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Effects of 17β-Estradiol on Estrogen Receptor α and β mRNA 
Expression in Tissues of the Olive Flounder

(Paralichthys olivaceus)

Cheol Young Choi*

Division of Marine Environment and BioScience, Korea Maritime
University, Busan 606-791, Korea

This study examined the effects of an injection of 17β-estradiol (E2) on the expression of estrogen 
receptor (ER) α and β subtypes in the olive flounder (Paralichthys olivaceus). Time- and dose-related 
effects of E2 on ERα and ERβ mRNA expression were determined by RT-PCR. In the liver of males, 
the two ER transcripts were up-regulated at 24 h. In the liver of females, ERα and ERβ were up-
regulated at 36 h with the highest dose. After E2 treatment, increases in ERα and ERβ expression 
were observed in the testis and ovary at 36 h; RT-PCR analysis showed that this increase was dose-
dependent. After E2 treatment, the brain tissue of males showed lower levels of ERα and ERβ com-
pared with the untreated control group, whereas the brain tissue of females showed no significant 
difference compared with controls. The results confirm the hypothesis that ER regulation is tissue-
specific and may be involved in E2-mediated regulation of reproduction in the olive flounder.

Key words: estrogen receptor α, estrogen receptor β, dose response, olive flounder, RT-PCR, time 
course, tissue distribution

INTRODUCTION

Estrogen plays important roles in vertebrate physiologi-
cal processes, including the regulation of oogenesis and 
vitellogenesis. The actions of estrogen are mediated via 
estrogen receptors (ERs) (Nilsson et al., 2001). ERs belong 
to a large nuclear receptor superfamily of ligand-activated 
transcription factors, which also includes receptors for other 
steroid hormones, thyroid hormone, and vitamin D as well 
as several orphan receptors (Mangelsdorf et al., 1995).

Two isoforms of ER, designated ERα and ERβ, have 
been described in vertebrates, and recent sequence align-
ments have shown the existence of ERα and ERβ subtypes 
in fish (Chang et al., 1999; Tchoudakova et al., 1999; Ma et 
al., 2000; Choi and Habibi, 2003). Also, a third type, ERγ, 
expressed in reproductive organs was found to be present 
in the Atlantic croaker, Micopogonias undulates (Hawkins et 
al., 2000) and largemouth bass, Micropterus salmoides
(Sabo-Attwood et al., 2004). Many studies have shown that 
the expression of ER subtypes differs according to develop-
mental stage and reproductive season (Pakdel et al., 1991; 
Mosconi et al., 2002; Sabo-Attwood et al., 2004). Further-
more, exposure to 17β-estradiol (E2) up-regulated ERα
expression in the liver in various fish species (Pakdel et al., 
1991; MacKay et al., 1996; Mosconi et al., 2002). Neverthe-
less, much is unknown about ER regulation in lower verte-
brates and fish.

According to Sabo-Attwood et al. (2004), different ER 

subtypes were expressed in the largemouth bass (Micopterus 
salmoides), depending on the time of year. It was reported 
that the ERβ level was not affected by E2 stimulation, 
although the ERα level increased. Similarly, it was also 
reported that E2 increased the generation of ERα, 
decreased ERβI levels, and did not affect ERβII (Menuet et 
al., 2004). In mammalian systems, ERβ tended to counter-
act the effects of ERα at the estrogen response element 
(ERE) (Hall and McDonnell, 1999; Weihua et al., 2000).

Differential responses of ERs to pharmacological agents 
such as tamoxifen have been well studied in mammals 
(Hanstein et al., 2004). Whether the ERα and ERβ subtypes 
function in a redundant fashion or play different roles is still 
unclear. ER subtypes are expressed in the brain, gonads, 
and liver of both sexes in fish.

In this study, we investigated the in vivo effects of E2

stimulation on ER subtype expression as a step to towards 
understanding the molecular mechanisms of ER action in 
the brain, gonads, and liver of male and female olive floun-
der.

