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The secretion of luteinizing hormone (LH) and the
GnRH receptor (GnRH-R) concentration are modu-
lated by ovarian steroids and GnRH. To elucidate
whether this regulation is due to alterations at the
transcriptional level, we examined the GnRH I-R
mRNA expression in the gonadotroph-derived cell line
αααααT3-1 treated with different estradiol and progester-
one paradigms and the GnRH I agonist triptorelin.
αααααT3-1 cells were treated with different steroid para-
digms: 1 nM estradiol or 100 nM progesterone for 48
h alone or in combination. Cells were exposed to 10
nM or 100 pM triptorelin for 30 min, 3 h, 9 h, or, in
pulsatile way, with a 5-min pulse per hour. The GnRH
I-R mRNA was determined by Northern blot analysis.
GnRH I-R mRNA from cells treated with continuous
triptorelin decreased in a time- and concentration-de-
pendent manner. Pulsatile triptorelin increased GnRH
I-R gene expression. Progesterone alone further en-
hanced this effect, whereas estradiol and its combina-
tion with progesterone diminished it. Continuous
combined treatment with estradiol and progesterone
lead to a significant decrease of GnRH I-R mRNA by
30% and by 35% for estradiol alone. The addition of
10 nM triptorelin for 30 min or 3 h could not influence
that steroid effect. In conclusion, estradiol and proges-
terone exclusively decreased GnRH I-R mRNA in αααααT3-
1 cells no matter whether they are treated additionally
with the GnRH I agonist triptorelin. The enhanced sen-
sitivity of gonadotrophs and GnRH I-R upregulation
by estradiol is not due to increased GnRH I gene ex-
pression because GnRH I-R mRNA is downregulated
by estradiol and progesterone. Other pathways of the
GnRH I-R signal transduction might be involved.
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Introduction

Pulsatile gonadotropin-releasing hormone (GnRH) secre-
tion from hypothalamic nuclei stimulates the synthesis and
secretion of the gonadotropin follicle-stimulating hormone
(FSH) and luteinizing hormone (LH). The gonadotropins
consecutively adjust ovarian function. Thus, GnRH plays
a major role in the regulation of female reproduction (1).
Pulsatile surges of GnRH are required for its function. Con-
tinuous administration of GnRH or its agonistic analogs like
triptorelin, however, lead to a desensitization of gonado-
trophs. After an initial rise of gonadotropins, called flare-
up effect, the secretion of LH and FSH and sex steroid
levels are suppressed. The mechanisms leading to desensi-
tization are not yet fully elucidated yet (2).

More than a decade ago the cloning of cDNAs encoding
for the GnRH-R was successful in mice (3) and in humans
(4). The GnRH-R is characteristic of the family of G pro-
tein–coupled receptors and contains seven membrane span-
ning domains (5). Two types of GnRH receptors have been
demonstrated in humans and most vertebrates (6–8). The
function of the two different GnRH and GnRH receptor
types are not fully understood yet. They seem to differ in
respect to their distribution and even signal transduction (9).

In the pituitary, GnRH-R has been found exclusively on
gonadotrophs. Gonadotrophs are influenced by numerous
paracrine and hormonal regulators. In vivo studies there-
fore could not separate between distinct effects of those
modulators. Pituitary tissue and primary cultures of mixed
pituitary cell populations have therefore been used to test,
for example, the in vitro effects of steroids. Because pri-
mary cultures of rat pituitaries are composed of different
cell types and contain only around 10% gonadotrophs (10),
the gonadotroph-derived cell line αT3-1, a pure gonodo-
tropic population, provides compelling advantages for the
study of direct effects of steroids on gonadotrophs and GnRH
receptor gene expression. This monoclonal cell line was
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derived from pituitary tumors in mice (11). Two transcripts
of GnRH I-R, approx 4.3 and 2 kb in size, have been found
in the murine αT3-1 cell line. αT3-1 cells express α-sub-
unit, but no LH- and FSH β-subunits. Therefore, this cell
line has no known function. GnRH binding and expression
of GnRH-R mRNA were shown (12).

Ovarian steroids are known to modulate GnRH-induced
gonadotropin secretion (13,14). To understand the biology
of reproduction it is important to elucidate the actions of
ovarian steroids on GnRH-R and its gene expression. Our
steroid paradigms mimic the two distinct phases of the
menstrual cycle. Estradiol alone stands for the late follicu-
lar phase and combined long-term treatment of estradiol
and progesterone for the luteal phase.

