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Prog re s s ion  of  an a n d r o g e n - d e p e n d e n t  t u m o u r  to an a n d r o g e n - i n d e p e n d e n t  s tate  is c h a r a c t e r i z e d  
by the loss of  apop to t i c  potent ia l ,  a p r o p e r t y  of  cells which have d i f fe ren t ia ted  u n d e r  the inf luence 
of  androgens .  In an a t t e m p t  to re la te  p rogress ion  to m e c h a n i s m s  of  apopto t ic  fa i lure ,  we c o m p a r e d  
the re la t ive  levels of  express ion  of  and r ogen  r e c e p t o r  and T R P M - 2  (c lus ter in)  genes in a n d r o g e n - d e -  
pende n t  and - i n d e p e n d e n t  t u m o u r s  de r ived  f r o m  the Shionogi  c a r c inoma .  The a m o u n t  of  10kb 
a n d r o g e n  r e c e p t o r  mRNA in a n d r o g e n - d e p e n d e n t  and  - i ndependen t  cells was s imi la r  thus showing 
no re l a t ionsh ip  to progress ion .  Owing to c ro s s -hyb r id i za t i on  of  and rogen  r e c e p t o r  cDNA with 
n o n - r e c e p t o r  t r ansc r ip t s ,  two new a n d r o g e n - r e p r e s s e d  mRNAs (ADS31 and  ADS39) were  cloned.  
Each  was found  to have a 20/21 bp G C - r i c h  reg ion  of  sequence homology  with the and rogen  r ecep to r ,  
imp ly ing  select ive conse rva t ion  of  a d o m a i n  whose func t ion  is unknown.  Sequenc ing  resul ts  
also revea led  tha t  ADS31 cDNA encodes  a po lypep t ide  ident ica l  to mouse  YPT1, a r a s - r e l a t e d  
G T P - b i n d i n g  pro te in .  Express ion  of  the ADS31/YPT1,  ADS39 and TRPM-2  genes was sensit ive to 
a n d r o g e n  wi thd rawa l  and  r e p l a c e m e n t  bo th  in the p a r e n t  a n d r o g e n - d e p e n d e n t  and  the r e c u r r e n t  
a n d r o g e n - i n d e p e n d e n t  ca rc inomas .  The  uncoupl ing  of  T R P M - 2  express ion  and  apoptosis  obse rved  
in a n d r o g e n - i n d e p e n d e n t  t u m o u r  cells impl ies  tha t  the func t ion  of  and rogen  r e c e p t o r  becomes  m o r e  
r e s t r i c t e d  with t u m o u r  progress ion .  F u r t h e r m o r e ,  the fact  tha t  the express ion  of  ADS31/YPT1 
t r a n s c r i p t  becomes  d o m i n a n t  in the advanced  stages of  a n d r o g e n - i n d e p e n d e n t  growth,  suggests tha t  
the m e c h a n i s m  of  p rogress ion  is subse rved  by dup l ica t ion  and possibly r e d u n d a n c y  of  a l t e rna t ive  
(signal t r ansduc t ion )  pa thways  med i a t i ng  t u m o u r  cell survival  and growth.  
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INTRODUCTION 

Androgens control the expression of three types of 
regulatory genes during the growth and differentiation 
of normal stem cells in the prostate and other andro- 
gen-dependent tissues [I]. Initiation of DNA synthesis 
and cell proliferation (i.e. androgen sensitivity) is an 
example of positive gene regulation by androgens. 
Inhibition of these processes in the presence of a rising 

*Correspondence to P. S. Rennie.  Depar tmen t  of  Cancer  Endocrin-  
ology, British Columbia  Cancer  Agency,  600 West  10th Avenue,  
Vancouver,  British Columbia,  Canada V5Z 4E6 

Received 22 Sep. 1993; accepted 3 Mar. 1994. 

31 

titre of hormone typifies negative gene regulation by 
androgens. Withdrawal of androgen induces auto- 
phagic lysis (apoptosis) which accounts for androgen- 
dependence and involves the expression of a number of 
androgen-repressed genes [1-8]. Both positive and 
androgen-repressed types of gene regulation are 
manifested in androgen-dependent tumours; hence op- 
timum androgen withdrawal therapy will have the 
double effect of arresting the initiation of DNA syn- 
thesis and inducing apoptotic cell death [9]. In the 
absence of androgen replacement, surviving tumouri- 
genic stem cells irreversibly progress to an androgen- 
independent condition and give rise to a recurrent 
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autonomous tumour  with a greatly amplified popu- 
lation of androgen-independent  stem cells [10]. Since 
there is no evidence of  selective survival of androgen- 
independent stem cells in regressing turnouts, the 
question arises whether such cells already co-exist with 
androgen-dependent  cells in the original population of 
cells or whether progression to androgen-independence 
involves the nascent synthesis of transcripts coding for 
growth factors that substitute for androgens in prevent- 
ing or reversing apoptosis in a small fraction of the cell 
population [10]. The  resultant inconsequential role of 
androgens implies that the androgen receptor ceases to 
function in the normal way in regulating the expression 
of genes, especially those involved in apoptosis. In an 
attempt to relate progression to changes in the func- 
tional capacity of androgen receptor, we first compared 
the amount of receptor mRNA in parent, regressed and 
recurrent  tumours derived from the androgen-depen- 
dent Shionogi mouse mammary carcinoma. We then 
attempted to determine whether androgen-indepen- 
dence develops in association with any changes in the 
level of expression of T R P M - 2  (clusterin), a gene 
implicated in the apoptotic process [3, 11, 12]. During 
the course of these experiments, it was found that the 
androgen receptor cDNA shares partial sequence hom- 
ology with two previously unrecognized androgen- 
repressed genes, one of which codes for the ras-related 
GTP-b ind ing  protein, YPT1.  

EXPERIMENTAL 

Shionogi mammary carcinoma 

The  Toronto  subline [13] of the transplantable 
SC- 115 androgen-dependent  mouse mammary 
carcinoma [14] was used in the following exper- 
iments. Approximately 5 × 10 6 cells of the Shionogi 
carcinoma were injected s.c. into male D D S  strain 
mice. When the tumours reached a mean weight of 
4-5 g, the animals were castrated through an abdominal 
incision. 

Preparation and screening of cDNA libraries 

T u m o u r  bearing mice were castrated and 3 days 
later poly(A ÷ ) RNA was isolated from the regressing 
cells as described below. This  was used in a 
cDNA cloning system (Amersham Canada Ltd,  
Oakville, Ontario, Canada) with oligo (dT)-primers  
to synthesize cDNA which was ligated into phage 
2gt l0  after addition of EcoR1 linkers. The  library 
contained 1.4 × 1 0  6 original recombinants half of 
which were amplified once before use. Approximately 
200,000 recombinants were screened using 32p-labelled 
androgen receptor cDNA; 15 positive clones were 
detected, plaque purified and subcloned into the 
EcoR1 site of pUC19. Of the 4 unique clones found, 
ADS31 (600bp) and ADS39 (1.5kb) were studied 
further. 

