ml, using 0.5ml aliquots up to 5ml and 1 ml aliquots
thereafter. The mean + SE dpm [PH]R 1881 eluted from each
column are shown.
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Fig. 2. Total (O---O) and non-specific ( x --- x ) binding of

[PHJR1881 in human prostatic cytosol containing 893 fmol

AR/g wet wt tissue, with binding affinity of 2.6 x 10~ mol/l.

For details of method see text. These data are also expressed

in the form of a Scatchard plot (inset), B represents bound
and F represents free PH]R1881.
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Figure 1 is an example of the effects of increasing
wash volumes on [PH]R1881 binding in a cytosol
containing a low concentration of AR. Similar results
with regard to optimum wash volume have been
obtained in further less detailed experiments using
cytosols of varying AR concentrations. Although
NSB was high in this particular cytosol other cytosols
have shown NSB could be almost negligible relative
to TB and not significantly different from blanks. A
total volume of 3 ml discontinuous washing as de-
scribed is preferable to the 20 ml continuous washing
according to Randall and Mainwaring [1]. With
larger volumes TB but not NSB was decreased re-
sulting in lower SB, presumably due to dissociation
of PH]R1881 from AR during the prolonged state of
non-equilibrium.

Final modified method. An equal volume of cytosol
was incubated with an equal volume of the appropri-
ate PH]R 1881 solution in buffer B4 + and incubated
overnight. The incubate (usually 100-200 ul) was
transferred to the CPG bead column and washed in
with 6 x 500 u1 aliquots of buffer B, allowing each to
run in before the next was added. After standing for
1h at room temperature [*H]R1881 retained by the
column was eluted with 1 ml ethanol and the radio-
activity in the eluate counted.

A representative binding curve with Scatchard plot
is shown in Fig. 2.

Validation of method

The modified method was validated with regard to
linearity, sensitivity and reproducibility. To demon-
strate that binding occurred of [PHJR1881 to AR only
and not other cytosol contaminants, heat lability and
steroid specificity were investigated.

RESULTS

Linearity and sensitivity of the assay

To determine the linearity of the assay procedures
aliquots of cytosol (25-125 ul) were incubated with
an equal volume of [*H]JR1881 (SSC) and applied to
the CPG columns. SB of [PH]R1881 was determined
in each. The assay was found to be linear over this
range of cytosol volumes with a correlation
coefficient of 0.995 for SB (Fig. 3). High affinity
binding was measurable in as little as 25 ul cytosol.
Experience showed that values lower than 100 fmol/g
wet weight tissue should be taken as negative.

Reproducibility

Eight replicate frozen cytosols were thawed and
AR measured in the same assay using SSC
[PH]R1881. The mean TB, NSB and SB (calculated
from the respective pairs) are presented in Table 2.
The coefficients of variation (C.V.) were 4.0, 10.7 and
6.8% respectively, revealing an intra-assay variation
of 6.8%.

Inter-assay variation was determined as follows.
Aliquots of the same cytosol were included in each of
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Fig. 3. Linearity of assay. Aliquots of the same cytosol
{25-125 ul) were incubated for 16 h at 4°C with an equal
volume of the appropriate PH]R1881 solution to measure
total (@——@) and non-specific binding (x --- x ) and
applied to CPG columns. Specific binding (---) was ex-
pressed as dpm [*H]R1881 eluted.

22 assays over a period of 4 months. The cytosol
contained 134.6 + 7.2 fmol AR/ml of binding affinity
5.3+ 0.3 x 10~°mol/l {protein concentration
7.2 mg/ml). The inter-assay C.V. was 25.8%,. There
was no difference in AR measured in the first 11
assays (130.5 + 11.1, C.V. 29.5%) compared with the
last 11 assays (138.8+9.2, C.V. 22.9%), although
there was a slight improvement in reproducibility as
shown by the lowering of the C.V. These results also
demonstrate that cytosol stored in liquid nitrogen
does not deteriorate over 4 months with regard to
receptor content.