It might be possible that the actions of these steroids are
also affected by GnRH and its analogs. Pulsatile GnRH
enhances GnRH-R amount and gene expression (15). Con-
troversy exists on how continuous GnRH affects GnRH-R
gene expression. Some found no effect (15), others found
an increase of GnRH-R mRNA by continuous GnRH appli-
cation (16). Increasing estradiol from developing preovu-
latory follicles might induce a higher amount of GnRH-R
mRNA preceding the maximal number of GnRH-R before
LH surge (17). Contradictory to that, neither estradiol nor
progesterone did affect GnRH-R mRNA levels in primary
female rat pituitary cultures (18).

To test the hypothesis that the altered sensitivity of gona-
dotrophs by estradiol and progesterone is reflected by changes
of GnRH I-R mRNA levels and that triptorelin modulates
them, we treated gonadotrophs with different paradigms of
estradiol, progesterone and the GnRH I agonist triptorelin.

Results

Effects of GnRH Agonist on GnRH I-R mRNA Level

To discriminate the effects of the GnRH I agonist alone,
cells were treated with 10 nM or 100 pM triptorelin, a GnRH
I agonist, for 30 min or 9 h. Continuous treatment with 10
nM triptorelin for 30 min decreased GnRH I receptor mRNA
significantly compared with controls. Triptorelin in low
concentrations (100 pM) did not affect GnRH I-R mRNA
levels; 10 nM triptorelin was therefore used for all other
experiments.

Extension of treatment time with triptorelin to 9 h led to
lower amounts of GnRH I-R mRNA levels compared to 30
min treatment, but again only 10 nM triptorelin diminshed
the amount of GnRH I-R mRNA significantly (Fig. 1).

Effects of Estradiol and its Combination
with Progesterone on GnRH I-R mRNA Levels

Cells were treated with different steroid paradigms as fol-
lows: 1 nM estradiol alone or in combination with 100 nM
progesterone for 48 h. Both steroid paradigms significantly
decreased GnRH I receptor mRNA levels. The lowest amount
of GnRH I-R mRNA was observed in cells treated exclu-

sively with estradiol (65%). The addition of progesterone
attenuates this effect slightly, but still GnRH I-R mRNA
levels remained significantly decreased compared to con-
trols (70%) (Fig. 2).

Effects of a Continuous GnRH I Agonist Treatment
and Steroid Paradigms on GnRH I-R mRNA Levels

Cells were treated with different steroid paradigms and
stimulated with continuous triptorelin for 30 min (Fig. 3A)
or 3 h (Fig. 3B). All steroid treatments significantly de-
creased GnRH I receptor mRNA to less than half compared
with control. No differences were observed between differ-
ent steroid treatments or whether cells were stimulated with
triptorelin for 30 min or 3 h.

Fig. 1. Effects of continuous GnRH I agonist on GnRH I-R mRNA
level. Cells were treated with 100 pM or 10 nM triptorelin for 0.5
h and 9 h. Cells were harvested after the indicated period and the
isolated total RNA was subjected to a Northern blot analysis using
a GnRH I-R probe. Autoradiogram bands were quantified by den-
sitometry and were expressed in percentage of control as means
± SD. Vehicle controls did not affect GnRH I-R mRNA levels
(n = 5, *p < 0.05 vs control).

Fig. 2. Effects of estradiol alone and in combination with proges-
terone on GnRH I-R mRNA level. Cells were treated with 1 nM
estradiol for 48 h (E) and with a combination of 100 nM proges-
terone for the same period (EP). Cells were harvested after the
indicated period, the isolated total RNA was subjected to a North-
ern blot analysis using a GnRH I-R probe. Autoradiogram bands
were quantified by densitometry and were expressed in percent-
age of control as means ± SD (n = 3, *p < 0.05 vs control).
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Effects of a Pulsatile GnRH I Agonist Treatment
and Steroid Paradigms on GnRH I-R mRNA Levels

Cells were treated with estradiol or progesterone alone
or in combination. Triptorelin was administered by a 5 min
pulse each hour. After 1 h incubation GnRH I receptor gene
expression was upregulated by one pulse of 10 nM triptorelin
close to 300% compared to control. In cells pretreated with
progesterone alone this effect was even more pronounced,
increasing GnRH I-R mRNA up to 380%. Treatment with
estradiol alone or combined treatment with progesterone
and estradiol significantly decreased GnRH I-R mRNA lev-
els compared to triptorelin alone or triptorelin and proges-
terone alone (100% and 140%, respectively). Two pulses of
5 min triptorelin in 2 h incubation with the same steroid
treatments lead to lower levels of GnRH I-R mRNA. But still
triptorelin alone and progesterone enhanced GnRH I-R
mRNA up to 180%, whereas treatment with estradiol or estra-
diol and progesterone again decreased GnRH I receptor gene
expression significantly to 70% or 90%, respectively. Pro-
gesterone attenuated the effect of estradiol alone (Fig. 4).