Probe preparation 

The  full length rat androgen receptor cDNA (from 
E. M. Wilson, University of Nor th  Carolina, Chapel 
Hill, NC, U.S.A.) was digested with EcoR1 and Nae 1 
and a 527 bp sequence from the Y-end subcloned into 
the EcoR1-Sma 1 site of P T Z  vector. This  probe was 
isolated using EcoR1 and BamH1 restriction enzyme 
digest and subsequently used to screen the cDNA 
library. 

Glucocorticoid receptor poly(A ÷ ) RNA was detected 
with a human glucocorticoid receptor probe (from P. 
Chambon, Institut de Chimie Biologique, Faculte de 
Medicine, Strasbourg, France) consisting of a 1.5 kb 
Y-fragment of cDNA in the plasmid Bluescribe 
M13 +.  The  insert was excised with EcoR1. 

T R P M - 2  cDNA, available as a 1.3 kb fragment in 
p G E M ,  was excised using EcoR1 and BamH1.  

Following agar0se gel electrophoresis, all D N A  in- 
serts were purified by Geneclean (Bio/Can Scientific 
Inc., Mississauga, Ontario, Canada) and labelled by 
nick translation [15] using [ct-32P]dCTP and a nick 
translation kit (Amersham). Th e  labelled probes were 
purified using Sephadex G-50 (Pharmacia Fine Chemi- 
cals, Montreal,  Quebec, Canada) and spin column 
(Isolab, Akron, OH, U.S.A.) chromatography [16] and 
had specific activities of 5-7 × l0 s dpm/mg of  DNA. 

R N A  isolation and Northern blot analysis 

Th e  frozen tumours were pulverized with a mortar  
and pestle yielding a powder which was suspended in 
50 m M  Tris-HC1 buffer (4.5 ml/g tissue), pH 7.5 con- 
taining 5 M guanidium thiocynate, 10 m M  N a z E D T A  
and 5% fl-mercaptoethanol and then homogenized 
with a polytron homogenizer. RNA was extracted using 
the LiC1 method [17], dissolved in 20 m M  Tris-HC1 
(pH 7.5), containing 0.1% sodium dodecyl sulphate 
(SDS), 5 m M  Na2EDTA,  and 0 . 5 M  NaC1. The  
RNA was subjected to repeated oligo(dT)-cellulose 
(Boehringer Mannheim G m b H ,  Mannheim, Germany) 
chromatography for isolation of poly(A ÷) RNA [18]. 
10 mg of poly(A ÷) RNA were heat denatured (incu- 
bated at 60°C for 15 min and cooled on ice for 5 min) 
in MO P S  buffer [40 m M  3-(N-morphol ino)-propane-  
sulphonic acid, pH 7.0, 10 m M  sodium acetate, 1 m M  
Na2EDTA],  containing 2.2 M deionized formaldehyde 
and 50% deionized formamide, and applied to 1.2% 
agarose, 2 . 2 M  formaldehyde gels made in MOPS 
buffer. After electrophoresis at 60 V for 2.5 h, the RNA 
was blotted onto Nytran membranes (Schleicher and 
Schuell Inc., Keene, NH,  U.S.A.) and fixed by baking 
under vacuum at 80°C for 2 h [19]. Prehybridizations 
of blots were carried out with 6 × SSC (15 m M  sodium 
citrate, 150mM NaC1, pH 8.0), 1 0 m M phosphate 
buffer, 0.1% SDS, 5 m M  Na2EDTA,  5 x Denhardt 's  
solution (0.1% Ficoll, 0.1% polyvinylpyrrolidine, 
0.1% bovine serum albumin), 50% deionized for- 
mamide, and 200 mg/ml denatured salmon testis DNA 
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for 4 h at 42°C. After the addition of heat denatured 
32p-labelled probe, hybridizations were performed at 
42°C for 18 h. The  blots were washed twice at 20°C for 
15 min with 2 x SSC, 0.1% SDS and twice at 60°C for 
30 min with 0.1 x SSC, 0.1% SDS. When 32P-labelled 
probe for steroid receptor was used, the second cycle of 
washes was performed at 50°C. For  repeat Nor thern  
blot analysis, filters were stripped in 6 x SSC and 50% 
deionized formamide at 65°C for 30 min. 

Autoradiography was carried out by exposing the 
blots to Kodak/k XAR-5 film (Eastman Kodak, 
Rochester,  NY, U.S.A.) with intensifier screens at 
- 7 0 ° C .  Quantitation of the relative expression of 
various transcripts was determined relative to 18S 
RNA by densitometry [6]. All values were standardized 
relative to the expression of various transcripts in the 
parent tumour  by arbitrarily setting the value for 
parent tumour  as 1 unit. 

D N A  sequencing 

For  D N A  sequencing of ADS31 and ADS39, 
the dideoxy-termination method [20] was used with 
the Sequenase Version 2.0 kit (United States Bio- 
chemical Corporation, Cleveland, OH,  U.S.A.) with 
5'[~-3SS]dATP-sequencing grade for Sequenase (New 
England Nuclear -Dupont  Canada Inc., Mississauga, 
Ontario, Canada). For  D N A  sequencing of the andro- 
gen receptor, the dsDNA Cycle Sequencing kit 
(Gibco-BRL,  Gaithersburg, MD,  U.S.A.) was used to 
end label a primer with [~-32p]dATP ( > 5000 Ci/mmol) 
(Amersham). Th i r ty  cycles of denaturing, pr imer an- 
nealing, and extension with deoxy/dideoxy oligonucle- 
otides were performed using a DNA Thermal  Cycler 
(Perkin Elmer Cetus, Norwalk, CT,  U.S.A.) [21]. 
Electrophoresis was performed on a 21 x 40 cm Sequi- 
Gen Cell sequencing apparatus (Bio-Rad Labs Ltd,  
Mississauga, Ontario, Canada) at 40 watts constant 
power per gel, on 8 and 6% polyacrylamide-8.3 M urea 
gels, in 89 m M  Tr is -bora te  buffer, pH 8.3, containing 
2 m M  EDTA.  Gels were dried and used to expose 
Kodak X - O M A T  XRP-1 film (MedTec  Marketing, 
Burnaby, British Columbia, Canada). 

RESULTS 

Progression of the Shionogi carcinoma 

The  characteristics of progression are well demon- 
strated by the Shionogi carcinoma as shown by the 
results in Fig. 1. After the initial implant into a male 
host animal, the parent tumour  becomes palpable after 
an interval of about 10 days. Following castration of the 
host, the tumour  continues to grow for 1-2 days before 
the onset of apoptosis is evident with the appearance of 
autophagic vacuoles and apoptotic bodies [22]. Over 
the next 6-7 days the turnout regresses rapidly and in 
some mice becomes non-palpable. After 40-50 days 
recurrent  growth begins and gradually accelerates. I f  
the recurrent  turnout is subsequently transplanted into 

a non-castrated male animal, it also becomes palpable 
after about 10 days and grows with a doubling time 
similar to that of the parent tumour.  However,  cas- 
tration fails to induce apoptosis or alter the growth rate 
(Fig. 1); demonstrating that the tumour  is androgen- 
independent.  In the following experiments, the 
androgen regulation of several genes in the parent 
androgen-dependent  and recurrent  androgen-indepen- 
dent tumours was compared to determine whether 
progression was associated with any distinct changes in 
the expression of genes linked to the programming of 
cell death. 

