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Abstract

Project Code : RSA5680048
Project Title : Role of kisspeptin in control of puberty of swamp buffalo heifer in Thailand
Investigator : Assist. Prof. Dr. Siriwat Suadsong,
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Assist. Prof. Dr. Thuchadaporn Chaikhun-Marcou,

Faculty of veterinary medicine, Mahanakorn university of technology

Dr. Pongsiwa Sotthibandhu,

Faculty of veterinary medicine, Mahanakorn university of technology
E-mail Address : siriwat.s@chula.ac.th

Project Period : June 2013 to June 2017

Kisspeptin is a neuropeptide and is produced from the KISS1 gene in hypothalamic nuclei
found mainly in the preoptic area (POA) and the arcuate nucleus (ARC). It has been found to control
the hypothalamic-pituitary-gonadal axis in relation to puberty onset and reproductive functions in many
animals including ruminants. Although our previous study found that kisspeptin plays role in cycling
buffalo cow reproduction, no studies have been done on the relationship of kisspeptin and puberty in
buffalo heifers. This study investigated the role of kisspeptin in the puberty stage of buffalo heifers.
This research found evidence of KISS7T mRNA using the in situ hybridization technique in all 10
heifers (age between <1-3 years old pre-pubertal buffaloes). Kisspeptin protein presented mainly in
the POA hypothalamic nucleus in the juvenile group (<1 years) and only in the ARC area in the 1-2.5
years old pre-pubertal group by using the immunohistochemistry technique. However, there was no
kisspeptin reaction in both hypothalamic nuclei in the 2.5-3 years (peri-pubertal) group. Moreover,
structural interactions were found between kisspeptin receptors and gonadotropin releasing hormone
(GnRH) neurons as revealed by double immunofluorescent in the same areas (50% of the total
neurons) in both POA and ARC areas. Also, single GnRH neurons were distributed in the POA and
ARC hypothalamic nuclei. These results suggest that kisspeptin may control GhRH neurons on some
level and may therefore be related to buffalo heifer puberty. This study indicates that kisspeptin may
be involved in reproductive development and may influence puberty onset in swamp buffalo heifers in

Thailand.

Keywords : Swamp buffalo heifer, Kisspeptin, Puberty



Introduction

Factors that influenced in the decreasing population of swamp buffalo in Thailand included high
meat consumption and improper farm management. In addition, low fertility problem is a major source
of productive loss of buffalo in Thailand. The limitations of reproductive performance in buffalo include
many unique features such as; inherent late maturity, a prolonged intercalving interval, decreased
ovarian function, poor estrus and poor fertility.

The delay in puberty and the sequential delay in the age of first conception cause infertility and
represented a major source of economic loss in buffalo heifers, and that lead to the low reproductive
performance of the buffalo species, especially in swamp buffaloes, thus lengthening the non-
productive life. Many factors effect age at puberty, such as breed, season, climate, nutrition, growth
rate, management, health status and biostimulatory effect of bulls. In addition, the long intercalving
period of buffalo cow is another one of the main problems in buffalo’s reproductive efficiency.
However, the present research project will focus on study research in pre-puberty and post-puberty of
swamp buffalo heifer in Thailand.

In present decade, kisspeptin has been a fascinating topic in the reproductive spotlight.
Kisspeptin is a neuropeptide, produced mainly in the hypothalamus from the Kiss1 gene. This gene
was initially discovered as a tumor- suppressor gene in human malignant melanoma. Then in the year
2003, researchers found that mutations of the G protein- coupled receptor (GPR54), which is the
strongly cognate receptor of kisspeptin, were associated with hypogonadotropic hypogonadism in
mice and humans. There are many kisspeptin distribution and function studies (both in vitro and in
vivo) in mammals. In ruminants kisspeptin has been studied mainly in sheep and to some extent in
goats and cattle, but not in buffalo.

Previous research indicates, however, that kisspeptin-GPR54 signaling is a key regulator of
puberty, reproductive functioning and fertility via the hypothalamic pituitary gonadal axis, which
produces a neuroendocrine substrate to stimulate gonadotropin releasing hormone and have the
potential to replay feedback effects from the sex hormones to GnRH neurons. In ewes, Kiss1 is
expressed in the arcuate nucleus to forward signals relevant to negative feedback regulation of
gonadotropin releasing hormone (GnRH), and is also responsible for positive feedback regulation of
GnRH at the time of the preovulatory GnRH/luteinizing hormone (LH) surge via the hypophyseal portal
circulation. Although there are Kiss1 cells in the preoptic area, whether they play a role in the sex
steroid feedback regulations of GnRH secretion has not been discovered yet, especially in Thai
swamp buffalo.

Kisspeptin research has been ongoing in many animals both in vitro and in vivo. The main
point of most of these studies is to gain fundamental knowledge of, and information about, the
mechanism of kisspeptin in the reproductive system. In normal condition animals it has been

discovered that kisspeptin has a role involving cooperation with other neurons and hormones. Some
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studies have tried to focus on different status animals such as seasonal breeders (sheep and horses)
and anestrous animals. Innovative uses of kisspeptin might possibly be applied in farm management
in the future, for example, using kisspeptin to control the estrous cycle with or without other
exogenous hormonal treatments, solving infertility problems which have causes related to kisspeptin,
and controlling reproductive management in the non-breeding season as well as in the normal season
for optimal production. However, more research on a variety of animals should provide more
information, which could help increase the potential applications of kisspeptin hereafter.

Kisspeptin is a family of structurally related peptides, encoded by the Kiss1 gene, which act via
the G-protein-coupled receptor, GPR54 (or Kiss1R). Mammalian has demonstrated that kisspeptin
play an essential stimulatory role in the neuroendocrine control of reproductive maturation and
function. These stimulatory actions are primarily conducted by activation of GnRH neurons via direct
synaptic contacts or indirect trans-synaptic inputs. Initial observation that the lack of functional GPR54
in humans and mice leads to absence of puberty and sexual immaturity indicated the important
physiological role of kisspeptin in mammalian puberty.

Literature review

Kisspeptin (syn. metastin) was discovered in 1996 by Lee et al. (1996) who identified the
Kiss1 gene for suppressing metastasis in human malignant melanoma. Kiss1 was named for the
home of the famous Hershey chocolate Kiss (Hershey, Pennsylvania, USA) which is manufactured in
the area where the gene was discovered (Gottsch et al., 2009). Kisspeptin are peptide hormones
which encode a 145- amino acid peptide that produces various lengths (10-54) of biologically active
peptide (Gottsch et al., 2009; Hashizume, et al., 2010). The larger peptides contain some variability
between species, whereas the 10 amino acid C-terminus peptide is stable and has the potency to
activate its receptors (Lee et al., 1996; Muir et al., 2001; Ohtaki et al., 2001; Richard et al., 2008). G
protein- coupled receptor (GPR54 or Kiss1r) is the strongly cognate receptor of kisspeptin. Kisspeptin
and GPR54 have been found within the hypothalamus, brainstem, spinal cord, pituitary, ovary,
prostate, liver, pancreas, intestine, aorta, coronary artery, umbilical vein and placenta (Lee et al,,
1996; Muir et al., 2001; Ohtaki et al., 2001; Mead et al., 2007; Richard et al., 2008; Roseweir and
Millar, 2009). In 2003, researchers found that mutations of GPR54 were associated with
hypogonadotropic hypogonadism in humans (De Roux, et al., 2003; Seminara et al., 2003). These
studies demonstrate that kisspeptin-GPR54 signaling is necessary for pubertal activation of
gonadotropin releasing hormone (GnRH) neurons and reproductive functioning , both of which play a
pivotal role in the control of the hypothalamic pituitary gonadal (HPG) axis involving follicular
development, ovulation, spermatogenesis and steroidogenesis (Roseweir and Millar, 2009; Tsukamura
and Maeda, 2011). In ruminants, kisspeptin has been studied mainly in sheep and to some extent in

goat and cattle, but not in buffalo.



Kisspeptine and GnRH neurons expression and distribution in the hypothalamus

The expression and distribution of kisspeptin, GPR54 and GnRH neurons are different in each
species due to differences in anatomy (Colledge, 2008). In situ hybridization (ISH) and
immumohistochemistry (IHC) are the main techniques for researching kisspeptine, GPR54 and GnRH
gene or protein expression, and localization. Many kisspeptin, GPR54 and GnRH distribution studies
have been done in mammals such as mice (Gottsch et al., 2004), hamsters (Revel et al., 2006), rats
(Irwig et al., 2004; Smith et al., 2006), horses (Decourt et al., 2008), pigs (Tomikawa et al., 2010)
monkeys (Rometo et al., 2007), humans (Rometo et al., 2007) and sheep (Estrada et al., 2006; Smith
et al., 2007).

In ewes, Kiss1 neurons were found in arcuate neucleus (ARC) and preoptic area (POA)
regions with a greater cell density in ARC by ISH (Estrada et al., 2006; Smith et al., 2007). Several
anti-kisspeptin antiboies have been created for localization of kisspeptin neurons by IHC. Some
reports noticed that cross-reaction with other RF-amide peptides and the non-specific reactivity of anti-
kisspeptin antisera in IHC might be the reason that Kiss1 expression has not been detected by ISH in
some locations, thus anti-protein antibodies should be validated for specificity (Colledge, 2008). From
the IHC technique, kisspeptin-immunoreactive (Kp-ir) cells have been mainly found in the ARC, POA
and dorsomedial nucleus (DMN) (Rometo et al., 2007; Franceschini et al., 2006). GnRH cell bodies
are presented both in the POA and ARC (Colledge, 2008).

Connections and actions of kisspeptin on GnRH neurons

The hypothesis that kisspeptin neurons stimulate GnRH neurons directly is proven by many
immunofluorescence data reports. In ewes, Kp-ir fibres were detected in the POA where the GnRH
neurons reside, in spite of the fact that co- localization studies were not reported (Franceschini et al.,
2006). Additionally, Kp-ir fibres were found to extend from the ARC into the external neurosecretory
zone of the median eminence (ME) (Franceschini et al., 2006; Pompolo et al, 2006). These terminals
might be causative for the kisspeptin that has been identified in the ewe hypophyseal portal blood
(Smith et al, 2008) Despite this data, the function of these connections is still unknown, but
kisspeptins might have a non-synaptic action at the ME level to activate GnRH release (Ramaswamy
et al., 2008). Moreover, in sheep the kisspeptin cell bodies are located closer to the GnRH cell bodies
than in rodents (Colledge, 2008).

