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Selective effects of 8-Br-cAMP on agonists and antagonists of the

glucocorticoid receptor

Shimin Zhang & Mark Danielsen

Department of Biochemistry and Molecular Biology, Georgetown University Medical School, 3900 Reservoir Road, N.W.,

Washington, DC 20007, USA

RU486 has been reported to be a glucocorticoid receptor
(GR) and a progesterone receptor (PR) antagonist. We
have analysed RU486 activity on the GR in WCL-2 (CHO)
cells and in COS-7 cells transiently transfected with the
mouse GR and with the reporter MMTVCAT (MCAT).
These celf lines do not contain any active progesterone or
androgen receptors. In both cell lines RU486 is a partial
agonist of the GR with 10-15% of the activity of dexa-
methasone. As expected, RU486 is also a partial antagonist
of the GR. Treatment of COS-7 cells with 8-Br-cAMP
increases the agonist activity of both dexamethasone and
RU486. This cAMP induced superactivation is seen with all
steroids that have full or partial agonist activity. In con-
trast, the activities of ZK98.299 and R5020, which are
complete antagonists of the GR without any agonist
activity, are not affected by 8-Br-cAMP treatment. This
effect of 8-Br-cAMP is not seen in WCL2 cells. 8-Br-cAMP,
therefore, is not a switch which changes antagonists to
agonists but is, rather, a cell specific activator of all
agonists whether they have full or only partial agonist
activity.
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Introduction

The mouse GR is a member of the steroid, thyroid and
retinoic acid receptor super-family (Danielsen er al,
1986; Evans, 1988; Danielsen, 1991). Each of these
intracellular receptors has a C-terminal hormone bin-
ding domain of approximately 250 amino acids, a cen-
tral DNA binding domain consisting of two C,H, zinc
fingers, and an N-terminal domain of variable length
and function. The glucocorticoid, progesterone, and-
rogen and mineralocorticoid receptors form a sub-
group of this super-family (Danielsen er al, 1989,
Umesono & Evans, 1989). The DNA binding domains
are approximately 90% identical and they can all bind
to the DNA sequence AGAACAnnnTGTTCT and
activate transcription (reviewed in Beato, 1989). The
hormone binding domains are also highly homologous
(more than 50% identity) and this is reflected in their
cross reactivity for endogenous steroids. For instance,
both the mineralocorticoid receptor and the GR are
activated by hydrocortisone (Arriza et al., 1987),
similarly the androgen receptor (AR) is activated by
both androgens and progestins (Quarmby ef al., 1990).

Within cells the glucocorticoid receptor is found
bound to the heat shock proteins HSP90 and HSP56
(reviewed in Danielsen, 1991; Pratt, 1993; Smith &
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Toft, 1993). It is thought that hormone binding brings
about a conformational change in the receptor that
causes dissociation of this complex, allows the receptor
to bind to DNA, and activate transcription. Partial
agonists, such as progesterone, activate the receptor
but bring about less transcriptional activation than full
agonists such as dexamethasone. For this reason par-
tial agonists are also competitive antagonists of the
glucocorticoid response. The defect in the response to
partial agonists/antagonists is not understood. How-
ever, there is increasing evidence that the major defect
occurs after the association of the receptor with DNA
and is probably due to altered interaction with the
transcriptional machinery (reviewed in Baulieu, 1991;
Simons et al., 1992).

RU486 (Agarwal et al., 1987; Ulmann et al., 1990) is
an 11 (4-dimethylaminophenyl) substituted steroid
that binds tightly to both the GR and PR and has
antagonist activity for both receptors in vivo and in
vitro (Chrousos et al., 1988; Laue et al., 1988; Baulieu,
1989). It may also be an antagonist of the AR
(Chrousos et al., 1988). Although its main clinical use
is to terminate pregnancy, it may also be useful for
contraception, and for treatment of breast cancer,
glaucoma, meningiomas and Cushing’s syndrome
(Laue er al., 1988; Baulieu, 1989, Schneider er al,
1989). In vivo, RU486 has some agonist activity, for
instance it suppresses pituitary ACTH secretion (Laue
et al., 1988). In vitro, RU486 has been reported to be
either a complete or a partial antagonist depending on
the cell line, receptor type and promoter studied
(Bourgeois et al., 1984; Gagne et al., 1986; Webster et
al., 1988; Simons et al., 1989; Gruol & Altschmied,
1993). ZK98.299 (Neef et al, 1984) differs from
RU486 only in the configuration and the substituents
on the D-ring (Figure 1 compares the structure of these
steroids). It is thought that ZK98.299 is a full
antagonist on both receptors with no agonist activity
(Neef et al., 1984; Klein-Hitpass et al., 1991; Sartorius
et al., 1993).

