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Abstract

Background: IC| 182,780 (ICl) belongs to a new class of antiestrogens developed to be pure
estrogen antagonists and, in addition to its therapeutic use, it has been used to knock-out estrogen
and estrogen receptor (ER) actions in several mammalian species. In the present study, the effects
and mechanism of action of ICI were investigated in the teleost fish, sea bream (Sparus auratus).

Methods: Three independent in vivo experiments were performed in which mature male tilapia
(Oreochromis mossambicus) or sea bream received intra-peritoneal implants containing estradiol-
17 beta (E2), ICl or a combination of both compounds. The effects of E2 and ICl on plasma calcium
levels were measured and hepatic and testicular gene expression of the three ER subtypes, ER
alpha, ER beta a and ER beta b, and the estrogen-responsive genes, vitellogenin Il and choriogenin
L, were analyzed by semi-quantitative RT-PCR in sea bream.

Results: E2 treatment caused an increase in calcium levels in tilapia, while ICI alone had no
noticeable effect, as expected. However, pretreatment with ICl synergistically potentiated the
effect of E2 on plasma calcium in both species. ICI mimicked some E2 actions in gene expression
in sea bream liver upregulating ER alpha, vitellogenin Il and choriogenin L, although, unlike E2, it did
not downregulate ER beta a and ER beta b. In contrast, no effects of E2 or IC| alone were detected
in the expression of ERs in testis, while vitellogenin |l and choriogenin L were upregulated by E2
but not ICI. Finally, pretreatment with ICl had a synergistic effect on the hepatic E2 down-
regulation of ER beta b, but apparently blocked the ER alpha up-regulation by E2.

Conclusion: These results demonstrate that ICl has agonistic effects on several typical estrogenic
responses in fish, but its actions are tissue-specific. The mechanisms for the ICl agonistic activity
are still unknown; although the ICl induced up-regulation of ER alpha mRNA could be one of the
factors contributing to the cellular response.
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Background

Most estrogen actions are mediated by specific nuclear
estrogen receptors (ERs), which classically regulate tran-
scription by binding as dimers to specific estrogen-
response elements (ERE) found in promoters of estrogen-
responsive genes (ERGs) [1]. This transcriptional activity
is dependent on conformational changes of the ERs two
activation functions (AF): the N-terminal (ligand-inde-
pendent) AF-1 and the C-terminal (ligand-dependent)
AF-2, which function independently or synergistically to
recruit and interact with coregulator (coactivator or core-
pressor) proteins leading to changes in the rate of gene
transcription [2]. Two ER subtypes (o and ) are present
in most vertebrates, although in teleost fish one ERa and
two ERP genes (Ba and Bb) have been identified [e.g. [3-

5]].

There is also substantial evidence that estrogens also func-
tion via non-classical mechanisms [1]. These include indi-
rect transcriptional activation through interaction of
ligand-bound ER with other transcription factors, ER lig-
and-independent activation in response to intracellular
signaling cascades, and rapid non-genomic actions initi-
ated at the plasma membrane. However, it is not clear if
these are mediated by a subset of nuclear ERs that localize
to the plasma membrane, or by novel membrane recep-
tors unrelated to ER or through both [1,6,7].

ERs are known to accept a wide range of ligands, including
natural estrogens, synthetic estrogens or antiestrogens,
phytoestrogens and a variety of xenoestrogens [8]. While
many behave as estrogen agonists, other compounds may
act either as agonists or antagonists depending on the spe-
cies, tissue, promoter or ER subtype (the selective ER mod-
ulators, SERMs; e.g. tamoxifen) [9]. The tissue-selective
effects of SERMs have been exploited to develop new
drugs for the treatment of estrogen-related diseases,
although some have unwanted side effects or generate
resistance to treatment, in part due to their agonist effects
in some tissues [10].

ICI 182,780 (trade names Faslodex, Fluvestrant) belongs
to a new class of antiestrogens developed to have no ago-
nistic effects, and besides its therapeutic potential demon-
strated in clinical trials, it has been used as an alternative
and efficient means to "knock-out" ER effects in studies of
estrogen functions, and to establish the contribution of
nuclear ERs to particular estrogen actions [11-14]. In
mammals, ICI 182,780 appears to act at several levels to
block estrogen actions [reviewed by [11,15]], but little is
known about its effects and mechanisms of action in fish.
ICI blocked E,-induced interstitial cell proliferation in
immature rainbow trout (Oncorhynchus mykiss) testis [16]
and the production of zona radiata proteins and vitello-
genin in Atlantic salmon (Salmo salar) hepatocytes [17]
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and of vitellogenin in channel catfish (Ictalurus punctatus)
[18] and Siberian sturgeon (Acipenser baerii) [19] hepato-
cytes. Agonistic actions have been identified in Atlantic
croaker (Micropogonias undulatus), in which both estra-
diol-178 (E,) and ICI decreased gonadotropin-stimulated
11-ketotestosterone production in testicular fragments in
vitro, although these rapid effects appeared to be mediated
by interaction with membrane-bound receptors [20,21].

The objective of this study was to investigate the effects
and mechanisms of action of ICI 182,780 (ICI) on several
typical in vivo estrogenic responses in the teleost fish sea
bream (Sparus auratus), in order to evaluate the potential
of ICI as an agent to knock-out estrogen effects in fish. In
a preliminary experiment with the more readily available
tilapia (Oreochromis mossambicus) we established that ICI
potentiated the calciotropic effect of E, [22-24]. The
effects of E, and ICI on plasma calcium and on hepatic
and testicular gene expression of the three ER subtypes
and the estrogen-responsive genes vitellogenin II and cho-
riogenin L (egg yolk and eggshell precursors, respectively)
were then analyzed in sea bream, for which these molecu-
lar markers were available [5,25].

