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Abstract

Raloxifene represents a potent compound for the prevention and treatment of osteoporosis and cardiovascular disease in postmenope
women. Raloxifene exhibits targeted antiestrogenicity in breast and uterus, but acts as an agonist in bone and liver. This synthetic select
estrogen receptor modulator binds both estrogen receptarsd 8. The molecular mechanisms by which raloxifene exerts agonistic or
antagonistic activity are still not resolved. Therefore, the binding behavior of raloxifene to estrogen receptors and its effects on DNA bindin
and transactivation were studied. The equilibrium binding affinity of raloxifene by displacing radiolab@ezstt@diol exhibited a similar
affinity behavior to that of its natural ligand. Using BIACORE technology with an immobilized estrogen response element, we showed tha
17B-estradiol and raloxifene increased the binding of estrogen receptmithe DNA, suggesting a ligand-dependent dimerization. The
influence of the ligands to the binding of estrogen receptaras lower. We may conclude that unliganded estrogen recepbinds as
a monomer whereas in the presence of 4 17B-estradiol or higher, homodimers are formed that interact with the estrogen response
element. Transactivation studies in a yeast reporter system in a ligand-dependent manner resulted in a similar potency of raloxifene
estrogen receptqs compared to the control testosterone. Subeffective doses of raloxifene combined gadistiadiol did not shift the
efficiency, whereas saturating concentrations @8-&stradiol combined with increasing concentrations of raloxifene altered the response
induced by 1B-estradiol. In this pure system, the antagonistic activity of raloxifene could not be detected as was expected by the resuls
from ligand competition analysis. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction systems are ascribed to these hormone mimics. Neverthe-
less, the relative risk of breast cancer is increased in women
Estrogens exert a great impact on the development andtaking estrogen replacement therapy [3].
maintenance of reproductive tissues as well as on the reg- SERMs are being developed to function in a tissue-
ulation of cellular processes unrelated to reproduction, suchselective manner. Until recently, various SERMs have been
as bone density, the cardiovascular system, and the centrasynthesized, e.g. idoxifene, droloxifene, CP336-156,
nervous system [1]. The onset of menopause causes a de6W5638, and LY353381; the most prominent representa-
ficiency in estrogens, resulting in a loss of bone density [2]. tives are tamoxifen and RAL, although they are not specif-
Estrogen replacement therapy counteracts this decrease iically designed as SERMs [1]. Tamoxifen is a hon-steroidal
estrogens, relieving symptoms of menopause such as hotantiestrogen, frequently used as an adjuvant agent in breast
flushes, sweating, and a rapid decrease in bone loss. Furthecancer therapy as well as an agent decreasing the incidence
beneficial effects on the cardiovascular and central nervousof collateral breast cancer [4—7]. Tamoxifen can function as
a tissue-selective estrogen agonist/antagonist, but its utero-
trophic activity results in increased risk for developing uter-
E-mail gd_dressjungbaue@hpOl.boku.ac.at (A. Jungbauer). _ re;}am'::eDrA[\Sl. lrn ];938;1:|hen nefW StERM rRAiL Vi\;as aptFr);O\'{‘e?
Abbreviations: ERE, estrogen response element; E2B-g8tradiol; y the Or prévention of OSte0porosIs . POS eno
RAL, raloxifene; ERy, estrogen receptar, ERB, estrogen receptgs; and pausal women. RAL acts as an estrogen agonist in bone and
SERM, selective estrogen receptor modulator. liver, but lacks uterotrophic activity [9]. Crystal structure
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studies of ERR and ERB either liganded to E2 or RAL have  2.2. Plasmids and yeast strains

been performed, suggesting a distinct conformation in the

transactivation domain of the ligand-binding domain, pro-  BJ3505, a protease-deficieBaccharomyces cerevisiae
viding structural evidence of the mechanism of antagonism strain, was transformed either with YEpE12 encoding the
[10,11]. Further differences in the relative ligand-binding human ER gene or YEpFERHS3 encoding the full-length
affinities and tissue distribution of SERMs to both estrogen human ER gene fused to the FLAG tag [21]. Both genes
receptor subtypes are likely to contribute to either agonistic &€ expressed as a fusion to ubiquitin [17-19]. Yeast ex-
or antagonistic action in different tissues [12]. Using yeast {racts were used for competition binding analysis. For all
as a bipartite transactivation system [13], the agonistic be- transactivation assays, the yeast st_raln 188R1, a derlvafuve
havior of RAL at high concentrations in respect toE&d of RS 188N [22], was used. The strain was transformed with
ERB was assessed in this study. Differences between vari- YEPE12 or YEpFER, then a3-galactosidase reporter plas-