We have characterized the response of the GR to
various steroids and determined the effect of 8-Br-
¢AMP on their activity. We find that 8-Br-cAMP in-
creases the activity of all steroids that show some
transcriptional activity in the absence of 8-Br-cAMP.
These steroids include dexamethasone, progesterone
and RU486. Steroids which bind to the GR but which
do not activate transcription such as R5020 and
7ZK98.299 are not affected by 8-Br-cAMP. The super-
induction of transcriptional activity by 8-Br-cAMP is
seen in COS-7 cells but not in WCL-2 cells even
though the hormone binding characteristics of the
receptor in the two cell lines are almost identical. We
conclude that 8-Br-cAMP does not act as a switch
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Figure 1 Structure of selected glucocorticoid agonists and
antagonists

changing antagonists to agonists, rather it brings about
a cell specific increase in the activity of all steroids that
show some inherent agonist activity.

Results

RU486 and progesterone are partial agonists of the GR

The CHO cell line WCL-2 is an excellent cell line to
study GR activation since it expresses high levels of
GR (Hirst et al., 1990) but no detectable levels of PR
or AR (see below). To measure GR transcriptional
activity in these cells, we transiently transfected them
with the well characterized reporter plasmid pMCAT
and treated with steroid for 2 days (Danielsen et al.,
1986, 1989). To ensure that direct comparisons could
be made between each steroid treatment, each set of
experiments was performed on aliquots of the same
transfection. At saturating levels of steroid, RU486
induced CAT activity 23-fold to levels of approx-
imately 13% those obtained with dexamethasone
(Figure 2). The agonist activity of RU486 is seen even
more clearly in Figure 3 where dose response curves of
RU486, dexamethasone and progesterone are com-
pared. It should be noted that the data in Figure 3
have been normalized to the maximum value obtained
for each steroid (Figure 2) so that EC,, values can be
compared easily. RU486 induces CAT activity with an
EC,, of 11.8 nM which is only 2.5-fold higher than the
EC,, of the full agonist dexamethasone (Figure 3).
Progesterone also induces CAT activity but requires
approximately 300-fold more hormone than RU486. It
should be noted that the curves are computer fit using
the assumption that the CAT activity obtained is pro-
portional to the amount of occupied receptor as
defined by the law of mass action (Materals and
methods). The EC,, values obtained are in close agree-
ment with the Kd/Ki values obtained from hormone
binding experiments {Figure 4). This indicates that the
response of these cells reflects the amount of occupied
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Figure 2 Agonist activity of RU486 and progesterone on MCAT in
WCL-2 and COS-7 cells. Cells were transfected with pMCAT
(10.5 ug/10 cm dish) and, in the case of COS-7 cells, with 150 ng
pmGR. Two days later, the cells were induced with concentrations of
hormone ranging form 10~'" to 10~° M as shown in Figure 3. CAT
activity was determined 40 h later. The fold inductions for WCL-2
(shaded) and COS-7 (striped) cells were calculated using the max-
imum value obtained from the dose response curve. The basal level
of CAT activity in these assays was 0.68 fmole [*H]acetyl chloram-
phenicol produced per minute per mg protein. w/o H, no hormone;
Dex, dexamethasone; Prog, progesterone; Test, testosterone.

receptor, and by extension that the GR is not in excess
in these cells [discussed in (Simons et al., 1992)].

Since pmCAT can be induced by both PR and AR
in some cells (Cato er al, 1986; Brinkmann ez al.,
1989) it was important to ensure that RU486 and
progesterone were activating transcription through the
GR and not through these other receptors. This is
demonstrated in Figures 2 and 3 where neither tes-
tosterone, an AR agonist, nor R5020, a specific PR
agonist, induced CAT activity.