Expression of androgen and glucocorticoid receptor genes 
in parent, regressed and recurrent tumours 

Th e  fact that androgen withdrawal has no effect on 
the growth rate of the recurrent  Shionogi carcinoma 
(Fig. 1), confirms that the tumour  has progressed to an 
androgen-independent  state. Th e  basis for loss of 
apoptotic potential may be linked to the androgen 
receptor in one of two ways. First, since apoptotic 
potential is induced by androgens via the androgen 
receptor during cell differentiation, a reduced amount  
of functional receptor in the recurrent  turnout would 
eliminate any possibility of expressing this mechanism. 
Alternatively, a mutational change in the androgen 
receptor might alter its binding characteristics such 
that androgen-repression of apoptosis by the receptor 
mechanism is irreversible. However,  when the 
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Fig. 1. Progres s ion  of an d rogen -d ep en d en t  Shionogi  c a r c i -  
n o m a  c e l l s .  A b o u t  5 x 106 cells  of  the parent  Shionogi  carci -  
n o m a  were  injected s .c .  i n t o  m a l e  D D S  strain mice .  A s imi lar  
n u m b e r  o f  r e c u r r e n t  t u m o u r  cells  were  also injected s .c .  

i n t o  m a l e  m i c e .  When the t u m o u r s  reached  a m e a n  weight  
o f  a b o u t  5 g the an imal s  were  castrated  ( C X ) .  E a c h  

a n i m a l  h a d  o n l y  o n e  t u m o u r  m a s s ,  a n d  t u m o u r  d iameter s  
were  m e a s u r e d  i n  m m  with cal ipers .  The f o r m u l a  

( length × w i d t h 2 ) / 2  = m a s s  ( m g )  was used to e s t imate  t h e  

m e a n  w e i g h t  o f  t h e  t u m o u r s .  F a i l u r e  o f  t h e  recurrent - t rans -  
p lanted  t u m o u r  t o  r e g r e s s  a f t e r  castrat ion  indicates  that the 
p a r e n t  t u m o u r  cel ls  have progres sed  t o  a n  androgen- inde -  
pendent  state.  Each  point  represents  t h e  m e a n  f r o m  7 t o  10 

turnouts. 
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Fig. 2. Expression of androgen and glucocorticoid receptor genes in parent, regressed and recurrent tumours. 
Poly(A ÷ ) RNAs from parent, regressed and recurrent tumours were purified, separated by gel electrophoresis 
and transferred to Nytran membrane by blotting. The blots were hybridized with 32p-labelled cDNA probe. 
Northern analysis was performed using a 527 bp 5'-fragment of rat androgen receptor cDNA, and a 1.5 kb 
5'-fragment of the human glucocorticoid receptor. Northern analysis with androgen receptor cDNA (A) and 
glucocorticoid receptor cDNA (B). Poly(A + ) RNA (10 mg/lane) from parent tumour before castration (lane 1), 
parent turnout 6 days after castration (lane 2), recurrent tumour (lane 3), recurrent transplanted tumour 
before castration (lane 4) and 6 h (lane 5), 12 h (lane 6), 1 day (lane 7), 2 days (lane 8), 4 days (lane 9) and 6 

days (lane 10) after castration. 

sequences of the androgen receptor c D N A  from parent 
and recurrent tumours were compared (data not 
shown) no difference from the wild-type sequence [23] 
was found; in agreement with the finding of Furuya 
et al. [24]. Since the recurrent tumour cells have low 
levels of nuclear androgen receptor as measured by 
dihydrotestosterone-binding [10,22], we looked for 
evidence of reduced expression of androgen-receptor 
transcript. Accordingly, poly(A +) RNA was isolated 
from the Shionogi carcinoma at various stages of 
progression and analyzed by Northern hybridization 
using a 527bp sequence from the 5 '-end of rat 
androgen receptor cDNA. The results are shown in 
Fig. 2(A). A 10 kb transcript representing full-length 
androgen receptor m R N A  is observed in the parent 
tumour both before castration (lane 1) and 6 days 
after castration (lane 2), the recurrent tumour (lane 3), 
the recurrent transplanted tumour  before castration 
(lane 4) and at several time points after castration 
(lanes 5-10). The slightly greater intensity of the 10 kb 
band in the recurrent tumours in lanes 7, 8 and 9 
suggests that up-regulation of androgen receptor 
m R N A  takes place in the recurrent transplanted tu- 
mour between 1 and 4 days after castration. A second 
smaller transcript of 1.6 kb is also detected by Northern 
blot analysis with the 5'-527 bp hybridization probe. 
The expression of the 1.6kb m R N A  increases in 
the parent tumour  after castration (lane 2), and also 
in the recurrent transplanted tumour at 6 h (lane 5), 
1 day (lane 7) and 2 days (lane 8) after castration. 
Hybridization with full-length androgen receptor 
c D N A  gives rise to virtually identical results; in con- 
trast, a c D N A  probe consisting of an 800 bp 3'-se- 
quence hybridizes only with the 10 kb m R N A  (data not 
shown). This observation indicates that the 1.6kb 

fragment shares homology with the 5'-region of the 
androgen receptor. 

The growth of the Shionogi carcinoma is stimulated 
by pharmacological doses of glucocorticoids but this is 
not accompanied by an associated induction of apop- 
totic potential [25]. Thus,  it was of interest to compare 
the expression of the glucocorticoid receptor gene to 
that of androgen receptor during tumour progression. 
As shown in Fig. 2(B), a 6.6 kb transcript representing 
the glucocorticoid receptor is expressed in parent and 
recurrent tumours (lanes 1-3); in the recurrent trans- 
planted tumour,  the expression, initially low (lane 4), 
increases after castration (lanes 5-9) and is low again on 
the 6th day (lane 10). No band corresponding to 1.6 kb 
m R N A  is observed. 

The foregoing results indicate that despite pro- 
gression to an androgen-independent condition, the 
Shionogi carcinoma continues to express transcripts of 
the expected size for both the androgen and glucocor- 
ticoid receptors. 