ous SERMs in terms of their antagonistic/agonistic behavior mid YRpE2 was introduced [19’22]' Transf_ormatlon of
on the two receptor subtypes were detected [14]. An ERE- yeast cells was performed as described previously [19,23].
reporter gene assay also resulted in slight agonistic activity

of RAL for ERa. High concentrations of RAL were not able  2.3. Competition assay

to antagonize nanomolar concentrations of E2 [15]. Real-

time biosensor analysis was performed measuring kinetic ~ Extracts of yeast-expressed &Rand ER3 were incu-
constants of ER-ERE interaction. Complexes formed with bated with 3.96 nMJH]JE2 and increasing amounts of RAL
no ligand or E2 appeared to be less stable than those withfor 16 hr at 4°. Ratios of RAL to°H]E, were in the range

RAL, although E2 induced the formation of a larger number ©f 0.001- to 100-fold. In parallel, non-specific binding was
of ER-ERE complexes [16]. determined by adding a 300-fold excess of diethylstilbes-

trol. Casein (1 mg/mL) was used as a carrier protein in the
reaction buffer. Dextran-coated charcoal (300 uL) was
added to remove unboundH]E,, incubated for 15 min at
4°, and finally removed by centrifugation. One hundred
microliters of the supernatant was counted by scintillation in
a Beckman scintillation counter.

In order to gain more insight into the molecular mecha-
nisms of RAL binding to ERR and ER3, we compared the
binding properties of RAL to the receptors and its transac-
tivational activity. We investigated the properties of RAL
exclusively on ER and ERB using Saccharomyces cerevi-
siae to overexpress hER[17-19] and full-length hER
[20] fused to ubiquitin for ligand competition binding and
transactivation analysis. From ligand competition data, one 2.4. Kinetic analysis using BIACORE technology

would expect transactivational properties of RAL compara- _
ble to E2, which could not be verified. Our results demon-  Wild-type ERE (8 GTCCAAAGTCAGGTCACAGT-

strate that in the presence of E2 &Rs able to form GACCTGATCAAAGTT 3') was conjugated with biotin at

homodimers which subsequently bind to ERE. This effect the S prime end (MWG-Biotech AG). S_ingle—strimded oli-
could not be observed on ERRAL also influenced ER gonucleotides were annealed by heating at 95° for 5 min,

interaction, but this effect seems to be dependent uponfo_"?]‘t’ve[:d b_y a cg_cl)_llr_lg prloc'as;s'tz room t(_amtpzratutre tcr)]ver—
ligand concentration. night. For immobilizing, 1u was injected onto the

surface of a streptavidin-coated sensor chip for 4 min at a
flow rate of 5uL/min.

The analysis was performed at a flow rate of@lOmin
2. Materials and methods using 50 mM Tris—HCI pH 7.5, 150 mM NacCl, 10 mM
MgCl,, 0.01% Tween 20 (TNMT buffer). Two hundred
microliters of ERx andB was employed at concentrations of
24 nmol/L in TNMT buffer. Incubation with ligand was
carried out at 4° for 45 min. Bound sample was washed with
Buffer reagents and dextran-coated charcoal were PU™phuffer for an additional 800 sec. After each protein injec-

chased from Merck or Sigma anﬁl—ﬂl?ﬁ-estradiol from  jion, the surface was regenerated by two one-minute pulses
NEN Life Science Products. For yeast media preparation, ,¢ 5 104 SDS. All experiments were performed at 25°.

yeast nitrogen base was purchased from Difco, aminoacids  pata were analyzed using BIAEvaluation Software 3.1
and uracil from Serva Feinbiochemica and adenine from relying on the so-called Marquardt-Levenberg algorithm. It
Sigma. 1B-estradiol and testosterone were obtained from gptimizes parameter values by minimizing the sum of the

Sigma, RAL was a gift from Eli Lilly. Glass beads (0.25— squared residuals for characterization of rate constants:
0.5 mm diameter) were purchased from Merck. For studies

with BIACORE instrument, SA chips were obtained from n
BIACORE AB and ERr and ERB from Panvera. S= > (re+r1)2 (1)
1