We have also examined the agonist activity of
RU486 in COS- 7 cells. These cells are often used to
study the transcriptional activity of steroid receptors
because they are easily transfected and have no
measurable levels of any active steroid receptor (Evans,
1988). We cotransfected these cells with the mouse GR
expression plasmid pmGR and with pMCAT and then
measured the response to steroids as shown in Figures
2 and 3b. R5020 was again inactive, confirming the
absence of progesterone receptors. RU486 and pro-
gesterone were again partial agonists with ECg’s that
are similar to those obtained in the WCL-2 cells (4.3
and 428 nM respectively. In the experiment shown in
Figure 3, RU486 and progesterone gave 13% and 17%
of the activity obtained with dexamethasone.

RU486 and progesterone are partial antagonists, while
ZK98.299 and R5020 are complete antagonists of the
GR

We used transfected COS-7 cells to examine the
antagonist activity of RU486 and other steroids. Cells
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Figure 3 Dose response of GR to dexamethasone, RU486 and
progesterone in WCL-2 and COS-7 cells. Cells were transfected with
PMCAT (10.5 pug/10 cm dish) and, in the case of COS-7 cells, with
150 ng pmGR. Two days later, the cells were induced with the
indicated concentrations of hormone and CAT activity was deter-
mined 40 h later. The dose response curves to dex (), RU486 (@),
Progesterone (@), and R5020 (A) were computer fit based on the
Michaelis-Menton equation and assuming that the amount of trans-
criptional activity is proportional to hormone bound receptor
(Materials and methods). The computer fits shown all have r* values
of above 0.94. All data points were performed in at least triplicate
(average *SE shown) (A) WCL-2 cells (B) COS-7 cells

were transfected with pmGR and pMCAT and 2 days
later cells were induced with a mixture of 2 nM dexa-
methasone and increasing concentrations of other
steroids (Figure 4). ZK98.299, R5020, and testosterone
act as pure antagonists of the GR with calculated Ki
values of 51 nM, 291 nm and 5010 nM respectively. It
should be noted that the curves shown in Figure 4 are
computer fit and reflect competitive binding to a single
site on the GR (Materials and methods). RU486 and
progesterone, on the other hand, give complex inhibi-
tion curves due to their partial agonist activity. The
computer generated curve fitting (r* = 0.95 for RU486,
" =0.96 for progesterone) takes into account the

Effects of cCAMP on glucocorticoid receptor activity A
S. Zhang & M. Danielsen R
7

120
100
s 80
z
>
-3 60"'
P
P> ® RU486
o 404
A R5020
¥ ZK98.299
204 o Progesterone
O Testosterone

11 10 9 8 7 6 5 4
- log [steroid] (M)

Figure 4 Inhibition of dexamethasone induction of CAT activity by
various steroids. COS-7 cells were transfected with pmGR and
PMCAT as described in Materials and methods. The cells were
incubated with a mixture of 2 mM dex and various concentrations of
RU486 (@), R5020 (A), ZK98.299 (V), progesterone (@), les-
tosterone (O), and CAT activity was determined 40 h later. The
results are expressed as a percentage of CAT activity obtained with
2 nM dexamethasone alone. The data is computer fit (Materials and
methods) based on the Michaelis-Menton equation assuming that the
amount of transcriptional activity is proportional to agonist bound
receptor and that antagonist bound receptor is inactive. Inhibition
curves for RU486 and progesterone do not reach 0% due to the
intrinsic agonist activity of these compounds (see text). The arrow
indicates a data point for RU486 inhibition at 3 x 10~*M that does
not lie on the computer drawn fit (see text). The computer fits shown
all have r* values of above 0.95. All data points were determined in
triplicate (average * SD shown). The data shown is from one experi-
ment  which is representative of three similar, independent
experiments

antagonist properties of these steroids due to their
displacement of dexamethasone and also their intrinsic
agonist activity (Materials and methods). The increased
inhibition of CAT activity seen with 0.3 mM RU486
(shown by an arrow in Figure 4) is probably due to
non-specific ‘squelching’ that is seen occasionally with
all agonists at very high concentrations. The amount of
agonist activity shown by progesterone (25%) and
RU486 (13%) in this experiment is similar to the par-
tial agonist activity of these compounds when used
individually.