Methods

Fish

All animal maintenance and handling procedures were
carried out in compliance with the recommendations of
the Association of Animal Behavior [26]. Adult tilapia
were obtained from a stock raised from fertilized eggs at
the University of Algarve, Faro, Portugal, and maintained
in 150L closed circuit freshwater aquaria at a water tem-
perature of 24°C and 12L:12D (light-dark) photoperiod.
Adult sea bream were obtained from TIMAR Cultura de
Aguas (Olhio, Portugal) and maintained at the University
of Algarve in through-flow 500L seawater tanks with a
water temperature of 17-21°C, 36%o salinity and
121:12D photoperiod. At least one weak before the start
of each experiment, fish were randomly distributed
between different tanks (one per treatment) and left to
acclimatize during this period.

Treatments and sampling

Three independent experiments were performed (see
additional file 1 for a representation of the experimental
design of the three experiments), in which anaesthetized
tilapia or sea bream (2-phenoxyethanol, Sigma-Aldrich,
Madrid, Spain, diluted 1:10,000 in seawater) received
intra-peritoneal (i.p.) implants of coconut oil (200 ul/100
g body weight, Sigma-Aldrich) containing different doses
of E, (Sigma-Aldrich) and/or of ICI 182,780 (Tocris,
Cookson Ltd, Bristol, UK). Fish were returned to their
tanks and left undisturbed during the experimental period
(1-11 days), during which they were fed daily at the nor-
mal rate.
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The first experiment, with male tilapia, was designed to
test the broad effects of ICI on plasma calcium, the con-
centration of which typically increases in response to
estrogen [23,24]. Tilapia was chosen because we can easily
obtain reproductively mature individuals all year round.
The experiment was carried out in June/July with five
groups, each composed of five sexually mature male tila-
pia (body weight 45.9 + 3.6 g). The effect of ICI alone
compared to control fish was tested in two groups in
which i.p. implants of coconut oil containing 35 mg/kg
body weight (bw) (I35 group) or the vehicle coconut oil
alone (CTL, control group) were administered. Since it
was expected that ICI would act as an E, antagonist, we
hypothesized that pre-treatment with ICI should inhibit
the response to E, including a lower calciotropic response
to E,. To test this hypothesis three further groups of fish
were pre-treated with either coconut oil vehicle, 35 mg/kg
bw ICI or 10 mg/kg bw ICI in coconut oil, followed 3 days
later by 10 mg/kg bw E, in coconut oil (groups E, I35E3d
and 110E3d, respectively). The CTL and 135 groups were
also injected at this time with coconut oil alone. At each
sampling point (days 3, 5 and 11), fish were anesthetized
and blood samples collected from the caudal vein with
heparinized (150 U/ml ammonium heparin, Sigma-
Aldrich) 1 ml syringes. Plasma samples were obtained by
centrifugation of whole blood (10,000 rpm for 5 min)
and were stored at -20°C until the determination of
plasma calcium levels.

Since the tilapia experiment demonstrated a significant
agonistic effect of ICI, we have carried out an experiment
in sea bream (sea bream experiment 1, see additional file
1 for a representation of the experimental design) to com-
pare the gene expression in response to ICI or E, at the
dosage levels used in tilapia. The sea bream was chosen
because we have available a range of molecular markers
for estrogen responsive genes [5,25]. The experiment was
carried out in September, at the beginning of spermiation,
with three groups of eight mature male sea bream (body
weight 367.1 + 8.9 g) which received i.p. implants of coco-
nut oil containing 10 mg/kg bw E, (E group), 10 mg/kg
bw ICI (I group) or coconut oil alone (CTL, control
group). Twenty eight hours later, fish were over-anesthe-
tized in 1:5,000 2-phenoxyethanol:seawater, killed by
decapitation and transverse sections of testis and liver
were collected, snap frozen in liquid nitrogen and stored
at -80°C for subsequent RNA extraction.

In the third experiment, carried out in November (sea
bream experiment 2, see additional file 1 for a representa-
tion of the experimental design), we set out to examine
the effect of lower, more physiologically relevant, dosages
of ICI and E,, separately or in combination, on plasma
calcium and gene expression in sea bream. For that pur-
pose six groups of eight mature spermiating male sea
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bream (body weight 239.2 + 3.3 g) were injected with the
vehicle (coconut oil) in the first day, except for group IE3d
which was injected with 4 mg/kg bw ICI in coconut oil.
After three days, fish were injected with coconut oil
implants containing 1 mg/kg bw E, (E1 group), 0.1 mg/kg
bw E, (EO.1 group), 4 mg/kg bw ICI (I group), 4 mg/kg bw
ICI plus 1 mg/kg bw E, (IE group) or 1 mg/kg bw E,
(administrated to the IE3d group, injected with ICI in the
first day), while the control group (CTL) was injected with
coconut oil alone. Forty eight hours later, blood was col-
lected and plasma samples recovered as described above
and stored at -20°C until used for determination of cal-
cium and E, (see below). Fish were killed by decapitation
and transverse sections of liver and testis sampled, frozen
in liquid nitrogen and stored at -80°C for subsequent
RNA extraction.

Quantification of E, and calcium plasma levels

Total plasma calcium (bound plus free) was measured in
duplicate in 10 pl plasma samples from individual fish
using a colorimetric assay (Calcium kit, procedure
no.587, Sigma-Aldrich). E, was quantified in individual
plasma samples by radioimmunoassay using specific
antiserum (Research Diagnostics, Flanders, New Jersey,
USA) as described in Guerreiro et al. [27]. The cross-reac-
tion of E, antisera with ICI was approximately 20% in the
middle of the linear portion of the standard curve but
there was no parallelism with the standard curve of the
assay.