MATRIALS AND METHODS
Fish

Cultured olive flounder (Paralichthys olivaceus) purchased 
from fishermen in the Gijang area (Busan, Korea) ranged from 22 
to 25 cm in length. The fish were maintained in recirculation tanks 
with a 12:12 h light/dark cycle at a temperature of 15–17°C. Exper-
imental fish were killed, and then separated by sex. There were at 
least five males and five females. The gonads were weighed for 
calculation of the gonadosomatic index (GSI=gonad weight/body 
weight×100). Gonadal tissues were removed from males (GSI 0.6–
0.8) and females at early stages of gonadal recrudescence (GSI 
1.6–2.1), immediately frozen, and stored at –80°C until use. No food 
was provided during the experimental period.
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Time-course experiment
Olive flounders were lightly anesthetized with a 200 mg/L solu-

tion of tricaine methane sulphonate (MS-222). 17β-estradiol was ini-
tially dissolved in ethanol and was then diluted in physiological 
saline. Each fish was given an injection of 17β-estradiol (5 μg/g 
body weight (BW)). At 12, 24, or 36 h post-injection, fish were anes-
thetized and killed. The brain, liver, and gonads were removed and 
stored at –80°C until analysis by reverse transcriptase-polymerase 
chain reaction (RT-PCR).

Dose-response experiment
Olive flounders were injected intraperitoneally with 17β-estradiol 

at 0.05, 0.5, or 5 μg/g BW, as described above for the time-course 
experiment. At 36 h post-injection, the fish were separated by sex 
and killed, and the tissues were removed and frozen at –80°C for 
further analysis by RT-PCR.

Validation of semi-quantitative RT-PCR
Total RNA, extracted using TRIzol reagent (Invitrogen, Carlsbad, 

Fig. 1. Time-related effects of 17β-estradiol (E2) on ERα (■) and ERβ (□) mRNA expression in the liver, brain, and testis of male olive floun-                  
ders, as determined by RT-PCR. The fish were treated with E2 (5 μg/g) in a time-course experiment. Control fish were injected with saline. The 
expression of β-actin mRNA was evaluated in each RT reaction as a loading control. The expression level in each tissue is expressed relative 
to the β-actin expression level (mean±SEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental group 
consisted of five olive flounders.

Fig. 2. Dose-related effects of 17β-estradiol (E2) on ERα (■) and ERβ (□) mRNA expression in the liver, brain, and testis of male olive floun-                  
ders, as determined by RT-PCR. The fish were treated with E2 at concentrations of 0.05, 0.5, and 5 μg/g for 36 h. The expression of β-actin 
mRNA was evaluated in each RT reaction as a loading control. The expression level of each tissue is expressed relative to the β-actin expres-
sion level (mean±SEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental group consisted of five 
olive flounders.
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CA, USA) according to the manufacturer’s protocol, was reverse 
transcribed (1 μg) with an oligo (dT) primer and SuperScript reverse 
transcriptase (Invitrogen) according to the manufacturer’s instruc-
tions.

ERα-specific primers for RT-PCR were 5’-TGGCTGAGATCTTC-
GACATGC-3’ and 5’-TGTCCTGAACTGGCTGAAGA-3’; ERβ-specific 
primers were 5’-AAGTGCTACGAAGTCGGCAT-3’ and 5’-AAGCAA-
CTTGGAGCGACTGT-3’. These primers were based on the sequ-
ences of olive flounder ERα (accession number AB070629) and ERβ
(accession number AB070630).

Amplication of cDNA was carried out at cycling conditions of 
94°C for 45 s, 55°C for 45 s, and 72°C for 1 min. To optimize the 
cycle number used for semi-quantitative PCR analysis, RT reaction 
products (1 μl) from the brain, liver, ovary or testis were used as 
templates for PCR amplification. 