Single point determination compared with Scatchard
analysis

A comparison of the saturating binding capacity of
the same cytosol determined by Scatchard analysis
with that determined by single point analysis revealed
that both methods yield similar results.
14.5 + 0.7 fmol/mg protein (mean + SE, n = 6) were
measured by a single saturating concentration, com-
pared to 14.9+ 1.6fmol/mg protein (n=6) by
Scatchard analysis with a dissociation constant of
6.6 + 0.6 x 10~ mol/l. AR was measured alternately
by each method over 12 consecutive assays.

Effects of dithiothreitol and molybdate on AR
measurement

BPH tissue obtained from open prostatectomy was

Table 2. Intra-assay variation

Total Non-specific Specific
binding binding binding
PHIR1881 1188.5+ 159 458 4 16.2 718 + 159
{dpm/column)
Coefficient 4.05% 10.7% 6.77%
of variation

Values are mean + SE and represent fmol PHJR1881 retained by
each column calculated from 8 replicates. For details of methods
see text.
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pulverised and the pooled frozen powder immediately
freeze-dried. Lyophilisation has been shown not to
produce qualitative or quantitative differences in
recovery of prostatic AR {8]. Aliquots of powder were
resuspended in the appropriate homogenisation
buffer; the concentrations of DTT and sodium
molybdate (Mo) buffers and B+ + were varied as
described in Fig. 4. AR were measured by Scatchard
analysis and the results expressed in terms of fmol/g
wet weight original tissue.

Figure 4a shows that the inclusion of DTT in
buffer H had little effect on the concentration of AR
measured, however, 1 mM DTT was routinely in-
cluded as this gave a better Scatchard plot. In con-
trast, receptor levels increased with increasing con-
centrations of DTT up to a final concentration of
10 mM in buffer B+ +; in addition the quality of the
Scatchard plot improved as the DTT concentration
increased and at low DTT concentrations the K
values were abnormally high. In a second experiment
(not shown) AR could not be measured in either the
absence of DTT or at low concentrations in the
incubation mixture.

Increasing the concentration of Mo in buffer H
(Fig. 4b) caused a continuous increase in measurable
AR. This effect was only seen when Mo was present
when the freeze-dried powder was resuspended; addi-

a. b.
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Fig. 4. Effects of dithiothreitol and sodium molybdate on
measurement of androgen receptors. The effects of various
concentrations of DTT (0-10 mM final concentration) and
molybdate (0-50 mM final concentrations) added to either
the homogenisation buffer (H) or to the incubation buffer
(B+ +) were determined as follows. BPH tissue (7.7g)
obtained from open prostatectomy was pulverised and the
pooled frozen powder immediately freeze dried and stored
frozen in liquid nitrogen until required (within 2 weeks).
60 mg aliquots of powder were resuspended in 1.6 ml appro-
priate homogenisation buffer making allowances for loss of
water to obtain the usual tissue:buffer ratio of 1:5 (wet
wt:volume). The concentrations of DTT and Mo in buffer
H were varied as indicated; in the presence of Mo | mM
DTT was used. When DTT or Mo was varied in the buffer
B+ +, “normal” buffer H was used to resuspend the
powder. 10 mM DTT was included in buffer B+ + at all
times except when DTT was varied as indicated. Values
represent fmol AR/g wet weight tissue and were determined
from Scatchard analysis as described in text. (@ ®)
represents addition of DTT (a) or Mo (b) at homogenisation
stage; (O---O) represents addition of DTT (a} or Mo (b) to
incubation mixture.
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Table 3. Steroid specificity of [PHJR1881 binding in prostate cytosol

10 nM 100 nM I mM 10 mM
Competitor (1-fold excess) (10-fold excess) (100-fold excess) (1000-fold excess)
DHT 84.5 539 1.0 LS
R1881 65.4 9.4 0.9 —-88
Mibolerone 94.1 59.9 20.5 12.7
Oestradiol ND 83.5 76.2 20.0
Diethylstilboestrol ND 100.4 96.2 90.9
Cortisol ND 78.2 110.1 88.7
Triamcinolone acetonide ND 79.0 71.3 69.8
R5020 ND 74.3 52.0 ND
Organon 2058 ND 66.3 54.9 61.5
Pregnenolone ND 93.9 74.3 114.9
Progesterone ND ND ND 49.8

Competition of binding of [*HJR1881 (10 nM) to prostatic cytosol by various steroids. Non-specific binding (estimated
in the presence of 1 mM DHT) was subtracted in all instances and the values shown are a percentage of the control
(100%) and represent the mean of duplicate or triplicate determinations. ND indicates value not determined. For

experimental details see text.

tion of Mo to the incubation mixture had no effect,
with 94 + 3% of receptors being measured compared
to the control.