Semi-quantitative RT-PCR

Total RNA from male sea bream liver or testis was
extracted from frozen tissues using TRI Reagent (Sigma-
Aldrich) and cDNA was reverse transcribed from 4 pg of
total RNA using random primers and M-MLV reverse tran-
scriptase (Invitrogen, Carlsbad, CA, USA) in a 30 pl reac-
tion. The mRNA expression of sea bream ERs, vitellogenin
IT (Vgll), choriogenin L (ChgL) and the internal control
gene coding for 18S ribosomal RNA (18S) was analyzed
by semi-quantitative RT-PCR using the same reaction con-
ditions, primers and annealing temperatures previously
described by Pinto et al. [5,25]. These parameters are rep-
resented in Table 1, together with the cycle numbers opti-
mized for the detection of each gene in the exponential
phase of amplification for each experiment/tissue ana-
lyzed in this study. No genomic DNA or cross-annealing
with genes from the same family was detected with these
primers [5,25]. Band intensities of RT-PCR products were
quantified by densitometry as previously described [25]
and relative expression values calculated as base ten loga-
rithms of the expression ratios between each gene and
18S.
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Table I: Primers used for gene expression analysis by RT-PCR
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Cycle number(N)

Expl Exp2

Gene product Primer Sequence bp Ta (°C) Liv Tes Liv

Estrogen receptor o (ERa, AJ006039) 5'-CCCATCCAGTCAGCATTCA-3' 374 57 25 25 25
5-TTGTCACGCCGCAGAACG-3'

Estrogen receptor a (ERPa, AFI136980) 5-GCTGATGATCGGACTGATGTG-3' 348 59 27 23 29
5-GGTGTACTGTTGGCGGAAAG-3'

Estrogen receptor 3b (ERBb, AJ580049) 5-TGATGATGTCACTCACCAACC-3' 291 54 25 22 26
5'-TTCAGCTCACGAAACCGA-3'

Choriogenin L (Chgl, CX734876) 5'-AGAGGGATGCTGTCGTAG-3' 290 56 25 30 18
5-GTGATGCCTTTGGTAGTG-3'

Vitellogenin 1l (Vgll, CX734956) 5-CACTTGGCATTGGTCTCCC-3' 130 58 20 25 18
5-ATGGTGCACTCAGCTGCATG-3'

18S ribosomal RNA (185) 5'-TCAAGAACGAAAGTCGGAGG-3' 495 59 18 18 15

5'-GGACATCTAAGGGCATCACA-3'

Gene name abbreviation and accession number, primer sequence (forward and reverse, respectively), amplicon length (bp), annealing temperature
(Ta) and optimized cycle numbers (N) for liver (Liv) or testis (Tes) cDNAs from Experiments (Exp) | and 2.

Statistical analysis

Plasma calcium concentrations in the tilapia time-course
experiment were log transformed and analyzed by two-
way repeated-measures ANOVA, followed by a post-hoc
Tukey test for pairwise multiple comparison. Calcium and
E, concentrations and semi-quantitative RT-PCR data (all
log transformed) in the sea bream experiments were ana-
lyzed by one-way ANOVA followed by the Tukey test.
Pearson correlations of expression levels among genes
were calculated and probabilities determined with Bon-
ferroni corrections. The software used in the analysis was
SigmaStat v.3.00 (SPSS Inc, Chicago, USA). Data is pre-
sented as mean + standard error of the mean and statisti-
cal significance was established at P < 0.05.

Results

Effect of E; and ICI 182,780 on plasma calcium in tilapia
As expected, after 2 days of E, treatment tilapia plasma cal-
cium levels increased to almost twice those of the controls
(Figure 1). In contrast, there were no statistically signifi-
cant differences in calcium levels between control and ICI
only-treated tilapia. However, ICI-pretreatment at the two
doses tested strongly potentiated the effect of E, on cal-
cium causing a highly significant ~2 fold increase within
two days and a further ~1.5 fold increase in the next 6 days
with the highest ICI dose (1;5E3d).

Calcium and gene expression response to E, and/or ICI
182,780 treatment in sea bream

Since in the first experiment conducted in tilapia 10 and
35 mg ICI provoked a rise in calcium of similar magnitude

after three days of E, exposure, 10 mg/kg ICI and 10 mg/
kg E, treatments were used to investigate their short-term
effects (28 h) on gene expression in sea bream. As
expected, E, treatment caused a significant up-regulation
in expression of ERa (approx. 4-fold), Vgll (6-fold) and
ChgL (11-fold) in liver (Figure 2A). In contrast the mRNA
levels of both ERP subtypes significantly decreased
approx. 10-fold compared to the control group. Interest-
ingly, treatment with ICI also caused a significant up-reg-
ulation in ERa, VgII and ChgL, which was of the same
magnitude to that of E, treatment in the case of ERa but
significantly less in the case of VgII and ChgL (1.8- and
2.5-fold increase, respectively, compared to control). ICI
treatment had no effect on the expression of ERBa or Bb.
Strong positive Pearson correlations were found between
the ERa, Vgll and ChL responses to E, and ICI in this tis-
sue (Pearson coefficient 0.658-0.939, P < 0.01), but not
between ERPBa and ERfb.

In the testis, no statistically significant changes in gene
expression were obtained for any of the ER subtypes (Fig-
ure 2B), while the expression levels of both VgII and ChgL
were increased by E, but remained unaltered by ICI treat-
ment. In contrast to what was observed in the liver, ERa
was positively correlated with ERBa (Pearson coefficient
0.640, P < 0.05) but not with VgII and ChgL, which were
highly correlated among them (0.853, P < 0.001).

