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Abstract

Genetic studies in humans or in vivo studies using animals have shown that kisspeptin released from the hypothalamus controls
secretion of gonadotropin-releasing hormone (GnRH) from GnRH neurons, and subsequently GnRH induces gonadotropin
secretion from the anterior pituitary. Kisspeptin did not stimulate GnRH expression in the GnRH-producing cell line GT I -7. Thus, we
cultured GnRH and kisspeptin neurons from whole fetal rat brain and examined the regulation of GnRH and kisspeptin. Expression of
GnRH messenger RNA (mRNA) was unchanged by estradiol (E2) treatment in these primary cultures. In contrast, kisspeptin mMRNA
expression was increased 2.00 + 0.23-fold by E2 treatment. When these cultures were stimulated by kisspeptin-10, GnRH mRNA
was significantly increased up to 1.51 + 0.35-fold. Expression of GhRH mRNA was also stimulated 1.84 + 0.33-fold by GnRH itself.
Interestingly, kisspeptin mRNA was significantly increased up to 2.43 + 0.40-fold by kisspeptin alone. In addition, kisspeptin mMRNA
expression was significantly increased by stimulation with GnRH (1.46 + 0.21-fold). Our observations demonstrated that kisspeptin,
but not GnRH, was upregulated by E2 and that kisspeptin stimulates GhnRH mRNA expression in primary cultures of whole fetal rat

brain. Furthermore, GnRH and kisspeptin stimulate their own neurons to produce GnRH or kisspeptin, respectively.
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Introduction

Gonadotropin-releasing hormone (GnRH) has been defined as
a crucial component of the hypothalamic—pituitary—gonadal
(HPG) axis in maintaining reproductive function by stimulating
synthesis and release of the pituitary gonadotropins luteinizing
hormone (LH) and follicle-stimulating hormone (FSH). After
the identification of humans and mice carrying mutations in the
Gq protein—coupled kisspeptin receptor Kiss/R (formerly
termed GPR54), deficits in fertility, puberty, and sex steroids
with low gonadotropin levels revealed that kisspeptin and
KisslR play a pivotal role in reproductive functions.'™ The
importance of kisspeptin and KisslR were further character-
ized with the use of Kiss- and Kiss/R-null mice,*> and now it
is generally agreed that hypothalamic kisspeptin directly acts at
the level of GnRH neurons and induces GnRH release. This
concept is based on previous observations that GnRH neurons
express KisslR, and kisspeptin-induced LH secretion from the
pituitary was blocked by a GnRH antagonist.® A number of
studies have demonstrated that kisspeptin can induce gonadotro-
pin secretion in mammals by acting through GnRH neurons.” In
addition, kisspeptin expression in the hypothalamus is strongly
involved in the negative feedback control of the HPG axis by sex
steroids.®”

Many studies on the role of kisspeptin in GnRH neurons
have focused on the secretion of GnRH by measuring gonado-
tropin levels.*'" In addition, Novaira et al demonstrated the
stimulatory effect of kisspeptin on GnRH messenger RNA
(mRNA) expression and secretion in GnRH-secreting neuronal
cell lines, GT1-7 and GN11."

Although GT1-7 cells endogenously express KissIR, kis-
speptin does not affect these cells, likely because the sensitivity
of endogenous Kiss1R to kisspeptin is limited.'* In our GT1-7
cells, kisspeptin demonstrably stimulated intracellular signal-
ing cascades such as extracellular signal-regulated kinase
(ERK) and cyclic adenosine monophosphate (cAMP)/protein
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kinase A (PKA) pathways but only when cells were transfected
with KisslR. In this series of experiments, we showed that
kisspeptin increased GnRH receptor expression with a conco-
mitant increase in ERK and cAMP/PKA signaling pathways in
Kiss1R-transfected GT1-7 cells.'> GnRH-expressing cell lines
are useful models to explore the mechanisms by which kisspep-
tin regulates GnRH expression. However, there is a possibility
that some characteristics of GnRH neurons could be altered by
producing transgenic mice or establishing GnRH-producing
cell lines.

In the present study, we examined the regulation of GnRH
and kisspeptin mRNA expression. To ascertain whether kis-
speptin affects GnRH neurons and increases its production,
primary cultures of fetal rat brain containing a variety of neu-
ronal types, including those expressing GnRH and kisspeptin,
were used. We showed that kisspeptin did not increase GnRH
mRNA expression in GT1-7 cells, even when Kiss1R was over-
expressed in these cells.