Steroid specificity

The steroid binding specificity of PH]JR1881 was
checked by incubating 100 ul cytosol with 100 ul
[PHJR1881 (final concentration 10 nM) in the pres-
ence and absence of 1, 10, 100 or 1,000-fold excess
unlabelled steroid. The unlabelled steroid was dis-
solved in ethanol and a volume of 5 ul was added to
each tube prior to the PHJR1881 and cytosol to give
final concentrations of 10 nM, 100 nM, 1 mM and
10 mM. Control tubes contained 5 ul ethanol without
unlabelled steroid. Each tube was treated following
the same procedure as for “modified method” to
measure AR. NSB, represented by the amount of
binding not displaced by the 100-fold excess DHT,
was subtracted in all instances to give SB. The
displacement of binding by the competing steroid was
expressed as a percentage of the control SB. The
specificity of binding was typical of binding to an AR
(Table 3). DHT, R1881, and mibolerone were found
to be good competitors whereas oestradiol, Organon
2058, R5020 and triamcinolone acetonide were
inefficient competitors. Oestradiol was however a
good competitor at 1000-fold excess only. Preg-
nenolone, cortisol and diethylstilboestrol showed no
competition.

Heat sensitivity

To demonstrate the heat lability of AR binding,
cytosol was divided into two portions, one was
heated at 45°C for 30 min and AR were measured
using SCC method in aliquots from each portion.
NSB was similar in both cytosols, however, TB was
decreased in the heat-treated cytosol so that only 8%,
of SB remained compared with the control.

Investigation of methods for obtaining specimens

Samples were obtained as described in the Experi-
mental section using a cold punch resectoscope
(CPR) or a conventional transurethral resectoscope

(TUR) from both benign and malignant prostates.
Pairs of samples were taken in juxtaposition using the
two procedures to minimise problems inherent in
prostatic heterogeneity. Thus two samples obtained
by different techniques were more likely to have
similar histological and biochemical properties.

Thirty pairs demonstrated similar predominant
histological characteristics, 10 pairs were dissimilar.
Fifteen of the histologically matched pairs agreed on
receptor status, in 7 both specimens were AR positive
and in 8 both were AR negative. The receptor status
differed in 15 pairs, CPR specimens only were AR
positive in 8 cases whereas TUR specimens only were
AR positive in 7 cases. Of the 10 histologically
dissimilar pairs only three had the same receptor
status and were all negative. Four CPR and three
TUR samples were AR positive of those pairs which
differed. Using these two sampling techniques, Mc-
Nemara’s test for significance shows there was no
difference in receptor status of the two histologically
similar groups.

Fifty percent of all CPR specimens and 47% of all
TUR specimens contained measurable AR levels. In
addition to AR status, the receptor concentrations in
samples obtained by the two methods were compared
(Table 4). AR levels were higher, although not
significantly, in CPR specimens (778 + 318 fmol/g
tissue, mean + SE, n = 15) than in TUR specimens
(318 + 67 fmol/g tissue, n = 14). It was evident that
the highest AR concentrations were found in samples
obtained from carcinomatous prostates. Carcinoma
specimens contained 1,000 + 384 fmol AR/g tissue
(n=12) whereas BPH specimens contained
significantly lower levels of AR (P <0.02) at
242 + 29 fmol/g tissue (n =17), irrespective of
whether the specimens were obtained by the cold
punch or transurethral resectoscope. When results
were also classified as to both state of malignancy and
method of sampling, AR levels of CPR and TUR
specimens were not different in benign samples
(240 + 40 and 244 + 46 fmol/g tissue, n =9 and 8,
respectively) and although levels were higher in
carcinomatous CPR specimens (1585 + 699 fmol/g
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tissue, n = 6) than in carcinomatous TUR specimens