2.1. Materials
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whereSis the sum of squared residualsis the fitted value

at a given point, and, is the experimental value at the same 3 e

point. k, andky were fitted separately applying a first-order il
association and dissociation kinetic. The model assumes &

1:1 interaction of ligand and ligate. The integrated form of s kD 310
the equation describing the dissociation is 122 kDa
R = Re Mt 4 Offset @) R 80 kDa
whereky represents the dissociation rate constant ($gc 51kDa
. 36kDa
R, the response at the start (RUW),the time at start (sec),
and Offsetthe response at infinite time. 29KDa 36 kDa
The association phase of a 1:1 interaction is described by 29kDa
the following equation: a—— ’ Da
_ _ o (kCHky)(t—to)
R=R.(l—e ) + RI (3) . 7vDa
with
k.C A B
Req =+ 1 Rmax 4) ; ;
k,C + kyq Fig. 1. Western blot analysis of BER(A) and FLAG-tagged ER (B).

. I 1 Full-length estrogen receptors can be expressehiatharomyces cerevi-
k, describes the association rate constant{ec %), Ry,ax siae Samples (1-2ug receptor protein per lane) were loaded onto a
the maximum analyte binding capacity (RW),the analyte 4-20% Tris-Glycine gel and subsequently blotted onto nitrocellulose
concentration (M)t, the injection start time (sec), arRll membrane. Anti-ER AER 320 was used in blot A: ER(lane 1), Broad
the bulk refractive index contribution (RUReq represents Range Marker (lane 2). Flag-tagged proteins were identified with anti-Flag

L M1 monoclonal antibody: Broad Range Marker (lane 1) gedxtract (lane
the steady-state binding level. 2) (B). Y g ( ) (

2.5. Transactivation assays
gives the transition center and equals the ligand potency,
Transactivation assays were performed as described prewhich is the concentration that causes 50% efficiency. Ab-
viously [19]. The transactivation test was performed in solute values or values normalized in respect to maximal
5-mL cultures (in 50-mL jars), and the overnight culture response from at least two independent experiments were
was then diluted to OR, = 0.5. hER expression was fitted. Each ligand concentration step was done in duplicate
induced by addition of 1Qumol/L of CuSQ,. For all prep for transactivation assays.
arations, the same volume of dimethylsulfoxid was added to
the yeast cultures. After inducing for 4 hr at 30° and 150
rpm, the cells were extracted. Fifty microliters of dimeth- 3. Results
ylsulfoxid alone was used as a blank. A calibration curve
was made with E2. For testing the synergism between RAL  Agonistic behavior of RAL, recently approved as a drug
and E2 on ER, RAL and E2 were mixed in two ways. First  for the prevention of osteoporosis, was evaluated. It was
(a), RAL and E2 were applied simultaneously to the yeast shown that yeast is a suitable host for expression of nuclear
test system and incubated for 4 hr (after inducing). Second, hormone receptors. A functional expression product could
(b), RAL was added 20 hr before induction and incubated be obtained, as demonstrated earlier foroE/ reconsti-
with E2 for 4 hr. tution of a bipartite transactivation system [24]. Agonistic
behavior of various ligands could be shown [19,25,26].
Barkhemet al. [14] and Graumanet al. [26] have reported
) o ] that yeast may act differently than mammalian-based test
Data derived from transactivation assays were fitted us- systems. Nevertheless, pure action on the receptor can be
ing a logistic dose-response equation to approximate thegygied with yeast systems. The expression of full-length
concentration-dependent effect of a ligand on transactiva- g, and ERB in Saccharomyces cerevisiagas demon-
tion. Cu_rve 2D softwgre _(Jandel_ Scientific) was used for i ateq by Western blots (Fig. 1). The binding of the recep-
calculation. The function is described as tors to the vitellogenin ERE was verified by electrophoretic

2.6. Curve fitting

b mobility shift assays (data not shown).
Y=at——3 ©) It was first tested whether RAL displaces radiolabeled E2
1+ (E) in a ligand competition assay. It could be shown that RAL

bound with a similar affinity to ER as E2 (Fig. 2A). As
where parametea equals the baseline arfdthe plateau of previously reported, an equilibrium binding constant of E2
the curve designated as the ligand efficiency. Paranteter to ERx of 1 X 10 '° M~* was obtained [25]. Dissociation
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Fig. 2. Ligand competition assay of RAL on &RA) and ER3 (B). The ligand competition assay was performed with 3960 ° M [*H]E2 and increasing
concentrations of RAL. Receptor and ligand were incubated for 16 hr at 4°, unbound radiolabeled ligand removed by dextran-coated charcoal, and bou
ligand measured by scintillation counting. A logistic dose-response fit was applied in order to calculate affinity constants. The responsedsasisplay
percent of the maximum response to E2 with no RAL added. Normalized data of two or more independent experiments were combined.