In order to further investigate and confirm the obtained
effects of E, and ICI on the different types of estrogenic
response, a second sea bream experiment was performed
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Time-course of total calcium plasma response in tila-
pia. Adult male tilapia received coconut oil implants with dif-
ferent combinations of estradiol (E,) and of the antiestrogen
ICI 182,780 (ICI). Times of injection are represented by
arrows on the lower panel. CTL = control group, coconut oil
only; E = 10 mg/kg body weight E,; I35 = 35 mg/kg ICI; 135E3d
and |,E3d = 10 mg/kg E, injected three days after injection
with 35 or 10 mg/kg ICI, respectively. Blood samples were
collected 3, 5 and | | days after the first injection. Different
letters indicate statistically significant differences (P < 0.05)
among treatments and sampling times, evaluated by two-way
repeated-measures ANOVA using log,, of calcium plasma
levels.

in which lower doses of hormones were used (1 or 0.1
mg/kg E,, 4 mg/kg ICI) in different combinations and
sampling conducted 48 h after E, injection. Expression in
testis was not analyzed due to the lack of response to ICI
detected for ERs in sea bream experiment 1 and the high
variability among individuals in the VgII and ChL
response. Furthermore, the fish in the second sea bream
experiment were at a stage of more advanced maturity
(active spermiation) than in the first sea bream experi-
ment (early spermiation) making direct comparisons dif-
ficult. In contrast, the liver showed more consistent and
less variable results. To confirm the effectiveness of the
treatments with the lower levels of hormones, E, plasma
levels were determined for each fish at the end of the
experiment. Control sea bream had circulating plasma E,
levels of 0.6 + 0.2 ng/ml, while in E,-implant groups these
had increased 26-fold to 15.5 + 4.0 ng/ml (E1 group) or
7-fold to 4.0 + 0.6 ng/ml (E0.1). E, plasma levels in the
ICI-implanted groups (4.6 + 1.8 ng/ml for1, 27.6 + 7.9 for
IE and 27.5 + 7.0 for IE3d) were probably overestimated
due to cross-reaction. The levels of E, achieved with the
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implants are within the range observed in spawning sea
bream [28]

As for calcium levels, no significant difference was
detected between control fish and E, at any dosage, ICI
alone or the simultaneous treatment with E, and ICI (Fig-
ure 3). However, in common with tilapia, pretreatment
with ICI followed by E, three days later (IE3d group)
caused a statistically significant increase in the plasma cal-
cium levels compared to control fish. A statistically signif-
icant difference between plasma calcium concentrations
in ICI treatment only and the IE3d treatment group was
also observed.

As in the previous experiment, the hepatic expression lev-
els of ERa were significantly increased by both doses of E,
and by ICI alone (Figure 4). Simultaneous administration
of ICI and E, (IE group) also caused a significant increase
in the ERa expression levels, although it was not signifi-
cantly different from that obtained with the same dose of
E, alone (E1). In contrast, in the group pretreated with ICI
(IE3d group), ERa transcript levels were not significantly
different from the control but differed from the E, alone
group (E1), suggesting an inhibition of the E,-induced
ERa up-regulation.

For ERBa, no significant differences were detected
between the different treatments, although a decrease
compared to control was apparent for the lower dose of E,
(E0.1), ICI alone (I) and pretreatment with ICI followed
by E, (IE3d) (Figure 4). Similarly, with ERBb there was a
trend for reduction in expression levels in response to all
the treatments, with only the combination of E, and ICI
(IE and IE3d groups), significantly decreasing the expres-
sion level of this gene compared to the control, and with
IE3d also decreasing it in comparison to the E, only-
treated groups (E1 and E0.1). The expression of both VgII
and Chg was significantly increased by both doses of E,
and combined E,/ICI treatments, while no change in
expression could be detected in the group treated with ICI
alone. Strong positive Pearson correlations were found
between the ERa, VgII and ChL response (Pearson coeffi-
cients 0.466-0.981, P < 0.01) and between ERPa and
ERBb (Pearson coefficient 0.679, P = 0.00), while negative
correlations were found between the response of ERfb
and both VgII and ChgL (coefficients -0.435 and -0.398,
respectively, P < 0.05).

Discussion

This study demonstrated that, at least in fish, ICI does not
always function as an anti-estrogen since it did not block
the effects of an E, challenge. Indeed, prior administration
of ICI potentiated the response to E,. Furthermore, the
agonistic response to ICI could also be detected at the
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Figure 2

Gene expression in E,-treated (high dose) sea bream. Sea bream males received coconut oil implants with 10 mg/kg
body weight E, (E), 10 mg/kg ICI (I) or coconut oil alone (CTL) for 28 h. Liver (A and C) and testis (B and D) were analyzed
for gene expression of estrogen receptors (ERo, ERBa, ERBb) and estrogen-responsive genes, vitellogenin (Vgll) and chorio-
genin (Chgl) by semi-quantitative RT-PCR. Each bar (A and B) is the mean * S.E.M. of the relative expression values (target
gene/18S) of eight fish. Different letters indicate statistically significant differences between treatments (general linear model
using log,, of the relative expression values, P < 0.05). The gel images (C and D) are representative RT-PCR products for each
experimental group.
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Total calcium plasma levels in sea bream. Sea bream
males were sampled two days after receiving coconut oil
implants containing | mg/kg body weight E, (E,), 0.1 mg/kg E,
(Eo.1), 4 mg/kg ICI (1), 4 mg/kg ICI plus | mg/kg E, (IE), | mg/
kg E, in addition to 4 mg/kg ICI (IE3d) 3 days earlier, or coco-
nut oil alone (CTL). Each bar is the mean + S.E.M of the cal-
cium plasma levels (mM) of eight fish. Different letters
indicate statistically significant differences (P < 0.05) between
treatments, evaluated by one-way ANOVA using log, of cal-
cium plasma levels.

level of gene expression and was different in liver and tes-
tis.

