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DNA-binding of Androgen Receptor 
Overexpressed in Mammal ian  Cells 

A l f r e d  v. K r e m p e l h u b e r ,  F r a n k  MOiler  a n d  U l r i k e  F u h r m a n n *  
Research Laboratories of Schering AG, Miillerstrasse 170-178, 13342 Berlin, Germany 

In o r d e r  to inves t iga te  the  DNA-b ind ing  p rope r t i e s  of  the r a t  and rogen  r e c e p t o r  ( tAR)  in 
m a m m a l i a n  cells a f t e r  add i t ion  of  androgens  and  an t i androgens ,  we es tabl i shed  a gel-shif t  assay 
with e x t r a c t  f r o m  COS-1 cells (CV-1 cells t r a n s f o r m e d  with the D N A - t u m o u r  vi rus  SV40) over -  
express ing  the tAR.  First ,  the  t AR was ove rexpres sed  in COS-1 cells. T h e r e f o r e  the  fu l l - l eng th  
AR cDNA was in se r t ed  i m m e d i a t e l y  d o w n s t r e a m  f r o m  the SV40 ear ly  p r o m o t e r  o f p E C E  to gene ra t e  
p E C E - A R .  Express ion  of  the t A R  dr iven  by the SV40 ear ly  p r o m o t e r  yields cons tan t  and  high levels 
o f  t A R  pro te in .  In addi t ion ,  the vec to r  conta ins  the SV40 or igin  of  r ep l i ca t ion  for  ob ta in ing  high copy 
vec to r  n u m b e r s  in COS-1 cells. The  rAR-con ta in ing  express ion  vec to r  was t r ans i en t ly  t r an s f ec t ed  
into COS-1 cells using T r a n s f e c t a m  Reagent ,  in o r d e r  to achieve high t r ans f ec t i on  efficiency. 
Express ion  of  biological ly  act ive r e c e p t o r  was tes ted  by analyzing  the effect of  the synthe t ic  and ro -  
gen R1881 on induc t ion  of  t r ans i en t ly  t r an s f ec t ed  pMMTV-CAT.  S te ro id  b inding  assays were  c a r r i e d  
out  to c on f i rm  ove rexpres s ion  o f  biological ly act ive AR and  to d e t e r m i n e  the b inding of  d i f ferent  
h o r m o n e s  and  a n t i h o r m o n e s  to AR in COS-1 cells t r ans i en t ly  t r an s f ec t ed  with pECE-AR.  Gel-shi f t  
e x p e r i m e n t s  p e r f o r m e d  with whole cell ex t r ac t  of  those cells, con ta in ing  -~ 700 fmol  A R / m g  pro te in ,  
and  labe led  AR-b ind ing  GRE (g lucocor t ico id  respons ive  e lement )  showed tha t  R1881 induced  
the f o r m a t i o n  of  a p r o t e i n - G R E  complex .  F u r t h e r m o r e ,  the R1881-induced f o r m a t i o n  of  the 
p r o t e i n - G R E  complex  could be c o m p e t e d  by add i t ion  of  un labe led  excess of  GRE but  not  
of  unspecif ic  o l igonucleot ides ,  con f i rming  sequence-speci f ic  b inding  of  the R1881-induced p r o t e i n -  
GRE complex .  
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INTRODUCTION 

The androgen receptor (AR) belongs to the family of 
steroid receptor proteins that act as ligand-regulated 
transcriptional activators [1, 2]. After binding of 
androgen the AR interacts with androgen responsive 
elements (AREs) of androgen-regulated genes, thereby 
inducing a cascade of transcriptional events [2]. Anti- 
androgens are synthetic antagonists of natural andro- 
gens and are used in the clinical treatment of different 
androgen-dependent diseases [3]. Antiandrogens bind 
to the hormone-binding site of the androgen recep- 
tor [4], thereby competing with the natural ligand, and 
are thought to inhibit the agonistic effect of androgens 
on induction of transcription [5]. 

