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Abstract
Kisspeptins, coded by the KiSS-1 gene, regulate aspects of the reproductive axis by stimulating
GnRH release via the G protein coupled receptor, GPR54. Recent reports show that KiSS/GPR54
may be key mediators in photoperiod-controlled reproduction in seasonal breeders, and that
KiSS-1/GPR54 are expressed in the hypothalamus, ovaries, placenta, and pancreas. This study
examined the expression of KiSS-1/GPR54 mRNA and protein in ovaries of Siberian hamsters
(Phodopus sungorus). Ovaries from cycling hamsters were collected during proestrus (P), estrus
(E), diestrus I (DI), and diestrus II (DII). To examine KiSS-1/GPR54 during stimulated
recrudescence, additional hamsters were maintained either in long day (LD 16L:8D, control) or
short day (SD 8L:16D) for 14 weeks and then transferred to LD for 0–8 weeks. Staining of
KiSS-1/GPR54 protein was detected by immunohistochemistry in steroidogenic cells of preantral
and antral follicles, and corpora lutea. Immunostaining peaked in P and E, but decreased in the
diestrus stages (p<0.05). In recrudescing ovaries, KiSS-1/GPR54 immunostaining was low after
14 wks of SD exposure (post transfer [PT] wk0), and increased during the early weeks of
recrudescence. Expression of KiSS-1/GPR54 mRNA was low with short day exposure, but
increased during recrudescence and was higher at PT wk8 as compared to PTwks 0 and 2
(p<0.05). The elevated KiSS-1/ GPR54 expression during P and E suggests a potential role in
ovulation in Siberian hamsters. Transient increases in KiSS-1/GPR54 expression following LD
stimulation are also suggestive of possible involvement in ovulation and/or restoration of ovarian
function.
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Introduction
KiSS-1, also known as metastin, was first identified as a tumor suppressor gene in breast
cancer and melanoma cells (Lee et al. 1996). The KiSS-1 gene encodes a 145 amino acid
protein which generates biologically active peptides of 10, 13, 14, and 54 amino acids in
length that bind G-protein coupled receptor GPR54 (Kotani et al. 2001; Ohataki et al. 2001).
KiSS-1 mRNA is predominantly expressed in distinct areas of the brain including the
arcuate nucleus (ARC), the anteroventral periventricular (AVPV) nucleus, the
periventricular nucleus, the anterodorsal preoptic nucleus (Gottsch et al. 2004) and to a
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lesser extent in the preoptic area (POA) (Estrada et al. 2006). In addition to the brain,
KiSS-1/GPR54 expression has been detected in the placenta (Kotani et al. 2001), pancreas
(Kotani et al., 2001; Hauge-Evans et al. 2006), ovaries (Castellano et al. 2006), oviduct
(Gaytan et al. 2007) and vasculature (Mead et al. 2006; 2007). The important finding about
the role of GPR54 receptor and its natural ligand KiSS-1 in the initiation of puberty via
action on the hypothalamic- pituitary-gonadal (HPG) axis (de Roux et al. 2003; Seminara et
al. 2003) has sparked great interest. Recently, various roles of KiSS-1/GPR54 have been
extensively reviewed, such as the role of KiSS-1 in trophoblast invasion (Bilbon et al. 2004),
tumor suppression (Lee et al. 1996; Ohtaki et al. 2001), reproduction (Colledge, 2008;
Smith, 2007; Dungan et al. 2005; Roa and Tena-Sempere 2007; Tena-Sempere 2006;
Kauffman et al. 2007) and in the cardiovascular (as a vasoconstrictor) system (Mead et al.
2007). In terms of reproduction, KiSS-1 expression in the hypothalamus (ARC, AVPV) is
regulated via feedback effects of steroid hormones in both males (Navarro et al. 2004) and
females (Smith et al. 2005). In mice, rats, and ewes, estrogens inhibit KiSS-1 expression in
the ARC and can mediate the negative feedback effect on GnRH secretion (Smith et al.
2005, 2006 and 2007). Indeed, hypogonadotropic hypogonadism is apparent in mice lacking
KiSS-1, and null mutant females do not undergo normal sexual maturation (d'Anglemont de
Tassigny, et al. 2007). While the crucial and central role of the KiSS-1/GPR54 system in
GnRH release, reproduction, and puberty is well recognized, its precise role in other tissues,
such as the ovaries, is still emerging.