The level of total calcium in plasma is known to correlate
with Vg protein and E, plasma levels in females during
vitellogenesis and in males in response to E, exposure,
and it is thus used as a vitellogenesis marker [22-24]. The
lack of a statistically significant calcium elevation with E,
treatment alone in sea bream was probably due to the low
doses and/or exposure time compared to previous sea
bream experiments (>4 days, 10 mg/kg) [27] and to the
tilapia experiment (>48 h, 10 mg/kg). ICI alone did not
change total plasma calcium levels or may have slightly
lowered calcium within 48 h (Figures 1 and 3), consistent
with an antagonistic action. However, pretreatment with
ICI synergistically potentiated the hypercalcemic effect of
E, in both sea bream and tilapia. This observation seems
to indicate that the initial binding of ICI to ER effectively
blocks ER binding to target genes (antiestrogenic action)
in the liver, but subsequently E, triggers a disproportion-
ate agonistic response. Whether ICI acts by stimulating ER
synthesis or at the level of ER responsiveness is not clear.
In support for the first possibility is the fact that ERa levels
in the liver of fish treated with ICI are upregulated and at
similar levels to the E,-treated fish. However, it is surpris-
ing that ERa levels in E, challenged fish after pretreatment
with ICI are no higher than fish treated with ICI only (Fig-
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ure 4). Analysis of the early time-course changes in this
response is required to clarify the possible mechanism
involved.

The ERa, VglI and ChgL up-regulation by E, in liver is in
accordance with our previous observations [25]. ERa
autoregulation in liver is a common characteristic of ovip-
arous animals [e.g. [29-32]] that has been attributed to ER
involvement in the production of egg yolk and egg shell
precursors vitellogenins and choriogenins, respectively, in
the liver of mature females in response to E,. In contrast
to ERa, the regulation of ERB genes by estrogen is poorly
investigated and appears to be much more variable, with
these genes being either slightly up- or down-regulated
depending on the species and ER subtype [33,34]. In this
study, the expression of both ERfa and ERfb are strongly
down-regulated by E, in liver in the first sea bream exper-
iment, and only slightly down-regulated in the second
experiment in which lower doses are used, possibly indi-
cating that their regulation is dose-dependent (and less
sensitive to E, than ERa). These results indicate a differen-
tial estrogen regulation of sea bream ERa and ERp genes
in liver and support the hypothesis that the role of the ER
forms, in the transcriptional regulation of genes associ-
ated with reproduction in fish liver is probably less impor-
tant than that of the ERa subtype and may depend on the
life stage of the fish and/or the species. In contrast to the
liver, a slight up-regulation by E, of both ERa. and ERfb
but not ERBb is detected in testis, suggesting the regula-
tion of ER subtypes varies among tissues, while the up-reg-
ulation of VglI and ChgL confirms its recent identification
as ERGs in this tissue [25].

ICI mimicked the E, effects in the liver, up-regulating ERa,
Vgll and ChgL in sea bream liver, but not in the testis and
unlike E, it did not down-regulate the two ERP subtypes in
liver, supporting tissue- and gene-specific effects for this
compound. The simultaneous administration of ICI with
E, did not block the E, effects on the expression of any of
the genes, neither did the ICI pretreatment in the E,-
induced up-regulation of ChgL and VglI, suggesting that
ICI did not act as an antagonist. However, ICI pretreat-
ment synergistically potentiated the E, down-regulation
of the ERBb gene, while it appeared to have an inhibitory
effect on the E, up-regulation of ERa (Figure 4), at least in
the time-frame and doses analyzed (see above).

Taken together, these results contrast with the conven-
tional classification of ICI as a "pure estrogen antagonist”,
which has been reported to block the effects of E, and
some partial agonists (e.g. tamoxifen) with no detected
agonistic activities in several in vivo and in vitro models of
estrogen action in different mammalian species [reviewed
by [11,35]]. However, some recent in vitro studies have
also reported agonistic or partial agonistic activities for ICI
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Figure 4

Gene expression in E,-treated (low doses) sea bream. Semi-quantitative RT-PCR of estrogen receptors (ERa, ERfa,
ERBb) and estrogen-responsive genes, vitellogenin (Vgll) and choriogenin (ChgL), in male sea bream liver (see Figure 3 for
group abbreviations) 48 h following treatment. Each bar (A) is the mean * S.E.M. of the relative expression values (target gene/
18S) of eight fish. Different letters indicate statistically significant differences between treatments (general linear model using
log,, of the relative expression values, P < 0.05). The gel images (B) are representative RT-PCR products for each experimen-
tal group.
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[36-40], which appear to depend on the species, the tis-
sue, the ER subtype and the promoter, as reported for
other SERMs.

The mechanisms in place for the agonistic effects in fish
are as yet unknown. Most antiestrogens act through com-
petitive binding to ERs and induction of an inactive con-
formation of the ligand-dependent AF-2 function of ERs,
and their context-specific agonistic activities have been
mainly attributed to a tissue- or promoter-specific activa-
tion of the ligand-independent AF-1 function or to the
induction of a partially active AF-2 conformation [41]. ICI
appears to act at several levels to completely block ER-
mediated actions (better studied for the ERa subtype),
including the competitive inhibition of agonist binding to
ERa, the inhibition of ER dimerization, nuclear transloca-
tion and transcription activation through both AF-1 and
AF-2, and increased ER protein degradation [reviewed by
[11,15]]. While estrogens are known to rapidly down-reg-
ulate the ERa and ERp protein levels in several mamma-
lian cell types but up regulate its mRNA levels [42], ICI has
been shown to cause ERa protein degradation without
affecting the ERa. mRNA levels [11], thereby leading to an
effective reduction of the ER protein levels. Possible expla-
nations for the partial ICI agonism are: 1) lack of ERa pro-
tein down-regulation, as observed in cells of the sheep
uterus or in human breast cancer cells; 2) species-specific
differences in the N- or C-terminal regions of ERs, which
could influence ligand discrimination; 3) ER activation
via non-classical mechanisms (e.g. non-genomic actions
and indirect activation at AP-1 promoters); 4) ICI activa-
tion of other ER subtypes (nuclear ERf} or membrane ERs)
or ER variant proteins whose relative expression depends
on the cell type or species [36-40]. In addition, it was
recently reported that ICI was able to promote human
ERa interaction with the CBP/p300 but not the p160 fam-
ily of coactivators in Hela cells, although this was insuffi-
cient to promote transcription from the pS2 (an ERG)
promoter [43].