25 (416 + 140 fmol/g tissue, n = 6), this difference was
Q= . .
- 3% not significant.
é o o %.E Weights of specimens provided for AR measure-
2 Hal o g ;ﬁ ment were similar for both methods of tissue sam-
E g ”é e 2 pling (Table 4). AR were measurable in as little as
8| 2 2 : 24 mg tissue for CPR and 36 mg for TUR specimens.
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< Q
= wE DISCUSSION
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g 2 N ig We have described a simple, reproducible method
2 e % P8 S @ suitable for measuring human prostatic AR in small
=8 - g S specimens of known histological characteristics ob-
; gg tained during routine prostatectomy for obstruction
g _g y in benign hyperplastic and carcinomatous prostates.
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F i 5 they can be separated from other components by the
=] = .
£ £8 column. Very large molecules which are excluded
§ £ g from the glass pores, will pass through the interstitial
8 ¥ B =|8°2 spaces whilst smaller molecules will be distributed
:60 2l 3In H g 3 between the solvent inside and outside the molecular
£ I =2 = g‘m sieve and will then pass through the column at slower
[=% T} —_ .
£ E = =5 g rates. Free R1881 moves quickly through the column
; o0y E 4 as demonstrated by the constantly low wash volume
3 - . . .
2= £ 2z of blanks at 2ml. AR with R1881 bound is of a size
2 m & ¥ g é%v and conformation that will be retained by the col-
o glHalage gé umn. It cannot be extracted from the column in its
& g = = Eg 2 native state (Mainwaring, personal communication).
5 %,; = We have demonstrated that labelling of cytosol
g 'f; o B prior to separation on the column is preferable to
Z2 o .
5 o 34; labelling of cytosol components that have been
g |5 _ 8§ = E,E 2 already separated by the column. Using the former
: 2 h & g g7 g g £ technique, assay sensitivity is greater; levels of radio-
o - 2 2= g5 = activity in the blanks and NSB of both cytosol and
— 7] — o
E %§ EZ g serum were lower. Although [PH]R1881 does not
g 1 §§ f bind specifically to serum components [9, 10] NSB to
g 2 s é serum does occur. Thus NSB to cytosol may be due,
|2 g wls §§, at least in part, to serum contamination. Experiments
& H3I]+H =z s with PH]DHT (not presented) demonstrated that SB
o0 |5 . . s
£ 2 2l gé: to sex hormone binding globulin is not measured by
= . . . .
27‘;5 this method, in agreement with Randall and Main-
=} .
gs7 waring [1]. NSB was, however, much lower when
L g . “ N
558 using [PHJR1881 and this ligand does not undergo
z ga metabolism (unlike DHT) and exhibits some sta-
£ PR bilising effect on AR [9].
g% W B S 2 g
ER 2EI82 s We noted that reproducibility of the assay is better
gé 73 85| g a_% when new [PH]R1881 is used and indeed, as the
S| S gm 3|28 5 [PH]R1881 ages, impurities increase and background
~E|g2E<s|E° levels of radioactivity increase. In spite of the well
< |Z2BI< .

documented resistance of [PH]R1881 to metabolism,
the tritiated steroid demonstrates a remarkable in-
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stability as a solid. If PHJR 1881 was left as a solid for
even a very short length of time during preparation
of radioactive solutions, background levels of radio-
activity were greatly increased and could be used to
monitor the purity of the PH]R1881. Jensen and
Hospelhorn (personal communication) have in fact
used CPG beads to purify steroids. When impurities
of [PH]R1881 increase, poor quality Scatchards are
produced and Smith et al.[11] have demonstrated that
mishandling of PH]R1881 can result in a significant
reduction in the number of AR sites measured.

