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Augmentation of gonadotropin-releasing hormone receptor expression
in the post-lactational mammary tissues of rats
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Abstract. Gonadotropin-releasing hormone (GnRH) is a neurohormone of the hypothalamus controlling pituitary
gonadotropin secretion and hence gametogenesis. While it has also been believed that GnRH is synthesized and functions
in various peripheral tissues, the expression of GnRH receptor (GnRH-R) in peripheral tissues is not well-described. We
previously found that annexin A5, which is increased in the pituitary gonadotropes by GnRH, is dramatically increased in rat
mammary epithelial cells after weaning, suggesting that local GnRH is responsible for this increase. Annexin AS is a member
of the annexin family of proteins and is thought to be involved in various regulatory mechanisms, including apoptosis. In
the present study, we examined GnRH-R expression in the mammary tissues after weaning. Although GnRH-R mRNA was
not detected in the mammary tissues during lactation, it was dramatically increased after weaning. Forced weaning at mid-
lactation (day 10) also promoted the expression of GnRH-R transcripts in mammary tissues within 2 days. Furthermore,
western blotting analysis with anti-GnRH-R showed that the expression of an immuno-positive 60-kDa protein, whose size
was equivalent to that of rat GnRH-R, was confirmed to increase after weaning. These findings clarified the induction of
GnRH-R in the mammary tissues after weaning and suggest that GnRH is involved in the involution and tissue remodeling of

post-lactating rat mammary tissues.

Key words: Annexin A5, Gonadotropin-releasing hormone (GnRH), GnRH receptor, Involution, Mammary gland

(J. Reprod. Dev. 62: 495-499, 2016)

onadotropin-releasing hormone (GnRH) regulates reproduction
by controlling gonadotropin secretion. Although the primary
action of GnRH is to stimulate gonadotropin secretion in the anterior
pituitary gonadotropes, the expression of GnRH has been observed in
peripheral tissues, particularly the ovary [1, 2], testis [3, 4], placenta
[5, 6], and breast, [4] as well as in tumor cells [7-9], suggesting
a role as an autocrine/paracrine regulator of secretory properties
or cell growth [10-12]. Additionally, GnRH analogues have been
used as therapy in hormone-dependent cancer [13]. GnRH receptor
(GnRH-R) signaling directly regulates cell proliferation, apoptosis,
or mortality [14-16]. GnRH-R contents and its binding activity are
crucial for the therapeutic effect of the GnRH agonist on tumor cells
[17, 18]. Although GnRH-R has been extensively detected in variety
of normal tissues and tumor cells, the physiological expression of
GnRH-R in extra-pituitary tissues remains unclear.
The mammary gland cycles through development, milk production,
and involution in each successive pregnancy. Post-lactational involu-
tion consists of abundant apoptosis of the mammary epithelial cells
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and tissue remodeling. It has been shown that the accumulation of
milk in the alveoli after cessation of suckling, known as milk stasis,
causes local synthesis of the cytokine leukemia inhibitory factor and
transforming growth factor beta 3 [19-21]. These cytokines promote
involution via the signal transducer and activator of transcription
3 pathway [22]. We previously observed abundant expression of
annexin A5 in mammary epithelial cells after lactation [23].
Annexin A5 is a member of the calcium-dependent phospholipid-
binding protein family [24-26]. GnRH stimulates the expression of
annexin A5 in the pituitary gonadotropes [27, 28], ovarian luteal
cells [29], and Leydig cells [30]. GnRH is thought to facilitate
regression and apoptosis of the corpus luteum and increase annexin
A5 expression in pseudopregnant rats [29]. Because annexin AS
expression is increased in rat mammary epithelial cells two days
after weaning [23], it has been hypothesized that GnRH stimulates
annexin A5 expression and mammary involution. However, GnRH-R
expression in the mammary gland, although GnRH is present [31,
32], remains unclear. In the present study, we investigated whether
GnRH-R is expressed in rat mammary tissues. We found that the
augmentation of GnRH-R expression occurs just after pup removal.