constants of 1.9< 107 ° M~ could be obtained. In cen tively. On the other hand, incubation of BRwith increas-
trast, binding of RAL to EB was lower, exhibiting a  ing concentrations of E2 did not alter the signal of reso-
dissociation constant of 2.% 10°° M~ (Fig. 2B). nance units. When ER was incubated with RAL, an
Second, kinetic analysis to determine binding and disso- association curve exhibiting serial transitions could be ob-
ciation rate constants were performed by applying BIA- tained. The applied model did not allow calculation of
CORE technology. Vitellogenin ERE containing a single consistent association rate constants (Fig. 3D).
repeat of the palindromic sequence was immobilized onto a  For transactivation tests, RAL was tested alone and in
sensor chip via strong biotin—streptavidin binding.de&hd combination with E2. The effect of increasing concentra-
ERB were injected onto the surface with and without ligand. tions of E2 in a range from X 100 **Mto 1 X 10 M
Increasing concentrations of RAL were compared to in- resulted in a 14-fold higher response for &fhan ER3
creasing concentrations of E2. Data were fitted using Bl- (Fig. 4). A half-maximal response could be obtained at
AEvaluation Software 3.1. This applies minimization of the 2.9 X 10 *°M for ERa and 1.1x 10 °M for ERB when
sum of the squared residuals for characterization of rate E2 was used as a ligand (Tables 1 and 2).
constants. Segments selected for fitting were chosen in order RAL showed lower efficiency and potency in this test
to achieve low values (preferabty10) for x?, i.e. the mean system (Tables 1 and 2, Fig. 5). A 39% response compared
square of the signal noise. For each receptor subtype, fourto E2 could be achieved when &Rvas expressed. When
injections with 0, 10°, 108 and 10’ M ligand were incubating yeast with RAL for 20 hr before induction, an
injected over the sensor chip with a constant amount of increase in efficiency up to 61% could be observed. Potency
immobilized ERE. Overlaying sensograms of increasing values (Table 1, Fig. 5) were also altered. This indicates a
concentrations of E2 unequivocally demonstrate a ligand- difference in the yeast cell wall for incorporating RAL into
specific rise in resonance units (Fig. 3, A and C). Subtract- the cytoplasm compared to g-&stradiol, presumably de-
ing the injection jump at the beginning and after the end of pending on the chemical structure of RAL. Incubating yeast
the injection resulted in the amount bound onto the ERE with 17B-estradiol alone for a period of more than 4 hr did
immobilized chip. When ER was incubated with 10° M not alter potency and efficiency values (data not shown).
E2, a doubling in resonance units compared to no ligand Still, an 85% relative response was obtained withBERSs
could be observed. Addition of 100 nM E2 still increased we expected, RAL was about 10,000 times less potent than
the signal. Incubation of ER with increasing concentra-  E2, exhibiting 2.2x 10~® M for ERa compared to 6.4<
tions of RAL also resulted in a specific rise in resonance 10~’ M for ERB.
signal, although saturation at 7 M RAL could be ob In both estrogen receptor assays, testosterone was used
served (Fig. 3B). The complexes formed with E2 appeared as a negative control for estrogenic activity. Although effi-
to be more unstable, as indicated by the dissociation rateciencies achieved were higher than when RAL was used as
constant of 1.5x 10 “ sec* than those incubated with ligand, potencies exerted by testosterone werex2.00 >
RAL (2.9 X 10 ° sec ) or no ligand (6.8x 10 ° sec ) M for ERa and 2.5x 10 ¢ M for ERpB, concentrations
(Table 5). approximately 10 times higher. In this system, E2, RAL,
Association rates obtained from complexes either ligan- and testosterone exhibited an approximate 10-fold higher
ded with E2, RAL, or no ligand did not differ, suggesting affinity for ERB than for ERx (Fig. 6, A and B). All
homodimer formation induced by E2 and RAL, respec- dose—response relationships were approximated by the LDR
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Fig. 3. Association and dissociation rate constants of estrogen receptors to ERE were determined by surface plasmon resonance technologiyt Recombi
ERa and ER3 were injected onto a biosensor surface immobilized with ERE at various concentrations of either E2 or RAlx WitEE?2; B: ERx with