In addition to other reproductive roles, the KiSS-1/GPR54 system may mediate the
association of photoperiodic signals to the HPG axis in seasonal breeders like Syrian
hamsters (Revel et al. 2006, 2007), Siberian hamsters (Greives et al. 2007, Mason et al.
2007) and ewes (Smith et al. 2007). Long day seasonal breeders, including Siberian
hamsters (Phodopus sungorus), restrict their reproductive function during the short winter
months and resume during summer when the days are longer and resources plentiful to
provide energy for successful breeding. In Siberian hamsters, 12–14 weeks of exposure to
short photoperiods (SD; 8 hours of light: 16 hours of dark) induces gonadal regression and
loss of ovarian function (Moffatt-Blue et al. 2006, Salverson et al. 2008), whereas the
subsequent transfer to long photoperiods (LD; 16L:8D) induces rapid ovarian recrudescence
within 8 weeks (Salverson et al. 2008). In many seasonally breeding species, day length
(photoperiod) serves as an environmental signal which, via the release of pineal melatonin,
can induce either suppression or restoration of reproductive function as a result of alterations
in the hypothalamic pituitary gonadal axis (Stehle et al. 2001; Pevet, 1988; Malpaux et al.
2001). Although the mechanism of environmental signal transmission to the HPG axis is not
fully understood, recent reports have suggested kisspeptin as a primary neuroendocrine
switch (Revel et al. 2006, 2007). While this central role of the KiSS-1/GPR54 system has
been identified, potential peripheral roles during seasonal changes in reproductive function
have not been examined. Since KiSS-1/GPR54 are also expressed in the ovaries, we
hypothesized that local production of these gene products may potentially play a role in
return of function during long day induced recrudescence of ovaries from photo-inhibited
Siberian hamsters.

In the present study, our objectives were to examine if KiSS-1 and GPR54 are expressed in
Siberian hamster ovaries and if their expression is linked to photostimulated recrudescence.
Specifically, we sought to (1) assess KiSS-1/GPR54 expression during the estrous cycle and
(2) to elucidate if KiSS-1/GPR54 mRNA and protein expression is modulated in ovaries
undergoing photo-stimulated recrudescence after 14 weeks of short day exposure using
immunohistochemistry and semi-quantitative RT-PCR.
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Results
Immunostaining of KiSS-1/GPR54 during the estrous cycle

Parallel KiSS-1 and GPR54 immunostaining was observed in the ovaries during the entire
estrous cycle (Figure 1, Figure 2). Cytosolic staining was observed in several cellular
compartments including the surface epithelium, preantral and antral follicles, and corpora
lutea, and was predominant in steroidogenic cells (Figure 1E, Figure 2E for detail). Little to
no immunostaining was detected in the stroma. During proestrus (P), KiSS-1 staining was
most intense in the theca and granulosa cells of secondary follicles (Figure 1A). The staining
pattern remained similar during estrus (E), staining follicular and luteinized cells, but the
overall intensity of immunoreactivity was reduced as compared to P (Figure 1B). The
intensity of KiSS-1 immunostaining decreased substantially in diestrus I (DI) and diestrus II
(DII) as compared to both P and E, and was present predominantly in the luteinized
granulosa cells of the CL and some in the surface epithelial cells (Figure 1C, D). Negative
controls without the KiSS-1 antibody showed no staining (Figure 1F) and preabsorption of
the primary antibody with 10µg kisspeptin peptide overnight diminished virtually all
staining (Figure 1G). To further confirm the specificity of kisspeptin staining we also used
two additional antibodies against kisspeptin: a rabbit anti-kisspeptin-13 antibody
characterized in Siberian hamster brains (Grieves et al. 2007) and a rabbit anti-kisspeptin 10
(kp10) antibody (Chemicon International) against the mouse peptide and observed similar
staining patterns across the estrous cycle (data not shown).