Materials and Methods

Wistar-Imamichi rats bred in our laboratory were used in this
study. Rats were maintained in rooms with controlled temperature
and light at 23 + 3°C and 14 h light/10 h dark cycle (lights on at
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Table 1. Primers used in the current study

Primer (5'-3")
Forward: AATCATCTTCGCCCTCACAC
Reverse: AGCACGGGTTTAGAAAAGCA
Forward: CCGTCCTTGGAGAAATATGG
Reverse: AGCGGCATGACGATTAGAGT
Forward: TCTTCAGGATGATCTACCTAGCC
Reverse: CCTGATGAAGGACTCGTGTG
Forward: CCAAGAATAATATCCCAAGAGCA
Reverse: TCCCGTATATGGGTTTCAGC

Forward: GGAAGCCTGTGACTGTCCAT
Reverse: CCATGAGAATCCGCTTGTTT

Target
GnRH-R

GnRH-R exon 1

GnRH-R exon 2

GnRH-R exon 3

RPLI9

0500 h). They were allowed free access to laboratory chow and
tap water. Adult female rats showing at least two regular four-day
estrous cycles were mated. The day of parturition was defined as
day 0 (DO) of lactation and the number of pups was adjusted to
eight on D1. Pups were removed from their dam on D21 of lactation
and mid-lactational forced weaning was performed on D10. All
experiments were performed according to the guidelines for animal
experiments of Kitasato University and approved by the Committee
for Laboratory Animals, Care and Use at School of Veterinary
Medicine, Kitasato University.

Inguinal mammary tissues were collected from rats on D12, 21,
22,23, or two days after forced weaning on D10. The tissues of D21
(weaning day) rats were harvested at 0 or 6 h after pup removal.
The tissue samples were snap-frozen in liquid nitrogen and stored at
—80°C until RNA extraction. Total RNA was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) and then reverse-transcribed
into cDNA using a High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA). Reverse transcription-
PCR (RT-PCR) for GnRH-R or ribosomal protein L19 (RPL19) was
performed using Premix Tag™ (Ex Taq™ Version 2.0; Takara Bio,
Shiga, Japan) for 35 or 22 cycles, respectively, at 94°C for 30 sec,
58°C for 30 sec, and 72°C for 60 sec, with an initial denaturing
step at 94°C for 2 min and a final elongation step at 72°C for 7 min.
Primers used in this study are listed in Table 1. Amplified products
were separated by 2% agarose gel electrophoresis and detected by
ethidium bromide staining.

Inguinal mammary tissues were also collected from rats each
day from D20 to 24 for western blot analysis. The tissues of D21
(weaning day) were harvested at 0 or 6 h after pup removal. The
anterior pituitary of the rat was collected on D23. The tissues were
homogenized and boiled for 5 min in SDS sample buffer. The
samples containing 20 pg of protein were electrophoresed on 12%
polyacrylamide gels (Bio-Rad, Hercules, CA, USA) and transferred
onto polyvinylidene fluoride membranes (Bio-Rad). Membranes
were blocked with 5% skim milk (Wako Pure Chemicals, Osaka,
Japan) for 1 h at room temperature and then incubated with primary
antibodies: anti-GnRH receptor, mouse monoclonal antibody (1:200;
Acris Antibodies GmbH, Herford, Germany), or anti-B-actin mouse
monoclonal antibody (1:1,000; C4, Santa Cruz Biotechnology, Santa
Cruz, CA, USA), overnight at 4°C. The GnRH-R antibody was
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Fig. 1. RT-PCR analysis of GnRH-R mRNA in mammary tissues after

lactation. RT-PCR was performed with total RNA isolated from
mammary tissues of three rats each on day 21 before weaning and
6 h after weaning on days 21, 22, and 23. GnRH-R mRNA was
detected using the primers shown in Table 1. RPL19 was used as
an internal control. The lane on the left side is the 100-bp DNA
ladder marker. The primer sets for GnRH-R and RPL19 mRNA
were designed to yield 251-bp and 264-bp fragments.

raised by immunization of the N-terminal 1-29 amino acid peptide
of human GnRH-R, which shows 82.8% homology with rat GnRH-R
and less than 40% homology with other rat proteins. After washing,
the membranes were incubated with peroxidase-conjugated goat IgG
fraction to mouse IgG (1:20,000; ICN Pharmaceuticals, Aurora, OH,
USA) for 2 h at room temperature. Immunoreactive protein was
detected with ECL Plus Western Blotting Detection Reagents or
ECL Prime Western Blotting Detection Reagents (GE Healthcare,
Little Chalfont, UK). The signal was detected by exposure of the
membrane to an X-ray film for 5, 10, or 15 min with an ImageQuant
LAS 4000 digital imaging system (GE Healthcare).