Cloning of the androgen-related 1.6kb transcript and 
relative levels of expression 

In order to determine if the up-regulated 1.6 kb 
m R N A  (Fig. 2) represented expression of a truncated 
form of the androgen receptor, a c D N A  library was 
constructed using poly(A ÷ ) RNA from regressing tu- 
mours. The library was then screened with hybridiz- 
ation probe consisting of the 527 bp 5'-sequence of 
androgen receptor cDNA. Of the 15 unique clones 
selected, 2 were subcloned and used to probe poly(A ÷ ) 
RNA from parent, regressed and recurrent tumours. 
Levels of expression were compared to those of 
T R P M - 2  and 18S rRNA giving rise to the results 
shown in Fig. 3. The first of the two subclones, 
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ADS31,  detects 2 transcripts [Fig. 3(A)], one corre- 
sponding to a size of  1 .6kb and the other, 3 .2kb.  
Both are detected at low levels in the parent  tumour  
(lane 1) and on the basis of comparat ive densi tometry 
[Fig. 4(A)], increase approx. 2- to 3-fold over the next 
4 days after castration (lanes 2-5) relative to the amount  
of  18S R N A  in the samples [Fig. 3(D)]. By day 6 
(lane 6), the relative amounts  of both transcripts de- 
cline to about  2-fold the parent  tumour  levels. In  the 
recurrent  tumour  (lane 7), little change f rom the level 
in the parent  tumour  is detected. 

When  ADS39 c D N A  is used as hybridization probe 
[Fig. 3(B)], a transcript  of 2.0 kb is detected and follows 
a t ime course of expression similar to that of  the 3.2 kb 
m R N A  detected by the ADS31 cDNA.  As measured 
by relative densi tometry units [Fig. 4(B)], expression is 
low in the parent  tumour  (lane 1) and then increases 
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Fig. 4. Quant i t a t ion  of relat ive express ion of  ADS31, ADS39 
and TRPM-2 genes in parent ,  regressed  and r ecu r r en t  tu- 
mours .  Quant i ta t ion  of  the t r ansc r ip t s  in the Nor the rn  blots 
shown in Fig. 3 was d e t e r m i n e d  relat ive to 18S RNA by 
dens i tometry .  The values  were  s tandard ized  by sett ing the 

value for  the p a r en t  t u m o u r  to 1. 
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Fig. 3. Express ion  of ADS31, ADS39 and TRPM-2 genes in 
parent ,  regressed  and r e c u r r e n t  t umours .  ADS31 and ADS39 
cDNAs isolated by screening of a Shionogi c a r c inoma  cDNA 
l ibrary  were subcloned and subsequent ly  used as p robes  for 
Nor the rn  blot  analysis of  poly(A +) RNA f r o m  parent ,  re-  
gressed and recurrent  tu rnouts .  S imi la r  hybr id iza t ions  were 
ca r r i ed  out with a 1.3 kb f r a g m e n t  of  TRPM-2 cDNA. DNA 
inser ts  were  pur i f ied  and label led with [32p]dCTP pr io r  to 
Nor the rn  blot t ing and  au torad iography .  Nor the rn  analysis 
with ADS31 (A), ADS39 (B), TRPM-2 (C) cDNAs and 18S 
rRNA (D). Poly(A + ) RNA (10 mg/ lane)  f r o m  pa ren t  t u m o u r  
before  (lane 1), 1 day (lane 2), 2 days (lane 3), 3 days (lane 4), 
4 days (lane 5), 6 days (lane 6) af ter  cast ra t ion;  and f r o m  

r e c u r r e n t  t u rnou t  before  t r ansp lan ta t ion  (lane 7). 

approx. 2-fold during days 1 to 4 following castration 
(lanes 2-5). By the sixth day (lane 6), the expression is 
only slightly above (1.3-fold) the parent  level. T h e  level 
of  expression observed in the recurrent  tumour  (lane 7) 
is similar in magni tude to that seen in the parent.  

Activity of T R P M - 2 ,  an androgen-repressed gene 
closely associated with p rogrammed  cell death, is 
characterized by very different kinetics as shown in 
Figs 3(C) and 4(C). Detected as a 2.0 kb band, T R P M -  
2 m R N A  is present at a very low level in the parent  
tumour  (lane 1) which increases gradually after cas- 
tration to a 38-fold greater level at 6 days (lane 6). 
Unexpectedly,  a high level of expression (14-fold) is 
observed in the recurrent tumour  (lane 7). 

Androgen regulation of ADS31, ADS39 and TRPM-2  
expression in recurrent transplanted tumours 

Since ADS31,  ADS39 and T R P M - 2  transcripts 
were up-regulated after androgen withdrawal and con- 
t inued to be expressed in recurrent  tumours ,  fur ther  
passage of the recurrent  tumour  into an intact male host 
was per formed to determine whether  any residual 
regulation by hormones could be demonstrated in an 
otherwise androgen-independent  tumour.  As shown in 
Figs 5(A) and 6(A), ADS31 c D N A  again detects tran- 
scripts having a size of 1.6 and 3.2 kb. As found before 
[Fig. 3(A), lane 7], both  transcripts are observed in the 
recurrent  tumour  (lane 1). Down-regula t ion occurs in 
the 1.6kb transcript when the recurrent tumour  is 
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transplanted into a non-castrated male animal (lane 2). 
By 6 h after castration, there is a marked elevation of 
both the 1.6 and 3.2 kb m R N A s  (lane 3) which persists 
through the 12 h, 1 day, 2 day and 4 day postcastration 
intervals (lanes 4-7). 

ADS39 c D N A  detects a 2.0 kb transcript [Figs 5(B) 
and 6(B)], the expression of which shows a t ime course 
similar to that obtained with the ADS31 hybridization 
probe [Fig. 6(A)]. Expression of the ADS39 transcript 
is low in the recurrent tumour  (lane 1), further  de- 
creases when the recurrent tumour  is transplanted into 
an intact male animal (lane 2), but recovers to a much  
higher level of  expression from 6 h after castration 
onwards (lanes 3-7); with a slight decrease seen 6 days 
after castration (lane 8). 

T h e  pat tern of  expression of T R P M - 2  m R N A  con- 
trasts with the ADS31 and ADS39 profiles as described 

A 

1 2 3 4 5 6 7 8  kb 

- -3 .2  

- -1 .6  

4I A ~3.2kbtranscr ipt  ] 
[ " 7  1.6 kb transcript 

2 

15 

5 

0 
1 2 3 4 5 6 7 8 

Gel lanes 

Fig. 6. Q u a n t i t a t i o n  of re la t ive  express ion  of ADS31, ADS39 
and  T R P M - 2  genes  in r e c u r r e n t ,  t r a n s p l a n t e d  t u m o u r s .  
Q u a n t i t a t i o n  of  the  t r a n s c r i p t s  in the  N o r t h e r n  blots  shown 
in Fig. 5 was d e t e r m i n e d  re la t ive  to 18S RNA by d e n s i t o m e -  
try.  The  values  were s t a n d a r d i z e d  by se t t ing  the  value  for  the 

t r a n s p l a n t e d  t u m o u r  before  ca s t r a t i on  to 1. 