Materials and Methods

Materials

The following chemicals and reagents were obtained from the
indicated sources: GIBCO fetal bovine serum (FBS; Invitrogen,
Carlsbad, California); Dulbecco modified Eagle medium
(DMEM), water-soluble pB-estradiol (E2), GnRH, and
penicillin-streptomycin (Sigma-Aldrich Co, St Louis, Missouri);
kisspeptin-10 (AnaSpec, Fremont, California); and DNase I
(Promega Co, Madison, Wisconsin).

Cell Culture and Transfection

GT1-7 cells,"? kindly provided by Dr P. Mellon of the Univer-
sity of California (San Diego, California), 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% CO, in air. After 24 hours, 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. Cells were transiently transfected by electroporation
with 2.0 pg/well of the human Kiss1R expression vector, which
was generously provided by Dr Ursula Kaiser (Brigham and
Women’s Hospital and Harvard University). An empty vector
(pCI-neo) served as a mock control.

Primary Culture of Neuronal Cells of Fetal Rat Brain

Six to 8 fetal rat brains were obtained from fetuses from a
female rat at 16 to 18 days of gestation under deep sodium
pentobarbital anesthesia. Whole brains from fetal rats were
excised and minced before incubating in calcium- and
magnesium-free Hanks’ balanced salt solution (CMF-HBSS)
containing 10 mg/mL trypsin and 2 mg/mL collagenase (Nitta
Gelatin, Osaka, Japan) for 15 minutes at 37°C. Samples were

then incubated in an identical solution containing 0.5 pg/mL
DNase I (Boehringer-Mannheim, Mannheim, Germany) for 5
minutes at 37°C. After incubation in CMF-HBSS containing
5-mmol/L EDTA (Wako Pure Chemicals, Osaka, Japan) for 5
minutes at 37°C, the samples were washed with CMF-HBSS.
Dispersed cells were then suspended in CMF-HBSS using a
pipette, passed through a 70-pm nylon mesh (Becton Dickinson
Labware, Franklin Lakes, New Jersey), and then collected by
centrifugation. The pellet was suspended and 2 to 3 x 10° cells
were cultured on a 35-mm petri dish in DMEM medium with
10% FBS and 1% penicillin-streptomycin until use. This pro-
tocol was approved by the committee of the Experimental Ani-
mal Center for Integrated Research in Shimane University.

Immunocytochemistry

The cells were fixed on coverslips by a 10-minute methanol
treatment at —20°C. After 10 minutes of dehydration at 25°C,
the cells were treated with 0.2% Triton X-100 in phosphate-
buffered saline (PBS) for permeabilization. Nonspecific anti-
body binding was blocked by preincubation with 1% albumin,
followed by an overnight incubation at 4°C with anti-GnRH 1
antibody (1:50 dilution; Santa Cruz Biotechnology Inc, Dallas,
Texas) and an anti-kisspeptin antibody (1:500 dilution; Milli-
pore, Billerica, Massachusetts). To visualize GnRH and kiss-
peptin, the cells were stained with secondary antibodies
according to the manufacturer’s instructions for the use of a
Histofine SAB-PO (MULTI) Kit (Nichirei Bioscience Inc,
Tokyo, Japan). The biotinylated secondary antibodies were
coupled with streptavidin-biotinylated horseradish peroxidase,
and the reaction was visualized using diaminobenzidine as the
chromogen. Chemiluminescence images of the cells were
obtained with an Olympus BX41 microscope (Olympus,
Tokyo, Japan).

RNA Preparation, Reverse Transcription, and Real-Time
Quantitative Reverse Transcription-Polymerase
Chain Reaction