GnRH neurons can be directly acted on by kisspeptin to begin a sustained depolarization
event. The ability of GhRH neurons to respond to kisspeptin signals is progressively regulated, with
the percentage of responsive GnRH neurons raising from 25% in the pre-pubertal period to more than
90% in adults. This raise in GnRH responsiveness during the prepubetal period reflects an increasing
in Kiss1 gene expression rather than GPR54 expression (Han et al., 2005). The study in the POA
region of mice found that kisspeptin causes membrane depolarization ranging from 5 mV to 22 mV in

about 90% of GnRH neurons (Han et al., 2005; Liu et al., 2008) and depolarization was sustained,
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lasting for up to 30 mins after kisspeptin removal. GPR54 expression by GnRH neurons appears to be
not sexually dimorphic since to no sex differences were detected in the number of GnRH neurons (Liu
et al., 2008).

Kisspeptin and puberty

Puberty is the sexual transition from immaturity to maturity involving body growth and
development (related with leptin in adipose tissue and growth hormone) (Kadokawa et al., 2008a;
Kadokawa et al., 2008b; Smith et al., 2010). The onset of puberty is triggered by the activation of
neurons in the forebrain which produce a neuroendocrine substrate to stimulate GnRH (Saito et al.,
2011).

Many studies in mammals indicate that kisspeptin and GPR54 are key regulators of puberty
due to the programmed increase in Kiss1 mRNA, GPR54 mRNA (only in females), which have been
observed in the anteroventral periventicular neucleus (AVPV), the POA, and the ARC areas (through
the immunoreactive method) which can in turn cause an increase in GPR54 sensitivity to kisspeptin
(possibly due to increase in receptors at the cell surface). Activation of the kisspeptin system
facilitates increased pulsatile and surge modes of GnRH from GnRH neurons (in the POA and the
ME), then GnRH awakens the reproductive axis bringing about pubertal maturation via hypophyseal
portal circulation to stimulate the production and release of gonadotropins such as luteinizing
hormones (LH) and follicle-stimulating hormones (FSH) (Kadokawa et al., 2008a; Roseweir and Millar,
2009). GnRH releasing is regulated by gonadal steroid feedback action (Tsukamura and Maeda,
2011).

Kisspeptin and Hypothalamic Pituitary Gonadal axis

It is well known that steroid hormones fluctuate across the female estrous cycle and feedback
from gonads regulate the HPG axis. Kisspeptin neurons express estrogen receptor O (ERQ.),
progesterone receptor (PR) and androgen receptor (AR), and hence have the potential to relay
feedback effects on the GnRH neuron (Hashizume et al., 2010). Many studies found that ovariectomy
(OVX) and estrogen replacement in animals effects kisspeptin expression in different region of
hypothalamus as we call “differential estrogen regulation” (Smith et al., 2005; Clarkson and Herbison,
2006; Adachi et al., 2007). The two modes of GnRH secretion are the estrogen- induced ovulatory
surge of GnRH/LH, and pulsatile, basal GhnRH/LH releasing modes.

The model is most well developed in rodents. On one hand, the Kiss1 neurons in the APVP
are directly stimulated by estrogen effects via ERQl (predominant in females). These neurons in turn
directly stimulate GhnRH neurons through GPR54 expressed on the cell bodies. This positive feedback
of estrogen effect on APVP Kiss1 neurons climaxes in the GnRH/LH surge, which generates the
preovulatory LH surge which, in turn, triggers ovulation. On the other hand, the pulsatile GnRH/LH
release from ARC kisspeptin neurons (present in both female and male) drives tonic secretion of

gonadotropin which mainly controls folliculogenesis and steroidogenesis and is negatively regulated
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by estrogen. Additionally, it appears that positive feedback occurs at the level of GnRH cell bodies,
with estrogen responsive cells in the AVPV projecting directly to GnRH neurons, whereas negative
feedback occurs primarily at the GnRH terminal level by an indirect (inter-neuronal) pathway (from
estrogen-sensitive neurons in the ARC) (Wintermantel et al., 2006; Smith et al., 2010; Tsukamura and
Maeda, 2011).

In ewes, kisspeptin cells in the ARC are poised to play a role in the negative feedback control
of GnRH/LH secretion by sex steriods which has been proven by OVX stimulation, estrogen and
progesterone replacement (Smith et al., 2007). Practically, all kisspeptin cells in the ARC of the ewe
brain express ERQl and PR (Franceschini et al., 2006; Smith et al., 2007). The major site of sex
steroid negative feedback action is the mediobasal hypothalamus (Caraty et al., 1998). Furthermore,
the positive feedback effects of estrogen is also seen in the ARC (specifically, in caudal region) which
up regulation of Kiss1 mRNA immediately before the preovulatory GnRH/LH surge (Estrada et al.,
2006).

Therefore, kisspeptin cells in the ovine ARC appear to regulate in both negative and positive
feedback control of GnRH by sex steroids and show a significant difference from the Kiss1 regulatory
model presented in rodents. It is possible that subpopulations of kisspeptin cells respond differently to
these stimuli (Smith, 2009). Moreover, the nature of the estrogen stimulus might induce different
responses. There are three types of estrogen feedback important for GnRH releasing in ewes: short-
term negative feedback, long-term negative feedback, and transient positive feedback (Smith, 2009). It
is thought that kisspeptin cells may be able to discriminate between the more chronic effects of
constant estrogen levels, inducing negative feedback, from the more acute increase in estrogen
during the late follicular phase of the estrous cycle, inducing the switch to transient positive feedback
(Smith, 2009).

Early research suggests no regulatory effect of sex steroids on Kiss1 mRNA expression in the
POA. However, one study using twice the number of POA tissue sections reported chronic estrogen
replacement after OVX increased the Kiss1 mRNA expression and kisspeptin protein in the POA, and
half of the kisspeptin expressing cells co-expressed ERCQL. Although estrogen acts in the ARC at the
mediobasal hypothalamus, not the POA, to induce the GNRH/LH surge, it is possible that POA
kisspeptin cells in sheep participate in the E-induced preovulatory LH surge, similar to AVPV neurons
in rodents. Thus, the sheep POA kisspeptin neurons would most likely be stimulated indirectly by the
positive feedback control of estrogen (Smith, 2009).

In summary, Kiss1 genes mainly appear in the hypothalamus of ruminants and other
mammals to provide the negative and positive feedback regulation of GnRH secretion by gonadal
steroids. In ewes, which are used as representatives of ruminants, the kisspeptin cells in the ARC
are balanced to play a role in the steroid negative feedback control of GnRH. Also, the kisspeptin

cells in the mediodorsal hypothalamus are involved in the surge mode, and kisspeptin expression is
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increased immediately before the preovulatory GnRH/LH surge. The process involved in the regulation
and function of the kisspeptin cells in the POA area, however, is still not understood and further
studies need to be done.

Since variations have been found between species due to differences in their anatomy and
physiology, and since no studies have been done in buffalo, the exact nature of how these processes
function in buffalo is unknown. Therefore, the objective of this study to understand the role of
kisspeptin in control of reproductive function and the potential applications of kisspeptin to manage

reproduction in buffalo heifer.

Objectives
To understand the role of kisspeptin in control of reproductive function and the potential
applications of kisspeptin to manage reproduction in swamp buffalo heifer. The objectives of this
project are:
- To detect the localization of Kiss7 mRNA and the distribution of kisspeptin protein in the POA
and ARC hypothalamic nuclei of pre-pubertal swamp buffaloes
- To investigated the characteristic of kisspeptin receptor co-localized in GnRH neurons in the
preoptic area and arcuate hypothalamic nuclei in pre-pubertal swamp buffaloes for determination the

interaction of KISS1R and GnRH neurons in hypothalamus of swamp buffalo heifer.

Materials and methods

Experiment 1

Title: Evidence of Kiss1T mRNA and Its Protein Distribution in Preoptic and Arcuate Hypothalamic
Nuclei in Pre-pubertal Female Swamp Buffaloes (Bubalus bubalis)

Objective: To detect the localization of KissT mRNA and the distribution of kisspeptin protein in the
POA and ARC hypothalamic nuclei of heifer buffaloes.

Experiment 2

Title: Characteristic of Kisspeptin Receptor Co-localized in GnRH Neurons in the Preoptic Area and
Arcuate Hypothalamic Nuclei in Pre-pubertal Female Swamp Buffaloes (Bubalus bubalis)

Objective: To investigated the characteristic of kisspeptin receptor co-localized in GnRH neurons in

the preoptic area and arcuate hypothalamic nuclei in pre-pubertal buffaloes



The experimental procedures involving animals were approved by Chulalongkorn University
Animal Care and Use Committee in accordance with the university regulations and policies governing
the care and use of laboratory animals (No.13310007).
Sample

Brains were collected from 10pre-pubertal female buffaloes (<1 year, 1-1.5 years, 1.5 -2
years, 2-2.5 years and 2.5 -3 years; 2 animals each age) from slaughterhouses. The samples were
processed using the same protocol of our previous study (Chaikhun et al., 2016). Briefly, the animals
were perfused by a 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.2) into a common carotid
artery within 15 min of the animal's death (Fig.1). All buffaloes were non-cycling. Estrous cycle
identification of the animals was determined based on observation of the postmortem ovarian
morphology (Ali et al., 2003) and plasma progesterone analysis by radioimmunoassay. After removing
the brains, the hypothalami were collected and fixed in 4% paraformaldehyde for 24 hr (Fig.2-5). The
samples were embedded in paraffin blocks and stored at room temperature (RT) (Fig.6-7). The
paraffin block of the POA and ARC hypothalamic nuclei of buffaloes were identified by the anatomical

structure identification in previous study in the buffalo cows (Chaikhun et al., 2016).