B 

C 

D 

- - 2 . 0  

- - 1 8 S  rRNA 

Fig. 5. Expres s ion  of  ADS31, ADS39 and  T R P M - 2  genes  in 
r e c u r r e n t ,  t r a n s p l a n t e d  t u m o u r s .  R e c u r r e n t  t u m o u r  (Fig. 1) 
was t r a n s p l a n t e d  into n o n - c a s t r a t e d  m a l e  mice  and  al lowed 
t o  grow to a size of  3-4 g. The  mice  were  ca s t r a t ed  and  the  
t u m o u r s  h a r v e s t e d  at  va r ious  t imes  a f te r  cas t ra t ion ,  m R N A  
w a s  i sola ted an d  ana lyzed  by hyb r id i za t i on  us ing  [32p]dCTP 
label led ADS31, ADS39 and  T R P M - 2  cDNA probes .  N o r t h e r n  
ana lys i s  us ing  ADS31 (A), ADS39 (B), T R P M - 2  (C) cDNAs 
and  18S rRNA (D). Poly(A +) RNA (10 rag/ lane)  f r o m  r e c u r -  
r en t  t u m o u r  before  t r a n s p l a n t a t i o n  (lane 1), r e c u r r e n t  t r a n s -  
p l an t ed  tumour before castration (lane 2), and 6 h (lane 3), 
12 h (lane 4), 1 day (lane 5), 2 days (lane 6), 4 days (lane 7) and 

6 days (lane 8) after castration. 

above. As shown in Figs 5(C) and 6(C), T R P M - 2  
m R N A  is strongly expressed in the recurrent  
tumour  before transplantation (lane 1) and is sharply 
reduced after the recurrent tumour  is transplanted 
into a non-castrated male (lane 2). T h e  2.0 kb tran- 
script increases at 6 and 12 h after castration (lanes 
3 and 4) but on subsequent days 1 through 6 
(lanes 5-8) falls to lower levels. There  is a ten- 
dency towards an inverse relationship between the 
levels of  expression of  ADS m R N A  and T R P M - 2  
m R N A  in the recurrent  transplanted turnouts after 
castration. 

Relative expression of A D S 3 1  and A D S 3 9  in normal 
tissues 

The  relative expression of ADS31 and ADS39 
were studied in normal target and non-target  tissues 
for androgens. As indicated by relative densi tometry 
units, which are corrected for loading (18S RNA) 
and expressed relative to the content in parent  tumour  
on the same blot, both ADS31 and ADS39 transcripts 
are present in very low levels in mouse liver but  
are highly expressed in the kidney (Fig. 7). In the 
rat prostate, ADS31 m R N A  decreases after castration 
in contrast to ADS39 transcript which increases. 
T h e  somewhat  different levels of  expression of ADS39 
in liver and prostate f rom non-castrated animals and 
the inverse effects of  androgen withdrawal on the levels 
of expression of ADS31 and ADS39 suggest that the 
two genes are differentially regulated. 
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Fig. 7. Relative expression of ADS31 and ADS39 in normal  
tissues. Poly(A +) RNA was isolated from mouse liver and 
kidney and rat prostate before and 3 days after castration. 
Express ion of ADS31 and ADS39 was examined by Northern 
hybridization analysis as described in the legend to Fig. 2. 
Quantitation of relative expression of transcript was deter- 

mined by densitometry. 

cDNA sequences of ADS31 and ADS39  

Sequencing of the 5 ' -region of the cloned ADS31 
c D N A  revealed complete sequence homology with the 
ras-related mouse YPT1 gene [26] between nucleotides 
- 5 7  and + 568. On this basis it was concluded that 
ADS31 and YPT1 are identical genes. 

Partial sequencing of cloned ADS39 c D N A  yielded 
the results shown in Fig. 8. No homologies with 
sequences in the G E N B A N K  or E M B L  Databases 
were found. 

Homologous sequences in mouse androgen receptor cDNA, 
A D S  cDNA and Y P T I  cDNA 

In  comparing the sequences of  androgen receptor 
c D N A  and ADS31 cDNA,  a 15-bp segment of  the 
5 ' -region extending f rom nucleotides + 188 to + 202 is 
completely homologous with a 5 ' -untranslated section 
of ADS31 cDNA,  f rom nucleotides - 3 0  to - 1 6  
[Fig. 9(A)]. After a 1-bp mismatch,  there is a fur ther  
5-bp homology between mouse androgen receptor 

c D N A  ( + 2 0 4  to +208)  and ADS31 c D N A  ( - 1 4  to 
- 1 0 ) .  These  regions of homology explain why the 
527 bp sequence f rom the 5 ' -end of androgen receptor 
c D N A  hybridizes with ADS31 m R N A  [Fig. 2(A)]. 
Whereas ADS31 and YPT1 cDNAs  are completely 
homologous,  ADS39 [Fig. 9(B)] contains an 18-bp 
GC-r ich  segment which is homologous to nucleotides 
- 27 to - 10 in YPT1 c D N A  and to the sequence in 
androgen receptor D N A  comprised of nucleotides 
+ 188 to + 208. T h e  glucocorticoid receptor c D N A  is 
devoid of homologous sequence and therefore does not 
hybridize with ADS transcripts. 

DISCUSSION 

The  principal effect of  tumour  progression is the loss 
of  apoptotic potential which is clearly demonstrated by 
the difference in the responses of parent  and recurrent  
forms of the Shionogi carcinoma to androgen with- 
drawal (Fig. 1). Since apoptosis may be considered an 
androgen-induced marker  of  stem cell differentiation, 
the potential to express apoptosis is not apparent  in the 
recurrent  Shionogi carcinoma owing to the prior  de- 
pletion of androgens and the resultant altered differen- 
tiation of surviving stem cells. Once the tumour  has 
progressed to the stage of recurrent  growth, further  
transplantation of the tumour  into an intact male host 
(i.e. androgen replacement) is no longer effective in 
re-inducing apoptotic potential (Fig. 1). In  previous 
studies on the basis of androgen independence of the 
Shionogi carcinoma, we found that recurrent  tumour  
cells only had low levels of  nuclear androgen receptor 
[10,22]. Fur thermore ,  in contrast to the effect of 
androgen replacement on the androgen-depleted 
parent  tumour ,  similar t reatment  had no effect on 
restoring the nuclear androgen receptor levels in the 
recurrent  malignancy. Thus ,  the finding of persistent 
expression of the wild-type 10 kb m R N A  in the recur- 
rent and recurrent transplanted tumours  [Fig. 2(A)] 
was unexpected and in the face of  a normal  D N A  