In fish, unlike in mammals, estrogens have been shown to
increase both ERo mRNA (through increased transcrip-
tion and enhanced stability) and ER protein levels in liver
[31,44,45]. The ICI up-regulation of ERa in liver detected
in the present study could contribute to the observed ago-
nistic effects, and the potentiation effects observed for the
ICI pretreatment may be due to an increased responsive-
ness of the tissue at the time of E, administration through
sbERa up-regulation by ICI. Whether the ERo. mRNA ICI
up-regulation is followed by an increase in ERa protein
level in liver, as occurs with E,, must be investigated in
future studies.

The inability of ICI to inhibit the up-regulation of ERa,
Vgll and ChgL by E, in fish liver (Figure 4) could also be

http://www.rbej.com/content/4/1/67

interpreted as evidence for an ER-independent mecha-
nism, as suggested for other ICI-insensitive actions [e.g.
[46]]. However, this appears not to be the case, since ICI
alone was able to up-regulate these genes (Figure 2) and
because the E,-induced transcriptional activation of both
ERa and VglI genes have been demonstrated to involve
binding of the ER proteins to specific response-elements
in their promoters [33,47,48], while the stabilization of
their mRNAs has also been shown to be mediated by E,/
ER complexes [44]. The dependence on ERa has also been
demonstrated in some studies reporting ICI agonism in
mammals by using ER-specific siRNA [39].

Conclusion

In conclusion, at least in fish, ICI does not always function
as an antiestrogen since it did not block the effects of an
E, challenge on several typical estrogenic actions. Indeed,
prior administration of ICI strongly potentiated the
response of plasma calcium to E,. Furthermore, this ago-
nistic response to ICI could be detected at the level of gene
expression and was different in liver and testis. The strong
up-regulation of ERa in correlation with Vg and ChgL and
the down-regulation of both sbERfBs confirm that ERa is
probably the most important ER subtype controlling liver
gene expression in response to E,.

The identified agonistic effects suggest caution in the use
of ICI as a pure antiestrogen to "knock-out" estrogen func-
tions in fish, at least until their effects and mechanisms of
action are better characterized. It would be also interesting
to investigate the effects of other "pure antagonists" such
as ICI 164,384 and RU 58668 on the estrogenic actions
analyzed in this study.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions

PISP planned and carried out the sea bream experiments,
some of the RT-PCRs, gene expression quantification, sta-
tistical analysis and discussion of results, and wrote the
manuscript. PBS and JBC planned and carried out the tila-
pia experiments and calcium measurements. HRT carried
out RNA extractions, RT-PCRs and calcium in the sea
bream experiments. DMP participated in the discussion of
results and wrote the manuscript. AVMC devised the
study, participated in the planning of all experiments, sta-
tistical analysis and discussion of results, and wrote the
manuscript. All authors read and approved the final man-
uscript.

Page 9 of 11

(page number not for citation purposes)



Reproductive Biology and Endocrinology 2006, 4:67

Additional material

Additional File 1

Experimental design of the three in vivo experiments performed. This
table represents the dosages (mg hormone/kg body weight), treatment
times and sampling times ( @) used for the different experimental groups
in each of the three experiments performed (A, tilapia experiment; B, sea
bream experiment 1; and C, sea bream experiment 2). c.o. coconut oil.

Click here for file
|http://www.biomedcentral.com/content/supplementary/1477-
7827-4-67-S1.pdf]

Acknowledgements

This research was funded by European Social Fund and National funds
under Portuguese National Science Foundation (FCT) project POCTI/
CVT/39355/2001. PISP and PBS were in receipt of FCT fellowships POCTI/
SFRH/BD/5198/2001 and POCTI/SFRH/BPD/3567/2000, respectively. We
thank Dr. J. Fuentes and N. Kolmakov for their help with fish manipulation
and E. Couto for carrying out the radioimmunoassay.

References

Bjornstrom L, Sjoberg M: Mechanisms of estrogen receptor sig-
naling: convergence of genomic and nongenomic actions on
target genes. Mol Endocrinol 2005, 19(4):833-842.

Smith CL, O'Malley BW: Coregulator function: a key to under-
standing tissue specificity of selective receptor modulators.
Endocr Rev 2004, 25(1):45-71.

Bardet PL, Horard B, Robinson-Rechavi M, Laudet V, Vanacker JM:
Characterization of oestrogen receptors in zebrafish (Danio
rerio). In | Mol Endocrinol Volume 28. Issue 3 England ; 2002:153-163.
Halm S, Martinez-Rodriguez G, Rodriguez L, Prat F, Mylonas CC, Car-
rillo M, Zanuy S: Cloning, characterisation, and expression of
three oestrogen receptors (ERa, ERbl and ERb2) in the
European sea bass, Dicentrarchus labrax. Mol Cell Endocrinol
2004, 223(1-2):63-75.

Pinto PI, Passos AL, Martins RS, Power DM, Canario AV: Character-
ization of estrogen receptor bb in sea bream (Sparus aura-
tus): phylogeny, ligand-binding, and comparative analysis of
expression. Gen Comp Endocrinol 2006, 145(2):197-207.

Thomas P, Pang Y, Filardo EJ, Dong J: Identity of an estrogen
membrane receptor coupled to a G protein in human breast
cancer cells. Endocrinology 2005, 146(2):624-632.

Pedram A, Razandi M, Levin ER: Nature of functional estrogen
receptors at the plasma membrane. Mol Endocrinol 2006,
20(9):1996-2009.

Pike AC, Brzozowski AM, Hubbard RE, Bonn T, Thorsell AG, Eng-
strom O, Ljunggren ], Gustafsson JA, Carlquist M: Structure of the
ligand-binding domain of oestrogen receptor b in the pres-
ence of a partial agonist and a full antagonist. In EMBO J Volume
18. Issue 17 ENGLAND ; 1999:4608-4618.