— . R
Figure 1 The infusion of the4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.2) into a common

carotid artery



e

Figure 3 The brain is completely removed from the skull. It is firmed by the fixative.



Figure 5 The hypothalamus appearance after fixing in the 4% paraformaldehyde in 0.1 M

phosphate buffer (pH 7.2) for 24 hr.



Figure 6 The hypothalamus is trimmed and set in the cassettes for tissue processing with RNAse free

condition (manual processing).

Figure 7 The preparation of the paraffin block samples under the RNAse free condition.
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Experiment 1
Title: Evidence of Kiss7T mRNA and Its Protein Distribution in Preoptic and Arcuate Hypothalamic
Nuclei in Pre-pubertal Female Buffaloes (Bubalus bubalis)
Objective: To detect the localization of Kiss7 mRNA and the distribution of kisspeptin protein in the
POA and ARC hypothalamic nuclei of heifer buffaloes.
In situ hybridization of Kiss1 mRNA

The ISH protocol was modified following our previous studies(Chaikhun et al., 2016;
Sotthibandhu, 2009).

Preparation of cRNA probe

Plasmid DNA, inserted with a section of ovine Kiss?1 gene (GenBank accession no.
DQ059506) at the length of 375 base pairs, was generated by GenScript, NJ, USA. Themain reason
for using the ovine Kiss71cRNA probe for the ISH in this study is that there is no reported research on
the Kiss1 sequence in buffalo and it is thus not commercially available. Also buffalo areruminants and
seasonal (short-day) breeders similar to sheep (Borghese and Mazzi, 2005; Montiel and Ahuja, 2005).
The ISH technique has been used to detect specific mRNA in specific cells (Yang et al., 1999). In
addition, the proven cross-reactivity of gene probes to the same mRNA in different animals (but still of
the same ruminant type) by Butler et al. (1994) indicated to us that this may be a sensitive and useful
tool for our preliminary observations. In confirmation of our previous study’s assumptions, 94% of the
tested sequences showed significant alignments between the predicted buffalo and ovine Kiss-1
sequences when analyzed by the BLASTN 2.2.30+ program(Chaikhun et al., 2016).The plasmid DNA
was digested with Spel (Promega, WI, USA) for preparation of a sense probe (negative result
indicator) and Notl (Promega, WI, USA) for preparation of an anti-sense (positive result indicator)
probe using a DIG-labeling in vitro transcription kit (Roche, Mannheim, Germany).

In situ hybridization on paraffin sections

Four-micron paraffin sections of the POA and ARC hypothalamic nuclei were deparaffinized in
xylene and rehydrated in a graded series of ethyl alcohol prepared with a 0.1% dimethyl
pyrocarbonate (DMPC; Sigma, MO, USA) treated distilled water. The rehydratedsections were
immersed in a citrate buffer (Bio-Optica, Milano, ltaly) (pH 6.0) and autoclaved for 10 min at 121 °C.
Then the endogenous alkaline phosphatase was blocked by treatment of the section with 0.2 N HCI
for 10 min at RT. After that the sections were post-fixed in 4% paraformaldehyde in a 10 mM
phosphate buffer saline (PBS; Bio-Optica, Milano, ltaly) (pH 7.2) for 10 min at RT. After autoclaving,
and between each step up until post-fixation, the sections were washed in PBS.

Prehybridization was conducted by treating the sections withahybridization cocktail
(Hybridization cocktail 50% formamide, Amresco, Ohio, USA) for 1 hr at RT. A complimentary RNA
probe was heated at 95 °C for 5 min and then diluted with a hybridization cocktail. The hybridization

was done at 45 °C for 20 hr in hybridizer (S2451-30, Dako, Glostrup, Denmark) saturated with 50% of
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2x sodium chloride- sodium citrate buffer (SSC; AppliChem, Darmstadt, Germany) and 50%
formamide (Sigma, MO, USA). The sections were stringently washed in 50% of 2x SSC and 50%
formamide for 1 hr, followed with 2x SSC containing 0.03% Brij-35 (30% Brij-35, Sigma Aldrich, USA)
for 30 min, twice. Then the sections were washed in 0.5x SSC containing 0.03% Brij-35 for 30 min,
and twice in 0.2x SSC containing 0.03% Brij-35 for 30 min. Each step of stringentwashing was
conducted at 45 °C. Next, the sections were equilibrated in a 0.1 M Tris-HCI buffer in 150 mMNacCl
(pH 7.5). Then unspecific bindings were blocked by incubating the sections with a blocking reagent
(DIG nucleic acid detection kit, Roche, Mannheim, Germany) for 30 min at RT, followed by a sheep
anti-digoxigenin antibody conjugated with alkaline phosphatase (DIG wash and block buffer set,
Roche, Mannheim, Germany). The sections were applied using 1x NBT/BCIP (DIG nucleic acid
detection kit, Roche, Mannheim, Germany) to detect mRNA signals. The images of the Kiss7 mRNA
signals were taken under a light microscope (Axiolab, Zeiss, Oberkochen, Germany).The results were
reported as “positive” (no percentage calculations are possible with this technique) if Kiss7 mRNA
could be detected by a purple stain reaction in the cytoplasm of neurons in the anti- sense probe
applied samples or “negative” if KissT mRNA could not be detected by a purple stain reaction in the
sense probe applied samples. The images were captured by Axivision software (Axiolab,
Zeiss,Oberkochen, Germany). As a positive control for tissue and for the specificity of the probe, the
POA and ARC hypothalamic nuclei of ewe were treated using the same protocol for both of the anti-
sense and sense probes.
Immunohistochemistry of kisspeptin

The sections from the POA and ARC hypothalamic nuclei blocks of samples were prepared at
4 microns for kisspeptinimmunohistochemical study. Paraffin sections were deparaffinized in xylene
and rehydrated in a graded series of ethyl alcohol. Antigen retrieval in a citrate buffer (pH 6.0) was
done for 10 min at 70 °C. Following this the endogenous peroxidase activity was blocked by
incubating in 1% hydrogen peroxide (QREC, New Zealand) in methanol (Merck, Darmstadt, Germany)
for 30 min at RT. The non- specific binding was blocked using 10% normal horse serum (Gibco, NY,
USA) for 20 min at RT. Then the sections were incubated with a 1:500 dilution of a rabbit anti-mouse
kisspeptin-10 antibody (Millipore catalog number AB9754, MA, USA - this antibody is the same #566
antibody used in the study by Franceschini et al. (2006)) at 4 °C overnight (16 hr). This antibody has
showna species reactivity in ovine, rat and mouse but a very low level of reactivity with human
kisspeptin10. In addition, its’ specificityhas been provennot to be inhibited by other hypothalamic
peptides which are in the RFamide family of peptides (such as the PrRPused in radioimmunoassay,
also the GnlH, NFF, Chemerin, QRFP and PrRPused inimmunostaining) (Franceschini et al., 2006;
Goodman et al.,, 2007). After that, a biotinylated universal antibody and streptavidine horseradish
peroxidase (LSAB+System-HRP™  catalog number K0679, Dako, Glostrup, Denmark) were incubated
for 1 hr and 50 min respectively at RT. In the final step, 3, 3’-diaminobenzidine (DAB, Dako,
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Glostrup, Denmark), a chromogen, was added to visualize bound enzyme (brown color)on the
observed samples for 5 min. In each step, the sections were washed in a 10 mM phosphate buffer
saline (PBS; Bio-Optica, Milano, ltaly) (pH 7.2). This PBS also was used for diluents of the antibody
and other reagents. Positive controls for antibody and tissue specificity were prepared using ewe
POA and ARC hypothalamic nuclei paraffin sections.Negative controls for antibody specificitywere
conducted using PBS(instead of a primary antibody application)in combination with 10% normal horse
serum, which was applied for non-specific binding blocking of primary antibody. Negative controls for
tissue specificity were the white matter area of the central nervous system which is an area known to
have no kisspeptin expression. Two observers checked and counted the reaction results together from
a single DAB staining session under a light microscope (Axiolab, Zeiss,Oberkochen, Germany).
Neurons in the cytoplasm which appeared to be stained brown were counted as kisspeptin “positive”
or kisspeptin-immunoreactive (ir) neurons and non- brown stained neurons were identified as
kisspeptin “negative” neurons. Then counter- stained by hematoxylin, was applied on the sample
slides. After that the number of kisspeptin-ir cells randomly found in the100 mmzarea per slidetaken
from each of the buffalo cow’s POA and ARC hypothalamic nuclei (one randomly selected slide from
the POA and ARC of each buffalo) were counted.The images were captured by Axivision software
(Axiolab, Zeiss, Oberkochen, Germany).

Statistical analysis

The expression of KissT mRNA in the POA and ARC hypothalamic nuclei were detected
through in situ hybridization. The Kiss7 mRNA expression in the POA and ARC hypothalamic nuclei
were explained by descriptive statistics.

For the analysis of the immunohistochemical reactions to kisspeptin, the kisspeptin-ir cells in
the POA and ARC fromeach cow were calculated as a percentage by dividing the number of positive
neurons by the total counted neurons and then multiplying by 100. This figure wasthen averaged
across animals to calculate a mean (+SE). The comparison of the average number of kisspeptin-ir
cells between the POA and ARC were analyzed by paired t-test (P<0.05). The intensity of
immunohistochemical reaction of kisspeptin between the POA and ARC were graded into 3 levels; 1 =
weak, 2= moderate, and 3= intense, and analyzed by paired t-test (P<0.05).The distribution of

kisspeptin-ir neurons was described.
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Experiment 2

Title: Characteristic of Kisspeptin Receptor Co-localized in GnRH Neurons in the Preoptic Area and
Arcuate Hypothalamic Nuclei in Pre-pubertal Female Swamp Buffaloes (Bubalus bubalis)

Objective: To investigated the characteristic of kisspeptin receptor co-localized in GnRH neurons in
the preoptic area and arcuate hypothalamic nuclei in pre-pubertal buffaloes.

Double label immunohistochemistry for KISS1R and GnRH.