GPR54 immunostaining in preantral and antral follicles, and in CL also appeared to peak in
P as compared to other stages of the cycle (Figure 2). However, in contrast to KiSS-1,
GPR54 staining was primarily present in granulosa, but not theca cells (Figure 2E). Negative
controls processed either without the primary antibody (Figure 2F), or with preabsorption of
GPR54 peptide (Figure 2G) reduced immunoreactivity substantially.

Relative quantification (0–3 scale) of staining intensity during the estrus cycle shows that
KiSS-1 immunoreactivity peaked in P and E, with significant decreases noted when ovaries
advanced to the DII stage (p<0.05; Figure 3A). GPR54 staining intensity followed a similar
pattern with apparent peaks during P and E, however no significant differences were
observed (p=0.055; Figure 3B).

Expression of KiSS-1/GPR54 mRNA: Recrudescing ovaries
A single KiSS-1 mRNA band was detected in the recrudescing ovaries (Figure 4A). KiSS-1
mRNA expression in the ovaries from PT week 0 (14 weeks of SD exposure) did not differ
from LD control ovaries (p>0.05) but photostimulation induced increases during
recrudescence. Kiss-1 mRNA was significantly higher at PT week 8 as compared to PT
weeks 0 and 2(Figure 4A; p<0.05). GPR54 mRNA expression in PT week 0 ovaries was not
different than LD control (Figure 4B), but increased during recrudescence and was
significantly higher at PT week 8 compared to all other groups (Figure 4B; p<0.05). To
establish that the observed bands indeed represented KiSS-1 and GPR54, bands were
extracted, column purified, and sequenced. KiSS-1 showed an 88 – 83% homology with
Mus musculus (NM178260.13), Macaca mulatta (XM001098284.1), (EU365872) and Homo
sapiens (AY117143.1), and 99% with Phodopus sungorus metastin mRNA. Sequence
analysis of the GPR54 band showed 89% to human (NM032551.3) and 92% (NM053244.3)
homology to the mouse GPR54 gene. As an additional positive control, we assessed KiSS-1
and GPR54 mRNA expression in the arcuate nucleus of Siberian hamsters, and bands
identical to those from ovarian tissue were observed (Figure 4C, D).
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Immunostaining of KiSS-1/GPR54 protein: Recrudescing ovaries
The overall intensity of KiSS-1 immunoreactivity was lower in the recrudescing ovaries
from LD and PT weeks 0 to 8 (Figure 5) as compared to the staining in cycling ovaries
during the P and E phases, but was similar to the diestrus stages in the estrous cycle
experiment (Figure 1). Ovaries in the recrudescence experiment were collected when the
hamsters were in diestrus phase (see Materials and Methods section). Due to this low
intensity, KiSS-1 immunoexpression was not reliably quantifiable, although qualitatively it
appeared reduced at PT week 0 as compared to LD and PT weeks 1 and 2 (Figure 5). GPR54
staining was the lowest in PT week 0 compared to LD and all recrudescing groups and
appeared to increase slightly with recrudescence (Figure 6). Staining for both Kiss-1 and
GPR54 appeared in granulosa cells of preantral, early antral, and antral follicles, along with
CL; however staining was low and diffuse in the terminal atretic follicles (Figure 5 and
Figure 6) that characterize SD regressed ovaries (Moffatt-Blue et al., 2006).

Discussion
Results presented here show, for the first time, that KiSS-1/GPR54 mRNA and protein are
present in Siberian hamster ovaries. Protein immunostaining was cytosolic, differential, and
mostly observed in steroidogenic cells, and, interestingly, both protein and mRNA
expression showed differences across the estrous cycle and in response to photoperiod
alterations.

Although the expression of KiSS-1 and GPR54 mRNA and protein in the brain of many
species (reviews Seminara 2007, Smith et al. 2007, Kaufman et al. 2007) including Siberian
(Greives et al. 2007), and Syrian hamsters (Revel et al. 2006) is well established, few studies
(Castellano et al. 2006, Gaytan et al. 2007) have examined KiSS-1/GPR54 expression in the
ovaries. Our results show cell and estrous stage- specific KiSS-1 staining in hamster ovaries.
KiSS-1 immunostaining, most prominently in the theca and granulosa cells, peaked during P
and E, and declined sharply during DII (Figure 1, Figure 3). GPR54 immunostaining was
also relatively more intense in P and appeared to decline in DII, although the quantification
was not significant (p=0.055; Figure 2, Figure 3). The timing of these observed changes in
the KiSS/GPR54 system in the current study is consistent with a possible role in ovulation in
Siberian hamsters, as has been suggested in rats (Castellano et al. 2006).