Frasor ], Stossi F, Danes JM, Komm B, Lyttle CR, Katzenellenbogen
BS: Selective estrogen receptor modulators: discrimination
of agonistic versus antagonistic activities by gene expression
profiling in breast cancer Cells. Cancer Res 2004,
64(4):1522-1533.

Henke BR, Heyer D: Recent advances in estrogen receptor
modulators. Curr Opin Drug Discov Devel 2005, 8(4):437-448.
Osborne CK, Wakeling A, Nicholson RI: Fulvestrant: an oestro-
gen receptor antagonist with a novel mechanism of action.
Br | Cancer 2004, 90 Suppl 1 :52-S6.

Morris C, Wakeling A: Fulvestrant (‘Faslodex')-a new treat-
ment option for patients progressing on prior endocrine
therapy. Endocrine-related cancer 2002, 9(4):267-276.

Lee KH, Hess RA, Bahr JM, Lubahn DB, Taylor J, Bunick D: Estrogen
receptor a has a functional role in the mouse rete testis and
efferent ductules. Biol Reprod 2000, 63(6):1873-1880.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

http://www.rbej.com/content/4/1/67

Matthews |, Almlof T, Kietz S, Leers |, Gustafsson JA: Estrogen
receptor-a regulates SOCS-3 expression in human breast
cancer cells. Biochem Biophys Res Commun 2005, 335(1):168-174.
Carlson RW: The history and mechanism of action of fulves-
trant. Clin Breast Cancer 2005, 6 Suppl 1:55-S8.

Bouma J, Cloud JG, Nagler JJ: In vitro effects of estradiol-17b on
myoid and fibroblastic cell proliferation in the immature
rainbow trout testis. Fish Physiol Biochem 2003, 28(1-4):191-192.
Celius T, Haugen TB, Grotmol T, Walther BT: A sensitive zonage-
netic assay for rapid in vitro assessment of estrogenic
potency of xenobiotics and mycotoxins. Environ Health Perspect
1999, 107(1):63-68.

Monteverdi GH, Di Giulio RT: An enzyme-linked immunosorb-
ent assay for estrogenicity using primary hepatocyte cul-
tures from the channel catfish (Ictalurus punctatus). Arch
Environ Contam Toxicol 1999, 37(1):62-69.

Latonnelle K, Le Menn F, Kaushik S, Bennetau-Pelissero C: Effects
of dietary phytoestrogens in vivo and in vitro in rainbow
trout and Siberian sturgeon: interests and limits of the in
vitro studies of interspecies differences. Gen Comp Endocrinol
2002, 126(1):39-51.

Loomis AK, Thomas P: Effects of estrogens and xenoestrogens
on androgen production by Atlantic croaker testes in vitro:
evidence for a nongenomic action mediated by an estrogen
membrane receptor. Biol Reprod 2000, 62(4):995-1004.

Thomas P, Dressing G, Pang Y, Berg H, Tubbs C, Benninghoff A,
Doughty K: Progestin, estrogen and androgen G-protein cou-
pled receptors in fish gonads. Steroids 2006, 71(4):310-316.
Norberg B, Bjornsson BT, Brown CL, Wichardt UP, Deftos L], Haux
C: Changes in plasma vitellogenin, sex steroids, calcitonin,
and thyroid hormones related to sexual maturation in
female brown trout (Salmo trutta). Gen Comp Endocrinol 1989,
75(2):316-326.

Gillespie DK, de Peyster A: Plasma calcium as a surrogate meas-
ure for vitellogenin in fathead minnows (Pimephales
promelas). Ecotoxicol Environ Saf 2004, 58(1):90-95.

Nagler JJ, Ruby SM, Idler DR, So YP: Serum phosphoprotein phos-
phorus and calcium levels as reproductive indicators of vitel-
logenin in highly vitellogenic mature female and estradiol-
injected immature rainbow trout (Salmo gairdneri). Can |
Zool 1987, 65(10):2421-2425.

Pinto Pl, Teodosio HR, Galay-Burgos M, Power DM, Sweeney GE,
Canario AV: Identification of estrogen-responsive genes in the
testis of sea bream (Sparus auratus) using suppression sub-
tractive hybridization. Mol Reprod Dev 2006, 73(3):318-329.
ASAB: Guidelines for the treatment of animals in behavioural
research and teaching. Anim Behav 2003, 65:249-255.

Guerreiro PM, Fuentes ], Canario AV, Power DM: Calcium balance
in sea bream (Sparus aurata): the effect of oestradiol-17b. |
Endocrinol 2002, 173(2):377-385.

Kadmon G, Yaron Z, Gordin H: Sequence of gonadal events and
oestradiol levels in Sparus aurata (L.) under two photope-
riod regimes. Journal of Fish Biology 1985, 26:609-620.

Evans M|, O'Malley P), Krust A, Burch |B: Developmental regula-
tion of the estrogen receptor and the estrogen responsive-
ness of five yolk protein genes in the avian liver. Proc Natl Acad
Sci U S A 1987, 84(23):8493-8497.

Hayward MA, Brock ML, Shapiro DJ: The role of estrogen recep-
tor in Xenopus laevis vitellogenin gene expression. Am | Phys-
iol 1982, 243(1):Cl-6.

MacKay ME, Raelson |, Lazier CB: Up-regulation of estrogen
receptor mRNA and estrogen receptor activity by estradiol
in liver of rainbow trout and other teleostean fish. Comp Bio-
chem Physiol C Pharmacol Toxicol Endocrinol 1996, 115(3):201-209.
Custodia-Lora N, Novillo A, Callard IP: Effect of gonadal steroids
on progesterone receptor, estrogen receptor, and vitello-
genin expression in male turtles (Chrysemys picta). | Exp
Zoolog A Comp Exp Biol 2004, 301(1):15-25.