Paraffin sections of the POA and ARC hypothalamic nuclei were prepared at 4 microns on
superfrost-slides (Fisher Brand, Thermo Fisher Scientific, MA, USA) and were processed by the
standard double label- immunohistochemical method. Paraffin sections were deparaffinized in xylene
and rehydrated in a graded series of ethyl alcohol. Antigen retrieval in a citrate buffer (pH 6.0) was
done for 10 min at 121 °c. Non-specific binding was blocked using 1% normal goat serum (Gibco, NY,
USA) for 20 min at RT. The sections were incubated with a primary rabbit anti-human KiSS1R/GPR54
polyclonal antibody (1:100 dilution) (Bioss, catalog number bs-2501R, MA, USA) overnight (16 hr) at 4
°C. A secondary goat anti-rabbit 1IgG (H+L) antibody (1:500 dilution) (Alexa fluor 488, catalog number
A-11008, Life Technologies, CA, USA) was applied to the sections at RT for 2 hr. A mouse anti-
mammalian GnRH monoclonal antibody (1:100 dilution) (Chemicon, catalog number MAB5456, CA,
USA) was applied to the sections overnight (16 hr) at 4°C. A 1:100 dilutionof secondary goat anti-
mouse IgG (H+L) (Alexa fluor 568, catalog number A-11004, Life Technologies , CA, USA) was
applied to the slides and kept at RT for 2 hr then washed with PBS. All antibodies were diluted with
10 mM phosphate buffer saline (PBS; Bio-Optica, Milano, Italy) (pH 7.2). In each of the
aforementioned washing steps, the sections were washed in 10 mM PBS 3 times for 5 minutes each.
The washing step following the 1" secondary antibody application consisted of the sample slides
being washed in 10 mM PBS 3 times for 10 minutes each, by a slow shaking in aluminum foil
covered Coplin jars. The sections were then mounted and covered by an anti-fade reagent (Molecular
probes, catalog number P36930, CA, USA). The double labeled immunoreactivity was observed under
a fluorescent microscope (Axiolab, Zeiss, Oberkochen, Germany). A single observer counted the
number of KISS1R-ir cells, GnRH-ir cells and co-localized-ir cells found in 100 mm° area slides from
each of the buffalo cow’s POA and ARC hypothalamic nuclei. The images were captured by Axivision
software (Axiolab, Zeiss, Oberkochen, Germany). The layers of images were combined in Adobe
Photoshop.

Controls and specificity

Antibody validation and cross-reactivity studies of the rabbit anti-human KiSS1R/GPR54
polyclonal antibody used in this study (Bioss, catalog number bs-2501R, MA, USA), have been carried
out in humans, rats and mice by the source company (Bioss, MA, USA). Positive controls for antibody
and tissue specificity were prepared using brain sections from wild-type mice. Negative controls for

antibody specificity were performed using brain sections from Gpr54 gene knockout (KO/Gpr54) mice

14



and also by omitting the primary antibody. Negative controls for tissue specificity were performed
using the white matter area of the central nervous system of buffalo and mice - an area known to
have no KISS1R expression.

The mouse anti- mammalian GnRH monoclonal antibody (Chemicon, catalog number
MAB5456, CA, USA), has been used in buffaloes previously (Chaikhun et al., 2016; Zerani et al.,
2012). Positive controls for antibody and tissue specificity were prepared using ewe POA and ARC
hypothalamic nuclei paraffin sections. Negative controls for antibody specificity were conducted using
PBS (instead of a primary antibody application) in combination with 1% normal goat serum, which was
applied to reduce the non-specific binding of the primary antibody. Negative controls for tissue
specificity were the white matter area of the central nervous system of eve and buffalo- which are
known to have no GnRH expression.

Statistical analysis

The number of each type of immunoreactive cells with co-localization or non co-localization
were calculated as a percentage of the total number and then were averaged across animals to
calculate a mean (+ SE). The comparison of the average number of each type of immunoreactive
cells (with co-localization or non-co-localization) between the POA and ARC were analyzed by a t-test

(P<0.05). Characterizations of co-expression and none co-expression were described.

Results

All 10 animals were the pre-pubertal female swamp buffaloes by plasma progesterone
analysis (<1 ng/ml) and ovarian morphological inspection.
Experiment 1
In situ hybridization of Kiss1 mRNA

The expression of Kiss7T mRNA using an antisense Kiss1TcRNA probe was detected in the
cytoplasm of neuronal soma in the majority of neurons with great intensity reaction in both the POA
(Fig. 9, 11Aand 12) and ARC hypothalamic nuclei (Fig.10, 11B and 13) of all age buffalo samples.
KissTmRNA was also found in some small neuronal cells (Fig. 9E, 10E) which were distinguished
from glia cells by their vesicular nuclei. Interestingly, there is a synapsis evidence between 2
kisspeptin neurons (Fig.11A3) There was no signal of KissT mRNA in the buffalo POA and ARC
sections in which the sense Kiss-1cRNA probe was applied (Fig. 9B, 9D, 10B and 10D) and these
were considered as negative control reactions. Positive control reactions were prepared using the
buffalo cow POA (Fig. 10E and 10F) and ARC (Fig. 11E and 11F) hypothalamic nuclei paraffin

sections.
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Table1 The expression of Kiss7 mRNA using an antisense (AS) and a sense (S) Kiss1cRNA probe in
both the POA and the ARC hypothalamic nuclei of each buffalo. Remarks: Reaction intensity in the
green highlight means the result from the 1" trial but the red highlight means the results from a 2nd

trail (repetition).

Age Reaction POA Reaction ARC
No

(year) intensity AS S intensity AS s
HA1 <1 Great v v Great v v
H2 <1 Great v v Great v v
H3 1-1 % Great v v Great v v
H4 1-1 % Great v v Great v v
H5 1% -2 Great v - Great v v
H6 1% -2 Great v v Great v v

2-2 Y2
H7 Great v v Great v v

years
H8 2-2 Y Great v v Great v v
H9 2% -3 Great v v Great v v
H10 2% -3 Great v v Great v v
C5 7

Great v v Great v v
Control
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Figure 9Kiss7 mRNA in the POA hypothalamic nucleus of buffalo samples, is visible in the anti-sense
(positive result) of KissT mRNA samples (A, C and E) and is not expressed in the sense (negative
result) of Kiss7T mRNA samples (B, D and F). Kiss1T mRNA expressions are localized in the cytoplasm
of a neuron (arrow head) and a small neuronal cell (full arrow) but not in a neuron (asterisk) in E.

Scale bar is 100 ym in A and B, 50 ym in C and D but it is 10 ym in E and F.
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(positive result) of KissT mRNA sample (A, C and E) but not expressed in the sense (negative result)

of Kiss1 mRNA sample (B, D and F). The Kiss7 mRNA is localized in the cytoplasm of a neuron with
some strong signal (arrow heads) but no signal in other small neurons (asterisk) in E. Scale bar is
100 ym in A and B, 50 ym in C and D but it is 10 ym in E and F.
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Figure 11The Kiss7 mRNA neuron sho
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synapsis evidence between 2 kisspeptin neurons in A3. Scale bar is 100 ym in A1 and B1, 50 pym in

A2 and B2 but it is 10 um in A3 and B3.
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<1 year

1-1.5 year

1.5-2 year

2.5-3 years

Figure 12In POA hypothalamic nuclei,Kiss7T mRNA expressions are presented in every age of pre-
pubertal buffaloes. There are great intensities in ependymal cells and neuronal cells.Scale bar is 100

pm (No.1-9) but it is 50 ym in No.10.
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1-1.5 years

1.5-2 years

2-2.5 years

Figure13in ARC hypothalamic nuclei, Kiss7T mRNA expressions are presented in every age of pre-
pubertal buffaloes. There are great intensities in neuronal cells that nearby the 3rd ventricle. Scale bar

is 100 pm.
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Immunohistochemistry of kisspeptin

The percentage of kisspeptin reactive cells (Fig. 14) and intensity in each age of 10 heifers
and each hypothalamic area are showed in Table 2. The results showed weak reactions of kisspeptin
located in the cytoplasm of the neuronal soma in a less than 1 year old of age in both the POA and
ARC hypothalamic nuclei which the number of kisspeptin neurons in the POA (45.24%) was higher
than the ARC area (22.22%). Another same age calf found few kisspeptin neurons in the POA
(2.44%) but none in the ARC area. In 1-2.5 years old of age group expressed kisspeptin reactions
only in the ARC area (Fig.15) but none in the POA (Fig.16). All of the heifers 2.5-3 years old of age
showed none of kisspeptin expression in both areas. There was no difference in kisspeptin
reaction intensity between the POA and ARC hypothalamic nuclei and each age group, which were
both graded as weak (level 1) (P>0.5). The positive control for immunohistochemical reactions of
kisspeptin proteins in the POA hypothalamic neurons in the ewe and the buffalo cow are shown in

Fig. 17a, c. The negative control presented no non-specific reactions (Fig. 17b, d).

Table 2 The percentage of kisspeptin protein reactions populations and intensity of reactions in the

POA and ARC hypothalamic areas in all age of 10 heifers.

Heifer Age POA ARC
ID (year) Kisspeptin-ir cells (%) Intensity Kisspeptin-ir cells (%) Intensity
H1 <1 45.24 weak 22.22 weak
H2 <1 2.44 weak 0 weak
H3 1-1.5 0 No 21.74 weak
H4 1-1.5 0 No 65 weak
H5 1.5-2 0 No 94.12 weak
H6 1.5-2 0 No 53.12 weak
H7 2-2.5 0 No 54.84 weak
H8 2-2.5 0 No 12 weak
H9 2.5-3 0 No 0 no
H10 2.5-3 0 No 0 no
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Figure14 The percentage of kisspeptin reactive neurons in each age of 10 pre-pubertal female

swamp buffalo in the POA (blue) and the ARC (r:

ed) hypothalamic areas.
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Figure15 The kisspeptin reactive proteins show in cytoplasm of neurons with weak intensity (arrow) in

the ARC are in 1-2.5 years old of age groups. Scale bar 10 ym.
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Figure16 None of the kisspeptin reactive protein present in any cytoplasm of neuron (arrow) in the

POA in 1-2.5 years old of age groups. Scale bar 10 ym.