Results and Discussion

RT-PCR examination for GnRH-R mRNA showed no amplification
in the mammary tissues of lactation D20, a day before weaning (Fig.
1A). GnRH-R mRNA was dramatically increased over time until
two days after weaning on D23 (Fig. 1B). Next, the expression was
decreased to trace levels on D26 and 29 (Fig. 1A). This indicates that
the expression of GnRH-R is well-regulated and that the cessation
of suckling stimuli triggers this expression. lkeda et al. found that
GnRH mRNA was expressed in the mouse mammary tissues during
the lactating and involution periods, but did not detect GnRH-R
mRNA by PCR [31]. This may be because Ikeda et al. did not
determine the regulation of GnRH-R mRNA expression during the
narrow period just after weaning.

We further confirmed the expression of GnRH-R in mammary
tissues with different sets of primers in forced weaned rats. The
GnRH-R gene consists of three exons and encodes 984 base pairs
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through exons 1-3 in rodents [33, 34]. We examined the expression
ofexons 1, 2, and 3 simultaneously. Mammary tissues were collected
from a forced weaned rat after two days and from a lactating rat.
The expression of each exon was equally stimulated after weaning
(Fig. 2). This result again revealed that the cessation of suckling
induces GnRH-R mRNA expression in the mammary tissues and
that full-length mRNA is synthesized.

We previously reported that the expression of annexin A5 is
dramatically increased in the epithelial cells of mammary tissues
[23]. We predicted that GnRH acts locally in the mammary gland
during post-lactational involution. We also published several reports
regarding the relationship between GnRH and annexin AS in various
tissues [27-30]. Currently, the physiological function of annexin A5
is unknown, but it is thought to be involved in apoptosis and tissue
remodeling. The present data support that GnRH affects degeneration
and tissue remodeling in the mammary epithelium after lactation.

To confirm the translation of GnRH-R mRNA, western blotting
analysis using a GnRH-R antibody against the N-terminal peptide
sequence was performed. The results confirmed two immunoreactive
bands, approximately 60 kDa and 30 kDa proteins, in the lactating
and post-lactating mammary tissues. Both bands were also observed
in the anterior pituitary tissue (Fig. 3). A previous study that also used
a GnRH-R monoclonal antibody against the N-terminal 1-29 amino
acid residues, which differed from the antibody used in the present
study, detected an approximately 60-kDa protein in the rat pituitary
gland [35]. GnRH-R in mice and rats is a seven-transmembrane,
G-protein-coupled receptor of 327 amino acid residues with two or
three N-terminal glycosylation sites and can be detected at 55-70
kDa by SDS-PAGE [36]. Therefore, the 60-kDa band is considered a
natural GnRH-R. This band was increased after weaning and reached
a peak on D23, coinciding with mRNA results. Interestingly, there
was another 30-kDa immunoreactive band, which decreased after
weaning. Although the sequence of the 30-kDa protein is not known
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Fig.2. RT-PCR analysis with exon-specific primers for GnRH-R. (A)
Primers for exons 1-3 of the GnRH-R gene were used. RT-PCR
was performed on DNase-treated total RNA isolated from the
mammary tissues on lactation day 12 (D12) and 2 days after forced
weaning on day 10 (FW). Amplification of GnRH-R mRNA (lane
1-4; exon 1, lane 5-8; exon 2, lane 9—12; exon 3) was performed
using templates with or without reverse transcription reaction
(RT) to prevent the amplification of genomic DNA. Three primer
sets specific to exons 1, 2, and 3 were designed to amplify 306-,
201-, and 271-bp amplicons, respectively. (B) RPL19 was used as
an internal control for the two rats used (lane 13-16).
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Fig. 3.