Total RNA from neuronal cells was extracted using TRIzol-S
(Invitrogen) according to the manufacturer’s instructions. To
obtain complementary DNA (cDNA), 1.0 pg total RNA was
reverse transcribed using an oligo-dT primer (Promega) and
prepared using a First-Strand cDNA Synthesis Kit (Invitrogen)
in reverse transcription buffer. The preparation was supplemen-
ted with 10 mmol/L dithiothreitol, 1 mmol/L of each deoxyri-
bonucleoside triphosphate, and 200 U RNase inhibitor/human
placenta ribonuclease inhibitor (Code No. 2310; Takara, Tokyo,
Japan) in a final volume of 10 pL. The reaction was incubated at
37°C for 60 minutes. Quantification of GnRH and kisspeptin
was obtained through real-time quantitative polymerase chain
reaction (ABI Prism 7000; Perkin-Elmer Applied Biosystems,
Foster City, California) following the manufacturer’s protocol
(User Bulletin No. 2) and utilizing a Universal Probe Library
Probe and Fast Start Master Mix (Roche Diagnostics,
Mannheim, Germany). Using specific primers for GnRH
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(forward: 5-ACTGTGTGTTTGGAAGGCTGC-3' and reverse:
5'-TTCCAGAGCTCCTCGCAGATC-3') and kisspeptin
(forward: 5'-ATGATCTCGCTGGCTTCTTGG-3' and reverse:
5'-GGTTCACCACAGGTGCCATTTT-3’), the simultaneous
measurement of mRNA and glyceraldehyde-3-phosphate dehy-
drogenase permitted normalization of the amount of cDNA
added per sample. For each set of primers, a no-template
control was included. Thermal cycling conditions were as
follows: 10-minute denaturation at 95°C, followed by 40
cycles of 95°C for 15 seconds, and 60°C for 1 minute. The
crossing threshold was determined using PRISM 7000 soft-
ware, and postamplification data were analyzed using the
delta-delta CT method in Microsoft Excel.

Western Blot Analysis

GT1-7 cells were rinsed with PBS and lysed on ice with radio-
immunoprecipitation assay buffer (PBS, 1% nonidet P-40,
0.5% sodium deoxycholate, and 0.1% sodium dodecyl sulfate
[SDS]) containing 0.1 mg/mL phenylmethylsulfonyl fluoride,
30 mg/mL aprotinin, and 1 mmol/L sodium orthovanadate;
scraped for 20 seconds; and centrifuged at 14 000g for 10
minutes at 4°C. Protein concentration in the cell lysates was
measured using the Bradford method of protein quantitation.
Denatured protein per well (10 pg) was separated on a 10%
SDS—polyacrylamide gel electrophoresis gel according to stan-
dard protocols. Protein was transferred onto polyvinylidene
difluoride (PVDF) membranes (Hybond-P PVDF, Amersham
Biosciences, Little Chalfont, United Kingdom), which was
blocked for 2 hours at room temperature in Blotto (5% milk
in Tris-buffered saline). Membranes were incubated with
phospho-ERK antibody (p-ERK; 1:250 dilution; Santa Cruz
Biotechnology Inc) in Blotto overnight at 4°C and washed 3
times for 10 minutes per wash with Tris-buffered saline/1%
Tween. Subsequent incubation with monoclonal horseradish
peroxidase (HRP)-conjugated antibody was performed for 1
hour at room temperature in Blotto, and additional washes were
performed appropriately. Following enhanced chemilumines-
cence detection (Amersham Biosciences), membranes were
exposed onto X-ray film (Fujifilm, Tokyo, Japan). After strip
washing (Restore buffer; Pierce Chemical Co, Rockford, Illi-
nois), membranes were reprobed with ERK antibody (T-ERK;
1:10 000 dilution; Santa Cruz Biotechnology Inc) for 1 hour at
room temperature and then incubated with HRP-conjugated
secondary antibody before the procedure was continued as
described earlier. Films were analyzed by densitometry, and
the intensity of p-ERK was normalized to that of T-ERK to
correct protein loading.

Statistical Analysis

All experiments were repeated independently at least 3 times,
and each experiment was performed in duplicate for each
experimental group. Data are expressed as means + standard
error of the mean. Statistical analysis was performed using

1-way analysis of variance, followed by Newman-Keuls mul-
tiple comparison test.

Results

Effect of Kisspeptin on GnRH mRNA Expression in
GTI-7 Cells

GT1-7 cells are immortalized hypothalamic GnRH-producing
neuronal cell lines that were developed by genetically targeted
tumorigenesis.'> These cells are used as a valuable model for
the study of the function of GnRH neurons. In our lines of GT1-
7 cells, GnRH mRNA expression was unchanged in the pres-
ence of kisspeptin at all time points after stimulation (mock;
Figure 1A). Because we had already established that GT1-7
cells respond to kisspeptin only when the Kiss1R is abundantly
expressed,'” GT1-7 cells were transiently transfected with
Kiss1R expression vectors. After the transfection of KisslR,
however, kisspeptin failed to stimulate GnRH mRNA expression
(Figure 1B). We confirmed that kisspeptin increased phosphor-
ylation of ERK in Kiss1R-transfected GT1-7 cells (Figure 1D)
but not in mock transfected GT1-7 cells (Figure 1C).