5 ' • . • CGTACAGGTTCCTAGTATTCCCCAGCCTGGGGAGGAGCCTTCAGTCAGCCCTGGATGACA 
ACCCAAAGCATGTGGTATCAGAGAGATGTGTGCTTCAGGTGGCCTGCAGGCTGCTGGATGCTCTG 
GAGTATCTCCATGAAA TGAGTATGTTCACGGGAACCTGACAGCTGAGAATGTCTTTGTGAATCC 
AGAGGATCTGAGCCAGGTGACCCTGGTGGGCTATGGCTTCACCTACCGATACTGC CCAGGTGGCA 
AACACGTGGCCTACAAAGAAGGCAGCAGGAGTCCACACGATGGGGACTTGGAGTTCATTAGCATG 
GACCTGCACAAGGGATGCGGACCCTCCCGCCGCAGCGATCTCCAGACCTTGGGCTACTGTATGCT 
CAAGTGGCTTTATGGGTCCCTGCCATGGACAAATTGCCTTCCCAACACCGAAAAGATAACTAGGC 
AGAAGCAGAAGTTTCTC CCCCGAAGGTATCTGGACAGCCCCGAGCGCCTCGTGGGACTGTGTGGC 
CGCTGGAACAAGGCCTCAGAGACCCTGCGC~AGTACCTGAAGGTGGTGATGGCCCTCAATTATGA 
GGAGAAGCCACCCTATGCCACGCTGAGGAACAGCCTAGAAGCTCTGCTGCAGGATATGCGGGTGT 
CACCCTATGACCCTCTGGACCTCCAGATGGTGC CTTAGATGGAATCCAGAGCTTCCGACTTGCAG 
CTTGAAGTAGAACATGAAGTAGTGTGACTGGAGGCCTGTTTGAACTCATAGCTCCTAAAAGAATC 
CCTTGAATGTGCATTCTCACCGCTCCCTTAGGACATATGAATCAGCACTTGTGTTGGGGAACCTG 
AGTCATGTCATGTAATGTGAAACTCCTCCCTGTCTCAGCTCTGGCAGCTGTGGATGGAGGTAAGT 
GGATGCTGGCGGCGGCGGCGGCAGCAGCCACTCCACTCCCTATGGCATTTCTGTGATGGCATAAT 
AAACTGTTTTTAATCAAAAAAAAAAAAAAA 

Fig. 8. Partial nucleotide sequence of ADS39 cDNA. cDNA sequence homologous  to androgen receptor is 
underl ined.  
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A. 

mAR: +177 

ADS31:-41 

¥PTI: -41 

5 o 3 o 

GACTAGCCCCCGGCGGCGGCGGCGGCAGCAGCACACTGAGGAT +219 

I IIIlllllllllllJ lllfl II 
AC, GGCGGTGGTGGCGGCGGCGGCGGCGGCAGCTGCAGTGACAT +2 

IlllllllllIllilllllllllillllllllllIllllJJll 
AGGGCGGTGGTGGCGGCGGCGGCGGCGGCAGCTGCAGTGACAT +2 

B. 

mAR: +177 

ADS39: 

YPTI: -38 

51 3 *  
GACTAGCCCCCGGCGGCGGCGGCGGCAGCAGCACACTGAGGAT +219 

I I I I I I I I I I I J l l l J l l l l l l l l l  I 
AAGTGGATGCTGGCGGCGGCGGCGGCAGCAGCCACTCCACTCC 

I I II lllllllllIlllllJll II II l 
GCGGTGGTGGCGGCGGCGGCGGCGGCAGCTGCAGTGACATGTC +5 

Fig. 9. H o m o l o g o u s  nucleot ide  sequences  in m o u s e  androgen  receptor.  YPT1, ADS31 (A) and ADS39 (B) 
cDNAs.  

sequence, implies uncoupling of gene transcription and 
synthesis of  androgen receptor protein. I t  remains 
possible that the glucocorticoid receptor assumes some 
of the functions of  the androgen receptor since the 
synthesis of  glucocorticoid receptor transcript is 
relatively constant in parent,  regressed and recurrent 
Shionogi carcinoma cells [Fig. 2(B)]. However,  the 
glucocorticoid sensitivity of the recurrent tumour  
has not been studied extensively and it is not 
known whether  glucocorticoid binding is affected by 
progression. 

T R P M - 2  (clusterin) is perhaps the gene most  closely 
identified with apoptotic cell death [27]. A marked 
increase in the level of  expression of T R P M - 2  m R N A  
occurs in the parent androgen-dependent  Shionogi 
carcinoma after castration [Figs 3(C) and 4(C)]. 
Although it was originally inferred that the T R P M - 2  
gene product  was a cell-death promot ing factor, it was 
subsequently found that the T R P M - 2  gene encodes a 
polypeptide which is almost identical to sulphated 
glycoprotein 2 (clusterin), a Sertoli cell-derived protein 
that elicits aggregation of erythrocytes and Sertoli cells 
in v i t r o  [28, 29]. T h e  encoded amino acid sequence of 
the T R P M - 2  gene shares significant homology with 
plasma complement  cytolysis inhibitor, a factor which 
may restrict cytolytic attack on target cell membranes  
[30]. Our  finding of  a very high level of expression of 
T R P M - 2  transcript in the recurrent  tumour  [Figs 3(C) 
and 4(C), lane 7] is more consistent with T R P M - 2  
functioning as a survival mechanism rather than a 
trigger of autophagic regression of tumour  cells. The  
expression of T R P M - 2  was markedly down-regulated 
in the recurrent tumour  after transplantation into an 
intact male host [Figs 5(C) and 6(C), lane 2] but 
increased again transiently following castration of the 
host animal [Figs 5(C) and 6(C), lanes 3 and 4]. These 
observations demonstrate  that the T R P M - 2  gene re- 
mains sensitive to changes in the androgen environ- 
ment  of the tumour  despite progression to an overall 

androgen-independent  condition. How androgen- 
repression is achieved in the absence of functional 
androgen receptor is not clear. In view of the relatively 
abundant  level of  m R N A  for androgen receptor in the 
recurrent tumour  [Fig. 2(A)] it remains possible that 
very low levels of  androgen receptor are synthesized in 
tumour  cells but the amounts are below the level of 
detection. 

Nor thern  blot analysis of  tumour  m R N A  with a 
527 bp 5 ' - f ragment  of androgen receptor c D N A  unex- 
pectedly revealed a 1.6 kb transcript in addition to the 
10kb full-length copy of androgen receptor m R N A  
[Fig. 2(A)]. The  1.6kb m R N A  was up-regulated by 
androgen withdrawal lending support  to the tentative 
conclusion that it might  be a truncated form of the 
native androgen receptor. However,  subsequent iso- 
lation and sequence analysis of  cloned 1.6kb c D N A  
indicated that the encoded polypeptide was not related 
to the androgen receptor; rather, the ADS31 clone was 
derived from the mouse YPT1 gene which codes for a 
ras-related G T P - b i n d i n g  protein [26]. Similar charac- 
terization of a second c D N A  clone, ADS39, revealed 
no similarity with the YPT1 gene. However,  it was 
found that ADS31/YPT1,  ADS39 and mouse andro- 
gen receptor cDNAs all share a common 20 or 21 bp 
GC-r ich  region of homology which accounts for the 
cross-hybridization results observed in Fig. 2. Whether  
this homology is of  any functional significance is 
unknown. The  ADS31/YPT1 1.6kb and 3 .2kb  
[Fig. 3(A)] transcripts which are found in the Shionogi 
carcinoma are identical to the forms of YPT1 m R N A  
observed in a variety of  normal mouse tissues [26]. The  
androgen-repressed state of  the YPT1 gene has not 
been reported previously but it is evident from the data 
presented in Figs 4(A) and 6(A) that the level of  
expression of this gene in the Shionogi carcinoma may 
increase after androgen withdrawal. Confirming this 
finding, the 1.6kb transcript of the YPT1 gene is 
down-regulated in recurrent turnout cells transplanted 
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in to  a n o n - c a s t r a t e d  m a l e  a n i m a l  [F igs  5(A)  a n d  6(A)] .  