Since we were interested in getting more precise 
knowledge of the molecular level of androgen and 
antiandrogen action, we set out to study the DNA- 
binding properties of the AR. A commonly used 

*Correspondence to U. Fuhrmann.  
Received 1 June 1993; accepted 15 Dec. 1993. 

method to investigate the binding properties of a 
DNA-binding protein like the AR is the "gel retar- 
dation assay". In this assay different binding conditions 
for these proteins can be tested. However, studies of 
DNA-binding and other  biochemical properties of 
the AR have been hampered by the scarcity and the 
instability of this steroid receptor in tissues [6]. Thus 
expression of the AR in suitable host systems like 
in E. coli [7] or in the baculovirus system [8] were 
performed in order to investigate DNA-binding par- 
ameters, while expression of the AR cDNA in mam- 
malian cells did not yield quantities of the receptor 
sufficient for such functional studies [9]. 

Therefore the major aim of the present work was to 
get sufficient overexpression of AR in mammalian cells 
to investigate the DNA-binding properties of authentic 
AR. To achieve this, we established a gel retardation 
assay with AR overexpressed in COS-1 cells. This gel- 
shift assay carried out with AR from transiently 
transfected COS-1 cells provides a powerful tool to 
study the effects of androgens and antiandrogens on 
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the DNA-binding properties of the AR produced in an 
environment close to the in vivo situation. 

M A T E R I A L S  A N D  M E T H O D S  

Hormones and antihormones 

R1881 (17fl-hydroxy- 17-methylestra-4,9,11-triene- 
3-one) and radioactive [17g-methyl-3H]R1881 (sp. 
act.: 87 Ci/nmol) were purchased from New England 
Nuclear (Boston, MA). Dihydrotestosterone, testos- 
terone, estradiol, cyproterone acetate (17-acetoxy-6- 
chlor- 1,2 a- methylene-4,6- pregnadiene- 3,20- dione), 
promegestone (17a,21 -dimethyl- 19-norpregna-4,9- 
dione-3,-20-dione), casodex [ICI 176334; (2RS)-4'- 
cyano-3-(4-fluorophenyl-sulfonyl)-2-hydroxy-2-methyl- 
3'-(trifluoromethyl)propionanilide], hydroxyflutamide 
[2-hydroxy-2-methyl-N(4-nitro-3(tr if luoromethyl)-  
phenyl)propanamide] and dexamethasone (9-fluoro- 
11 fl, 17,21 - trihydroxy - 16 - methylpregna - 1,4- diene - 
3,20-dione) were synthesized by Schering AG (Berlin). 

Constructs 

The expression plasmid p6RAR containing the full- 
length coding sequence of the rat AR (rAR) was kindly 
provided by Dr R. Miesfeld. The expression plasmid 
pECE [10] was kindly provided by Dr G. Langer. 
pECE contains the SV40 early and late promoters, the 
SV40 origin of replication, the SV40 polyadenylation 
site and a polylinker site. Plasmid p6RAR was cleaved 
with restriction enzymes Kpn I and Xba I to generate a 
3 kb K p n I - X b a I  fragment, containing the complete 
protein coding part of the rAR. The Kpn I -Xba  I-rAR 
fragment was inserted into the Kpn I and Xba I site 
of the polylinker of the expression plasmid pECE to 
generate pECE-AR. 

The pMMTV-CAT plasmid[l l]  contains the 
MMTV  promoter linked to a CAT gene and was kindly 
provided by Dr A. C. B. Cato. 

Cell culture and transfection 

COS-1 cells[12] were cultured in Dulbecco's 
Modified Eagle's Medium (DMEM) supplemented 
with 10% fetal calf serum (FCS, Gibco, Berlin), 
4 mmol/1 L-glutamine, 100 U/ml penicillin and 
100 # g/ml streptomycin. 