Western blotting analysis of GnRH-R proteins during and after lactation. (A, B) Western blotting was performed with mammary tissue samples on

lactation day 20 (D20) and 6 h after weaning on day 21 (D21+6h), day 22 (D22), day 23 (D23), and day 24 (D24). B-actin was used as an internal
control. The experiments were repeated twice using mammary tissues from different rats. (C, D) Western blotting was performed on the mammary
tissues from D21 (on weaning) and D23, and the anterior pituitary tissue. -actin is used as an internal control.
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and was observed even during lactation while there was no detectable
level of GnRH-R mRNA, the GnRH-R variant may have been present.
Theoretically, alternative splicing would produce a shorter GnRH-R.
Alternatively, impairment of post-translational glycosylation may
produce a GnRH-R with a lower apparent molecular weight on
SDS-PAGE [36]. The molecular weight of nascent GnRH-R is 37
kDa. Future studies are needed to investigate the post-transcriptional
or post-translational modification of GnRH-R in the mammary gland.

Time-specific expression of GnRH-R in the mammary gland after
pup removal strongly suggests that the expression is related to changes
in the endocrine milieu after lactation, specifically the cessation of
massive prolactin release. Prolactin release is stimulated by suckling
during the lactation period. We previously reported that prolactin
suppresses annexin AS expression in the corpus luteum, suggesting
negative control of GnRH function by prolactin. Experimental sup-
pression of prolactin release caused luteal regression, and a GnRH
antagonist was shown to inhibit the process of apoptosis [29]. Further
studies are needed to clarify the role of GnRH in apoptosis and the
signaling pathways involved in the post-lactational mammary gland.

In summary, we detected a post-lactational increase in GnRH-R
expression in rat mammary tissues. These results suggest that local
GnRH is involved in the involution of mammary tissues after weaning
to induce epithelial apoptosis and tissue remodeling.

Conflict of Interests: None of the authors have any potential
conflicts of interest associated with this research.

Acknowledgments

The authors thank Ms Janet Kline Cook for proof-reading this
manuscript and Ms Miyoko Nakata for technical assistance.

References

1. Oikawa M, Dargan C, Ny T, Hsueh AJ. Expression of gonadotropin-releasing hormone
and prothymosin-alpha messenger ribonucleic acid in the ovary. Endocrinology 1990;
127: 2350-2356. [Medline] [CrossRef]

2. Peng C, Fan NC, Ligier M, Viininen J, Leung PC. Expression and regulation of
gonadotropin-releasing hormone (GnRH) and GnRH receptor messenger ribonucleic acids
in human granulosa-luteal cells. Endocrinology 1994; 135: 1740—-1746. [Medline]

3. Bahk JY, Hyun JS, Chung SH, Lee H, Kim MO, Lee BH, Choi WS. Stage specific
identification of the expression of GnRH mRNA and localization of the GnRH receptor in
mature rat and adult human testis. J Urol 1995; 154: 1958-1961. [Medline] [CrossRef]

4. Dong KW, Yu KL, Roberts JL. Identification of a major up-stream transcription start site
for the human progonadotropin-releasing hormone gene used in reproductive tissues and
cell lines. Mol Endocrinol 1993; 7: 1654-1666. [Medline]

5. Seeburg PH, Adelman JP. Characterization of cDNA for precursor of human luteinizing
hormone releasing hormone. Nature 1984; 311: 666—668. [Medline] [CrossRef]

6. Radovick S, Wondisford FE, Nakayama Y, Yamada M, Cutler GB Jr, Weintraub BD.
Isolation and characterization of the human gonadotropin-releasing hormone gene in the
hypothalamus and placenta. Mol Endocrinol 1990; 4: 476-480. [Medline] [CrossRef]

7. Limonta P, Dondi D, Moretti RM, Fermo D, Garattini E, Motta M. Expression of
luteinizing hormone-releasing hormone mRNA in the human prostatic cancer cell line
LNCaP. J Clin Endocrinol Metab 1993; 76: 797-800. [Medline]