The heat lability and steroid specificity studies
indicate that only AR are measured by PH]R1881 in
the presence of excess triamcinolone acetonide with
NSB determined by competition with excess DHT.
Using these conditions Scatchard analysis over an
extended range of ligand gives a straight line plot
with no evidence of curvature. The binding affinity of
the receptor was sufficiently constant and the re-
producibility of the assay such that a single point
assay could be utilized for estimation of binding sites
where tissues obtained were too small for Scatchard
analysis. Even using the small volumes of cytosol
suitable for this technique some needle biopsies are
too small if protein concentrations are to be main-
tained at adequate levels (>2 mg/ml). Dilution of
cytosol preparations to low protein concentrations
leads to a high incidence of false negative results [12].
We have demonstrated that 979 of receptors
measured by Scatchard plot can be measured by
single saturating concentrations. However, if tissues
are of adequate size we recommend that Scatchard
analysis should be performed.

Conditions of high salt (0.4 M HNO,) and alkaline
pH 8.4 which favour the 4S form of receptor [13, 14,
15] are essential for measurement. The high concen-
tration of DTT in the incubation buffer may be
involved in maintaining the activated state of the AR
as well as the transformed state, as suggested for
glucocorticoid receptors [16] and progesterone recep-
tors [17]. The present work indicates that the effects
of Mo and DTT on AR can be additive if Mo is
included in the buffer H but not if included only in
the buffer B+ +. Inclusion of 10 mM Mo in buffer
H is therefore recommended. We have similarly
demonstrated that Mo influences measurement of
progesterone receptors in cytosols prepared from
malignant breast tissue only when included at the
homogenisation stage and has no effect if added later
[18]. Although progesterone receptors have recently
been demonstrated in human prostatic tissue [19, 20]
it is not thought that progesterone receptors in this
assay contribute to the increased binding measured
when Mo is included in buffer H; any binding of
[PHJR 1881 to progesterone receptors is eliminated by
triamcinolone acetonide [6]. Dahmer e a/[21] have
suggested that molybdate—sulphydryl interactions
might account for all of the Mo effects on steroid
receptors. Further, they suggested that Mo does not
interact with phosphate moieties of glucocorticoid
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receptors, acting elsewhere to prevent conformational
changes that lead to irreversible inactivation after
oxidation of the sulphydryl moiety required for
steroid binding.

Using the Dunning R3327 prostatic tumour Row-
ley er al.[14} demonstrated that Mo acts to inhibit the
salt-induced transformation of AR to the DNA-
binding state, and also preserves the aggregated
8.5-9.0S form under high salt conditions where it
would normally disaggregate to the smaller 4.48
form. Similarly salt-mediated transformation of pro-
gesterone [22], oestrogen {23] and glucocorticoid [24]
receptors or temperature-mediated transformation of
oestrogen [23], glucocorticoid [24] and androgen [25]
receptors have been shown to be inhibited by Mo.
Thus it is paradoxical that we have demonstrated that
even though high salt conditions are essential for this
method, Mo still appears to have a stabilising effect
on AR if added prior to the salt. Smith er al[l1]
and Sirett and Grant[26] have also demonstrated a
stabilising effect of Mo upon prostatic AR.

Since open prostatectomy is now rarely performed,
if AR are to be measured at routine operation, tissues
obtained by TUR must be shown to be suitable for
assay. There is, however, controversy regarding the
use of TUR material for biochemical investigations.
Some investigators have reported satisfactory results
using such tissues whilst others consider results un-
satisfactory, and suggest that erroneously low or
negative AR results are obtained when compared to
samples from open prostatectomy. It is possible that
any differences observed may be due to differences in
sample location and histological composition caused
by the heterogeneous nature of the prostate gland
rather than the effect of surgical procedures on the
tissue. We have investigated these limitations. Firstly,
the method described above permits the measurement
of AR in samples of known histology (part of each
specimen is used for histological characterisation).
Secondly, we have taken tissue in juxtaposition to the
TUR specimen using a cold punch resectoscope
(CPR) which generates no heat, so that both samples
are likely to have similar histological and thus bio-
chemical features, and both are of periurethral tissue.
In spite of these precautions 22%, of paired specimens
were histologically dissimilar. Of the remainder, we
found no significant difference in AR status. Thus, if
care is taken to select only those TUR specimens of
adequate size showing little signs of heat damage, as
in this study, satisfactory results can be obtained
using TUR material. In agreement with our findings
the groups of Ghanadian[3] and Habib[27] have also
demonstrated that as long as special care is taken
when selecting TUR chips, transurethral resection
does not significantly damage the receptor proteins.