Transient transfection was performed using "Trans- 
fectam Reagent" (Promega, Heidelberg) according to a 
procedure recommended by the manufacturer[13]. 
The transfection cells were seeded onto 100 mm dishes 
at a density of 1 × 1 0  6 cells/dish. Cells were typically 
about 40050% confluent after 24 h, prior to transfec- 
tion. Before transfection, cells were washed twice with 
3ml phosphate-buffered saline (PBS). For each dish 
5 #g of AR-containing DNA was diluted with 0.5 ml 
DMEM without FCS; for the CAT assay, 5 #g of 
the pMMTV-CAT plasmid were cotransfected. In 
addition, 7.5 #1 "Transfectam Reagent" was diluted 
with 0.5 ml DMEM without FCS. Next, the DNA and 
"Transfectam Reagent" were combined in a poly- 
styrene snap cap tube to obtain 1 ml of transfection 

solution per dish, gently mixed, added dropwise to the 
washed cells and filled up with DMEM without FCS 
to a volume of 3 ml/dish. After 5 h the transfection 
solution was replaced by 10 ml DMEM supplemented 
with 10% FCS. After 24h cells were cultured for 
another 24h in medium supplemented with 3% 
charcoal stripped FCS [14]. Before harvesting, cells 
were incubated for 3 h in the presence or absence of 
10 nmol/1 of the synthetic androgen R1881 (NEN). 

Preparation of whole cell extract 

Transiently transfected cells (10o15 x 106) were 
washed twice with 3 ml PBS per dish and harvested 
using a "rubber policeman". Next, cells were disrupted 
on ice in 0.2 ml TEGM-buffer  (10 mmol/1 Tris-HC1, 
1 mmol/1 EDTA, 10% glycerin, 2mmol/l mercapto- 
ethanol, 10 mmol/1 sodium molybdate, pH 7.2) [9] con- 
taining protease inhibitors according to Klein-Hitpass 
et al. [15] [5 mmol/1 leupeptin, 0,1 mmol/1 benzamidin, 
1 pg/ml pepstatin A, 0,5 pg/ml aprotinin (all Merck, 
Darmstadt) and 0.2mmol/1 PMSF (Sigma, Deisen- 
hofen)] with 30 strokes in a homogenizer (B. Braun, 
Melsungen) with a strong pestle. For gel retardation 
experiments a high salt buffer [10 mmol/1 sodium phos- 
phate, pH 7.4, 1 mmol/1 EDTA, 0,5 mmol/1 dithio- 
threitol (DTT),  10% Glycerin, 400mmol/1 KCI] 
instead of TEGM-buffer  was used for disruption. The 
homogenate was centrifuged at 100,000g for l h 
at 0-2°C, the supematant was collected and protein 
concentration was determined according to Bradford 
[16]. 

Preparation of rat prostate extract 

Ventral prostates of 10 castrated adult male rats 
(Wistar rats, 350g, Schering AG) were washed in 
ice-cold buffer (0.25mol/1 sucrose, 0.01 mol/1 Tris, 
pH7.5) cleaned and dried on tissue paper. 1.3ml 
preparation buffer (10mmol/1 Tris, 10% glycerin, 
2 mmol/1 D T T ,  20 mmol/1 sodium molybdate, pH 7.4) 
was added per g prostate and prostate was homogenized 
using an ultraturrax. The homogenate was centrifuged 
at 100,000g for 1 h at 0-2°C, the supernatant was 
stored in aliquots at -80°C.  

Steroid-binding assay 

The steroid hormone receptor levels in COS-1 cells 
transiently transfected with rAR and rat prostate tissue 
were determined in duplicates by the dextran-coated 
charcoal procedure[17] using saturating concentra- 
tions of ligand (Snmol/1 [3H]R1881, 87Ci/mmol,  
NEN) competing with a 200-fold excess of non- 
radioactive R1881 (NEN). 

Binding affinities of hormones and antihormones 
were determined in cytosol preparations of COS-1 cells 
and rat prostate tissue. 10 #1 of [3H]R1881 (final con- 
centration 5 x 1 0  - 9  mol/1) and 10 #1 unlabeled R1881 
for the standard curve or 10/~1 of the test substance 
in appropriate concentrations were added to 40pl  
of cytosol. Each sample was incubated for 2h  at 
4°C. After the incubation the unbound steroids were 
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adsorbed using the dextran-coated charcoal procedure 
[17]. 

