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OBJECTIVES: Sex steroid hormones play roles in the regulation of pituitary hormone synthesis and secretion. Here we investigated the role of estradiol (E2) and
progesterone (P4) on pituitary gonadotropin luteinizing hormone (LH)β- and
follicle stimulating hormone (FSH)β-transcriptional activity in a single colony
of gonadotroph LβT2 cells. METHODS: Pituitary gonadotroph cell line, LβT2
cells were used in this study. Cells were transfected with LHβ- or FSHβ-subunit
promoter region-linked luciferase vector, and stimulated with gonadotropinreleasing hormone (GnRH) in the presence or absence of sex steroids. Transcriptional activity for LHβ- and FSHβ-subunit were determined by luciferase assay.
Effects of sex steroids on cell proliferation was also determined by measurement
of 5-bromoe-2’-deoxyuridine (BrdU) incorporation.
RESULTS: The basal promoter activity of the LHβ subunit was not modulated
by 10 nM E2, but gonadotropin releasing hormone (GnRH)-induced LHβ
promoter activity was significantly increased by the same concentration of E2.
Similarly, although the basal FSHβ promoter was not modulated by 10 nM E2,
GnRH-induced FSHβ promoters were significantly potentiated in the presence
of E2. One micromole E2 modulated neither basal nor GnRH-induced LHβ and
FSHβ promoters. On the other hand, basal LHβ promoter activity was enhanced
by 1 μM P4, but the stimulatory response of GnRH on LHβ promoters was significantly inhibited in the presence of 1 μM P4. Similar to LHβ promoters, the basal
activity of the FSHβ promoter was increased by 1 μM P4; however, the response
to GnRH was not modulated in the presence of P4. Ten micromoles P4 modified
neither basal nor GnRH-induced promoter activity for LHβ and FSHβ. E2 had no
antagonistic effect on P4-induced basal promoter activities of LHβ or FSHβ. A cell
proliferation assay showed that neither E2 nor P4 modulated the growth of LβT2
cells, even in the presence or absence of GnRH.
CONCLUSION: These observations suggest that both E2 and P4 uniquely modulate basal and GnRH-stimulated gonadotropin promoters without affecting cell
growth.
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INTRODUCTION

MATERIALS AND METHODS

Sex steroids such as estrogen (E2) and progesterone
(P4) regulate or modulate the synthesis and secretion of
several pituitary hormones and play an important role
in reproductive functions. The pituitary gonadotropins, luteinizing hormone (LH) and follicle-stimulating
hormone (FSH), are regulated mainly by hypothalamic
gonadotropin-releasing hormone (GnRH) but also by
sex steroid hormones (Gharib et al. 1990).
It is well documented that the reduction of sex steroids by ovariectomy increases levels of both gonadotropin secretion and gene expression (Papavasiliou et al.
1986; Gharib et al. 1987). In other instances, however,
steroids can positively regulate gonadotropin synthesis
and secretion. Estrogen increases LHβ mRNA synthesis in vitro in pituitary fragments (Crowley et al. 1985).
The complexity of E2 effects on gonadotropin secretion
has been well reviewed (Finkelstein et al. 1991). These
effects can be both stimulatory and inhibitory in vivo
depending on study design, the presence or absence of
GnRH, and prevailing conditions. In experiments using
pituitary fragments of female rat, E2 treatment resulted
in a transient increase in LHβ expression, but had no
effect on FSHβ mRNA expression (Shupnik et al. 1989).
On the other hand, Phillips et al. demonstrated that E2
and P4 inhibited FSH synthesis and secretion in ovine
pituitary cultures (Phillips et al. 1988). Gene expression for the LHβ and FSHβ subunits are also known to
change throughout the rat estrus cycle (Ortolano et al.
1988; Zmeili et al. 1986).
Although the effects of P4 on gonadotropins have
not been elucidated to the same degree as those of E2,
P4 activity is known to be mediated largely at hypothalamic levels in association with GnRH. During the
luteal phase when circulating progesterone concentration is high, LH pulse frequency slows markedly (Soules
et al. 1984). P4 has also been reported to augment the
stimulatory or inhibitory effect of E2 on gonadotropin secretion in different parts of the menstrual cycles
(Odell & Swerdloff 1968; Goodman et al. 1981).
LβT2 cells are an immortalized murine pituitary
gonadotroph-derived cell model that express the α-,
LHβ-, and FSHβ-subunits as well as the GnRH receptor and synthesize and release LH and FSH in response
to GnRH. We previously examined the mechanisms of
GnRH pulse frequency-dependent specific regulation of
gonadotropin subunit gene expression (Kanasaki et al.
2005, 2009; Purwana et al. 2010, 2011). Although all of
these studies used cultured LβT2 cells, we did not previously examine the effects of sex steroid hormones in these
cells. Because pituitary glands are responsive to sex steroids, including E2 and P4, it is important to determine
their influence on gonadotropin subunit expression.
The present study examined the effects of sex steroid
hormones on basal and GnRH-induced transcriptional
activity of gonadotropin LHβ and FSHβ subunits in
LβT2 cells.