β-actin mRNA was amplified in each RT reaction as a loading 
control. β-actin primers were 5’-TCGAGCGTATTGTGACC-3’ for the 
forward primer and 5’-ACGGAACCTCTCATTGCCGA-3’ for the 
reverse primer.

The PCR products from different numbers of amplification 

Fig. 3. Time-related effects of 17β-estradiol (E2) on ERα (■) and ERβ (□) mRNA expression in the liver, brain, and ovary of female olive                  
flounders, as determined by RT-PCR. The fish were treated with E2 (5 μg/g) in a time-course experiment. Control fish were injected with saline. 
The expression of β-actin mRNA was evaluated in each RT reaction as a loading control. The expression level in each tissue is expressed rel-
ative to the β-actin expression level (mean±SEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental 
group consisted of five olive flounders.

Fig. 4. Dose-related effects of 17β-estradiol (E2) on ERα (■) and ERβ (□) mRNA expression in the liver, brain, and ovary of female olive                  
flounders, as determined by RT-PCR. The fish were treated with E2 at concentrations of 0.05, 0.5, and 5 μg/g for 36 h. The expression of β-
actin mRNA was evaluated in each RT reaction as a loading control. The expression level of each tissue is expressed relative to the β-actin 
expression level (mean±SEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental group consisted of 
five olive flounders.
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cycles were visualized on a UV-transilluminator after electrophore-
sis on 1.0% agarose gel containing ethidium bromide, and the sig-
nal intensity was quantitated with the Gel-Doc System and Gelpro 
3.1 Software (KBT, Korea). The cycle numbers that generated half-
maximal amplification were used for subsequent semi-quantitative 
analysis of gene expression; cycle numbers were 30 cycles for ERα
and ERβ, and 27 cycles for β-actin.

One-way ANOVA followed by a post-hoc multiple comparison 
test (Tukey’s test; Zar, 1984) was used for the analysis of differ-
ences in expression levels.

RESULTS

In male flounders, expression of the two ER subtypes 
increased substantially in the liver by 24 h after E2 treatment 
and further increased by 36 h (Fig. 1). The expression of the 
two ER subtypes also increased significantly in the testis by 
36 h (Fig. 1). In the dose-response experiment, RT-PCR 
revealed significant increases in ERα and ERβ transcript 
levels in the liver and testis of males after a 5 μg/g BW dose 
of E2 (Fig. 2). Expression of ERα and ERβ mRNA decre-
ased in the brain of males in response to E2 doses of 0.05 
and 0.5 μg/g BW (Fig. 2).

In females, expression of ERα and ERβ mRNA signifi-
cantly increased in the liver and ovary by 36 h after E2 treat-
ment; expression of ERβ mRNA increased in the brain by 12 
h but was normal at 36 h after treatment with E2 (Fig. 3). In 
the dose-response experiment, the liver and ovary showed 
significantly increased transcript levels for both ER subtypes 
in response to E2 at 5 μg/g BW (Fig. 4). In contrast, the ERα
and ERβ transcript levels were not changed significantly in 
the brain at 36 h after any dose tested (Fig. 4). Thus, the 
dose-response results from RT-PCR were generally consis-
tent with the findings of the time-course experiment.

DISCUSSION

In this study, I investigated the expression of two ER 
subtypes in response to doses of E2 and found that the 
response was sex- and tissue-specific.

In male and female olive flounders, ERα and ERβ
mRNA levels increased in the liver and gonads by 24 and 
36 h after E2 treatment (Figs. 1, 3). This finding is consistent 
with a previous report (Laurenzana et al., 2002) that the 
ERα mRNA level increased in the liver of male rats in 
response to an oral dose of the estrogenic compound ethy-
nyl estradiol. 