S u s t a i n e d  r e b o u n d  to  t he  h i g h e r  l eve l  o f  e x p r e s s i o n  

is o b s e r v e d  a f te r  a n d r o g e n  w i t h d r a w a l  [F igs  5(A) 

a n d  6(A) ,  l anes  3 -7] .  As  w i t h  r e g u l a t i o n  o f  T R P M - 2  

( c lu s t e r i n )  g e n e  e x p r e s s i o n ,  w h e t h e r  t h e r e  is suf f ic ien t  

a n d r o g e n  r e c e p t o r  to  a c c o u n t  fo r  a n d r o g e n i c  r e g u l a t i o n  

o f  t he  Y P T 1  g e n e  in  a n d r o g e n - i n d e p e n d e n t  t u m o u r  

cel ls  is u n k n o w n .  O w i n g  to G T P - b i n d i n g  ab i l i ty ,  

Y P T 1  e n c o d e d  p r o t e i n  m a y  be  p a r t  o f  a s igna l  t r a n s -  

d u c t i o n  p a t h w a y  [31]; t hus ,  t h e  a u g m e n t e d  e x p r e s s i o n  

o f  Y P T 1  in  t h e  la te  s tages  o f  t u m o u r  p r o g r e s s i o n  is in  

k e e p i n g  w i t h  r e g u l a t o r y  d o m i n a n c e  o f  a l t e r n a t i v e  

g r o w t h  f ac to r s  w i t h  s u r v i v a l  e n h a n c i n g  p r o p e r t i e s  [32]. 

O n e  s u c h  c a n d i d a t e  is bas i c  f i b rob l a s t  g r o w t h  f a c t o r -  

l ike p e p t i d e  w h i c h  is s y n t h e s i z e d  b y  a n d r o g e n - i n d e -  

p e n d e n t  S h i o n o g i  c a r c i n o m a  cel ls  in  t i s sue  c u l t u r e  [33]. 

T h i s  g r o w t h  f ac to r  m a y  also p l a y  a ro le  in v ivo  s ince  

b o t h  t h e  p a r e n t  a n d  r e c u r r e n t  t u m o u r s  d e s c r i b e d  in 

F ig .  1 c o n t a i n  a b u n d a n t  t r a n s c r i p t  fo r  F G F  r e c e p t o r  

(K.  A k a k u r a ,  u n p u b l i s h e d  data) .  

I n  s u m m a r y ,  o u r  r e su l t s  i n d i c a t e  t h a t  t u m o u r  p r o -  

g r e s s i o n  re su l t s  in  a c o m p l e t e  loss o f  a p o p t o t i c  p o t e n t i a l  

d e s p i t e  p e r s i s t e n c e  o f  t h e  e x p r e s s i o n  o f  a n d r o g e n  

r e c e p t o r  m R N A .  A n d r o g e n - i n d e p e n d e n c e  o f  t u m o u r  

g r o w t h  is n o t  p a r a l l e l e d  b y  r e s i s t ance  to  a n d r o g e n  

r e g u l a t i o n  at t h e  g e n e t i c  level .  T h e  e x p r e s s i o n  o f  b o t h  

T R P M - 2  a n d  Y P T 1  g e n e s  is r e p r e s s e d  by  a n d r o g e n s  

in  b o t h  a n d r o g e n - d e p e n d e n t  p a r e n t  a n d  a n d r o g e n -  

i n d e p e n d e n t  r e c u r r e n t  S h i o n o g i  c a r c i n o m a  cel ls  a n d  

u p - r e g u l a t i o n  o c c u r s  in  b o t h  cel l  t y p e s  a f te r  ca s t r a t i on .  

T h e  p r e s e n c e  o f  a b u n d a n t  Y P T 1  t r a n s c r i p t  in 

a n d r o g e n - i n d e p e n d e n t  r e c u r r e n t  t u m o u r s  is in k e e p i n g  

w i t h  t h e  c o n c e p t  t h a t  a l t e r n a t i v e  s i g n a l - t r a n s d u c t i o n  

p a t h w a y s  a c t i v a t e d  by  a u t o c r i n e  o r  p a r a c r i n e  g r o w t h  

fac to r s  e n h a n c e  the  s u r v i v a l  o f  a n d r o g e n - d e p l e t e d  cells.  

Acknowledgements--We thank Drs Juergen Vielkind and Ralph 
Buttyan (Columbia University) for many helpful discussions, Kelly 
Fox and Kathy Robertson for technical assistance, and Cynthia Wells 
for typing the manuscript. This research was supported by Grant 
MT-10704 from the Medical Research Council of Canada. 

R E F E R E N C E S  

1. Bruchovsky N., Lesser B., Van Doom E. and Craven S.: 
Hormonal effects on cell proliferation in rat prostate. Vit. Horm. 
33 (1975) 61-102. 

2. Lee C.: Physiology of castration-induced regression in rat 
prostate. In The Prostatic Cell: Structure and Function, Part .4: 
Morphologic, Secretory, and Biochemical .4spects (Edited by G. P. 
Murphy, A. A. Sandberg, and J. K. Karr). Alan R. Liss, New 
York (1981) pp. 145-159. 

3. Montpetit M. L., Lawless K. R. and Tenniswood M.: Andro- 
gen-repressed messages in the rat ventral prostate. The Prostate 
8 (1986) 25-36. 

4. Rennie P. S., Bouffard R., Bruchovsky N. and Cheng H.: 
Increased activity of plasminogen activators during involution of 
the rat ventral prostate. Bioehem. ft. 221 (1984) 171-178. 

5. Bettuzzi S., Hiipakka R. A., Gilna P. and Liao S.: Identification 
of an androgen-repressed mRNA in rat ventral prostate as coding 
for sulphated glycoprotein 2 by cDNA cloning and sequence 
analysis. Biochem. J. 257 (1989) 293-296. 

6. Rennie P. S., Bruchovsky N., Buttyan R., Benson M. and Cheng 
H.: Gene expression during the early phases of regression of the 

androgen-dependent Shionogi mouse mammary carcinoma. 
Cancer Res. 48 (1988) 6309-6312. 

7. Buttyan R., Olsson C. A., Pintar J., Chang C., Bandyk M., Ng 
P. and Sawczuk I. S.: Induction of the TRPM-2 gene in cells 
undergoing programmed death. Molec. Cell. Biol. 9 (1989) 
3473-3481. 

8. Kyprianou N., English H. and Isaacs J. T.: Programmed cell 
death during regression of PC-82 human prostate cancer follow- 
ing androgen ablation. Cancer Res. 50 (1990) 3748-3753. 