8. Ciocca DR, Puy LA, Fasoli LC, Tello O, Aznar JC, Gago FE, Papa SI, Sonego R.
Corticotropin-releasing hormone, luteinizing hormone-releasing hormone, growth

hormone-releasing hormone, and somatostatin-like immunoreactivities in biopsies from
breast cancer patients. Breast Cancer Res Treat 1990; 15: 175-184. [Medline] [CrossRef]

9. Schildkraut JM, Schwingl PJ, Bastos E, Evanoff A, Hughes C. Epithelial ovarian

cancer risk among women with polycystic ovary syndrome. Obstet Gynecol 1996; 88:
554-559. [Medline] [CrossRef]
10. Lin LS, Roberts VJ, Yen SS. Expression of human gonadotropin-releasing hormone

12.

14.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

receptor gene in the placenta and its functional relationship to human chorionic gonado-
tropin secretion. J Clin Endocrinol Metab 1995; 80: 580-585. [Medline]

Billig H, Furuta I, Hsueh AJ. Gonadotropin-releasing hormone directly induces apop-
totic cell death in the rat ovary: biochemical and in situ detection of deoxyribonucleic acid
fragmentation in granulosa cells. Endocrinology 1994; 134: 245-252. [Medline]

Kang SK, Cheng KW, Nathwani PS, Choi KC, Leung PC. Autocrine role of gonadotro-
pin-releasing hormone and its receptor in ovarian cancer cell growth. Endocrine 2000; 13:
297-304. [Medline] [CrossRef]

Engel JB, Schally AV. Drug Insight: clinical use of agonists and antagonists of lutein-
izing-hormone-releasing hormone. Nat Clin Pract Endocrinol Metab 2007, 3: 157-167.
[Medline] [CrossRef]

Emons G, Ortmann O, Becker M, Irmer G, Springer B, Laun R, Hélzel F, Schulz KD,
Schally AV. High affinity binding and direct antiproliferative effects of LHRH analogues
in human ovarian cancer cell lines. Cancer Res 1993; 53: 5439-5446. [Medline]

Emons G, Miiller V, Ortmann O, Schulz KD. Effects of LHRH-analogues on mitogenic
signal transduction in cancer cells. J Steroid Biochem Mol Biol 1998; 65: 199-206. [Med-
line] [CrossRef]

Kraus S, Naor Z, Seger R. Gonadotropin-releasing hormone in apoptosis of prostate
cancer cells. Cancer Lett 2006; 234: 109-123. [Medline] [CrossRef]

Kakar SS, Musgrove LC, Devor DC, Sellers JC, Neill JD. Cloning, sequencing, and
expression of human gonadotropin releasing hormone (GnRH) receptor. Biochem Biophys
Res Commun 1992; 189: 289-295. [Medline] [CrossRef]

Baumann KH, Kiesel L, Kaufmann M, Bastert G, Runnebaum B. Characterization
of binding sites for a GnRH-agonist (buserelin) in human breast cancer biopsies and their
distribution in relation to tumor parameters. Breast Cancer Res Treat 1993; 25: 37-46.
[Medline] [CrossRef]

Li M, Liu X, Robinson G, Bar-Peled U, Wagner KU, Young WS, Hennighausen L,
Furth PA. Mammary-derived signals activate programmed cell death during the first stage
of mammary gland involution. Proc Natl Acad Sci USA 1997; 94: 3425-3430. [Medline]
[CrossRef]

Schere-Levy C, Buggiano V, Quaglino A, Gattelli A, Cirio MC, Piazzon I, Vanzulli
S, Kordon EC. Leukemia inhibitory factor induces apoptosis of the mammary epithe-
lial cells and participates in mouse mammary gland involution. Exp Cell Res 2003; 282:
35-47. [Medline] [CrossRef]

Nguyen AV, Pollard JW. Transforming growth factor beta3 induces cell death during the
first stage of mammary gland involution. Development 2000; 127: 3107-3118. [Medline]
Kritikou EA, Sharkey A, Abell K, Came PJ, Anderson E, Clarkson RW, Watson CJ.
A dual, non-redundant, role for LIF as a regulator of development and STAT3-mediated
cell death in mammary gland. Development 2003; 130: 3459-3468. [Medline] [CrossRef]
Rieanrakwong D, Yonezawa T, Kurusu S, Kawaminami M. Immunohistochemical
localization of annexin a5 in the mammary gland of rats: up-regulation of expression by
pup removal. J Vet Med Sci 2010; 72: 19-22. [Medline] [CrossRef]