Figure17 The positive (left) and negative controls (right) for immunohistochemical reactions of
kisspeptin proteins in the POA hypothalamic neurons in the ewe (a, b) and the buffalo cow (c, d).

Scale bar 10 pm.
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Experiment 2

The pattern of immunoreactivity for GnRH-ir appeared in the cytoplasm of neuronal soma and
formed granulation in some neurons. KISS1R-ir located mainly in cytoplasm and some in nucleus of
neurons. Double label results showed that all observed KISS1R-ir were co-localized with GnRH-ir
neurons (Fig.18). The population of KISS1R-ir co-localized in GnRH neurons in each hypothalamic
nuclei in all 10 pre-pubertal buffaloes is showed in Table 3 and Fig. 19. The co-localized neuron
population in the POA (52.58+17.71%) was no statistical different with the ARC (58.56+13.79%) in all
age groups (P>0.05). There were the single GnRH-ir neuron populations in the POA (37.77+19.69%)
was similar as in the ARC (36.32+11.88%) (P>0.05). There were none of both KISS1R and GnRH
reactions in neurons (non-ir neurons) in the POA (8.651+5.34%) and the ARC (5.12+2.58%) areas
(P>0.05).

Double labeling Immunofluorescence for GnRH (red) and Kisspeptin receptor (green)
H10 POA Arrow = No colozalization, Asterisk =Colocalized immunoreactivity

GnRH Kisspeptin receptor Merge inDF . * &
2 o
.o -
P v’ !

«

H10 ARC

Kisspeptin receptor

*

HO2 ARC (granular immunoreaction of GnRH
Kisspeptin receptor

*

Figure 18 The KISS1R immunoreations are co-localized with GnRH neurons in the POA and ARC
hypothalamic nuclei (asterisks). However, there are some neurons express only GnRH reactions in
both hypothalamic nuclei which granular immunoreaction appear in some neurons (arrows), scale bar

5 um
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Figure 19 The KISS1R-ir co-localized in GnRH-ir neurons population (%) in the POA and ARC areas

in each pre-pubertal buffaloes.
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Table3 The co-localized population of KISS1R immunoreations with GnRH neurons in the POA and

ARC hypothalamic nuclei in pre-pubertal buffaloes

Heifer Age Area %Immunoreactive neurons (n) % Non-
ID (year) (Total neuron reactive
in 100 mmz) neurons (n)
Co-localized (n) GnRH (n) KISS1R (n)
H1 <1 POA (157) 4713 (74) 43.31 (68) 0 (0) 9.55 (15)
ARC (226) 63.24 (143) 27.88 (63) 0 (0) 8.85 (20)
H2 <1 POA (230) 70.43 (162) 13.91 (32) 0 (0) 15.65 (36)
ARC (277) 31.41 (87) 61.37 (170) 0 (0) 7.22 (20)
H3 1-1.5 POA (552) 51.81 (286) 28.08 (155) 0 (0) 20.11 (111)
ARC (359) 35.93 (129) 55.71 (200) 0 (0) 8.36 (30)
H4 1-15 POA (458) 31.22 (143) 63.10 (289) 0 (0) 5.68 (26)
ARC (436) 62.39 (272) 29.82 (130) 0 (0) 7.80 (34)
H5 1.5-2 POA (470) 74.47 (350) 18.72 (88) 0 (0) 6.81 (32)
ARC (481) 64.86 (312) 31.81 (153) 0 (0) 3.33 (16)
H6 1.5-2 POA (373) 41.55 (155) 54.69 (204) 0 (0) 3.75 (14)
ARC (400) 70.75 (283) 25.50 (102) 0 (0) 3.75 (15)
H7 2-2.5 POA (409) 26.65 (109) 65.53 (268) 0 (0) 7.82 (32)
ARC (384) 63.80 (245) 34.64 (133) 0 (0) 1.56 (6)
H8 2-25 POA (377) 41.64 (157) 51.99 (196) 0 (0) 6.37 (24)
ARC (472) 58.90 (278) 36.23 (171) 0 (0) 4.87 (23)
H9 2.5-3 POA (404) 82.67 (334) 7.43 (30) 0 (0) 9.90 (40)
ARC (377) 72.68 (274) 23.87 (90) 0 (0) 3.45 (13)
H10 2.5-3 POA (450) 58.22 (262) 40.89 (184) 0 (0) 0.89 (4)
ARC (401) 61.60 (247) 36.41 (146) 0 (0) 2.00 (8)
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Discussions
Experiment 1

The present study’s detection and localization of KissT mRNA in all age of pre-pubertal
swamp buffaloes and both POA and ARC hypothalamic nuclei which similar to the post-pubertal
swamp buffaloes(Chaikhun et al., 2016). Itpossibly suggests that the buffaloes could be able to
produce Kiss7 mRNA in these hypothalamic nuclei in all ages.Also, these evidences could be
determine that kisspeptin is a master pubertal and reproductive function activator in swamp buffalo
which similar to other mammals (Estrada et al., 2006; Goodman et al., 2007; Rometo et al., 2007).

The results of our study’s immunohistochemistry testing found the kisspeptin protein reactions
located in the cytoplasm of neurons in only some samples of the pre-pubertal buffaloes. We also
detected the evidence of kisspeptin was synthesized byKiss7 mRNA in the less than 1 year to 2.5
years old pre-pubertal swamp buffaloes but not in the 2.5-3 years old group.Interestingly, the
kisspeptin reactions showed mostly in the POA in the <1 year of age group, which suggests that the
POA might be a main area related to kisspeptin expression in the early age or juvenile. However, the
1-2.5 years old heifers presented kisspeptin reactions only in the ARC area which suggests that
kisspeptin is also involved in this area between 1 and 2.5 years old, which is pre-pubertal age.
Surprisingly, all of the heifers in 2 .5-3 years of age no showed any expression of kisspeptin in both
areas, which this age close to puberty or peri-puberty of swamp buffalo(Chaikhun et al., 2012).
Controversially, the post-pubertal buffalo’s kisspeptin protein reactions were detected in both follicular
and luteal phases and both POA and ARC areas. But the population of kisspeptin neurons in the POA
was greater than the ARC area. The variation in kisspeptin protein distribution might not be only
depend on Kiss1 mRNA distribution but also on a possible difference in role of kisspeptin, its active
mode in each species, age ranges, sex steroid hormone effects, nutritional status, anatomical and
physiological variations, and differences in the volume of kisspeptin synthesized from different
hypothalamic nuclei(Caraty et al., 2007; Colledge, 2008; Cui et al., 2015; Han et al., 2005; Liu et al.,
2014; Overgaard et al., 2013; Poling and Kauffman, 2013). It is possible that kisspeptin in the ARC of
post-pubertal buffalo may have a different role in its active mode, which may account for this
difference in kisspeptin neuron distribution (Chaikhun et al., 2016).

There are a few possible reasons for our variation of kisspeptin distribution in pre-pubertal
ages; in pre-pubertal animal research has found the relationship between kisspeptin coordinates with
other elements such as the leptin-melanocortin-kisspeptin pathway and puberty(Manfredi-Lozano et
al., 2016), kisspeptin and the release of growth hormone and kisspeptin and the release of prolactin
(Kadokawa et al., 2008; Whitlock et al., 2008).These studies support our variation of kisspeptin
distribution results that kisspeptin protein from hypothalamus possibly not just only involved in
reproductive puberty but also in other metabolic purposes in the <1 to 2.5 years old pre-pubertal

buffaloes. Remarkably, there was no kisspeptin protein reaction at 2.5-3years old group. This may
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involve a temporary stop of kisspeptin production before the onset of puberty, or kisspeptin is
produced but goes to other hypothalamic nuclei. Generally, kisspeptin expression is regulated by
estrogen via estrogen receptor alpha (ERQ) in kisspeptin neurons, especially peri-pubertal period.
Estradiol 17[3 is reduced in the late juvenile stage of development. Low or no presentation of ERO in
kisspeptin neuron may activate onset of puberty(Han et al., 2005; Mayer et al., 2010; Mayer and
Boehm, 2011). Therefore, colocalization of ERQ in kisspeptin neurons in pre-pubertal group of buffalo
should be done in further study for more information.
Conclusion

Our present study found Kiss7 mRNA and kisspeptin protein in the hypothalamus of pre-
pubertal buffalo which provides fundamental data on kisspeptin and its relation to buffalo puberty
development. KissT mRNA was expressed in some neurons of both the POA and the ARC
hypothalamic nuclei in all age groups. However, kisspeptin proteins were localized in subpopulations
of neurons in the POA greater than the ARC area in the 6 months old group. There were only the
ARC area presented the kisspeptin reactions in 1-2 years old group. Interestingly, there was no of any
kisspeptin reactions in either the POA and ARC areas in the 2 2 years old group. These results
suggest possibility of the kisspeptin might involve in pre-pubertal buffalo in different function and mode
of reaction depend on age and hypothalamic nuclei. The kisspeptin-kisspeptin receptor-GnRH- ERQ.
relationship should be researched in next step.
Experiment 2

Our present study found more than 50% of the co- localized KISS1R immunoreations with
GnRH neuron population in both POA and ARC hypothalamic nuclei in the pre-pubertal female
buffaloes. This indicates the kisspeptin possibly regulates GnRH function in the juvenile and the pre-
pubertal buffaloes in some aspects. In post-pubertal buffaloes, the co- localized KISS1R
immunoreations with GnRH neuron population was more than 80% in both hypothalamic areas in the
previous study (Chaikhun-Marcou et al., 2016). These results are suggested that kisspeptin-kisspeptin
receptor signaling could involves in female buffalo reproductive development and function via GnRH
controlling through all ages of pre- and post- pubertal periods. Similarly, a study in mice have found
the percentage of GnRH neurons responding to kisspeptin (in vivo) increases by age from juvenile
(25%), pre-pubertal (50%) and adult (>90%) (Han et al., 2005). According to 35% approximately of
single GnRH immunoreactive neurons were detected in both hypothalamic areas. Thus, most of
GnRH neurons might not be regulated by kisspeptin. By contrast, our previous study found the co-
localized KISS1R immunoreations in every GnRH neurons and the KISS1R immunoreations were
detected in many other non-GnRH immunoreactive neurons(Chaikhun-Marcou et al., 2016). The
results point to the possible on difference active mode, function and mechanism of the kisspeptin on