RAL; C: ERB with E2; and D: ERB with RAL. As a control, estrogen receptors were injected without preincubation with ligand. Data were collected at 1
Hz and analyzed using BIAEvaluation 3.1.

function. Parameterd® (efficiency) andc (potency) are plasmid system [19]. To assess possible antagonisms or

given in Tables 1 and 2. synergism between E2 and RAL, increasing concentrations
Graumanret al. reported synergistic behavior for E2 and of E2 were combined with subeffective doses of RAL (Ta-
subeffective doses of tamoxifen in an &fRontaining two- ble 3 and 4). RAL (1x 10’ M) was considered as subef

fective, since no significant transactivation could be ob-

tained below this value. In contrast to the studies with
70000

® 17p-estradiol (ERa)
60000 | —— 17p-estradiol fit (ERa) .
Table 1
500007 Potencies and efficiencies of various ligands with humaw E&) and
© 40000 - ERB (B) measured by a yeast transactivation system
[=3
g 30000 - 5000 | . Ziﬁii‘.ii‘.‘;'.‘rifg”én, A
S o JESE S— Ligand Efficiency Potency [M] Rel. response
20000 1 - ' ‘ [Miller Units] (%)
10000 4 o ’ E2 56213 2.90< 1071° 100
0 1000 RAL 21987 2.20x 10°© 39
) — R . RAL (20 hr) 34290 9.95¢ 107 61
e Testosterone 38008 2.0010°° 67
10 10 10 10 10
Concentration [mol/l] B
Fig. 4. Dose-response to E2 in the &RA) or ERx (B) yeast assays  Ligand Efficiency Potency [M] Rel. response
system. Yeast cells were exposed to the indicated concentrations of E2 for [Miller Units] (%)
4 hr before measuring-galactosidase activity. Normalized data of two or 2377 1.09¢ 10 1° 100
more independent experiments were combined. Values are the means o L 2040 6.40% 10~7 85

duplicate determinations for each concentration of E2, with error bars Testosterone 2993

TR 2.5010°° 126
(standard deviation) indicated for each value.
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Table 2
Spiking human ER (A) ERB (B) measured by a yeast transactivation
system

A

Ligand Efficiency Potency [M] Rel. response
[Miller Units] (%)

E2 56213 1.55¢ 101 100

E2 + RAL 59134 3.40x 10°° 105

B

Ligand Efficiency Potency [M] Rel. response
[Miller Units] (%)

E2 2377 1.09< 10 *° 100

E2 + RAL 2680 9.50x 10°* 113

tamoxifen, no shift or decrease in efficiency could be ob-
served, either for ER or ERB.

Further, assays combining>4 10 ° M E2 with RAL in
a concentration range from3 10 **M to 3.7 X 10 ®M
were carried out. The use of RAL alone exhibited transac-
tivation activity at concentrations of 4 10~8 M or higher.
In contrast in the competition mode, RAL was not able to

abolish the response induced by E2 as was expected by th

results of the ligand competition assay (FIgA and B).

In this pure yeast system, RAL is not able to compete for
E2. Additional adapters (coactivators and corepressors) ma
be necessary to obtain a full antagonistic behavior of RAL.

4. Discussion

Estrogen replacement therapy is important for treating

symptoms accompanying menopause in women. Recently, d
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Fig. 5. Response of yeast reporter cells omERediatedB-galactosidase
activity to increasing concentrations of RAL spiked with a constant amount
of 17B-estradiol (4x 10~° M). The level of expresseg-galactosidase was
assayed for 4 and 20 hr, respectively, after the addition of the ligands. The

response is displayed as a percent of the maximum response to E2 in the

transformed cell lines. Normalized data of two or more independent ex-
periments were combined.
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novel SERM, RAL, was approved by the FDA to serve as
an alternative to conventional estrogen replacement therapy,
circumventing negative side effects such as uterotrophic
activity. RAL interacts with estrogen receptors exhibiting
agonistic activity in bone and liver, but antagonistic activity
in breast and uterus [9].