Crompton MR, Owens RJ, Totty NF, Moss SE, Waterfield MD, Crumpton MJ.
Primary structure of the human, membrane-associated Ca2+-binding protein p68 a novel
member of a protein family. EMBO J 1988; 7: 21-27. [Medline]

Gerke V, Moss SE. Annexins: from structure to function. Physiol Rev 2002; 82: 331-371.
[Medline] [CrossRef]

Walker JH, Boustead CM, Koster JJ, Bewley M, Waller DA. Annexin V, a calcium-
dependent phospholipid-binding protein. Biochem Soc Trans 1992; 20: 828-833. [Med-
line] [CrossRef]

Kawaminami M, Tsuchiyama Y, Saito S, Katayama M, Kurusu S, Hashimoto I.
Gonadotropin-releasing hormone stimulates annexin 5 messenger ribonucleic acid expres-
sion in the anterior pituitary cells. Biochem Biophys Res Commun 2002; 291: 915-920.
[Medline] [CrossRef]

Kawaminami M, Uematsu N, Funahashi K, Kokubun R, Kurusu S. Gonadotropin
releasing hormone (GnRH) enhances annexin A5 mRNA expression through mitogen
activated protein kinase (MAPK) in LbetaT2 pituitary gonadotrope cells. Endocr J 2008;
55: 1005-1014. [Medline] [CrossRef]

Kawaminami M, Shibata Y, Yaji A, Kurusu S, Hashimoto I. Prolactin inhibits annexin
5 expression and apoptosis in the corpus luteum of pseudopregnant rats: involvement of
local gonadotropin-releasing hormone. Endocrinology 2003; 144: 3625-3631. [Medline]
[CrossRef]

Yao B, Kawaminami M. Stimulation of annexin A5 expression by gonadotropin releasing
hormone (GnRH) in the Leydig cells of rats. J Reprod Dev 2008; 54: 259-264. [Medline]
[CrossRef]

Ikeda M, Taga M, Sakakibara H, Minaguchi H, Vonderhaar BK. Detection of mes-
senger RNA for gonadotropin-releasing hormone (GnRH) but not for GnRH receptors in
mouse mammary glands. Biochem Biophys Res Commun 1995; 207: 800-806. [Medline]
[CrossRef]