CA T assay 

T r a n s i e n t l y  transfected cells were disrupted by 
freezing-thawing in 37°C water bath/dry ice-acetone 
three times each. Protein concentration of the cell 
extracts was determined according to the procedure of 
Bradford [16]. C A T  assay was performed as described 
by Gorman et al. [18]. 

Gel retardation assay 

T h e  gel retardation assay was performed accord- 
ing to Barberis et al. [19]. 15 #g protein of whole 
cell extract were incubated with l p g  poly (d I .dC)  
(Pharmacia, Berlin) at 4°C for 15 min. For  the bind- 
ing reaction, a "glucocorticoid responsive element" 
(GRE [20]) with the sequence 5' A G C T T A G A A -  
C A C A G T G T T C T C T A G A G  3' (GRE underlined) 
was used. 10-50 ng of the sense oligonucleotide was 
annealed to the overlapping antisense oligonucleotide 
to obtain a double-strand DNA,  which was fill-in 
labeled with [32p] d A T P  (3000 Ci/mmol, NEN)  using 
Klenow polymerase (Boehringer, Mannheim).  Binding 
reaction was initiated by adding 40,000-50,000 dpm 
(10pg) of  the purified double-strand oligonucleotide 
and was performed at 4°C for 20 min. The  final concen- 
tration of buffer components in a 30 p 1 binding reaction 
was as follows: 10 mmol/1 T r i s -HCl  (pH 7.5), 1 mmol/1 
D T T ,  10% glycerol and 75 mmol/1 KC1. A pre-elec- 
t rophoresed (4 mA for 30 min) 5% polyacrylamide gel 
(acrylamide to bisacrylamide ratio 30:0.8) containing 
0.5 x T B E  buffer (0.89 mol/l Tris,  0.89 mol/1 borate, 
20 mmol/1 E D T A ,  pH  8.3) was used to separate the 
r ecep to r -DNA complex at 150 V and 8 mA at 4°C with 
buffer recirculation. After 3 h the gel was vacuum- 
dried for autoradiography. For  the gel retardation 
competit ion assay different concentrations of unlabeled 
competit ion oligonucleotide were added to the binding 
reaction. 

RESULTS AND DISCUSSION 

Construction of the r A R  expression plasmid 

T h e  first step to overexpress the AR in mammalian 
cells was the construction of a suitable expression 
vector. Therefore ,  the full-length AR cDNA of the 
rAR [21] was inserted immediately downstream from 
the SV40 early promoter  of pECE [10] to generate 
p E C E - A R  (Fig. 1). Expression of the rAR driven by 
the SV40 early promoter  yields constant and high levels 
of rAR protein. In addition, the vector contains the 
SV40 origin of replication for obtaining high copy 
vector numbers in COS-1 cells. 

Overexpression of A R  in C O S - 1  cells 

In order to achieve high transfection efficiency, 
the AR-containing expression vector p E C E - A R  
was transiently transfected into COS-1 cells using 
"Transfec tam Reagent" (Stratagene). Steroid binding 

SV 40 
ORI 

SV early 40 rAR 

Kpnl 

pECE-AR 
5.9 kb 

Xbal 

SV 40 
poly A 

Fig. 1. Structure of  the AR-express ion vector pECE-AR.  
The 3 kb ful l - length coding sequence of  rAR [21] was  inserted 
into the KpnI and XbaI sites of  the expression vector 

pECE [10]. 

assays were carried out to confirm overexpression of  
the AR in those cells. As shown in Fig. 2, transfection 
of  the AR expression vector p E C E - A R  using 
Transfectam Reagent yielded a receptor content of  
about 650 fmol/mg protein. In contrast, transfection 
carried out with other methods (lipofection, calcium 
phosphate, DEAE-dextran)  yielded much lower 
quantities of expressed AR (data not shown). Unex- 
pectedly, untransfected COS-1 cells used as a negative 
control contained about 50 fmol recep tor /mg protein 
(Fig. 2). This  amount  of  androgen-binding protein did 
not correspond to biologically active AR, because 
no transactivation of  the CA T reporter gene could 
be found in untransfected COS-1 cells cultured in 
the presence of 10 nmol R1881, as shown in Fig. 3. 
Extract of rat prostate tissue used as a positive control 
showed an amount  of about 40 fmol/mg AR (Fig. 2) as 
described previously [22]. 