Pertschuk er @/[2] have shown in a histochemical
study that severcly burnt TUR specimens showed
autofluorescence at the periphery of each sample;
whilst beneath was a variable zone up to 200 ym wide
where non-specific uptake of ligand conjugate
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occurred. They excluded from their studies these
damaged samples which were also receptor negative.
Kyprianou et al.[4] compared nuclear AR in TUR
and open prostatectomy specimens but found no
correlation between the two methods, however, in
their study only 30% of TUR specimens contained
AR; these were the largest specimens and were free
from charring. They also found no correlation be-
tween TUR and CPR specimens, but specimens were
obtained from different areas of the prostate gland.
They did find a significant correlation between CPR
and open resection specimens.

We have also classified specimens into those from
benign and malignant prostates. There was no
significant difference in AR levels of CPR and TUR
specimens from either benign or malignant prostates.
However, specimens from malignant prostates con-
tained significantly higher levels than those from
non-malignant prostates, irrespective of whether the
specimens were obtained using the transurethral or
cold punch resectoscopes. This finding emphasises
the need to know the histological characteristics of
specimens investigated and a more detailed study of
influence of histological characteristics upon AR in
the human prostate is now being undertaken.

Mini-columns of controlled-pore glass beads thus
seem to provide a sensitive and reproducible method
for the separation of receptor-bound label from the
free and non-specifically bound label in small
amounts of cytosol. The method allows the routine
measurement of AR in small TUR specimens of
known histology and in needle biopsies. Progress
with regard to successful prediction of response in
cancer of the prostate may now be made more
quickly.

Acknowledgements—This work was supported by Grant no.
412 from the North West Regional Health Authority. We
would like to thank Sandra Jones for helping to prepare the
manuscript.

REFERENCES

. Randall V. A, and Mainwaring W. 1. P.: A new method
for assaying occupied and unoccupied androgen recep-
tors in the prostate using controlled pore glass beads. J.
steroid Biochem. 17 (1982) abstr. 98, xxxiii.

2. Pertschuk L. P., Zava D. T., Tobin E. H., Brigati D. J.,
Gaetjens E., Macchia R. J., Wise H. S. and Kim D. §.:
Histochemical detection of steroid hormone receptors in
the human prostate. In Progress in Clinical and Biolog-
ical Research (Edited by G. P. Murphy and A. A.
Sandberg). Alan R. Liss, New York, Vol. 33 (1979), pp.
113-132.

3. Ghanadian R. and Auf. G.: Analysis of steroid recep-
tors in the prostate. In The Endocrinology of Prostate
Tumours (Edited by R. Ghanadian). MTP Press, Lan-
caster, England (1982) pp. 171-219.

4. Kyprianou N., Williams H., Peeling W. B. and Davies
P.: Tissue sampling technique as a contributory factor
to validity of human prostate androgen receptor assays.
J. Endocr. Suppl. 102 (1984). abstr. 21.

5. Lowry O. H., Rosebrough N. J,, Farr A. K. and

Randall R. J.: Protein measurement with the Folin

phenol reagent. J. biol. Chem. 193 (1951) 265-275.

o

429

6. Zava D. T., Landrum B., Horwitz K. B. and McGuire
W. L.. Androgen receptor assay with [*H]methyl-
trienolone (R1881) in the presence of progesterone
receptors. Endocrinology 104 (1979) 1007-1012.

7. Scatchard G.: The attraction of proteins for small
molecules and anions. Ann. N.Y. Acad. Sci. 51 (1949)
660-672.

8. de Larminat M. A, Bruchovsky N. and Rennie P. S.:
Concentration and preservation of nuclear androgen
receptor by lyophilisation. J. steroid Biochem. 16 (1982)
811-816.