Antagonist activity is due to inhibition of hormone
binding

In order to confirm that the antagonist activity seen in
the CAT assay was indeed due to competition for
binding to the GR, we performed a competition bind-
ing experiment. A hormone binding assay was set up in
which a fixed concentration of [*H]triamcinolone
acetonide (10 nM) was mixed with increasing concen-
trations of various cold steroids (Figure 5). The curve
fits shown are based on the assumption of competitive
binding for the GR and. except for testosterone, have
r* values above 0.95. The calculated Ki values are TA,
2.6 nM; dex, 3.3 nM; RU486, 5 nM; ZK98.299, 38 nM;
R5020, 79 nM; progesterone, 140 nM; testosterone,
12uM. Although testosterone shows competition with a
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Figure 5 Binding of triamcinolone acetonide to mGR and competition with other steroids. COS-7 cells were transfected with
pmGR and cytosol prepared 4 days later. The cytosol was equilibrated with 10 oM PPH]TA in the presence of various
concentrations of cold hormones on ice overnight. Binding was determined using the charcoal adsorption method as described in
Materials and methods. Error bars have been omitted for clarity. (A) and (B) are different experiments. Dexamethasone (M),
ZK98.299 (V¥), RU486 (@), R5020 (A), progesteronc (), testosterone (O). All points were performed in triplicate (average
shown). The experiment was performed three times with similar results. The curves are computer fit assuming competitive
equilibrium binding (Materials and methods) and the curves have r? values above 0.95 except for testosterone (r’=0.83)

calculated Ki of 12uM, this value is only approximate,
since the maximum competing concentration of tes-
tosterone used was 100uM which did not yield com-
plete inhibition. These data indicate that each of these
steroids binds to the same site on the GR, and that
antagonism is due to competition for receptor
occupancy.

8-Br-cAMP increases the activity of both full and partial
agonists but has no effect on complete antagonists in
COS-7 cells but not in WCL-2 cells

While this work was in progress (Beck et al., 1993b)
showed that intracellular 8-Br-cAMP levels could con-
vert RU486 from being an antagonist to a partial
agonist of the PR. This is not the case with the GR
since, at least in our system, RU486 is always a partial
agonist. To determine if 8-Br-cAMP has any effect on
the transcriptional activity of the GR, we measured the
response of transfected COS-7 cells to RU486 and
dexamethasone in the presence or absence of 1 mM
8-Br-cAMP. In these experiments cells were first trans-
fected and then pooled and redistributed to multiwell
dishes to ensure that direct comparisons could be made
between the various hormone treatments.

1 mM 8-Br-cAMP has no effect on the basal level of
transcription obtained from MCAT but it does in-
crease the transcriptional activity of GR induced by
dexamethasone, progesterone and by RU486 (Figure
6). This super-induction by 8-Br-cAMP occurs when
the cells are treated with RU486 alone, or when they
are treated with a mixture of RU486 and dexa-
methasone (Figure 7). The increase in activity of
RU486 activation is similar to that with dexa-
methasone, so that the agonist activity as measured as

a percentage of the dexamethasone response remains
constant. On the other hand, 8-Br-cAMP has no effect
on the full antagonists ZK98.299, and R5020. 8-Br-
cAMP does not change the EC,, of the response to
either agonists or partial agonists (not shown). The
superinduction is also not due to increased GR protein
levels since no increase in GR protein can be detected
by Western blot analysis (not shown). These effects of
8-Br-cAMP on GR transcriptional activation are not
universal, however, since 8-Br-cAMP has no stim-
ulatory effect on GR activity in WCL-2 cells (Figure
6).