In this paper, we compared the binding and transactiva-
tional properties of RAL on ER and ER3. In radioligand
competition assays using yeast-expressed estrogen recep-
tors, RAL was able to displace E2, exhibiting dissociation
constants comparable for E2 on ERL.9 X 10 *°M™1).

The binding affinity of RAL to EFB turned out to be lower,
resulting in aK4 value of 2.7x 10~° M. Although RAL
binds ERx and ER3 obtained from various tissues with the
same affinity as does E2 [27,28], transactivational proper-
ties seem to vary within mammalian and yeast cells [14,15].
In order to evaluate the impact of these ligands on dimer
formation and ERE-binding properties, binding of &Bnd
ERB onto the surface of a biosensor chip immobilized with
ERE using surface plasmon resonance technology was ap-
plied. For ERy, a ligand-dependent increase in complexes
bound to ERE could be observed (Fig. 3A). Saturating

&oncentrations for homodimerization are reached at 10 nM,

resulting in twice the amount of bound complexes in reso-
nance units (RU). This indicates binding of unligandecdvER

o ERE as a monomer. Addition of increasing concentra-
tions of ligand induces homodimer formation and subse-
quently more binding in absolute mass to ERE, resulting in
a higher resonance signal. This could also be shown for
ER« ligated to RAL, even though at the concentrations used
only a 1.5-fold increase could be achieved (Fig. 3B)SER
seems to act differently from ERwhen liganded to E2. No
increase in RUs was observed, indicating no dimerization
(Fig. 3C). This is in contrast to several publications [29-31]
reporting homodimerization of EReven in the absence of
ligand. RAL may influence ER conformation dependent
upon concentration, since a biphasic curve was obtained for
low concentrations of RAL (Fig. 3D).

We have shown that E2 was able to activBtgalacto-
sidase activity in both receptor systems (Fig. 5), although
activation was about 14 times less for Efhan for ERv.
This phenomenon can be attributed to the dependency of
gene transcription on activation function domains 1 and 2
(AF1 and AF2). It was reported that the activity of AF1
contributing to transactivation in ERis negligible com-
pared to ERr when an ERE-based reporter system was
applied [32]. In the past, various coactivators and corepres-
sors have been found to play a crucial role in estrogen
receptor target gene transcription [33-36]. Cell-type-spe-
cific modulation will occur upon availability of certain co-
factors in defined cell systems. In addition, it is likely that
ER« and ERB require different cofactors for efficient tran-
scription. Using a yeast two-plasmid system, it was shown
that ERE-dependent transactivation could be enhanced 100-
fold for E2 and other xenoestrogens in the presence of
RIP140 [37]. Lack of specific coactivators in yeast and lack
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Fig. 6. Response of yeast reporter cells to increasing concentrations of E2, RAL, and testosterone. The transactivational behavior of thelseocoffoun

(A) and ERB (B) was tested at the concentrations indicated. The level of exprgsgathctosidase was assayed for 4 hr after the addition of the ligands.
The response is displayed as percent of the maximum response to E2 in the transformed cell lines. Normalized data of two or more independest experime
were combined. The response values for each concentration of ligand are the means of duplicate determinations with the mean standard deViation for €
value indicated.

of particular AF1 function in ER may be responsible for  RAL (Fig. 5). It was reported that yeast cells were imper-
the reduced activity exerted in BBR meable to antiestrogens like ICI, but in the yeast strain
We could observe a higher backgroupayalactosidase =~ SPH246 RAL could compete with E2 [15]. In our test
expression for ER than for ERv in the absence of ligand  system, RAL was not able to compete with E2 either after
(Fig. 4), an observation in agreement with a study per- 4 or after 20 hr of incubation (Fig. 7, A and B). This is an
formed in human kidney epithelial cells [14]. indication that a mass transport limitation is not responsible
The amino acid sequences betweern&zd ERB were  for the lower potency. From a ligand binding assay, one
reported to be very homologous [20,38]. Crystallographic \yquid expect a similar potency as for E2.
analysis showed very similar structures for thecERnd We report no agonistic activities of RAL in ERat
ERB-ligand binding domains. Upon interaction of the li- - ;,ncentrations below 1 and 0dM after 4 and 20 hr of
gan'd with aunique s_et of r'e5|d.ues within the Ilgand-blnd.mg incubation, respectively (Fig. 5). By applying concentra-
_cavr[y, a distinct o.rlentatlon n .the AF2 helix (le) 'S tions higher than uM, a slight increase in transactivation
induced. When E2 is bound within the hydrophobic cavity, .
. . . . could be observed. Testosterone was used as a negative
H12 is allowed to align over the ligand. Upon this confor- o o .
control, exhibiting a transactivational response starting at