The expression of ERs after E2 treatment has been 
examined in the liver of various fish species, including rain-
bow trout (Pakdel et al., 1989), sea bream (Mosconi et al., 
2002), zebrafish (Menuet et al., 2004), and largemouth bass 
(Sabo-Attwood et al., 2004). However, most of these studies 
looked only at ERα or failed to differentiate between the ER 
subtypes. Sabo-Attwood et al. (2004) demonstrated that the 
expression of ERα and ERγ increased, whereas ERβ was 
not up-regulated, in male largemouth bass after E2 treat-
ment. Menuet et al. (2004) reported that E2 stimulated ERα
expression, down-regulated ERβI, and had no effect on 
ERβII in zebrafish.

An estrogen response element (ERE) has been docu-
mented in the promoter of the ERα gene in rainbow trout (Le 
Drean et al., 1995) and zebrafish (Menuet et al., 2002). In 
zebrafish, AP-1 and AP-4 sites were located in the promoter 
region of the ERα gene (Menuet et al., 2004). In the olive 

flounder, it is believed that an increase in ERα mRNA is 
caused by an ER-dependent mechanism mediated through 
ERE or AP sites, although this remains untested.

The expression of ERα and ERβ increased in males by 
24 h after E2 treatment and increased in the liver of females 
by 36 h, depending on the dose (Figs. 1, 3). It is possible 
that in vivo, E2 interacts with different EREs or interacts with 
other components of the endocrine system that regulate 
expression without involving an ERE of the ER gene pro-
moter. Alternatively, it may be that E2 up-regulates other 
transcription factors or even down-regulates RNAses. All of 
these mechanisms may play roles in the specific regulation 
of ER subtypes.

In the olive flounder testis and ovary, there was signifi-
cant and dose-dependent up-regulation of the transcripts for 
the two ER subtypes following an E2 dose of 5 μg/g BW 
(Figs. 2, 4). E2 is involved in the functioning and mainte-
nance of the testis through processes such as androgen 
activation via the androgen receptor and aromatization of 
androgen to E2 (Thomas and Benjamin, 1988; Chowen et 
al., 1990). The physiological significance of ER up-regulation 
in the testis is as yet undetermined, although it may be 
involved in amplifying the estrogenic response before the 
reproductive season. It would be interesting to monitor the 
expression of ER subtypes in the testis, under the regulation 
of androgens.

In both the testes and ovaries, the increases in ERα and 
ERβ mRNA were generally preceded by a slight decrease in 
expression (Figs. 1, 3). This finding is consistent with the 
report of Ihionkhan et al. (2002) that ERα decreased in rat 
uterus and sheep endothelium.

The ER subtypes remained relatively unchanged in the 
olive flounder brain of either sex after E2 treatment, with ERα
and ERβ mRNA levels initially decreasing and then recover-
ing (Figs. 1, 3). The small down-regulations of the ERα tran-
script observed in the male and female olive flounder brain 
were time- and dose-dependent. Whereas whole brain was 
taken for these experiments, future studies of specific brain 
areas may reveal that the effects of E2 vary among brain 
regions, as has been suggested in previous reports. Greco 
et al. (2001) reported decreases in ERα mRNA expression 
in the medial amygdala and ERβ expression in the periven-
tricular preoptic area of the forebrain of rats treated with E2. 
Rune et al. (2002) reported that only ERα was generated in 
rat hippocampus treated with E2.

Although injection of E2 into the flounders differs from 
natural secretion, E2 injection did not result in any differ-
ences between males and females, except in the brain. In 
the time-course experiment, there was a difference in the 
expression of the ERs in the brain of both sexes by 36 h 
after E2 treatment. However, as the fish were in the early 
stages of gonadal recrudescence, it is possible that low con-
centrations of E2 present in the pituitary already differed 
between the sexes. Further studies will be required to inves-
tigate the effects of E2 treatment in both sexes in the period 
after 36 h post-injection.

The present study demonstrated that the ERα and ERβ
subtypes are both affected by E2. To our knowledge, this is 
the first study in fish to simultaneously examine the regula-
tion of ER isoforms across three tissues. Although the pre-
cise regulatory mechanism(s) and physiological context 
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remain to be investigated, this study provides additional evi-
dence for E2-mediated regulation of reproduction in fish.
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