GnRH releasing between pre- and post- pubertal reproductive function.
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In pre-pubertal period, the GnRH is generally released in basal level (tonic mode) just enough
to controls reproductive development. Also, some neuroendocrine or proteins might be a major factor
that involve in reproductive development and body growth development such as leptin rather than
kisspeptin(Manfredi-Lozano et al., 2016; Whitlock et al., 2008). The kisspeptin and it's receptor
expression (Kiss7 mRNA, KISS1R) were detected in low level which also have been reported in other
pre-pubertal animal(Colledge et al., 2010; Han et al., 2005). But kisspeptin is a major factor that
control the GnRH releasing for reproductive cycle regulation in post-pubertal period(Clarkson et al.,
2009; Colledge, 2008). The population of the co- localized KISS1R immunoreations in GhnRH neurons
was no different between the POA and ARC hypothalamic nuclei. There is a variation of the number
of co-localized neurons on the age of pre-pubertal buffalo similar to post-pubertal buffaloes.
Conclusion

The co- localized KISS1R immunoreations with GnRH neuron population in both POA and
ARC hypothalamic nuclei was detected in the pre-pubertal female buffaloes in this study. However,
there is around 50% of single GnRH immunoreactive neurons (without KISS1R immunoreations). It
might indicate that kisspeptin could regulates GnRH releasing in some level for reproductive
development and puberty in pre-pubertal female buffaloes which might not be the same of post-
pubertal period.

Summary

Our previous and present researches have studied the role of kisspeptin on hypothalamic-
pituitary-ovarian axis in female swamp buffalo reproduction. In pre-pubertal buffalo, we have done in
hypothalamic level for kisspeptin and GnRH relationship for puberty development and puberty onset.
Remarkably, we found the significantly difference of those results compare to the post-pubertal
buffalo. The summary of our research from the Fig.20, the Kiss7 mRNA has been expressed in
juvenile to adult in both POA and ARC hypothalamic nuclei. However, kisspeptin protein has identified
only in the cytoplasm of neurons in the POA during the juvenile with weak reaction. Then in the 1-2.5
years old as pre-pubertal age, the kisspeptin protein has presented only in the ARC area. But there is
no any kisspeptin protein reaction in both areas in peri-pubertal age (2.5-3 years). When the buffalo
passed thru puberty, the kisspeptin protein can be detected in both areas with intensive reaction.
Interestingly, although the population of co-localized Kiss1r-ir in GnRH neurons in the pre-pubertal
buffalo (L 50%) seems no different to the post-pubertal buffalo (L 80%) but the single or non-co-
localization neuron in the pre- and post-pubertal buffalo is an interesting difference. The single GnRH
neuron is a half population of all the GnRH-ir neurons in the pre-pubertal swamp buffaloes. This is
opposite to the post-pubertal swamp buffaloes which the single Kiss1r-ir neuron is an only non-co-

localized neuron population.
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We provide evidence that kisspeptin- kisspeptin receptor signaling develops across puberty at
the level of the GnRH neurons in the female buffaloes significantly, which is similar to other animals
(Colledge et al., 2010; d'Anglemont de Tassigny and Colledge, 2010; Decourt et al., 2008; Dhillo et
al., 2007; Han et al., 2005; Mayer et al., 2010; Mayer and Boehm, 2011). The previous reported have
proved that the administration of exogeneous kisspeptin can induce the puberty onset in female mice,
rats(d'Anglemont de Tassigny et al., 2008; Maguire et al., 2011), goats(Hashizume et al., 2010; Saito
et al.,, 2012) and cattle (Whitlock et al., 2008). These results have suggested the knowledge for the
kisspeptin-kisspeptin receptor signaling within the GnRH neuronal network may be a “gatekeeper” for
onset of puberty (Maguire et al., 2011; Seminara et al., 2003). The mode of action, mechanism and
other elements that effect on puberty onset and reproductive function in swamp buffalo still need to be

explored.
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Juvenile (<1 year swamp buffalo heifer)

Figure 20 Comparison of localization and distribution of Kiss7 m-RNA, kisspeptin protein, kisspeptin
receptor (KISS1R) and GnRH expressions in the POA and ARC hypothalamic nuclei in difference age

of pre- and post- pubertal female swamp buffaloes.
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STATEMENT OF NOVELTY
Previous studies have been done on kisspeptin and reproductive function in post-pubertal
swamp buffalo in relation to the hypothalamic- pituitary- gonadal axis. The present study in
the pre-pubertal swamp buffaloes found evidence of kisspeptin localization and distribution
in the preoptic area (POA) and arcuate nucleus (ARC) hypothalamic nuclei similar to post-
pubertal buffaloes in general. Kiss1 mMRNA signals and kisspeptin proteins were also detected
in the cytoplasm of neuronal soma and some small neuronal cells in every age range.
Interestingly, the Kisspeptin immunoreactive neuron population in buffalo of different ages
varied and the intensity of reactions was lower (weak) compared to the post-pubertal buffalo
sample. A high percentage of kisspeptin immunoreactive neurons were found in the POA
area in the juvenile group (<1 year), but the ARC area was the only area that expressed
kisspeptin immunoreactions in the pre-pubertal group (1-2.5 years). Surprisingly, there was
no Kkisspeptin immunoreaction in any hypothalamic nuclei in the peri-pubertal group (2.5-3
years). This distribution pattern is atypical and different from the post-pubertal buffalo
previously studied.

ABSTRACT

The relationship between kisspeptin and GnRH releasing in many species has been
studied including post-pubertal buffalo, but not pre-pubertal buffalo. The aims of this study
were to detect the localization of Kiss-1 mRNA and the distribution of kisspeptin protein in
the POA and ARC hypothalamic nuclei of pre-pubertal swamp buffaloes. Brains were
collected from 10 pre-pubertal female buffaloes (<1 year, 1-1.5 years, 1.5 -2 years, 2-2.5
years and 2.5 -3 years; 2 animals each age) and processed for paraffin blocks. Four-micron
paraffin sections of the POA and ARC hypothalamic nuclei were prepared. The present
research found evidence of Kiss1 mRNA in the cytoplasm of the neuronal soma and some
small neuronal cells using the in situ hybridization technique in all 10 heifers. Using the
immunohistochemistry technique, kisspeptin proteins expressed a weak intensity in the
cellular process of neurons. The distribution of kisspeptin immunoreactions were found
mainly in the POA hypothalamic nucleus in the juvenile group (<1 years) and only in the
ARC area in the 1-2.5 years old pre-pubertal group However, there was no kisspeptin
reaction in both hypothalamic nuclei in the 2.5-3 years (peri-pubertal) group (P<0.01). This
study provides evidence of Kiss1 mMRNA and kisspeptin protein in the hypothalamus of pre-



Original full length article 2/15

pubertal buffaloes. This suggests that kisspeptin may be involved in reproductive
development and may influence puberty onset in swamp buffalo heifers
Keywords: swamp buffalo, pre-puberty, distribution, Kiss1, kisspeptin, hypothalamus
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INTRODUCTION

Puberty is the sexual transition from immaturity to maturity involving body growth
and development (related with leptin in adipose tissue and growth hormone) (Kadokawa et
al., 2008; Smith et al., 2010). The onset of puberty is triggered by the activation of neurons in
the forebrain which produce a neuroendocrine substrate to stimulate GnRH (Saito et al.,
2012). In 2003, researchers found that mutations of GPR54 were associated with
hypogonadotropic hypogonadism in humans (de Roux et al., 2003; Seminara et al., 2003).
These studies demonstrate that kisspeptin-GPR54 signaling is necessary for pubertal
activation of GnRH neurons and reproductive function both of which play a pivotal role in
the control of the hypothalamic- pituitary- gonadal (HPG) axis (Roseweir and Millar, 2009;
Tsukamura and Maeda, 2011). The late puberty onset of swamp buffalo is the main problem
affecting their reproductive efficiency (Chaikhun et al., 2012). Our previous studies’ findings
suggest that kisspeptin is a key controller of reproductive function in post-pubertal swamp
buffalo in relation to the hypothalamic- pituitary- gonadal axis (Chaikhun et al., 2013;
Chaikhun-Marcou et al., 2014a; Chaikhun-Marcou et al., 2014b; Chaikhun-Marcou et al.,
2016; Chaikhun et al., 2016). However, no research has been done in pre-pubertal buffalo in
relation to puberty development and onset. In order to further this basic research, the
objectives of this study were to determine the localization of Kissl mRNA and the
distribution of kisspeptin protein in the POA and ARC hypothalamic nuclei of pre-pubertal
swamp buffalo of various ages.

MATERIALS AND MEDTHODS

The experimental procedures involving animals were approved by Chulalongkorn
University Animal Care and Use Committee in accordance with the university regulations
and policies governing the care and use of laboratory animals (N0.13310007).
Sample

Brains were collected from 10 pre-pubertal female buffaloes (<1 year, 1-1.5 years, 1.5
-2 years, 2-2.5 years and 2.5 -3 years; 2 animals each age) from slaughterhouses (Fig.1). The
samples were processed using the same protocol of our previous study (Chaikhun et al.,
2016). Briefly, the animals were perfused by a 4% paraformaldehyde in 0.1 M phosphate
buffer (pH 7.2) into a common carotid artery within 15 min of the animal’s death. All
buffaloes were non-cycling. The hypothalami were collected and fixed in 4%
paraformaldehyde for 24 hr. The samples were embedded in paraffin blocks and stored at
room temperature (RT). The paraffin block of the POA and ARC hypothalamic nuclei of
buffaloes were identified by the anatomical structure identification used in a previous study
of buffalo cows (Chaikhun et al., 2016).
In situ hybridization of Kiss1 mMRNA

The ISH protocol was modified following our previous studies (Sotthibandhu, 2009;
Chaikhun et al., 2016).