Discussion

It has been suggested recently that 8-Br-cAMP acts as
a switch which converts RU486 from being an
antagonist of the GR to a partial agonist (Gruol &
Altschmied, 1993; Nordeen er al., 1993). We have
found that this is not the case in either CHO cells, or
in GR transfected COS-7 cells, since in both cell lines
RU486 induces significant transcriptional activity from
MCAT even in the absence of 8-Br-cAMP. Treatment
of COS-7 cells with 8-Br-cAMP cells with 8-Br-cAMP
results in increased agonist activity of RU486. How-
ever, this activation by 8-Br-cAMP is not unique to
RU486, but rather, also occurs with other partial
agonists such as progesterone and with full agonists
such as dexamethasone. Two GR antagonists, R5020
and ZK98.299, were found to bind to the GR but were
unable to activate transcription even in the presence of
8-Br-cAMP. This suggests that 8-Br-cAMP can only
increase the activity of either partial or full agonists
but has no effect on complete antagonists. The effects
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Figure 6 8-Br-cAMP increases the agonist activity of dexa-
methasone, RU486 and progesterone in COS-7 cells but not WCL-2
cells, COS-7 cells were transfected with pmGR and pMCAT, and
WCL-2 cells were transfected with pMCAT alone as detailed in
Materials and methods. After transfection the cells were pooled and
redistributed into multiwell dishes. Two days later cells were induced
with 10 nM dexamethasone (dex), 1 uMm progesterone (Prog), 10 nM
RU486, 100nM ZK98.299, 100 nM RS5020, either with or without
1 mM 8-Br-cAMP. CAT activity was determined 40 h later. The
graph shows the fold stimulation of CAT activity with 8-Br-cAMP.
The values shown are mean values with standard errors from 1-8
independent experiments in which CAT activity was determined in
triplicate for each

of 8-Br-cAMP are cell specific since 8-Br-cAMP does
not increase the activity of glucocorticoid agonists in
WCL-2 cells.

Partial GR agonists/antagonists, such as RU486 and
progesterone, bring about transcriptional responses
that are only a fraction of the transcriptional response
to full agonists such as dexamethasone. The reason for
this partial transcriptional activity is not understood,
although we do know that it is not related to the
affinity for the receptor (RU486 binds to the GR with
about the same affinity as dexamethasone and with
higher affinity than cortisol). The defect in the RU486
response could be due to a number of mechanisms
including inefficient release of HSP90, formation of
abortive receptor complexes, decreased nuclear local-
ization, altered or decreased DNA binding, or
inefficient coupling with the transcriptional machinery.
It is clear that RU486 is less efficient than dexa-
methasone in releasing receptor from HSP90 and
bringing about nuclear localization (reviewed in
Baulieu, 1991; Mao er al., 1992; Beck er al., 1993a).
For instance in the mouse lymphoma cell line W7-
MGI1, RU486 is 30% as efficient as triamcinolone
acetonide in promoting tight nuclear binding (Gruol &
Altschmied, 1993). It seems unlikely, however, that this
rather modest effect on nuclear localization could
account for the dramatic effect seen on transcription.
Defective nuclear translocation also does not easily
explain why the degree of agonist activity shown by
partial agonists is at least partly determined by the cell
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Figure 7 RU486 is still an antagonist in the presence of 8-Br-cAMP
COS-7 cells were treated as detailed in Figure 6, legend; except that
cells were induced with 10nm dex, 1uM RU486, or both as
indicated

type, growth state of the cells (Oshima & Simons,
1992), and by the expression levels of the receptor (S.
Zhang and M. Danielsen, unpublished). Taken to-
gether, we believe that the data support a model in
which RU486 (and other partial agonists) brings about
a conformational change in the receptor that is
different from the conformational change induced by a
full agonist. This results in inefficient release of HSP90
and accounts for the poor nuclear localization seen in
some cells. In addition, the altered conformation of the
receptor brings about inefficient coupling with the
transcriptional machinery. This could be in the form of
weak homodimerization on the GRE, weak hetero-
dimerization (i.e. interaction) with other transcription
factors or steric hindrance associated with a malfolded
hormone binding domain.