Palmon A, Ben Aroya N, Tel-Or S, Burstein Y, Fridkin M, Koch Y. The gene for
the neuropeptide gonadotropin-releasing hormone is expressed in the mammary gland of
lactating rats. Proc Natl Acad Sci USA 1994; 91: 4994-4996. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/2226321?dopt=Abstract
http://dx.doi.org/10.1210/endo-127-5-2350
http://www.ncbi.nlm.nih.gov/pubmed/7956897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7563392?dopt=Abstract
http://dx.doi.org/10.1016/S0022-5347(01)66834-4
http://www.ncbi.nlm.nih.gov/pubmed/8145771?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6090951?dopt=Abstract
http://dx.doi.org/10.1038/311666a0
http://www.ncbi.nlm.nih.gov/pubmed/2188118?dopt=Abstract
http://dx.doi.org/10.1210/mend-4-3-476
http://www.ncbi.nlm.nih.gov/pubmed/8445038?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1973621?dopt=Abstract
http://dx.doi.org/10.1007/BF01806354
http://www.ncbi.nlm.nih.gov/pubmed/8841217?dopt=Abstract
http://dx.doi.org/10.1016/0029-7844(96)00226-8
http://www.ncbi.nlm.nih.gov/pubmed/7852524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8275940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11216641?dopt=Abstract
http://dx.doi.org/10.1385/ENDO:13:3:297
http://www.ncbi.nlm.nih.gov/pubmed/17237842?dopt=Abstract
http://dx.doi.org/10.1038/ncpendmet0399
http://www.ncbi.nlm.nih.gov/pubmed/8221683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9699874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9699874?dopt=Abstract
http://dx.doi.org/10.1016/S0960-0760(97)00189-1
http://www.ncbi.nlm.nih.gov/pubmed/16546667?dopt=Abstract
http://dx.doi.org/10.1016/j.canlet.2005.02.038
http://www.ncbi.nlm.nih.gov/pubmed/1333190?dopt=Abstract
http://dx.doi.org/10.1016/0006-291X(92)91556-6
http://www.ncbi.nlm.nih.gov/pubmed/8390871?dopt=Abstract
http://dx.doi.org/10.1007/BF00662399
http://www.ncbi.nlm.nih.gov/pubmed/9096410?dopt=Abstract
http://dx.doi.org/10.1073/pnas.94.7.3425
http://www.ncbi.nlm.nih.gov/pubmed/12490192?dopt=Abstract
http://dx.doi.org/10.1006/excr.2002.5666
http://www.ncbi.nlm.nih.gov/pubmed/10862748?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12810593?dopt=Abstract
http://dx.doi.org/10.1242/dev.00578
http://www.ncbi.nlm.nih.gov/pubmed/19893283?dopt=Abstract
http://dx.doi.org/10.1292/jvms.09-0335
http://www.ncbi.nlm.nih.gov/pubmed/3258820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11917092?dopt=Abstract
http://dx.doi.org/10.1152/physrev.00030.2001
http://www.ncbi.nlm.nih.gov/pubmed/1487073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1487073?dopt=Abstract
http://dx.doi.org/10.1042/bst0200828
http://www.ncbi.nlm.nih.gov/pubmed/11866452?dopt=Abstract
http://dx.doi.org/10.1006/bbrc.2002.6573
http://www.ncbi.nlm.nih.gov/pubmed/18703851?dopt=Abstract
http://dx.doi.org/10.1507/endocrj.K08E-131
http://www.ncbi.nlm.nih.gov/pubmed/12865345?dopt=Abstract
http://dx.doi.org/10.1210/en.2003-0118
http://www.ncbi.nlm.nih.gov/pubmed/18504344?dopt=Abstract
http://dx.doi.org/10.1262/jrd.20039
http://www.ncbi.nlm.nih.gov/pubmed/7864875?dopt=Abstract
http://dx.doi.org/10.1006/bbrc.1995.1257
http://www.ncbi.nlm.nih.gov/pubmed/8197170?dopt=Abstract
http://dx.doi.org/10.1073/pnas.91.11.4994

33.

34,

35.

MAMMARY GnRH RECEPTOR AFTER WEANING

Tsutsumi M, Zhou W, Millar RP, Mellon PL, Roberts JL, Flanagan CA, Dong
K, Gillo B, Sealfon SC. Cloning and functional expression of a mouse gonadotropin-
releasing hormone receptor. Mol Endocrinol 1992; 6: 1163—1169. [Medline]

Eidne KA, Sellar RE, Couper G, Anderson L, Taylor PL. Molecular cloning and char-
acterisation of the rat pituitary gonadotropin-releasing hormone (GnRH) receptor. Mol
Cell Endocrinol 1992; 90: R5-R9. [Medline] [CrossRef]

Limonta P, Moretti RM, Marelli MM, Dondi D, Parenti M, Motta M. The luteinizing

36.

499

hormone-releasing hormone receptor in human prostate cancer cells: messenger ribo-
nucleic acid expression, molecular size, and signal transduction pathway. Endocrinology
1999; 140: 5250-5256. [Medline]

Davidson JS, Flanagan CA, Zhou W, Becker II, Elario R, Emeran W, Sealfon SC,
Millar RP. Identification of N-glycosylation sites in the gonadotropin-releasing hormone
receptor: role in receptor expression but not ligand binding. Mol Cell Endocrinol 1995;
107: 241-245. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/1324422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1338727?dopt=Abstract
http://dx.doi.org/10.1016/0303-7207(92)90116-N
http://www.ncbi.nlm.nih.gov/pubmed/10537155?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7768336?dopt=Abstract
http://dx.doi.org/10.1016/0303-7207(94)03449-4