Preparation of CRNA probe

Plasmid DNA, inserted with a section of ovine Kissl gene (GenBank accession no.
DQO059506) at the length of 375 base pairs, was generated by GenScript, NJ, USA. In
confirmation from our previous study’s assumptions, 94% of the tested sequences showed
significant alignments between the predicted buffalo and ovine Kiss-1 sequences when
analyzed by the BLASTN 2.2.30+ program (Chaikhun et al., 2016). The plasmid DNA was
digested with Spel (Promega, WI, USA) for preparation of a sense probe (negative result
indicator) and Notl (Promega, WI, USA) for preparation of an anti-sense (positive result
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indicator) probe using a DIG-labeling in vitro transcription kit (Roche, Mannheim,
Germany). In situ hybridization on paraffin sections were performed following the previous
study protocol (Chaikhun et al., 2016). The images of the Kiss1 mRNA signals were taken
under a light microscope (Axiolab, Zeiss, Oberkochen, Germany). The results were reported
as “positive” (no percentage calculations are possible with this technique) if Kiss1 mRNA
could be detected by a purple stain reaction in the cytoplasm of neurons in the anti- sense
probe applied samples or “negative” if Kiss1 mMRNA could not be detected by a purple stain
reaction in the sense probe applied samples. The images were captured by Axivision software
(Axiolab, Zeiss,Oberkochen, Germany). As a positive control for tissue and for the specificity
of the probe, the POA and ARC hypothalamic nuclei of ewe were treated using the same
protocol for both of the anti- sense and sense probes.

Immunohistochemistry of kisspeptin

The sections from the POA and ARC hypothalamic nuclei blocks of samples were
prepared at 4 microns for Kisspeptin immunohistochemical study. The protocol of
immunohistochemistry was the same protocol used in our previous study (Chaikhun et al.,
2016). Briefly, antigen retrieval in a citrate buffer (pH 6.0) was done for 10 min at 70 °C. The
non- specific binding was blocked using 10% normal horse serum (Gibco, NY, USA) for 20
min at RT. Then the sections were incubated with a 1:500 dilution of a rabbit anti-mouse
kisspeptin-10 antibody (Millipore catalog number AB9754, MA, USA) at 4 °C overnight (16
hr). In the final step, 3, 3’-diaminobenzidine (DAB, Dako, Glostrup, Denmark), a chromogen,
was added to visualize bound enzyme (brown color) on the observed samples for 5 min.
Positive controls for antibody and tissue specificity were prepared using ewe and buffalo cow
POA and ARC hypothalamic nuclei paraffin sections. Negative controls for antibody
specificity were conducted using PBS. Negative controls for tissue specificity were the white
matter area of the central nervous system, which is an area known to have no kisspeptin
expression. Two observers checked and counted the reaction results together from a single
DAB staining session under a light microscope (Axiolab, Zeiss,Oberkochen, Germany).
Neurons in the cytoplasm which appeared to be stained brown were counted as Kisspeptin
“positive” or kisspeptin-immunoreactive (ir) neurons and non- brown stained neurons were
identified as kisspeptin “negative” neurons. Then counter- stain by hematoxylin, was applied
on the sample slides. After that the number of kisspeptin-ir cells randomly found in the 100
mm? area per slide taken from each of the buffalo cow’s POA and ARC hypothalamic nuclei
(one randomly selected slide from the POA and ARC of each buffalo) were counted. The
images were captured by Axivision software (Axiolab, Zeiss, Oberkochen, Germany).

Statistical analysis

The expression of Kissl mRNA in the POA and ARC hypothalamic nuclei were
detected through in situ hybridization. The Kiss1 mRNA expression in the POA and ARC
hypothalamic nuclei were explained by descriptive statistics.

For the analysis of the immunohistochemical reactions to kisspeptin, the kisspeptin-ir
cells in the POA and ARC from each cow were calculated as a percentage by dividing the
number of positive neurons by the total counted neurons and then multiplying by 100. This
figure was then averaged across animals to calculate a mean (£SE). The comparison of the
average number of kisspeptin-ir cells between the POA and ARC were analyzed by paired t-
test (P<0.05). The intensity of immunohistochemical reaction of kisspeptin between the POA
and ARC were graded into 3 levels; 1 = weak, 2= moderate, and 3= intense, and analyzed by
paired t-test (P<0.05). The distribution of kisspeptin-ir neurons was described.
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RESULTS

In situ hybridization of Kiss1 mRNA

The expression of Kiss-1 mRNA using an antisense Kiss-1cRNA probe was detected
in the cytoplasm of neuronal soma in the majority of neurons with an intense reaction in both
the POA (Fig. 1, 3A and 4) and ARC hypothalamic nuclei (Fig. 2, 3B and 5) of all buffalo
samples, regardless of the animals age. Kiss-ImRNA was also found in some small neuronal
cells (Fig. 1E, 2E) which were distinguished from glia cells by their vesicular nuclei.
Interestingly, there is evidence of a synapsis between 2 kisspeptin neurons (Fig.3A3) There
was no signal of Kiss-1 mRNA in the buffalo POA and ARC sections in which the sense
Kiss-1cRNA probe was applied (Fig. 1B, 1D, 2B and 2D) and these were considered as
negative control reactions. Positive control reactions were prepared using the buffalo cow
POA (Fig. 2E and 2F) and ARC (Fig. 3E and 3F) hypothalamic nuclei paraffin sections.
Immunohistochemistry of kisspeptin

The percentage of kisspeptin reactive cells in each age of 10 heifers and each
hypothalamic area are shown in Fig. 6. The results showed weak reactions of kisspeptin
located in the cytoplasm of the neuronal soma in a 6 months old heifer in both the POA and
ARC hypothalamic nuclei and the number of kisspeptin neurons in the POA (45.24%) was
higher than the ARC area (22.22%). Another calf of the same age had a few kisspeptin
neurons in the POA (2.44%) but none in the ARC area. The 1-2 year old age group expressed
kisspeptin reactions in the ARC area (Fig.7) but none in the POA. All of the heifers 2 2 years
of age showed no kisspeptin expression in both areas. In all buffalo samples that expressed a
kisspeptin reaction there was no difference in intensity between the POA and ARC
hypothalamic nuclei regardless of age group, which were both graded as weak (level 1)
(P>0.5). The positive control for immunohistochemical reactions of kisspeptin proteins in the
POA hypothalamic neurons in the ewe and the buffalo cow are shown in Fig. 8a, c. The
negative control presented no non-specific reactions (Fig. 8b, d).

DISCUSSION

The present study’s detection and localization of Kiss1 mRNA in all age groups of
pre-pubertal swamp buffaloes in both POA and ARC hypothalamic nuclei was similar to our
previous studies’ findings in post-pubertal swamp buffaloes (Chaikhun et al., 2016). This
suggests that buffaloes of all ages may be able to produce Kissl mRNA in these
hypothalamic nuclei. Also, this evidence may indicate that kisspeptin is a master pubertal and
reproductive function activator in swamp buffalo which is similar to its function in other
mammals (Estrada et al., 2006; Goodman et al., 2007; Rometo et al., 2007).

The results of our study’s immunohistochemistry testing found Kisspeptin protein
reactions located in the cytoplasm of neurons in only some samples of the pre-pubertal
buffaloes. We also detected evidence that Kisspeptin was synthesized by Kiss1 mRNA in the
less than 1 year to 2.5 years old pre-pubertal swamp buffaloes but not in the 2.5-3 years old
group. Interestingly, kisspeptin reactions showed mostly in the POA of the <1 year of age
group, which suggests that the POA might be the main area related to kisspeptin expression
in early age or juvenile buffalo. However, the 1-2.5 years old heifers presented Kisspeptin
reactions only in the ARC area, which suggests that kisspeptin is also involved in this area
between 1 and 2.5 years old, which is the pre-pubertal age. Surprisingly, all of the heifers in
the 2.5- 3 years of age range showed no expression of kisspeptin in both areas, which is the
age close to puberty or the peri-puberty of swamp buffalo (Chaikhun et al., 2012).
Conversely, Kisspeptin protein reactions in post-pubertal buffalo were detected in both the
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follicular and luteal phases in both the POA and ARC areas. But the population of kisspeptin
neurons in the POA was greater than in the ARC area. This variation in kisspeptin protein
distribution might not be only dependent on Kiss1 mRNA distribution but may also reflect a
possible difference in the role of kisspeptin, its active mode in each species, age ranges, sex
steroid hormone effects, nutritional status, anatomical and physiological variations, and
differences in the volume of Kkisspeptin synthesized from different hypothalamic nuclei (Han
et al., 2005; Caraty et al.,, 2007; Colledge, 2008; Overgaard et al., 2013; Poling and
Kauffman, 2013; Liu et al., 2014; Cui et al., 2015). It is possible that kisspeptin in the ARC
of post-pubertal buffalo may have a different role in its active mode, which may account for
this difference in kisspeptin neuron distribution (Chaikhun et al., 2016).

There are a few possible reasons for the variation of kisspeptin distribution in pre-
pubertal ages noted in our study. Pre-pubertal animal research has found the relationship
between kisspeptin coordinates with other elements such as; the leptin-melanocortin-
kisspeptin pathway and puberty (Manfredi-Lozano et al., 2016), the release of growth
hormones, and the release of prolactin (Kadokawa et al., 2008; Whitlock et al., 2008). These
studies support our finding of a variation of kisspeptin distribution results and suggest that
kisspeptin protein from the hypothalamus may not just be involved in reproductive puberty
but also in other metabolic functions in <1 to 2.5 years old pre-pubertal buffaloes.
Remarkably, there was no kisspeptin protein reaction in 2.5-3 years old group. This may be
the result of a temporary stop of kisspeptin production before the onset of puberty, or
kisspeptin may be produced but goes to other hypothalamic nuclei. Generally, Kisspeptin
expression is regulated by estrogen via estrogen receptor alpha (ERa) in kisspeptin neurons,
especially during the peri-pubertal period. Estradiol 17p is reduced in the late juvenile stage
of development. Low or no presentation of ERa in kisspeptin neurons may activate the onset
of puberty (Han et al., 2005; Mayer et al., 2010; Mayer and Boehm, 2011). Therefore, further
studies involving the co-localization of ERa in kisspeptin neurons in pre-pubertal buffalo
should be done for more information.