With the presence of RFamide structures at the C-terminal, kisspeptins belong to the RF
family of amides (Fukusumi et al. 2006). The RFamides are neuropeptides that are
distributed primarily in the brain. There is concern about the cross reactivity of
commercially available kisspeptin antibodies raised against human peptides to other RF-
amide peptides, particularly in brain tissue. While most RFamides have not been examined
in ovarian tissue, expression of one purified RFamide, RFRP-1, in rats showed that this
neuropeptide was present predominantly in the hypothalamus (2800 fmol/g wet wt), with
greatly reduced levels in the thalamus and midbrain; however, was undetected in the ovaries
and uterus (Fukusumi et al. 2001, 2006). Although one study (Goodman et al. 2007) showed
that the kisspeptin antibody used in this study (human metastin 45–54, Phoenix
Pharmaceuticals, Inc.) cross-reacted with some neuropeptides (gonadotropin inhibitory
hormone and neuropeptide FF) in sheep brain, manufacturer’s literature indicates low to no
cross reactivity towards neuropeptides AF, FF, RFRP-3, and FMRF-NH2 in rat tissue. This
antibody does show a high degree of cross reactivity with rat, mouse, and human RFRP-1;
however, this is the RFamide found not to be expressed in ovarian tissue (Fukusumi et al.
2001, 2006). In our hands, preabsorption of rabbit antimetastin antibody with kisspeptin
peptide showed negligible to no staining in hamster ovaries (Figure 1G), actual staining was
accomplished at relatively low concentrations for paraffin immunohistochemistry (1:1500),
and staining results were parallel using two additional antibodies from separate
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manufacturers (data not shown). Together, these data suggest that in hamster ovaries, this
kisspeptin antibody shows no cross reactivity. Based on the above information, staining
using rabbit antimetastin antibody (Phoenix Pharmaceuticals), observed in the present study
represents specific kisspeptin staining in hamster ovaries.

Because of the peak of ovarian KiSS-1 during proestrus (Figure 1, Figure 3), it is likely that
KiSS-1 may have some dependency on LH secretion in the ovary. This association is clear
in rats, with administration of GnRH antagonist effectively preventing a preovulatory rise in
ovarian KiSS-1 mRNA, and antagonist plus LH replacement (hCG) reinstating KiSS-1
proestrus expression (Castellano et al. 2006). Indeed, in estrogen–primed ovariectomized
rats, metastin (kisspeptin) injections into the preoptic area increase plasma LH
concentrations, and the LH surge and estrous cyclicity can be effectively blocked using anti-
metastin antibody (Kinoshita et al. 2005). Further evidence of systemic involvement of
KiSS-1 in estrous cycle regulation includes an increase in LH concentration in rats following
preovulatory intercerebral injections of KiSS-1 peptide (Kp-10), and an alteration of
sensitivity to Kp-10 during the estrous cycle (Roa et al. 2006). In addition, expression of
KiSS-1 in the hypothalamus appears to be central to regulating both positive and negative
feedback effects of ovarian steroids on gonadotropin release (Navarro et al. 2004;Smith et
al. 2005). Ovariectomy in rats increases hypothalamic KiSS-1 expression and decreases LH
levels, but these effects are reversed by estradiol (Navarro et al. 2004). These studies
establish a role of hypothalamic KiSS-1 in GnRH release and perhaps in regulating estrus
cyclicity. This cyclic nature of hypothalamic KiSS-1 expression is mirrored by the cyclic
pattern of KiSS-1/GPR54 expression in rat and Siberian hamster ovaries (Figure 1–Figure 2
and Castellano et al. 2006).