Expression of GnRH and Kisspeptin in Primary
Cultures of Fetal Rat Brain

The cultured neuronal cells contained several types of cells.
Immunostaining showed that GnRH- and kisspeptin-
expressing cells were present in this culture (Figure 2).

Effect of E2 on GnRH and Kisspeptin mRNA
Expression

First, we examined whether GnRH and kisspeptin, which are
expressed by neurons in the fetal brain, are influenced by E2.
Expression of GnRH mRNA was not significantly increased by
culturing the cells for 48 hours in the presence of different con-
centrations of E2 (Figure 3A). However, 10 pmol/L E2, but not
1 pmol/L, significantly increased kisspeptin mRNA expression
by 2.00 + 0.23-fold compared to unstimulated cells (Figure 3B).

Expression of GnRH and Kisspeptin mRNA Is Mutually
Regulated by GnRH and Kisspeptin

The previous in vivo studies support the hypothesis that kis-
speptin controls gonadotropin secretion by stimulating GnRH
neurons in the hypothalamus. Next, we examined the effect of
kisspeptin on GnRH expression. Kisspeptin could significantly
increase GnRH mRNA expression, determined at 48 hours
after stimulation, with an increase of up to 1.51 + 0.35-fold.
Interestingly, GnRH itself increased GnRH mRNA expression
by 1.84 + 0.33-fold, which was statistically significant
(Figure 4A). Kisspeptin mRNA expression in the primary
cultures of fetal rat brain was stimulated by kisspeptin itself
by 2.43 + 0.40-fold. In addition, GnRH could increase kis-
speptin mRNA expression by 1.45 + 0.21-fold (Figure 4B).
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Figure 1. Effect of kisspeptin on GnRH mRNA expression in GT1-7 cells. GTI-7 cells were transfected without (mock; A) and with 2.0 pg of
Kiss | R-expressing vectors (B). At 48 hours after transfection, cells were treated with 100 nmol/L kisspeptin (KP10) for indicated times. Then,
GnRH mRNA levels were measured by quantitative real-time PCR after mRNA extraction and reverse transcription. Samples for each
experimental group were run in duplicate and normalized to GAPDH mRNA levels as a housekeeping gene. Results are expressed as fold
stimulation over the unstimulated group/control. Values are the means + SEM of fold stimulation from independent experiments. To confirm
the response of the cells, mock (C) or Kiss|R-transfected GT|-7 cells (D) were stimulated with 100 nmol/L kisspeptin for 10 minutes ERK
phosphorylation was determined by Western blotting using phosphorylated-ERK (P-ERK) and total ERK(T-ERK) antibodies, as described in the
Materials and Methods section. ERK indicates extracellular signal-regulated kinase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
GnRH, gonadotropin-releasing hormone; mRNA, messenger RNA; PCR, polymerase chain reaction; SEM, standard error of the mean.
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Figure 2. Staining of primary cultures of fetal rat neuronal cells for gonadotropin-releasing hormone (GnRH) and kisspeptin. Cultures of
neuronal cells from fetal rats at |8 weeks of gestation were immunostained using anti-GnRH (B) and anti-kisspeptin (C) antibodies. The negative
control is shown in (A; control). The colors were developed by streptavidin-biotinylated horseradish peroxidase. Magnification, x20.