mational change, the specific binding site for nuclear cofac- trati F10M. C ind RAL and testost
tors is accessible. In contrast, the bulky side chain of RAL concentrations of 1&M. Comparing and testosterone

prevents the correct assembly of H12 and therefore the!®2dS to the conclusion that in this yeast model system RAL
availability of the nuclear coactivator binding site [10,11]. EX€rts no agonistic activity. Although efficiencies and po-
This structural difference raises a possible mechanism of tencies achieved with ERwere slightly higher compared to
distinct recruitment of coactivators and corepressors for testosterone, effects cannot be regarded as agonistic. These
agonistic and antagonistic ligands exhibiting varying trans- results are in contradiction to those observed by Barkéem
activational properties. al., when a human kidney epithelial cell line transformed
Therefore, we tested the agonistic behavior of RAL in With estrogen receptor expression plasmids as well as a
our yeast system at increasing concentrations of RAL. We reporter plasmid was applied. They obtained slight agonistic
compared 4 and 20 hr of incubating the yeast cells with properties in ER, but none in ER. Potency to antagonize

Table 3
Determination of rate and equilibrium constants for ERE—estrogen receptor interaction using real-time biosensor technology
Compound ky (1/Ms) kq (1/s) K (/M) Kp (M)

ERa ERB ER« ERB ER« ERB ER« ERB
no ligand 9.9E+ 4 9.6E+ 4 6.8E—5 2.2E-5 1.7E+ 9 1.9E+9 7.4E- 10 2.3E- 10
17B-estradiol 7.8E+ 4 7.8E+ 4 15E-4 6.7E-5 7.0E+ 8 1.3E+9 18E-9 7.5E- 10
Raloxifene 7.4E+ 4 4.2E+ 4* 29E-5 8.0E— 5* 3.0E+9 5.0E+ 8* 3.8E—- 10 2.1E— 9*

*Values for kinetic constants for BRincubated with RAL have to be handled with care, since the association curve suggests a biphasic binding phase.
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Fig. 7. Properties of ligand-induced transactivation of combined RAL with E2 om. BRreasing concentrations of RAL were combined withx 4.0~ °
M of 17B-estradiol. First, induction and addition of 3-&stradiol and RAL were simultaneous (A). Second, addition of RAL took place 20 hr before induction
and addition of 1B-estradiol (B). Normalized data of two or more independent experiments were combined.

E2-dependent transactivation was about 15-fold higher for References

ER« than for ERB [14].

Graumanret al. reported synergistic behavior for E2 and
subeffective doses of tamoxifen in an &Rontaining two-
plasmid system [19]. To further study the transcriptional
effects of RAL, we performed titrations of E2 in the pres-
ence of a subeffective dose of RAL. Neither in &Ror in
ERB synergistic effects could be observed as reported with
tamoxifen. Likewise, no antagonistic effects could be ob-
served, in contradiction with the finding of Barkheshal.

[14]. They reported competitive antagonism of RAL in the
presence of increasing concentrations of E2. These differ-
ences in agonism and antagonism of RAL and other SERMs
might be due to the different cellular environment in yeast
cells.

We may conclude that in the first level RAL is able to
bind within the ligand-binding pocket of the estrogen re-
ceptors since it efficiently displaces E2. Affinity constants

comparable to those obtained for E2 could be measured. [10]

In the two-plasmid system, RAL exhibited about 10,000
times lower potency than E2. Surprisingly, when constant
concentrations of E2 were spiked with increasing concen-
trations of RAL, RAL was not able to exhibit its antagonis-
tic activity. This is in contrast to our expectations from the
competition ligand-binding experiments. Unlike previous

results assessing the agonistic properties of tamoxifen [19],[12]

the potencies of RAL and testosterone to activate ag-ER
dependent reporter gene construct were the same. Spiking
E2 with nanomolar levels of RAL did not alter the effi-
ciency. This suggests no estrogenic activity of RAL in this
pure bipartite system. From our BIACORE binding studies
with immobilized ERE, we can conclude that unliganded
ERa binds as a monomer whereas at concentrations of 10
M or higher, homodimers are formed and interact with the
ERE.
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