9. Bruchovsky N., Brown E. M., Coppin C. M., Goldenberg S. L., 
Le Riche J. C., Murray N. C. and Rennie P. S.: The endocrin- 
ology and treatment of prostate tumor progression. In Current 
Concepts and Approaches to the Study of Prostate Cancer (Edited 
by D. S. Coffey, N. Bruchovsky, W. A. Gardner Jr, M., M. I. 
Resnick and J. P. Karr). Alan R. Liss, New York (1987) 
pp. 347-387. 

10. Bruchovsky N., Rennie P. S., Coldman A. J., Goldenberg S. L., 
To M. and Lawson D.: Effects of androgen withdrawal on the 
stem cell composition of the Shionogi carcinoma. Cancer Res. 50 
(1990) 2275-2282. 

11. Bandyk M. G., Sawczuk I. S., Olsson C. A., Katz A. E. and 
Buttyan R.: Characterization of the products of a gene expressed 
during androgen-programmed cell death and their potential use 
as a marker of urogenital injury. J. Urol. 143 (1990) 407-412. 

12. Tenniswood M. P., Guenette R. S., Lakins J., Mooibroek M., 
Wong P. and Welsh J.-E.: Active cell death in hormone-depen- 
dent tissues. Cancer Metastasis Rev. 11 (1992) 197-220. 

13. Bruchovsky N., Sutherland D. J. A., Meakin J. W. and Minesita 
T.: Androgen receptors: relationship to growth response and to 
intracellular androgen transport in nine variant lines of the 
Shionogi mouse mammary carcinoma. Biochem. Biophys. Acta. 
381 (1975) 61-71. 

14. Minesita T. and Yamaguchi T.: An androgen-dependent mouse 
mammary tumor. Cancer Res. 25 (1965) 1168-1175. 

15. Maniatis T., Jeffrey A. and Kleid D. G.: Nucleotide sequence of 
the rightward operator of phage lambda. Proc. Natn. ,4cad. Sci. 
U.S.A. 72 (1975) 1184-1188. 

16. Maniatis T., Fritsch E. F. and Sambrook J.: Molecular Cloning: 
A Laboratory Manual. Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY (1984) pp. 466-467. 

17. Cathala G., Savowret J. F., Mundey B., West B. L., Karin M., 
Matial J. A. and Baxter J. D.: A method for the isolation of intact, 
transitionally active ribonucleic acid. DNA 2 (1980) 329-335. 

18. Aviv H. and Leder P.: Purification of biologically active globin 
messenger RNA by chromatography on oligothymidylic acid-cel- 
lulose. Proc. Natn. Acad. Sci. U.S.A. 69 (1972) 1408-1413. 

19. Thomas P.S.: Hybridization of denatured RNA and small DNA 
fragments transferred to nitrocellulose. Proc. Natn. Acad. Sci. 
U.S.A. 77 (1980) 5201-5205. 

20. Sanger F., Nicklen S. and Coulson A. R.: DNA sequencing with 
chain-terminating inhibitors. Proc. Nam. Acad. Sci. U.S.A. 74 
(1977) 5463-5467. 

21. Murray V.: Improved double-stranded DNA sequencing using 
the linear polymerase chain reaction. Nucleic Acids Res. 17 (1989) 
8889. 

22. Bruchovsky N., Rennie P. S., Otal N., Vanson A., Giles M. and 
Pontifex H.: Variability of androgen-related phenotypes in the 
Shionogi mammary carcinoma during growth, involution, recur- 
rence, and progression to hormonal independence. Cancer Res. 
45 (1985) 682-689. 

23. He W. W., Fischer L. M., Sun S., Bilhartz D. L., Zhu X., 
Young C. Y.-F., Kelley D. B. and Tindall D. J.: Molecular 
cloning of androgen receptors from divergent species with a 
polymerase chain reaction technique: complete cDNA sequence 
of the mouse androgen receptor and isolation of androgen 
receptor cDNA probes from dog, guinea pig and clawed frog. 
Bioehem. Biophys. Res. Commun. 171 (1990) 697-704. 

24. Furuya Y., Shirasawa H., Sato N., Watabe Y., Simizu B. and 
Shimazaki J.: Loss of androgen dependency with preservation of 
functional androgen receptors in androgen-dependent mouse 
tumor (Shionogi carcinoma 115). J. Steroid Biochem. Molec. Biol. 
42 (1992) 569-574. 

25. Omukai Y., Nakamura N., Hiraoka D., Nishizawa Y., Uchida 
N., Noguchi S., Sato B. and Matsumoto K.: Growth-stimulating 
effect of pharmacological doses of glucocorticoid on androgen- 
responsive Shionogi carcinoma 115 in vivo in mice and in cell 
culture. Cancer Res. 47 (1987) 4329-4334. 



40 Paul S. Rennie  et al. 

26. Haubruck H., Disela C., Wagner P. and Gallwitz D.: The 
ras-related ypt protein is an ubiquitous eukaryotic protein: 
isolation and sequence analysis of mouse cDNA clones highly 
homologous to the yeast YPT1 gene. E M B O  .71 6 (1987) 
4049--4053. 

27. Tenniswood M. P., Montpetit M. L., Leger J. G., Wong P., 
Pineault J. M. and Rouleau M.: Epithelial-stromal interactions 
and cell death in the prostate. In The Prostate as an Endocrine 
Gland (Edited by W. E. Farnsworth, and R. J. Ablin). CRC 
Press, Boca Raton, FL (1990) pp. 187-204. 

28. Collard M. W. and Griswold M. D.: Biosynthesis and molecular 
cloning of sulfated glycoprotein 2 secreted by rat Sertoli cells. 
Biochemistry 26 (1987) 3297-3303. 

29. Cheng C. Y., Mathur P. P. and Grima J.: Structural analysis of 
clusterin and its subunits in ram fete testis fluid. Biochemistry 27 
(1988) 4047-4088. 

30. Jenne D. E. and Tschopp J.: Molecular structure and functional 
characterization of a human complement cytolysis inhibitor 
found in blood and seminal plasma: Identity to sulfated glyco- 
protein 2, a constituent of rat testis fluid. Proc. Natn.  Acad. Sci. 
U.S .A .  86 (1989) 7123-7127. 

31. Chardin P.: Small GTP-binding proteins of the ras family: 
a conserved functional mechanism? Cancer Cells 3 (1991) 
118-126. 

32. Tamm I., Kikuchi T. and Zychlinsky A.: Acidic and basic 
flbroblast growth factors are survival factors with distinctive 
activity in quiescent BALB/c3T3 murine fibroblasts. Proc. Natn.  
Acad. Sci. U.S .A .  88 (1991) 3372-3376. 

33. Furuya Y., Sato N., Akakura K., Ichikawa T., Suzuki N., 
Sato R. and Shimazaki J.: Paracrine growth stimulation of 
androgen-responsive Shionogi carcinoma 115 by its autonomous 
subline (Chiba subline 2). Cancer Res. 50 (1990) 4979--4983. 