Discussion

Here we found that long-term treatment with estradiol
and the combination of estradiol and progesterone decreased
GnRH I receptor transcripts in αT3-1 gonadotrope cells.
Pulsatile triptorelin increased, whereas continuous triptore-
lin in nanomolar doses decreased, GnRH I-R gene expres-
sion. The addition of pulsatile or continuous triptorelin to
the steroid treatments did not abrogate the negative effects
of the steroids.

It is widely accepted that GnRH regulates its own recep-
tor and its gene expression in rats in vivo (19,20) and in
vitro in primary cultures of pituitary cells (21,22). Pulsatile
GnRH enhances GnRH-R amount and gene expression (15,
22). Debate exists on how continuous GnRH influences the
gene expression of GnRH-R. Here we demonstrated that
GnRH-I R mRNA is time and dose dependently decreased
by continuous GnRH I agonist treatment, whereas 5 min
pulses of triptorelin increased GnRH I receptor gene ex-
pression. Cheon and co-workers (16) found an increase of
GnRH-R mRNA by continuous GnRH application, others
found no effect (15,22). On the other hand, continuous
administration of triptorelin suppressed the GnRH-R gene
expression in castrated and intact male rats (23) and in sheep
(24). These differences might be due to the dosage of GnRH.
Low concentrations of triptorelin upregulated GnRH recep-
tor gene expression of pre- and peripubertal rats, whereas
GnRH receptor mRNA levels were not upregulated by
high-dose triptorelin (100 µg/d) (25). The exposure of pitui-
tary cells in vitro to 0.1 nM triptorelin for 5 h increased the
GnRH-R mRNA level by 77–88% (26). In contrast, 25 µg/
d triptorelin reduced GnRH-R mRNA expression in adult
female pituitaries to 41% and 56–65% on d 10 and 30,
respectively (27).

Conflicting data exist on the homologous regulation of
GnRH-R mRNA by GnRH in αT3-1 cells as well. Twenty
minute exposure of αT3-1 cells to GnRH in nanomolar
doses enhanced the number of GnRH-R (28). Mason et al.
noted a homologous time- and dose-dependent downregu-
lation of messenger ribonucleic acid transcripts in αT3-1
cells after the treatment with GnRH and the agonist analog

Fig. 3. Effects of GnRH I agonist on GnRH I-R mRNA levels in
cells pretreated with estrogen and progesterone. Cells were cul-
tured in medium containing estradiol for 48 h (E) or a combina-
tion of both substances for the same period (EP). 10−8 M triptorelin
was added (A) 30 min or (B) 3 h before harvesting of the cells. The
isolated total RNA was subjected to a Northern blot analysis using
a GnRH-R probe. Autoradiogram bands were quantified by den-
sitometry and were expressed in percentage of control as means
± SD (n = 3, *p < 0.05 vs control).

Fig. 4. Effects of a pulsatile GnRH I agonist treatment on GnRH
I-R mRNA level. Cells cultured in medium (M) containing estra-
diol (E), progesterone (P), or a combination of both substances
(EP) were treated with a 5 min pulse of 10−8 M triptorelin each
hour. Cells were harvested after the indicated period, the isolated
total RNA was subjected to a Northern blot analysis using a GnRH-
R probe. Autoradiogram bands were quantified by densitometry
and were expressed in percentage of control as means ± SD. Vehi-
cle controls did not affect GnRH I-R mRNA levels [n = 4, *p < 0.05
vs control (without pulse) **p < 0.05 vs M].
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(29), whereas Alarid and Mellon and Tsutsumi et al. found
no change in GnRH mRNA levels in αT3-1 cells treated
continuously with a GnRH agonist (28,30).