9. Bonne C. and Raynaud J. P.. Assay of androgen
binding sites by exchange with methyltrienolone
(R1881). Steroids 27 (1976) 497507,

10. Snowchowski M., Pousette A., Ekman P., Bressian P,
Anderson L., Hogberg B. and Gustafsson I. A.: Char-
acterisation and measurement of the androgen receptor
in human benign prostatic hyperplasia and prostate
carcinoma. J. clin. Endocr. Metab. 45 (1977) 920-928.

11. Smith T., Chisholm G. D. and Habib F. K.: Towards
a reproducible method of estimating androgen receptors
in human prostate. J. steroid Biochem. 18 (1983)
531-534.

12. Powell B. L., De La Garza M., Clark G. M. and
McGuire W. L.: Estrogen receptor measurement in
low-protein breast cancer cytosols. Breast Cancer Res.
Treat. 1 (1981) 33-35,

13. Liao S.: Cellular receptors and mechanisms of action of
steroid hormones. Intz. Rev. Cytol. 41 (1975) 817.

14. Lea O. A., Wilson E. M. and French F. S.: Character-
isation of different forms of the androgen receptor,
Endocrinology 105 (1979) 1350-60.

15. Rowley D. R., Chang C. H. and Tindal D. I.: Effects
of sodium molybdate on the androgen receptor from the
R3327 prostatic tumor. Endocrinology 114 (1984)
1776-1783.

16. Kalimi M. and Love K.: Role of chemical reagents in
the activation of rat hepatic glucocorticoid—receptor
complex. J. biol. Chem. 255 (1980) 4687-4690.

17. MacDonald R. G. and Leavitt W. W.: Reduced sul-
phydryl groups are required for activation of uterine
progesterone receptor. J. biol. Chem. 257 (1982)
311-31S.

18. Harland R. N. L., Hayward E. and Barnes D. M.:
Progesterone receptor measurement by isoelectric focus-
ing: a potential microassay. Clin. chim. Acta 133 (1983)
159-168.

19. Schneider S. L., Pontes J. E., Greco J. M., Murphy
G. P. and Sandberg A. A.: Characterisation of 7-8S
progestin binding protein in human prostate using
vertical tube rotor. J. steroid Biochem. 20 (1984)
715-723.

20. Bashirelahi N., Felder C. C. and Young J. D.: Charac-
terisation of progesterone receptors in human benign
prostatic hypertrophy. J. steroid Biochem. 18 (1983)
801-809.

21. Dahmer M. K., Housley P. R, and Pratt W. B.: Effects
of molybdate and endogenous inhibitors on
steroid-receptor inactivation, transformation and trans-
location. A. Rev. Physiol. 46 (1984) 67-81.

22. Nighigori H. and Toft D.. Inhibition of
progesterone-receptor activation by sodium molybdate,
Biochemistry 19 (1980) 77-83.

23. Redeuilh G., Secco C., Baulieu E. and Richard-Foy H.:
Calf uterine estradiol receptor. Effects of molybdate on
salt-induced transformation process and character-
isation of a non-transformed state. J. biol. Chem. 256
(1981) 1149611502,

24. Leach K. L., Dahmer M. K., Hammond N. D, Sando
J. 1. and Pratt W. B.. Molybdate inhibition of
glucocorticoid-receptor  inactivation and  trans-
formation. J. biol. Chem. 254 (1979) 11884-11890.

25. Noma K., Nakoao K., Sato B., Nishizawa Y., Mat-



430 Susan P. BowMAN et al.

sumoto K. and Yamamua Y.: Effect of molybdate on gestins with binding proteins in human hyperplastic

activation and stabilisation of steroid receptors. Endo- prostatic tissue. J. Endocr. 92 (1982) 95-102.

crinology 107 (1980) 1205-1211. 27. Smith T., Chisholm G. D. and Habib F. K.: The choice
26. Sirett D. A. N. and Grant J. K.: Effect of sodium of tissue for androgen receptor determination in human

molybdate on the interaction of androgens and pro- prostate, Prostate 4 (1983) 416.