The predominant localization of KiSS-1 and GPR54 to steroidogenic cells in Siberian
hamster ovaries along with their differential and temporal expression, suggests that these
proteins may play a critical local role in ovarian function. While KiSS-1 was present in
thecal and granulosa cells, apparent co-localization with the GPR54 receptor was limited to
granulosa cells, and therefore differential function for the KiSS system may exist between
these secretory cells. In non-ovarian tissues, KiSS-1/GPR54 expression is often associated
with secretory cell types, with a suggested role in hormone secretion. KiSS-1 and GPR54
are expressed in cultured pituitary cells from peripubertal rats (Gutierrez-Pascal et al. 2007)
and in bovine and porcine anterior pituitary cells (Suzuki et al. 2008). Addition of kisspeptin
(Kp-10) to cultured pituitary cells stimulates an increase in free cytosolic Ca2+, LH, and
growth hormone (Gutierrez-Pascal et al. 2007; Kadokawa et al. 2008), and the KiSS-1/
GPR54 system plays a major role in pituitary GnRH secretion in the brain (Smith et al.
2007). Additionally, in the pancreas KiSS-1 is expressed only in the endocrine (α and β
cells) cells, and exogenous addition of KiSS-1 stimulates insulin secretion from mouse islets
(Hauge-Evans et al. 2006). Recently it has been shown that both GnRH and their receptors
are locally expressed in rat ovaries and that their expression shows modulation with the
estrous cycle (Schurman-Hildesheim et al. 2008). Due of this apparent congruency in
function from both central and peripheral systems, in addition to the location of KiSS-1 in
secretory cells in hamster ovaries, it is suggested that ovarian KiSS-1 may be associated
with steroid release from the ovary, particularly in granulosa cells where both KiSS-1 and
GPR54 were localized.

In addition to a possible role in ovarian steroid release, the KiSS-1/GPR54 system may be
involved in ovulation by its effects on the activity of matrix metalloproteinases. In Siberian
hamster ovaries, immunoreactivity of several matrix metalloproteinases (MMPs -1, -2, -9,
-13) is substantially higher during P and E but declines sharply during diestrus I and II
(Vrooman et al. 2007). This pattern parallels differential expression of KiSS-1/GPR54
immunoreactivity in hamster ovaries during the estrus cycle (Figure 1, Figure 2).
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Furthermore, kisspeptins down-regulate MMPs-2 and -9 (Yan et al. 2001), and interact with
MMP-2 activity in human trophoblasts (Bilban et al. 2004). Since the expression of many
MMPs is LH dependent and their stimulation of follicular breakdown is concomitant with
progression of ovulation (reviewed by Curry and Osteen 2003), it is likely that the ovarian
expression of KiSS-1/GPR54 exerts its effect on the reproductive process, in part, by
regulating MMP activity.

Because ovarian function changes substantially during the initiation and cessation of the
annual breeding season, local KiSS-1 expression may have additional functions beyond
maintenance of the ovarian cycle. Recent studies (Revel et al. 2007; Greives et al. 2007;
Smith et al. 2007) have suggested a key role for hypothalamic KiSS-1/GPR54 in seasonal
reproduction. Photoperiodic cues are integrated by a photoneuroendocrine system that
includes the retina, the suprachiasmatic nucleus of the hypothalamus, and the pineal gland.
Biphasic pineal melatonin secretion affects pulsatile secretion of GnRH and thus LH release,
and therefore can centrally regulate ovarian function (Bittman et al. 1985). Exposure of male
Syrian hamsters to short photoperiods reduces KiSS-1 expression in the hypothalamic
arcuate nucleus and this reduction is prevented by pinealectomy, suggesting that melatonin’s
regulation of KiSS-1 expression may be a central mechanism for transmission of
photoperiodic information (Revel et al. 2006, 2007). The present study corroborates a
similar photoperiodic change in KiSS-1 mRNA and protein expression, in hamster ovaries.
Immunostaining for both KiSS and GPR54 proteins was at low levels following 14 weeks of
SD photoperiod, and exposure to LD increased staining levels (Figure 5, Figure 6). Eight
weeks of post transfer LD also induced significant increases in KiSS and GPR54 mRNA
expression (Figure 4A, B). This photostimulated increase in KiSS-1 and GPR54 parallels the
return of ovarian function, as evidenced by the appearance of preantral, antral follicles, CL,
and plasma estradiol concentrations during the first eight weeks of LD stimulation
(Salverson et al. 2007). Present results show photoperiod associated changes in both KiSS-1
mRNA and protein although their pattern was generally, but not completely mirrored. While
KiSS-1 immunoreactivity was low following SD exposure and increased (qualitatively) at
PT weeks 1 and 2, it appeared to decline at PT weeks 4 and 8. The reason for this
discrepancy between KiSS protein and mRNA data is not clear; however, it could be due to
lower overall KiSS immunoreactivity in the recrudescing ovaries since they were collected
during the DII stage (Figure 1, Figure 5). The DII stage was selected to maintain consistency
between groups because SD-regressed ovaries remain in a DII-like state while ovarian
function is reduced (Beasley et al. 1981). Investigation of the KiSS-1 system during
different estrous cycle stages in the newly cycling ovaries during recrudescence would be a
valuable next step.