Materials
The following chemicals and reagents were obtained
from the indicated sources: Fetal bovine serum and
trypsin (GIBCO, Invitrogen, Carlsbad, CA); Dulbecco’s
modified Eagle’s medium (DMEM), penicillin-streptomycin, GnRH, water-soluble β-estradiol, and watersoluble progesterone (Sigma Chemical Co., St. Louis,
MO).
Cell culture
LβΤ2 cells were plated in 35-mm tissue culture dishes
and incubated with high-glucose DMEM containing
10% heat-inactivated FBS and 1% penicillin-streptomycin at 37 °C under a humidified atmosphere of 5%
CO2 in air. After 24 h, the culture medium was changed
to high-glucose DMEM containing 1% heat-inactivated
FBS and 1% penicillin-streptomycin and incubated
without (control) or with the test reagents for the indicated periods of time.
Reporter Plasmid Construct and Luciferase Assay
The reporter constructs were generated by fusing
−797/+5 of the rat LHβ gene (LHβ-Luc) or −2000/+698
of the rat FSHβ gene (FSHβ-Luc) with firefly luciferase
(Luc) cDNA in pXP2, as previously described (Kanasaki et al. 2005). Cells were transiently transfected by
electroporation with either 2.0 μg/well of gonadotropin
subunit-Luc or 0.1 μg/well of a PRL-TK vector containing Renilla luciferase. Cells were then plated in 35-mm
culture dishes. After incubation with test reagents, cells
were washed with ice-cold PBS and lysed with passive
lysis buffer (Promega, Madison, WI/USA). After centrifugation at 15,000 rpm at 4 °C, firefly luciferase and
Renilla luciferase activity were measured in the supernatant with the Dual-Luciferase Reporter Assay System
(Promega) using a luminometer (TD-20/20) (Promega)
according to the manufacturer’s protocol. Luciferase
activity was normalized for Renilla luciferase activity
to correct for transfection efficiency, and results were
expressed as fold increase compared with the unstimulated control. All experiments were independently performed three times, each in triplicate.
Cell proliferation assay
Cell proliferation was quantitated based on the measurement of 5-bromoe-2’-deoxyuridine (BrdU) incorporation during DNA synthesis using a commercial
Cell Proliferation Biotrak ELISA System (Amersham
Bioscience, Piscataway, NJ). A total of 105 LβT2 cells
were cultured in 96-well plates with or without 10 nM
E2 or 1 μM P4 in DMEM for 48 h. GnRH was added
with the sex steroids. Media was changed 24 h before
harvest to BrdU containing DMEM with or without the
same amount of E2 and P4. The rate of cell proliferation
was determined according to the manufacture’s protocol using an ELISA plate reader at 450 nm.
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Statistical analysis
All experiments were independently repeated at least
three times. Each experiment was performed using
triplicate samples in each experimental group. Data are
expressed as mean ± SEM values. Statistical analysis was
performed using one-way ANOVA followed by Duncan’s
multiple range test. p<0.05 was considered significant.