A larger decline in receptor number than in mRNA lev-
els was noted. This is consistent with the involvement of
additional mechanisms, including endocytosis and degra-
dation, in downregulation of the GnRH receptor (29). These
findings, however, agree with the view that GnRH receptor
number and its gene expression are differentially regulated
and that the posttranslational efficacy is affected (31).

Our findings that long-term estradiol and progesterone
decreased GnRH I-R mRNA even when pulsatile triptorelin
was added are in contrast with the view that estradiol posi-
tively affects GnRH-R gene expression. Estradiol is known
as a positive regulator of GnRH receptor gene expression
in the preovulatory period. An increased serum concentra-
tion of estradiol from developing preovulatory follicles
most likely causes an elevation of pituitary GnRH recep-
tor mRNA, which precedes maximal numbers of GnRH re-
ceptors before the LH surge (17). The effect of estradiol on
GnRH-R number could be dependent on treatment time.
Short-term incubation of primary rat pituitary cells with
estradiol leads to a decrease, and long-term treatment to
an increase, in GnRH-R (32). In accordance with this, 12 h
treatment with estradiol enhanced GnRH-R numbers in
ovine pituitary cells (33). Quinones-Jenab et al. observed
an increase of GnRH-R mRNA in pituitary tissue after long-
term estradiol treatment (34). In L beta T2 cells, another
gonadotrope cell line, estradiol enhanced GnRH-R mRNA
levels (35). Another study noted an estrogen-induced in-
crease and progesterone-induced decrease of GnRH-R and
GnRH-R mRNA (36). Wu et al. also demonstrated an in-
crease in GnRH-R mRNA by estradiol and a decrease by
progesterone in sheep (24). GnRH-R mRNA levels in ante-
rior pituitaries are regulated during the rat estrous cycle
with the highest amount at diestrus/proestrus and lowest at
estrus, indicating that they positively correlate with estra-
diol levels (37,38).

Neither estradiol nor progesterone affected GnRH I-R
mRNA levels in primary female rat pituitary cultures. Estra-
diol did not modulate homologous upregulation of tran-
scripts of GnRH I-R. Progesterone at 100 nM attenuated
GnRH-induced increase in GnRH-R mRNA and estradiol
potentiates this effect (18). Estradiol acts on αT3-1 cells ex-
clusively by decreasing GnRH-R levels (39). Concordantly,
Harris et al. found a decrease of GnRH-R mRNA advanc-
ing the GnRH surge at the time of the estradiol-induced LH
surge in ewes (40). In female rats, ovariectomy increased
and estrogen-replacement in vivo decreased GnRH-R mRNA
levels (22).

Our results are consistent with the latter findings. Here
we found that estradiol and its combination with progest-
erone decreased GnRH I-R mRNA levels of pituitary gon-
adotrophs. The differences between mixed populations of

primary pituitary cells and the αT3-1 cell line might be due
to different homologous regulation of the GnRH-R, differ-
ent Ca-signaling and indirect effects of steroids on other
pituitary subpopulations (41).

The combination of estradiol and pulsatile GnRH given
to female rats in vivo increased GnRH-R mRNA even more
than GnRH or estradiol alone (17). Other than expected
here, we found that pulsatile triptorelin could not extenuate
the negative estradiol effect.

The in vivo studies in sheep and ewes dealing with the
effects of estradiol, progesterone, and GnRH delivered fairly
consistent results. The triggering event could be the decreas-
ing progesterone level after luteolysis. It has been suggested
that progesterone acts as a negative regulator of the GnRH-
R gene expression (42). Progesterone attenuated the stimu-
latory effect of estradiol on GnRH-R gene expression in
vivo in ewes (43). Ovarectomized ewes were treated with
GnRH continuously for 6 d and at the last day additionally
with estradiol. GnRH treatment decreased, whereas estra-
diol increased, GnRH-R and its gene expression (43). Kirk-
patrick et al. suggested that both estradiol and pulsatile
GnRH are needed for GnRH-R expression and numbers
(44). The same group noted that increased amounts of
GnRH-R mRNA require removal of progesterone and pres-
ence of estradiol in vivo in ovarectomized ewes (44). In
orchidectomized sheep estradiol induced an increase in the
concentration of mRNA encoding for the GnRH-R even in
absence of GnRH achieved by immunization with GnRH
antisera (45).

In contrast, castration induced a 3.8-fold elevation in the
amounts of GnRH-R mRNA after 3 wk, compared with
corresponding values in intact animals. Administration of
the GnRH agonist readily prevented, for as long as 3 wk,
the stimulatory effects of castration on the GnRH-R mRNA
(23). This suggests that estradiol and continuous GnRH
agonist treatment diminish GnRH-R gene expression.