Collectively, our observations for the first time suggest that KiSS-1/GPR54 mRNA and
protein are expressed differentially in hamster ovaries during estrous cycle, and their
expression is modulated in ovaries undergoing photoperiod-induced recrudescence. While
the function of locally-produced KiSS-1/GPR54 in the ovary is currently unidentified, it is
likely that this system may be critical during either ovulation or photostimulated return of
ovarian function, via its possible effects on steroid secretion, regulation of MMP-mediated
ovarian remodeling, or through another, as yet unknown mechanism.

Materials and Methods
Animals

Adult (> 60 days of age) female Siberian hamsters were obtained from the breeding colony
of Dr. Katherine Wynne-Edwards, Queen’s University (Kingston, Ontario, Canada) and
tissues were used for multiple experiments in our laboratory. Hamsters were housed
individually in polypropylene cages (28 × 7.5 × 13 cm) at 20 ± 2°C, receiving food and
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water ad libitum. All experiments were conducted in our AAALAC-approved facilities, in
accordance with California State University, Long Beach and NRC guidelines for use of
laboratory animals. After a two-week period of acclimatization hamsters were subjected to
the following treatments:

Estrous cycle experiment—Hamsters were kept in LD (16 hours of light: 8 hours of
dark) photoperiod for 3 weeks. To maintain estrous cycling, four male hamsters were housed
in the same room as the female hamsters. Estrous cycles were synchronized by placing
soiled male bedding into individual female cages prior to planned tissue collection (Dodge et
al., 2002). Vaginal cytology was used to stage ovaries (n=6/group) at proestrus (P), estrus
(E), diestrus I (DI) and diestrus II (DII) as described previously (Moffatt-Blue et al. 2006).
Ovaries were fixed in formalin, paraffin embedded, and sectioned (6 µm).

Recrudescence experiment—Hamsters were exposed to either LD (n=18) or SD (8L:
16D; n=50) for 14 weeks. Subsequently, SD exposed hamsters were transferred to LD for 0,
1, 2, 4 or 8 weeks (n= 10/group) and, for consistency, were euthanized while in the DII
phase for reproductive tissue collection as described before (Moffatt-Blue et al. 2006;
Salverson et al. 2008). Controls were maintained in LD and reproductive tissue collected on
weeks 0, 2, and 8 (n=6/group). One ovary was fixed in formalin, embedded, sectioned
(6µm) and used for immunohistochemistry. The contralateral ovary was frozen in liquid
nitrogen for RNA extraction. Portions of this tissue set have been used for different
experiments (Salverson et al. 2007).