Menuet A, Le Page Y, Torres O, Kern L, Kah O, Pakdel F: Analysis
of the estrogen regulation of the zebrafish estrogen receptor
(ER) reveals distinct effects of ERa, ERbl and ERb2. | Mol
Endocrinol 2004, 32(3):975-986.

Sabo-Attwood T, Kroll K], Denslow ND: Differential expression
of largemouth bass (Micropterus salmoides) estrogen recep-
tor isotypes a, b, and g by estradiol. Mol Cell Endocrinol 2004,
218(1-2):107-118.

Page 10 of 11

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1477-7827-4-67-S1.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15695368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15695368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15695368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14769827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14769827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12063182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12063182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12063182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15279912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15279912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15279912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16213504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16213504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16213504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15539556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15539556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15539556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10469641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10469641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10469641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14973112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14973112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14973112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16022180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16022180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12542403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12542403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12542403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11090460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11090460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11090460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16055089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16055089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16055089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15865849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15865849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9872718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9872718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9872718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10341043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10341043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10341043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11944965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11944965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11944965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10727269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10727269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10727269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16289637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16289637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2806878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2806878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2806878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15087168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15087168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15087168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16267841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16267841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16267841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12010645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12010645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3479803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3479803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3479803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6896404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6896404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9375357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9375357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9375357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14695685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14695685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14695685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15171726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15171726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15171726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15130515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15130515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15130515

Reproductive Biology and Endocrinology 2006, 4:67

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

Howell A, Osborne CK, Morris C, Wakeling AE: ICI 182,780
(Faslodex): development of a novel, "pure" antiestrogen.
Cancer 2000, 89(4):817-825.

Wau J, Liang Y, Nawaz Z, Hyder SM: Complex agonist-like prop-
erties of ICI 182,780 (Faslodex) in human breast cancer cells
that predominantly express progesterone receptor-B: impli-
cations for treatment resistance. Int | Oncol 2005,
27(6):1647-1659.

Robertson JA, Zhang Y, Ing NH: ICI 182,780 acts as a partial ago-
nist and antagonist of estradiol effects in specific cells of the
sheep uterus. | Steroid Biochem Mol Biol 2001, 77(4-5):281-287.
Jones PS, Parrott E, White INH: Activation of transcription by
estrogen receptor a and b is cell type- and promoter-
dependent. | Biol Chem 1999, 274(45):32008-32014.

Wu ], Richer ], Horwitz KB, Hyder SM: Progestin-dependent
induction of vascular endothelial growth factor in human
breast cancer cells: preferential regulation by progesterone
receptor B. Cancer Res 2004, 64(6):2238-2244.

Zhao L, O'Neill K, Brinton RD: Estrogenic agonist activity of ICI
182,780 (Faslodex) in hippocampal neurons: implications for
basic science understanding of estrogen signaling and devel-
opment of estrogen modulators with a dual therapeutic pro-
file. | Pharmacol Exp Ther 2006, 319:1124-1132.

Nettles KW, Greene GL: Ligand control of coregulator recruit-
ment to nuclear receptors. Annu Rev Physiol 2005, 67(1):309-333.
Pinzone ]}, Stevenson H, Strobl S, Berg PE: Molecular and cellular
determinants of estrogen receptor alpha expression. Mol Cell
Biol 2004, 24(11):4605-4612.

Jaber BM, Gao T, Huang L, Karmakar S, Smith CL: The pure estro-
gen receptor antagonist ICI 182,780 promotes a novel inter-
action of estrogen receptor-alapha with the 3',5'-cyclic
adenosine monophosphate response element-binding pro-
tein-binding protein/p300 coactivators. Mol Endocrinol 2006,
20:2695-2710.

Flouriot G, Pakdel F, Valotaire Y: Transcriptional and post-tran-
scriptional regulation of rainbow trout estrogen receptor
and vitellogenin gene expression. Mol Cell Endocrinol 1996,
124(1-2):173-183.

Pakdel F, Feon S, Le Gac F, Le Menn F, Valotaire Y: In vivo estrogen
induction of hepatic estrogen receptor mRNA and correla-
tion with vitellogenin mRNA in rainbow trout. In Mol Cell
Endocrinol Volume 75. Issue 3 NETHERLANDS ; 1991:205-212.

Singh M, Setalo G Jr., Guan X, Frail DE, Toran-Allerand CD: Estro-
gen-induced activation of the mitogen-activated protein
kinase cascade in the cerebral cortex of estrogen receptor-a
knock-out mice. | Neurosci 2000, 20(5):1694-1700.

Petit FG, Metivier R, Valotaire Y, Pakdel F: Synergism between a
half-site and an imperfect estrogen-responsive element, and
cooperation with COUP-TFI are required for estrogen
receptor (ER) to achieve a maximal estrogen-stimulation of
rainbow trout ER gene. Eur ] Biochem 1999, 259(1-2):385-395.
Bouter A, Le Tilly V, Sire O: Interplay of flexibility and stability
in the control of estrogen receptor activity. Biochemistry 2005,
44(2):790-798.

http://www.rbej.com/content/4/1/67

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 11 of 11

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10951345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10951345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16273221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16273221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16273221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11457666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11457666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11457666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10542232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10542232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10542232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15026368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15026368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15026368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16951259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16951259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16951259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15709961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15709961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15143157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15143157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16840538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16840538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16840538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9027336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9027336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9027336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2026276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2026276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2026276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10684871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10684871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10684871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9914518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9914518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9914518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15641807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15641807
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Fish
	Treatments and sampling
	Quantification of E2 and calcium plasma levels
	Semi-quantitative RT-PCR
	Statistical analysis

	Results
	Effect of E2 and ICI 182,780 on plasma calcium in tilapia
	Calcium and gene expression response to E2 and/or ICI 182,780 treatment in sea bream

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References