The latter is in accordance with our results. Here we
showed that the positive effect of pulsatile GnRH I agonist
on GnRH I-R mRNA was alleviated by estradiol and its
combination with progesterone, whereas progesterone alone
even aggravated the positive effect of GnRH pulses. Add-
ing continuous triptorelin to the steroid treatments could
not burst the negative effects of long-term estradiol and
estradiol/progesterone on GnRH I-R gene expression.

Our present results reveal that the modification of GnRH
I-R gene expression by the GnRH I agonists depends not
only on the regimen of administration and concentration of
the agonists, but also on the actual level and hormonal envi-
ronment of the receptors. The increased sensitivity of gon-
adotrophs and the upregulation of GnRH I receptors by
estradiol might be due to alterations of other pathways of the
GnRH receptor signal transduction rather than an increased
GnRH I-R gene expression, because GnRH I-R mRNA is
downregulated by estradiol and progesterone.
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Materials and Methods

αααααT3-1 Cell Culture

Because mixed populations of pituitary cells contain
only about 10% of gonadotrophs, we used αT3-1 cells, an
immortalized gonadotroph-derived cell line kindly pro-
vided by Dr. P. L. Mellon (San Diego), to save rats and to
attribute effects exclusively to gonadotrophs. Cells were
cultured on 6-well dishes (500,000 cells/well) in Dul-
becco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal calf serum (Life Technologies, Karlsruhe,
Germany) and 100 mg/L gentamycin (Biochrom KG, Ber-
lin, Germany). To allow cell attachment, cells were kept
for 36 h in humidified incubators at 37°C in an atmosphere
of 5% CO2 and 95% air. At 70–80% confluency, cells were
harvested after detachment with accutase (GiBCO, Wiesba-
den, Germany) and treated promptly with steroids in serum-
free medium for 48 h.

Steroid and Triptorelin Treatments

To determine the influence of steroids on the actions of
GnRH analogs, cells were treated with different steroid
paradigms mimicking different phases of the estrous cycle.
Estradiol alone stands for the late follicular phase, estradiol
and combined long-term treatment of estradiol and proges-
terone for the luteal phase. Steroid treatments were com-
menced 36–48 h after cell preparation. Cells were incubated
for 48 h with 1 nM estradiol (E) alone or with combinations
of 100 nM progesterone (P) (Sigma, St. Louis, MO) for 48
h. These concentrations of steroids are in the physiological
range. P and E were dissolved in ethanol and the final con-
centration of ethanol in the culture media was 0.2%. Trip-
torelin (Ferring, Kiel, Germany) was dissolved in 0.1% ace-
tic acid solution. Cells were treated with 100 pM or 10 nM
triptorelin for 0.5 h, 3 h, 9 h or with 5 min pulses every hour
for 2 h. Controls received media containing 0.2% ethanol
alone or 0.1% acetic acid solution, respectively (vehicle).

Preparation of Total RNA and Northern Blot Analysis

Total cellular RNA was isolated using the standard trizol
method (Gibco BRL). Cells from approx 80% confluent
cultures were harvested by trypsin–EDTA treatment and
lysed in trizol. After preparation of total RNA according to
the manufacturer’s protocol, 10 µg of the RNA were sepa-
rated on a 0.9 agarose gel containing 2.2 M formaldehyde.
The RNA was then vacuum blotted onto Hybond+ nylon
membranes (Amersham, Germany) and cross-linked by UV-
irradiation. The blots were hybridized with 1.5 × 106 cpm/
mL of a 32P-dCTP-labeled GnRH-R cDNA probe, which
was prepared after RT-PCR and sequencing using a random
primer labeling kit (Dianova, Germany). As internal stan-
dard, a probe for GAPDH was used. Autoradiogram bands
were quantified after measurement of the optical density
using EasyWin software (Herolab, Wiesloch, Germany) and
were expressed in percentage of control as means ± SEM.

Statistical Analysis

Data from three to four experiments run in triplicates
were pooled. The results were expressed as means ± SEM.
One factor analysis of variance (ANOVA) followed by Dun-
nett’s posttest was used for statistical comparison among
groups using Prism 2.0 Software (Graph Pad, San Diego,
USA). Statistical significance was accepted at p < 0.05.
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