Immunohistochemical detection of KiSS-1 and GPR54
Ovary sections (6µ) were deparaffinized in xylene, rehydrated through a graded series of
ethanol, washed in phosphate buffer solution (PBS), and heated under pressure in Citra
Antigen Unmasking solution (Vector Laboratories, Burlingame, CA) for 10 min, cooled, and
washed in PBS. Sections were then placed in a 3% hydrogen peroxide/methanol solution,
blocked with normal goat serum/Tween-20 (0.1%) for 40 min, washed in PBS, and then
incubated with either rabbit antimetastin (45–54)-NH2 (human) antibody (1:1500) or rabbit
anti GPR54 (mouse) antibody (1:200) (Phoenix Pharmaceuticals, CA) overnight at 4°C in
humidified chambers. Biotinylated goat anti-rabbit immunoglobulin G (Vectastain Elite
ABC kit, Vector Laboratories) and NovaRed Substrate (Vector Laboratories, Burlingame,
CA) were used as a secondary antibody and colorimetric substrate according to
manufacturer’s protocol. Sections were counterstained with hematoxylin, dehydrated, and
mounted. Negative controls were processed without primary antibody. To verify the
specificity of the primary antibodies in hamsters, primary antibodies were pre-absorbed with
10 µg of either GPR54 (375–396) or KiSS-1 (kp-10) amide peptides overnight at 4°C,
centrifuged (15,000 rpm, 30 min), and the supernatant was used in place of primary
antibodies and processed exactly as above. In addition, two other anti-KiSS-1 antibodies:
rabbit anti-kisspeptin -13 (4–13) human (Pennisula Laboratories, LLC, San Carlos, CA) and
rabbit anti-kisspeptin 10 (Chemicon International, Inc) were also tested at a 1:500 dilution.
Rabbit anti-kisspeptin antibody kp-13 (Peninsula Laboratories) is specific for kisspeptin
staining in AVPV and ARC (Grieves et al. 2007). The KiSS-1 staining pattern in the ovaries
with antibodies from both Peninsula Laboratories and Chemicon (Kp-13 and Kp-10) were
similar to the rabbit anti-metastin (45–54) antibody used in the present study (data not
shown). We selected the latter antibody to detect kisspeptin because staining intensity
matched the other antibodies but was specific at a higher dilution (1:1500), and because the
manufacturer’s data suggests low cross-reactivity with several RF-amides (see discussion).
Furthermore, preabsorption of this antibody with specific KiSS or GPR54 peptides, showed
little or no staining.
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Staining intensity and extent was quantified in the estrous cycle experiment using a scale of
0 (no staining) to 3 (high staining) by investigators blind to experimental conditions. Three
sections per animal and 3–6 animals per group were used to assess staining extent. Results
are presented as the mean relative degree (0–3) of KiSS-1 or GPR54 immunostaining per
group as analyzed by a Kruskal-Wallis test followed by a Dunn's Multiple Comparison post
hoc test (Prism 4 statistical software 240 package; GraphPad Software, Inc., San Diego,
CA). Staining intensity in the recrudescing ovary sections was low and therefore difficult to
quantify.

KiSS-1 and GPR54 mRNA RT-PCR
Total RNA from frozen ovaries was isolated using the RNeasy Micro Kit (QIAGEN,
Valencia, CA) according to their protocol. One µg of total RNA was used for cDNA
synthesis using ImProm Reverse Transcription System (Promega, Madison, WI). The PCR
reaction mixture consisted of 1.5 µl of cDNA, 1 µl each of specific primers (10 µM) and
12.5 µl of GoTaq Green Promega PCR reagents (Promega, Madison, WI) in a total volume
of 25 µl. Primer sequences and PCR conditions are listed in Table 1. We validated mRNA
expression of KiSS-1/GPR54 mRNA using total RNA from the arcuate nucleus of Siberian
hamsters as a positive control. Results are presented as the ratio of KiSS-1 or GPR54 to
reference gene β-actin mRNA expression. Band density was determined by using NIH
Image software as directed.