Fur thermore,  binding experiments were performed 
with AR overexpressed in COS-1 cells to test the 
ability of various hormones and antihormones to com- 
pete with [3H]R1881 for the hormone binding site of 
the receptor. T o  get a broader perspective, AR from rat 
prostate tissue was used for comparison. Th e  results of 
these comparative binding studies are summarized in 
Table  1. The  binding affinities of AR overexpressed in 
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Fig. 2. Receptor content in COS-1 ceils after Transfectam- 
mediated transfection of the AR°expression vector 
pECE-AR. Steroid binding assays were carried out with the 
3H-labeled synthetic androgen R1881 (NEN) as described 
previously [17]. Untransfected COS-1 cells were used as 
negative control, extract of rat prostate tissue as positive 

control. 

COS-1  cells were in agreement  wi th  receptor  b i n d i n g  

affinities ob ta ined  wi th  AR from rat prostate  (Tab le  1). 
There fo re  AR overexpressed in COS-1  cells shows the 
typical  b i n d i n g  profile of a funct ional  AR. 

Express ion  of biologically active AR in  COS-1  
cells t rans ien t ly  t ransfected with rAR was tested by 
ana lyz ing  the effect of  the synthet ic  androgen  R 1881 on 
i nduc t i on  of t rans ien t ly  cotransfected repor te r -p lasmid  
p M M T V - C A T  [11]. T r a n s i e n t  t ransfect ion of the par-  
ental  cell l ine COS-1  was used as a negat ive control .  
As shown in F ig  3, a low background  C A T  activity in 
COS-1  cells t rans ien t ly  t ransfected with p M M T V -  
C A T  only  could be observed in the absence or presence 
of 10nmol/1  R1881. I n  contrast ,  C A T - e x p r e s s i o n  
could be induced  in  the p E C E - A R  transfected COS-1  
cells (Fig. 3). Surpr i s ingly ,  C A T  activity was also 
found  in  AR-express ing  COS-1  cells in the absence of 
R1881. One  possible explanat ion  for this observa t ion  
would  be the act ivat ion of overexpressed A R  by 
endogenous  tes tosterone (10-1 'mol /1)  in  the cul ture  

med ium.  
T a k e n  together,  these results show the over-  

expression of a biologically active AR after t rans ien t  
t ransfect ion of the AR-gene  into COS-1  cells us ing  
" T r a n s f e c t a m  Reagent" .  

Fig. 3. Specific induction of CAT activity by R1881 in the 
transient transfected COS-1 cells. COS-1 cells were transi- 
ently cotransfected with 5 pg of the AR-expression vector 
pECE-AR and the reporter plasmid 5/~g of pMMTV- 
CAT [11], respectively. COS-1 cells transfected with 
pMMTV-CAT alone were used as a negative control. Trans- 
fections were carried out with "Transfectam Reagent". After 
transfection cells were grown 24 h in charcoal-treated FCS 
and then incubated for 3 h either in the presence or absence 
of 10 nmol/l R1881 (NEN). CAT activity was determined in 
20/lg protein extract as described by Gorman et al. [18] and 
is shown as percent conversion from chloramphenicol to 

acetylated chloramphenicol. 

Gel retardation experiments with A R  overexpressed in 
C O  S -  I cells 

Next  gel re tardat ion  exper iments  were carried out  
to invest igate the b i n d i n g  of biologically active A R  

Table 1. Relative binding affinities (RBA,  expressed in 
percent) of different steroids to the A R  

RBA RBA 
Test substances rat prostate COS-1 cells 

Dihydrotestosterone 78 83.3 
Testosterone 50 47.6 
Cyproterone acetate 8.3 6.1 
Promegestone 1.0 3.6 
Casodex 0.83 2.3 
Estradiol 2.0 1.6 
Hydroxyflutamide 0.4 1.6 
Dexamethasone NC NC 

The reference compound was R1881. The RBA value of 
the reference compound R1881 was arbitrarily desig- 
nated 100%o. NC, no competition. 
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overexpressed in m a m m a l i a n  cells to an A R - b i n d i n g  
" h o r m o n e  responsive  e l emen t "  (HRE).  As A R - b i n d i n g  
H R E  a G R E  [20] was used,  since G R E s  not  only  
mediate  glucocort icoid and  proges t in  bu t  also and rogen  
act ivat ion of t r ansc r ip t ion  [23]. 