RESULTS
Effect of E2 on gonadotropin promoter activities
The basal activity of the LHβ-promoter was not modulated in the presence of 10 nM or 1 μM E2 (Figure 1A).
Similarly, the basal activity of the FSHβ-promoter was
not modified in the presence of 10 nM or 1 μM E2
(Figure 1B). In contrast, GnRH-stimulated LHβ promoter activity was potentiated by 10 nM E2, but not by
higher concentration of E2 (Figure 1C). Similar to LHβ,
the FSHβ promoter activated by GnRH was enhanced
in the presence of 10 nM E2 (Figure 1D).
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Effects of P4 on gonadotropin promoter activities
Next, the effect of P4 on gonadotropin promoter activity was determined. Basal LHβ-promoter activity was
increased 2.30±0.21-fold by 1 μM P4 (Figure 2A). Similarly, the basal promoter activity of FSHβ was increased
1.90±0.27-fold by 1 μM P4 (Figure 2B). On the other
hand, GnRH-induced LHβ promoters were significantly reduced in the presence of 1 μM P4, reduced
by 4.56±1.60-fold to 2.65±0.82-fold (Figure 2C). No
GnRH-stimulated FSHβ transcriptional activity was
modulated in the presence of P4 (Figure 2D).
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Fig. 1. Effect of E2 on basal and GnRH-stimulated promoter activity for LHβ and FSHβ. LβT2 cells were co-transfected with 0.1 μg PRL-TK
vector and 2.0 μg LHβ- or FSHβ- luciferase promoter. After 48 h of culture with or without (control) the indicated concentrations of
E2, cells were treated with (Figure 1C and 1D) or without (Figure 1A and 1B) 10 nM GnRH for 6 h. A luciferase assay was performed to
measure gonadotropin promoter activity, which was normalized to PRL-TK activity and expressed as fold activation over unstimulated
controls. Data are expressed as mean ± SEM values (three independent experiments were performed using triplicate samples). *p<0.05;
**p<0.01 vs. control.
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Effect of E2 and P4 on cell proliferation
Next, we examined cell growth with or without sex
steroids by incubating cells with 1 μM P4 and 10 nM
E2, respectively, for 48 h. Cells with sex steroids grew
similarly to non-treated cells. In addition, the effect
of E2 and P4 with GnRH on cell proliferation was
unchanged compared with controls treated with GnRH
only (Figure 4).

DISCUSSION
We previously examined specific regulation of gonadotropin LHβ and FSHβ expression by applying different
frequencies of GnRH pulse stimulation (Kanasaki et
al. 2005, 2009, 2011). It is generally agreed that a rapid
GnRH pulse frequency increases LH secretion, while a
slower frequency increases FSH secretion (Wildt et al.
1981). Indeed, a higher frequency of GnRH predominantly increases LHβ subunits, while a lower frequency
of GnRH increases the FSHβ subunit in single gonado-
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present study aimed to investigate the direct effect of
E2 and P4 on the transcriptional activities of gonadotropin subunit promoter in LβT2 cells. Here, the effects
of these sex steroids on basal promoter activity and the
GnRH-stimulated increase in gonadotropin promoters
were examined.
Previous reports have demonstrated that the effects
of E2 on gonadotropin gene expression were both stimulatory and inhibitory. Treatment of pituitary cells from
infantile female rat with E2 transiently stimulated both
LHβ and FSHβ mRNA expression (Wilson & Handa
1998). E2 has also been reported to stimulate the basal
promoter activity in LHβ in LβT2 cells (Kowase et al.
2007). While, Phillips et al. reported that both E2 and
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Fig. 2. Effect of P4 on basal and GnRH-stimulated promoter activity for LHβ and FSHβ. LβT2 cells were co-transfected with 0.1 μg PRL-TK
vector and 2.0 μg LHβ- or FSHβ- luciferase promoter. After 48 h of culture with or without (control) the indicated concentrations of
P4, cells were treated with (Figure 1C and 1D) or without (Figure 1A and 1B) 10 nM GnRH for 6 h. A luciferase assay was performed to
measure gonadotropin promoter activity, which was normalized to PRL-TK activity and expressed as fold activation over unstimulated
controls. Data are expressed as mean ± SEM values (three independent experiments were performed using triplicate samples). *p<0.05;
**p<0.01 vs. control.
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was taken as 1.0, and relative changes are shown.