The effects of 8-Br-cAMP are probably due to
activation of protein kinase A (PKA), since other
investigators have found similar or related transcrip-
tional effects in response to forskolin (Nordeen et al.,
1993) or PKA overexpression in cells (Rangarajan et
al., 1992). PKA activation increases transcription due
to both full and partial agonists indicating that it
affects a common rate limiting step in the pathway of
GR transcriptional activation. It is particularly inter-
esting that the effect of 8- Br-cAMP is the same with
RU486 activated receptors as it is with dexamethasone
activated receptors, implying that it affects a process
which is limiting with both agonists and partial
agonists. One possibility is that 8-Br-cAMP increases
the level of phosphorylation of the receptor resulting in
improved dissociation from HSP90 or increased trans-
criptional activity. Increased phosphorylation of the
receptor appears not to be involved, however, since we
have found that in COS-7 cells transfected with a GR
in which the major sites of phosphorylation have been
removed by site directed mutagenesis (Mason &
Housley, 1993); MCAT is induced normally by both
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dexamethasone and RU486 and is super-induced by
8-Br-cAMP (S. Zhang., S.A. Mason, P. Housley and
M. Danielsen, in preparation). A similar conclusion
was also reached by Moyer e al. (1993) who directly
examined GR phosphorylation after cAMP treatment.
Our data also indicate that the basal level of phos-
phorylation of the GR is not required for the cAMP
response. Another possibility is that 8-Br-cAMP brings
about phosphorylation or an increase in the level of
some transcription factor that can interact with the
GR. The interaction with this factor would be rate
limiting for both GR activated by dexamethasone and
for GR activated by a partial agonist. Phosphorylation
or an increase in the amount of the factor would then
lead to an increase in the rate of transcription. Interest-
ingly, in cells deficient in PKA, the GR response is
almost completely abrogated (Gruol & Altschmied,
1993) suggesting that this hypothetical factor may be
essential for GR activation.

We were surprised to find that 8-Br-cAMP did not
super-induce GR transcriptional activity in WCL-2
cells. We have repeated these experiments with for-
skolin and isobutylmethylxanthine to increase cAMP
levels and again we did not detect any superactivation
(S. Zhang and M. Danielsen, unpublished). It is pos-
sible that cAMP levels are already high in these cells
and that this precludes any effects of additional cCAMP.
This seems unlikely, however, since we have found that
8-Br-cAMP decreases the response of mouse L-Cells to
glucocorticoids (S. Zhang and M. Danielsen, unpub-
lished) which suggests that it is the transcription factor
complement of a cell which determines the response.
The ability of a cell to super-activate the GR in res-
ponse to §-Br-cAMP is not directly related to the
amount of agonist activity shown by partial agonists
since all three cell lines respond to RU486 and pro-
gesterone in a similar manner.

We have found that ZK98.299 binds tightly to the
GR but has no transcriptional activity even in the
presence of cAMP or in cells expressing very high
levels of receptor. ZK98.299 differs from RU486 only
in the substituents and configuration of the D-ring
(Figure 1). This indicates that the bulky 4-
dimethylaminophenyl group at the 118 position of
both RU486 and ZK98.299 is not the most critical
factor in determining antagonistic activity in these
steroids. R5020 also lacks any agonist activity on the
GR. A comparison of the structures of progesterone,
RU486 and R5020 must lead to the conclusion that it
is either the 17« methyl group, or the additional car-
bon in the side chain at the 178 position which leads to
pure antagonist activity (Figure 1). In the case of the
PR, ZK98.299 is unable to activate the receptor to a
DNA binding form (Klein-Hitpass er al., 1991; Sar-
torius et al., 1993). It would be of interest to determine
if ZK98.299 or R5020 can bring about DNA binding
of the GR in these cells or whether some other
mechanism of antagonist activity occurs with the GR.
This would be of particular interest for R5020 since it
obviously activates the PR to a DNA binding form.
Our data also suggests that care should be used in
evaluating the effects of high concentrations of R5020
since appreciable binding to the GR will occur if this
receptor is also present in the cells under study.

Materials and methods

Plasmids

pmGR is a derivative of pSV2Wrec which contains the
mouse GR under the transcriptional control of the SV40
promoter (Danielsen ez al., 1986). pmGR was constructed by
replacing the pBR322 origin of replication in pSV2Wrec with
the origin of replication from pBluescript which improves
plasmid yields. pMMTVCAT (pMCAT) was made by inser-
ting the MMTV LTR into the HindIII site of pSVOCAT
(Danielsen er al., 1986). pBAG is a - galactosidase expres-
sion vector under the control of the Moloney murine
leukemia virus long terminal repeat (Price et al., 1987). All
plasmids were prepared by cesium chloride density cen-
trifugation. RNA and proteins were removed by digestion
with RNAase A, phenol/chloroform extraction, and ethanol
precipitation.