Discussion address whether kisspeptin could stimulate GnRH synthesis
Accumulating evidence supports the concept that kisspeptin  at the single-cell level. To determine the direct action of kiss-
signals act directly on GnRH neurons through KissIR to sti- peptin on GnRH-producing neurons, we first used the GnRH-
mulate GnRH release, which subsequently stimulates the secre- producing cell line GT1-7. In our series of experiments, we
tion of LH and FSH from the anterior pituitary.'* Although could not discern any stimulatory effect of kisspeptin on GnRH
GnRH cannot be measured in the peripheral circulation, much mRNA expression in GT1-7 cells. Even in KisslR-
evidence shows that kisspeptin acts directly on GnRH neurons. overexpressing cells, kisspeptin failed to increase GnRH
The GnRH neurons express KisslR, and kisspeptin has been mRNA levels. Because intracellular signaling pathways such
shown to cause depolarization of GnRH neurons.'® Kisspeptin as ERK and cAMP/PKA were activated by kisspeptin when
also stimulates the release of GnRH in hypothalamic cells were transfected with Kiss1R, and because we observed
explants.'® However, these in vivo studies did not directly that GnRH receptor expression in GT1-7 cells was increased by
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Figure 3. Effect of estradiol on GnRH and kisspeptin mRNA
expression in neuronal cells from fetal rats. Primary cultures of fetal
rat neuronal cells were cultured in the presence or absence (control)
of | umol/L or 10 pmol/L estradiol (E2) for 48 hours. Then, GnRH (A)
and kisspeptin (B) mRNA levels were measured by quantitative real-
time PCR after mRNA extraction and reverse transcription. Samples
for each experimental group were run in duplicate and normalized to
GAPDH mRNA levels as a housekeeping gene. Results are expressed
as fold stimulation over the unstimulated group/control. Values are
the means + SEM of fold stimulation from independent experiments.
*P < .01 versus control. GnRH indicates gonadotropin-releasing hor-
mone; mMRNA, messenger RNA; PCR, polymerase chain reaction;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; SEM, standard
error of the mean.

kisspeptin,'? it is unlikely that the loss of GnRH production in
response to kisspeptin is responsible for the loss of KisslR
function in GT1-7 cells. Because some studies have demon-
strated a direct effect of kisspeptin on GnRH mRNA expression
using GT1-7 cells,'"*'” these differences in GnRH synthesis in
response to kisspeptin might be due to differences in GT1-7
cell lines or phenotypic changes resulting from multiple pas-
sages. The changes in the expression and/or sensitivity of
Kiss1R in GT1-7 cells may be affected by culture conditions.

To clearly determine whether hypothalamic kisspeptin sti-
mulates GnRH synthesis in GnRH neurons, we used primary
cultures of fetal rat brain. These cells contained both GnRH and
kisspeptin as expected, and we examined the effect of GnRH
and kisspeptin on their mRNA expression. First, we examined
the effect of E2 because it is one of the most important
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Figure 4. Effect of kisspeptin and GnRH on GnRH and kisspeptin
mRNA expression in neuronal cells from fetal rats. Primary cultures
of fetal rat neuronal cells were treated with kisspeptin (KP10; 100
nmol/L) and GnRH (100 nmol/L) for 48 hours. Then, GnRH (A) and
kisspeptin (B) mRNA levels were measured by quantitative real-time
PCR after mRNA extraction and reverse transcription. Samples for
each experimental group were run in duplicate and normalized to
GAPDH mRNA levels as a housekeeping gene. Results are expressed
as fold stimulation over the unstimulated group/control. Values are
the means + SEM of fold stimulation from independent experiments.
**P < .0l, *P < .05 versus control. GnRH indicates gonadotropin-
releasing hormone; mRNA, messenger RNA; PCR, polymerase chain
reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; SEM,
standard error of the mean.

regulators of neuronal activity in the HPG axis. In our experi-
ment, using primary cultures of rat brain, E2 failed to stimulate
GnRH mRNA expression. Although a direct role of E2 in
GnRH neuronal function has been disaffirmed by the lack of
estrogen receptor immunoreactivity in GnRH neurons,'® grow-
ing evidence suggests the presence of functional estrogen
receptors in GnRH neurons.'>° Estradiol did not affect the
GnRH-expressing cells from fetal brain; however, kisspeptin
expression was clearly increased by E2 treatment. These obser-
vations demonstrated that kisspeptin, but not GnRH neurons,
could be a target of E2 in neuronal cells in the fetal brain.
Kisspeptin neurons exist in 2 different populations within the
brain. The previous studies have provided evidence that
estrogen-dependent induction of kisspeptin mRNA occurs in
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the population of kisspeptin neurons within the anterioventri-
cular nucleus (AVPV) and exerts estrogen-dependent positive
feedback effects on the hypothalamus, which triggers preovu-
latory GnRH/LH surges in female animals.>'** Conversely,
kisspeptin neurons within the arcuate nucleus (ARC), which
coexpress neurokinin B and dynorphin (ie, KNDy neurons),
have been determined to be an estrogen-negative feedback tar-
get because estrogen treatment decreases kisspeptin mRNA
levels in kisspeptin neurons in this population.*'** We are
presently unsure how kisspeptin neurons exist in these 2 popula-
tions in the fetal brain, and it still unknown whether estrogen
feedback mechanisms appropriately work within the hypothala-
mic neuronal cells from fetal rat brain. Nevertheless, our results
show that kisspeptin, but not GnRH-expressing neurons, in fetal
rat brain responds to E2 and increases kisspeptin expression.