Gel  re ta rda t ion  exper iments  pe r fo rmed  wi th  whole 
cell extract  of  AR- t rans fec ted  COS-1  cells (700 fmol 
A R / m g  prote in)  and  labeled A R - b i n d i n g  G R E  showed 
that  R1881 induced  the fo rmat ion  of a p r o t e i n - G R E  
complex (Fig. 4, lane 5). No  re tarded complex could be 
seen wi th  whole  cell extract  of  un t rans fec ted  COS-1  
cells in the absence (Fig. 4, lane 2) or presence (Fig. 4, 
lane 3) of R1881 and  with extract  of  AR- t rans fec ted  
COS-1  cells in  the absence of the synthet ic  h o r m o n e  
(Fig. 4, lane 4). F u r t h e r m o r e ,  the R1881 - induced  for- 
ma t ion  of the p r o t e i n - G R E  complex could be com-  
peted for by  add i t ion  of an excess of un labe led  G R E  
(Fig. 4, lanes 6-8),  whereas 100-fold excess of the 
unspecif ic  o l igonucleot ide  wi th  the b i n d i n g  region of 
the "oc tamer  b i n d i n g  factor"  (Oc t - l )  (Fig. 4, lane 9) 
could not  compete  for the fo rmat ion  of the G R E -  

pro te in  complex.  The se  results conf i rmed sequence-  

specific b i n d i n g  of the R1881- induced  p r o t e i n - G R E  
complex.  

In  order  to invest igate the D N A - b i n d i n g  proper t ies  
of the AR,  we establ ished a gel re ta rda t ion  assay for the 
A R  overexpressed in m a m m a l i a n  cells. I n  compar i son  
with A R  overexpressed in  E. coli [7] or in the baculo-  
virus system [8], A R  overexpressed in  our  m a m m a l i a n  
system offers the significant  advantage of be ing  a 
biologically active receptor  p roduced  in an env i ron -  
m e n t  close to the in v ivo  si tuat ion.  F u r t h e r m o r e ,  D N A -  
b i n d i n g  proper t ies  and  t ransac t iva t ion  of the AR can 
now be invest igated in the same cell type. In  con-  
clusion,  this gel re ta rda t ion  assay wi th  A R  over-  
expressed in  m a m m a l i a n  cells provides a powerful  tool 
to s tudy the effects of androgens  and  an t i androgens  
on the D N A - b i n d i n g  proper t ies  of the AR. 
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Fig.  4. Gel  r e t a r d a t i o n  a s s a y  w i t h  t h e  o v e r e x p r e s s e d  AR.  
C O S - 1  ce l l s  o v e r e x p r e s s i n g  t h e  r A R  w e r e  g r o w n  f o r  3 h in  t h e  
p r e s e n c e  o r  a b s e n c e  o f  10 n m o l / l  R1881. F o r  b i n d i n g  r e a c t i o n s  
e x t r a c t s  o f  t h e s e  ce l l s  w e r e  i n c u b a t e d  w i t h  10 pg 32P- labe led  
G R E - o l i g o n u c l e o t i d e  f o r  20 m i n  at  4°C. A f t e r  b i n d i n g  r e a c -  
t i o n  a P A - g e l e l e c t r o p h o r e s i s  w a s  p e r f o r m e d  a c c o r d i n g  to 
B a r b a r i s  e t  a l .  [19] to  s e p a r a t e  p r o t e i n - b o u n d  f r o m  u n b o u n d  

o l i g o n u c l e o t i d e .  
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