Growth and transfection of tissue culture cells

The WCL-2 cell line is derived from CHO dHFR-cells which
were co-transformed with pSV2Wrec and pSV2dHFR (Hirst
et al., 1990). These cells express high levels of mGR under
the control of the constitutive SV40 early promoter. WCL-2
cells were cultured in high glucose Dulbecco’s modified Eagle
medium (DMEM) containing 10% defined/supplemented
charcoal stripped bovine calf serum, 100 units/ml penicillin,
100 pg/ml streptomycin and 1073 M methotrexate. COS-7
cells were cultured in the same growth medium but without
the methotrexate.

Transfection of WCL-2 and COS-7 cells was performed by
the low CO? calcium phosphate precipitation method (Chen
& Okayama, 1987) with slight modifications. Briefly, ex-
ponentially growing stock cells were seeded (1.27 = 10* cells/
cm?) into fresh 10 cm tissue culture plates 16 to 24 h before
transfection, and refed with growth medium 4 h before trans-
fection. A transfection mixture was prepared by mixing stock
IM CaCl, 2 x BBS [59mM N-, N-Bis(2 hydroxy-ethyl)-2
amino-ethane-sulfonic acid (BES), 280 mM NaCl, 1.5mM
Na,HPQ,, pH 6.95), plasmid DNA, carrier (salmon sperm)
DNA and sterilized distilled water to give a final concentra-
tion of 1 x BBS and 125 mmM CaCl,. The amount of plasmid
DNA used varied according to the purpose of the
experiments. For CAT assays, 150 ng of pmGR (COS-7 cells
only), 10.54g pMMTVCAT and 300 ng pBAG was used.
For hormone binding and competition assays 1-3pug of
pmGR was used with an equal amount of pBAG. In all
transfections carrier DNA was used to bring the amount of
total DNA up to 30ug. The mixture was incubated for
20 min at room temperature or at 37°C, and then 1.5 ml was
added drop wise to each dish of cells. The dishes were gently
swirled several times and incubated for 15 to 20h at 37°C
under 3% CO,. The medium was removed and the cells were
washed with 37°C prewarmed PBS, refed and incubated at
37°C under 8-10% CO, overnight.

Hormone induction and determination of CAT activity

The transfected cells were detached with 0.05% trypsin and
0.02% EDTA, pooled with cells from other plates if more
than one plate of cells was used for the transfection, mixed
with growth medium and then distributed into 12-or 24-well
plates. Cells from three 10 cm dishes were distributed into
four 12-well plates or four 24-well plates. After 4 h culture at
37°C, steroid hormones were added into each well and cells
cultured for a further 40—48 h.

CAT assays were based on the phase separation method
(Neuman et al., 1987). The transfected cells (in multi-well
dishes) were washed twice with phosphate buffered saline.
400l (12-well plates) or 200-250 pl (24-well plates) of



0.25M Tns-HCl, pH 7.8 was added to each well. To prepare
cell lysates, the plates underwent three cycles of freeze-thaw
at —70°C and room temperature. To determine CAT activity
200 pl (from 12-well plates) or 100 ul (from 24-well plates) of
cell lysate from each well was mixed with 150 ul reaction
solution (0.25M Tris-HCl, pH 7.8 containing 16.67 nM
[PHlacetyl CoA and 0.267 mg/ml of chloramphenicol) in scin-
tillation vials. To each vial, 2 ml non-aqueous scintillation
fluid (Econofluor-2, Dupont) was added and mixed with the
reaction by shaking or vortexing. Only the product of the
reaction, ['Hlchloramphenicol acetate is soluble in the
organic scintillation fluid. The rate of the reaction was deter-
mined by counting the vials at regular intervals over the
course of 1-4 h. Counting efficiency was 42-47% depending
on the scintillation counter used.

For B-galactosidase lysate assays, 100 pl of cell lysate was
mixed with 900 pl of 80 mM sodium phosphate, pH 7.3 con-
taining 9 mM MgCl,, 102 pM 2-mercaptoethanol and 8 mM of
the substrates o-nitrophenyl-f-D-galactopyranoside (ONPG)
or chlorophenol-red-B-D-~galacto-y-pyranoside (CPRG) and
incubated for 2 h (CPRG) or overnight (ONPG) in a 37°C
water bath. The absorbance at 570 nom (for CPRG) or at
414 nm (for ONPG) was measured on a spectrophotometer.
Blank controls were the same as experiments except for using
lysates of cells transfected without the pBAG vector.