Our main purpose of this study was to clarify whether kis-
speptin increases GnRH mRNA expression. Expression of
GnRH mRNA was indeed increased by treatment with kisspep-
tin in the primary cultures of fetal rat brain containing GnRH-
producing neurons, suggesting that kisspeptin can stimulate
GnRH synthesis in GnRH-expressing neurons. We assumed
that if kisspeptin is a principle regulator of GnRH, then kis-
speptin would drastically increase GnRH expression. However,
unexpectedly, kisspeptin increased GnRH mRNA expression
only up to about 1.5-fold.

Keen et al measured the release of kisspeptin in the stalk-
median eminence by the microdialysis method in female rhesus
monkeys and demonstrated that kisspeptin release in the region
was clearly pulsatile with an interpulse interval of about 60
minutes.>* In our present study, we directly added kisspeptin
to cell culture dishes to examine whether, if mode of stimula-
tion was altered, kisspeptin might evoke more dramatic
changes in GnRH mRNA. We also could not exclude the pos-
sibility that the original characteristics, including sensitivity of
Kiss1R, may have been changed by mechanical separation of
the neuronal cells or by cell culture conditions. Two distinct
kisspeptin neurons with different phenotypes exist in 2 distinct
regions of the brain (AVPV and ARC), then E2 would be
expected to have different effects on these neurons. The propor-
tion of kisspeptin neurons in these 2 distinct populations might
be the cause of the limited increase in kisspeptin expression,
because E2 treatment increases GnRH synthesis in 1 cell popu-
lation and prevents it in the other, as described earlier. In another
case, kisspeptin may originally have little ability to stimulate
GnRH mRNA expression, despite playing a crucial role in
gonadotropin release via GnRH. It is also well known that
energy-metabolic condition and therefore nutritional condition
is important in reproductive regulation. Our cell models using
fetal brain might be not sufficient to maintain the reproductive
regulation system, such as the kisspeptin-GnRH axis. In the
present experiments, GnRH mRNA expression was also
increased by GnRH itself to a degree similar to that produced
by kisspeptin stimulation. The previous reports demonstrated that
GnRH neurons respond to GnRH and have an autocrine interac-
tion with GnRH. Autocrine GnRH stimulation generates cell sur-
vival and proliferative signals®> or modulates GnRH release.?®

Numerous studies on the regulatory roles of kisspeptin have
focused on gonadal steroids, which were implicated by associ-
ation with feedback mechanisms of the HPG axis. Interest-
ingly, we found that kisspeptin mRNA expression in primary
cultures of fetal rat brain was increased by kisspeptin itself as
well as by GnRH. These observations suggest the possibility
that GnRH neurons reversibly interact with kisspeptin neurons
and that autocrine interactions within kisspeptin neurons could
exist in the HPG axis. Although it has been shown that kis-
speptin neurons project to the cell bodies of GnRH neurons in
the optic area and to the median eminence, which are closed to
GnRH nerve terminals,?”-*® it is still unknown whether kisspep-
tin neurons are affected by GnRH neurons through their nerve
terminals. In addition, it is unclear whether kisspeptin neurons
possess Kiss1Rs on their surface. However, if kisspeptin could
stimulate its own expression, kisspeptin expression might be
maintained by autocrine regulation within the population of
kisspeptin neurons. In addition to the sex steroids, kisspeptin
expression was reported to be implicated with several hypotha-
lamic hormones such as leptin,® o-melanocyte-stimulating
hormone,® y-aminobutyric acid (GABA),>' and
corticotropin-releasing factor.>> More work is needed to
explore the detailed mechanisms of kisspeptin regulation.

In summary, we have found that kisspeptin, which is under
the control of E2, stimulates GnRH mRNA expression in pri-
mary cultures of fetal rat neuronal cells. The GnRH also has the
ability to stimulate kisspeptin in these cell populations. These
neuropeptides may possess reciprocal action within the neuro-
nal cells. Further analysis is warranted.
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