612

P4 inhibited the transcriptional activity of the FSHβ
promoter in ovine pituitary cultures (Phillips et al.
1988) and Thackray, VG et al. demonstrated the inhibitory effect of P4 on the basal promoter activity of LHβ
using LβT2 cells (Thackray et al. 2009). Thus, experimental results for the role of sex steroids on gonadotropin subunit transcriptional activity varied according to
species or study design.
In the present experiments using a single gonadotroph cell line, LβT2, the basal activities of the LHβ
and FSHβ promoters were unchanged by 10 nM E2
(Figure 1A and 1B). In contrast, 1 μM P4 significantly
increased the basal promoter activities of both LHβ and
FSHβ (Figure 2A and 2B). Both sex steroids were presented over 48 h with luciferase vectors for LHβ and
FSHβ, and only higher concentrations of P4 modulated
the basal activity for both gonadotropin gene promoters. Considering that P4 did not alter the proliferation
rate of LβT2 cells during P4 stimulation (Figure 4), the
basal transcriptional activities of both LHβ and FSHβ
promoters were likely regulated by only P4.
In the previous study which demonstrated the
inhibitory effect of P4 on the LHβ subunit promoter in
LβT2 cells, cells were treated with P4 only for 6 h, and
transcriptional activity was then assayed (Thackray et
al. 2009). The effect of sex steroids might vary according to duration of exposure. In addition, the stimulatory effect of P4 on the basal transcriptional activity
of FSHβ and LHβ subunits was not modulated in the
presence of E2. These observations suggest that E2 does
not exert the same antagonistic effect as that of P4 on
gonadotropin transcriptional activity.
On the other hand, the stimulatory effect of GnRH
on both LHβ and FSHβ transcriptional activity was
potentiated in the presence of 10 nM E2, although the
same concentration of E2 did not modulate the basal
gonadotropin promoter activity (Figure 1C and D). P4,
which increases the basal promoters of LHβ and FSHβ,
however, inhibited GnRH-induced LHβ promoter
activity (Figure 2C). Activation of FSHβ promoters by
GnRH was not modulated by pre-treatment with P4
(Figure 2D). Previous reports have shown E2 to potentiate GnRH induction of LHβ indirectly by enhancing
repressor binding at −381 and −182 of the rat LHβ promoter using LβT2 cells [20]. These observations were
similar to our results on LHβ. In contrast, inhibition of
GnRH-induced LHβ gene expression by P4 treatment
using LβT2 cells has also been described (Thackray et
al. 2009).
Little is known about the effect of sex steroids on
FSH, especially in single gonadotrophs, but in this
experiment, we know that E2 potentiates GnRHinduced FSHβ transcriptional activity; however, P4
does not modulate the GnRH-induced FSHβ promoters although P4 reduced the LHβ promoter activity
induced by GnRH. Considering the observation that
neither E2 nor P4 modulated cell proliferation with
GnRH (Figure 4), the effects of E2 on GnRH-induced
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LH and FSH promoters and the effect of P4 on the
GnRH-induced LHβ promoter were not concomitant
with alteration of cell numbers.
E2 and P4 regulate gonadotropin gene expression
by negative and positive feedback to the hypothalamus
and to the anterior pituitary gland. The present study
was designed to elucidate the direct action of sex steroids in a single model of pituitary gonadotrophs. It is
true that the action of E2 and/or P4 on gonadotropin
gene expression is indeed controversial. Results differ
according to design; for example, in vivo experiments
and studies using primary cultures of anterior pituitary cells or a single cell model of gonadotrophs. In
In vivo experiments, the administration of sex steroids
affects the number of hypothalamic factors including
GnRH and dopamine (DeMaria et al. 2000) and ultimately modulates gonadotropin gene expression. In
addition, experiments using cultured anterior pituitary
cells which contain several types of pituitary hormonesecreting cells have been found to be influenced by
paracrine factors. Thus, the present study showed the
simple action of 48 h of ovarian steroids treatment on
LHβ and FSHβ transcriptional activities as well as on
gonadotroph cell proliferation.
In summary, we showed that E2 increased GnRHinduced LHβ and FSHβ transcriptional activities,
although the basal activities of LHβ and FSHβ promoters were unchanged. High concentrations of P4
increased the basal promoter activities of both LHβ
and FSHβ, however, GnRH-induced LHβ promoters were inhibited by the same concentration of P4.
GnRH-induced FSHβ promoters were unchanged by
P4. Moreover, no sex steroids modified gonadotroph
proliferation with or without GnRH.
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