For B-galactosidase whole cell assays, transfected cells were
rinsed twice with PBS, fixed with cold fixing solution (0.2%
glutaraldehyde, 5.4% formaldehyde) for 5 min, followed by
three washes with PBS. Cells were stained with X-Gal solu-
tion (1 mg/ml X-Gal, 5mM potassium ferrocyanide, 5 mm
potassium ferrocyanide, 2mM MgCl, and 0.01% sodium
deoxycholate). Blue stained cells were counted after overnight
incubation at 37°C.

Curve fitting

Curve fitting was performed using the Michaelis-Menton
equation modified for ligand receptor interactions.
For activation by any agonist (full or partial):
[agonist] X max
[agonist] + EC50
Where max = maximum possible activity
For competition curves of pure antagonists in the presence of
full agonists:

activity =

[agonist] X max

[agonist] + ECSO( 1+ [_agta%__nist])

activity =

For competition curves of partial antagonists (PA) in the
presence of full agonists (A):

{A] X max [PA] X maxpa

activity =

[A]+ ECSO(I +[_';A__]) [PA]+ Ecpm(l + éA]

50

Where ECy, and max relate to the full agonist, and ECsgy,
maxpa and Ki relate to the partial agonist/antagonist. Curve
fitting was performed with the computer program Delta-
Graph Pro 3.0 for the Macintosh.
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Hormone binding and binding competition assay

Cells were transfected as described above except that 1-3 pg
pmGR was used without the addition of pMCAT. The trans-
fected cells continued to be cultured in dishes for another
two days. The cells were harvested by scraping from dishes
using a rubber policeman and then washed three times with
phosphate buffered saline by centrifugation for Smin at
1000 r.p.m. The following manipulations were carried out at
0 to 4°C unless indicated otherwise. The cell pellets were
suspended in 3 vol. of binding buffer (20 mM HEPES,
pH 7.3, 2.0 mM molybdate, 5 mM EDTA) and placed on ice
for 5 min and ruptured by 13 strokes with the A pestle of a
Dounce homogenizer. The homogenate was centrifuged at
15000 g for 30min. The resulting supernatant was re-
centrifuged at 110000 g for 1 h. The clear supernatant was
defined as cytosol which was used for hormone binding
assays and Western blots.

Hormone binding assays and bidding competition assays
were performed by the charcoal absorption method (Bell &
Munck, 1973). For the binding assay, cytosol and steroids
were incubated in an ice water bath overnight in a total
volume of 100ul containing 0.6 to 1.2mg protein.
PPH]triamcinolone acetonide was diluted to 107°M prior to
use. Nonspecific binding was determined by incubating the
mixture with 1000-2000-fold molar excess of non-radioactive
dexamethasone. After the incubation for 18 h on ice, 300 pl
of 2.5% dextran coated charcoal was added to each tube,
followed by vortexing the tubes for 10s. The tubes were
placed at room temperature for 10 min and then microfuged
for 8 min. [*H]triamcinolone acetonide present in the super-
natant was determined using a scintillation counter. Specific
hormone binding was obtained by subtracting non-specific
binding from total binding. Binding competition assays were
carried out the same way as the hormone binding assays
except that different concentrations of cold steroids were
used instead of cold dexamethasone. Steroid stock solutions
were made in 95% ethanol at concentrations from 4.4 mM
for RU486 to 10 mM for testosterone.

Materials

Cell culture products were from Biofluids Inc. Rockville, MD
except that serum was from Hyclone, Logan, Utah, and
tissue culture plates were from Corning, Corning, N.Y.
[H]acetyl CoA (57.7 GBq/mmole), [*H]triamcinolone aceto-
nide (42.5 Ci/mmole) and R5020 were from New England
Nuclear, Boston, MA. RU486 and ZK98.299 were obtained
from Dr David Henderson, Schering AG. 2.5% dextran
coated charcoal was from Wein Laboratories, Inc., Suc-
casunna, N.J. Bradford protein assay solution was from Bio-
Rad, Richmond, CA. General chemicals were from Sigma, St
Louis, MO, or J.T. Baker, Phillipsburg, N.I.
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