Statistical analysis
One-way ANOVAs followed by a Neuman-Keuls post hoc test (Prism 4 statistical software
240 package; GraphPad Software, Inc., San Diego, CA) were used to analyze PCR data. A p
value of < 0.05 was considered statistically significant.
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Figure 1. Immunoreactivity of KiSS-1 protein in Siberian hamster ovaries during the estrous
cycle
Sections presented are representative of n = 6 hamsters per group. Staining is red/ink on
purple background. Scale bar (A) depicts 500µm with photographs taken at 4x
magnification for panels A–D. Scale bar in E represents 200µm. Tissue sections represent
ovaries from the A) proestrus, B) estrus, C) diestrus I, and D) diestrus II stages of the
estrous cycle. E) Detail of diffuse, cytoplasmic staining observed in both granulosa and
thecal cells. F) Negative control processed without KiSS antibody. G) Preabsorbed KiSS-1
antibody used as a specificity control. PA= preantral follicle; A= antral follicle; CL=corpus
luteum; t = thecal cells.
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Figure 2. Immunoreactivity of GPR54 protein in Siberian hamster ovaries during the estrous
cycle
Sections presented are representative of n = 6 hamsters per group. Staining is red/ink on
purple background. Scale bar (A) depicts 500µm with photographs taken at 4x
magnification for panels A–D. Scale bar in E represents 200µm. Tissue sections represent
ovaries from the A) proestrus, B) estrus, C) diestrus I, and D) diestrus II stages of the
estrous cycle. E) Detail of diffuse, cytoplasmic staining observed in granulosa cells. F)
Negative control processed without KiSS antibody. G) Preabsorbed KiSS-1 antibody used
as a specificity control. PA= preantral follicle; A= antral follicle; CL=corpus luteum.
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Figure 3.
Quantification of the relative extent of KiSS-1 and GPR54 immunostaining (mean + S.E.M.)
in Siberian hamsters housed in proestrus (P), estrus (E), diestrus I (DI), and diestrus II (DII)
stages of the estrous cycle. Groups with different letters are significantly different (P <
0.05).
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Figure 4. KiSS-1 and GPR54 mRNA expression in recrudescing Siberian hamster ovaries
Semi-quantitative RT-PCR expression of A) KiSS-1 and B) GPR54 mRNA in Siberian
hamsters exposed to long day (LD), or post-transfer (PT) from short to long day photoperiod
for 0, 1, 2, 4, and 8 weeks. Mean ± S.E.M. relative levels mRNA expression for KiSS-1 and
GPR54 shown in respective graphs. β-actin was used as a control gene for all RT-PCR
reactions. Columns with different letters on bar graphs indicate p<0.05. C) Kiss-1 and D)
GPR54 expression in the arcuate nucleus of Siberian hamsters, used as a positive control.
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Figure 5. Immunoreactivity of KiSS-1 protein in Siberian hamster ovaries during
photostimulated recrudescence
Sections presented are representative of n = 6 hamsters per time-point. Staining is red/ink on
purple background. Scale bar (A) depicts 500µm with photographs taken at 4x
magnification for panels A–F. Tissue sections represent ovaries from the A) long day (LD)
control, B) post-transfer (PT) week 0 (week 14 SD), C) PT week 1, D) PT week 2, E) PT
week 4, and F) PT week 8 photoperiod groups. PA= preantral follicle; EA= early antral
follicle; CL=corpus luteum; TA= terminal atretic follicle.
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Figure 6. Immunoreactivity of GRP54 protein in Siberian hamster ovaries during
photostimulated recrudescence
Sections presented are representative of n = 6 hamsters per time-point. Staining is red/ink on
purple background. Scale bar (A) depicts 500µm with photographs taken at 4x
magnification for panels A–F. Tissue sections represent ovaries from the A) long day (LD)
control, B) post-transfer (PT) week 0 (week 14 SD), C) PT week 1, D) PT week 2, E) PT
week 4, and F) PT week 8 photoperiod groups. PA= preantral follicle; EA= early antral
follicle; CL=corpus luteum; TA= terminal atretic follicle.
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Table 1

Sequence PCR conditions

KiSS-1 F- TCGTTAATGCCTGGGAAAAG 96° (5m, 1 cycle)

R- CGAAGGAGTTCCAGTTGTAG 96° (30s) 55°(1m) 72°(1m),

219 bp 40 cycles, 72° (7m)

GPR54 F- GGCTGGTTCCTCTGTTCTTC 95° (5m, 1 cycle)

R- TGGCGATGTAGAAGTTGGTC 95° (30s) 54°(1m) 72°(1m),

166 bp 36 cycles, 72° (7m)

β-actin F- GAAATCGTGCGTGACATC 94° (1m, 1 cycle)

R- GCTTGCGATCCACATCT 94° (30s) 55°(1m, 32 cycles)

500 bp 72°(1m), 72° (7m)
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