CONCLUSION

Our present study found Kiss1 mRNA and kisspeptin protein in the hypothalamus of
pre-pubertal buffalo which provides fundamental data on kisspeptin and its relation to buffalo
puberty development. Kiss1 mRNA was expressed in some neurons of both the POA and the
ARC hypothalamic nuclei in all age groups. However, more kisspeptin proteins were
localized in subpopulations of neurons in the POA than in the ARC area in the 6 months old
group. Only the ARC area presented kisspeptin reactions in the 1-2 years old group.
Interestingly, there were no kisspeptin reactions in either the POA or the ARC areas in the
2.5-3 years old group. These results suggest the possibility that Kisspeptin in pre-pubertal
buffalo may have different functions and modes of action that vary with age and with specific
hypothalamic nuclei (POA versus ARC). Kisspeptin and the kisspeptin receptor-GnRH- ERa
relationship should be researched next .
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Fig. 1: Kiss1 mRNA in the POA hypothalamic nucleus of buffalo, is visible in the anti-sense
(positive result) of Kiss1 mRNA in samples A, C and E, and is not expressed in the sense
(negative result) of Kissl mRNA in samples B, D and F. Kiss1 mRNA expressions are
localized in the cytoplasm of a neuron (arrow head) and a small neuronal cell (full arrow). A
non-expressed neuron is shown (asterisk) in E. Scale bar is 100 um in A and B, 50 pum in C
and D but itis 10 um in E and F.
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Fig. 2: In the ARC hypothalamic nucleus of buffalo, Kiss1 mRNA is visible in the anti-sense
(positive result) of Kissl mRNA in samples A, C and E. It is not expressed in the sense
(negative result) of Kissl mRNA in samples B, D and F. Kissl mRNA is localized in the
cytoplasm of a neuron with a strong signal (arrow heads) but no signal in other small neurons
(asterisk) in E. Scale bar is 100 um in A and B, 50 pum in C and D but it is 10 um in E and F.
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o

]
1 and A2),
compared to the ARC area which shows a more tightly clustered distribution pattern (B1 and
B2). There is evidence of a synapsis between 2 kisspeptin neurons in A3. Scale bar is 100 um

in Al and B1, 50 um in A2 and B2 but it is 10 pm in A3 and B3.
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Fig. 4: In POA hypothalamic nuclei, Kiss1 mRNA expressions are presented in samples from
pre-pubertal buffaloes of different ages. There are intense reactions visible in ependymal cells
and neuronal cells. Scale bar is 100 pum (No.1-9) but it is 50 um in No.10.
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Fig. 5: In ARC hypothalami nuclei, Kiss1 mRNA expressinsﬂére presented in samples from
pre-pubertal buffaloes of different ages. There are intense reactions visible in neuronal cells
near the 3" ventricle. Scale bar is 100 pm.
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Fig. 6: The percentage of kisspeptin reactive neurons in the POA (blue) and the ARC (red)
hypothalamic areas from 10 pre-pubertal female swamp buffalo of different ages.
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Fig. 7: Kisspeptin reactive proteins are visible in the cytoplasm of neurons with weak
intensity (arrow) in the ARC of a 1-2.5 years old pre-pubertal female swamp buffalo. Scale
bar 10 pum.
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Fig. 8: The positive (left) and negative controls (right) for immunohistochemical reactions of
kisspeptin proteins in the POA hypothalamic neurons in a ewe (a, b) and a buffalo cow (c, d).
Scale bar 10 pm.
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STATEMENT OF NOVELTY

Few studies have been done on kisspeptin and reproductive function in relation to the
hypothalamic- pituitary- gonadal axis in post-pubertal buffalo. The present study found
structural interactions between kisspeptin receptors and gonadotropin releasing hormone
(GnRH) neurons as revealed by double immunofluorescent ( [ 50% of the total neurons) in
both preoptic area (POA) and arcuate nucleus (ARC) hypothalamic nuclei. Also, single GhnRH
neurons appeared as granular formations in the cytoplasm of neuronal soma and were
distributed in both the POA and ARC hypothalamic nuclei. This suggests that kisspeptin
might be involved in GnRH activation during the pre-pubertal period in swamp buffalo
heifers.

ABSTRACT

Many studies in mammals indicate that kisspeptin and GPR54 (kisspeptin receptor or
KISSR) are key regulators of puberty. Our previous study suggested that kisspeptin plays a
significant role in GnRH releasing in post-pubertal buffalo reproductive functions but no
studies on this in the puberty phase of their development have been done . The present study
was designed to investigate the characteristics of KISS1R immunoreactions (ir) in the GnRH
neurons in the POA and ARC hypothalamic nuclei in 5 different ages (<1 year, 1-1.5 years,
1.5 -2 years, 2-2.5 years and 2.5 -3 years; 2 animals each age) of 10 buffalo heifers by double-
labeling immunohistochemistry. In both the POA and ARC areas, KISS1R immunoreactivity
(ir) was detected mainly in the cytoplasm, although some was also found in the nucleus of
neuronal soma. The GnRH-ir appeared as granular formations in the cytoplasm of neuronal
soma. The co-localized KISS1R-ir and GnRH-ir neuron population in the POA
(52.58+17.71%) was similar to that found in the ARC (58.56£13.79%) (P>0.05). The single
GnRH-ir neuron population in the POA (37.77£19.69%) was also the same as in the ARC
(36.32+£11.88%). Double labeling showed that all observed GnRH-ir neurons were co-
localized with KISS1R-ir. These findings present evidence of Kkisspeptin receptors in the
GnRH neurons in buffalo POA and ARC areas and suggests that kisspeptin has a functional
role in GnRH release in pre-pubertal swamp buffaloes.
Keywords: swamp buffalo, heifer, gonadotropin releasing hormone, hypothalamus, Kisspeptin
receptor
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INTRODUCTION

Buffaloes (Bubalus bubalis), are common domestic animals used for meat and milk
supply. Nevertheless, this species has many unique reproductive limitations. Delays in
puberty (and the subsequent delay in the age of first conception) can cause infertility and
represent a major source of economic loss in buffalo, leading to low reproductive
performance and a lengthening of their non-productive life (Chaikhun et al., 2010; Chaikhun
et al., 2012). Many studies in mammals indicate that kisspeptin and GPR54 are key regulators
of puberty due to the programmed increase of Kissl mRNA and GPR54 mRNA, which have
been observed in the the POA, and the ARC areas and which can, in turn, cause an increase in
GPR54 sensitivity to kisspeptin. Activation of the kisspeptin system facilitates increased
pulsatile and surge modes of GnRH from GnRH neurons. GnRH then awakens the
reproductive axis and brings about pubertal maturation (via hypophyseal portal circulation) to
stimulate the production and release of gonadotropins such as LH and FSH (Kadokawa et al.,
2008; Roseweir and Millar, 2009). GnRH releasing is regulated by gonadal steroid feedback
action (Tsukamura and Maeda, 2011). Our previous study indicates that kisspeptin might
interact with the buffalo HPO axis by activating GnRH neurons via its receptors (KISS1R
and GPR54) in combination with sex steroid hormone interactions in the POA and ARC
hypothalamic nuclei of cycling buffalo cows (Chaikhun et al., 2013; Chaikhun-Marcou et al.,
2014a; Chaikhun-Marcou et al., 2014b; Chaikhun-Marcou et al., 2016; Chaikhun et al., 2016).
Kisspeptin’s role in buffalo puberty development, however, and the mechanism behind this, is
not completely understood. The objective of this study was to investigate the characteristics of
kisspeptin receptors co-localized in GnRH neurons in the POA and in the ARC hypothalamic
nuclei of pre-pubertal swamp buffaloes.

MATERIALS AND METHODS

The experimental procedures involving animals were approved by Chulalongkorn
University Animal Care and Use Committee in accordance with the university regulations and
policies governing the care and use of laboratory animals (N0.13310007).

Samples

Brains were collected from 10 pre-pubertal female buffaloes (<1 year, 1-1.5 years, 1.5
-2 years, 2-2.5 years and 2.5 -3 years; 2 animals each age). The samples were processed using
the same protocol of our previous study (Chaikhun et al., 2016). Briefly, the animals were
perfused by a 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.2) into a common
carotid artery within 15 min of the animal’s death. All buffaloes were non-cycling which was
detected by postmortem ovarian morphology and plasma progesterone analysis (<1 ng/ml).
After removing the brains, the hypothalami were collected and fixed in 4% paraformaldehyde
for 24 hr. The samples were embedded in paraffin blocks and stored at room temperature
(RT).

Double label immunohistochemistry for KISS1IR and GnRH.

Paraffin sections of the POA and ARC hypothalamic nuclei were prepared at 4
microns and were processed by the standard double label- immunohistochemical method as in
the previous study (Chaikhun-Marcou et al., 2016). Briefly, antigen retrieval in a citrate
buffer (pH 6.0) was done for 10 min at 121 °c. Non-specific binding was blocked using 1%
normal goat serum (Gibco, NY, USA) for 20 min at RT. The sections were incubated with a
primary rabbit anti-human KiSS1R/GPR54 polyclonal antibody (1:100 dilution) (Bioss,
catalog number bs-2501R, MA, USA) overnight (16 hr) at 4 °C. A secondary goat anti-rabbit
IgG (H+L) antibody (1:500 dilution) (Alexa fluor 488, catalog number A-11008, Life
Technologies, CA, USA) was applied to the sections at RT for 2 hr. A mouse anti-mammalian
GnRH monoclonal antibody (1:100 dilution) (Chemicon, catalog number MAB5456, CA,
USA) was applied to the sections overnight (16 hr) at 4°C. A 1:100 dilution of secondary goat
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anti-mouse 1gG (H+L) (Alexa fluor 568, catalog number A-11004, Life Technologies, CA,
USA) was applied to the slides and kept at RT for 2 hr then washed with PBS. The double
labeled immunoreactions were observed under a fluorescent microscope (Axiolab, Zeiss,
Oberkochen, Germany). A single observer counted the number of KISS1R-ir cells, GhnRH-ir
cells and co-localized-ir cells found in 100 mm? area slides from each of the buffalo cow’s
POA and ARC hypothalamic nuclei. The images were captured by Axivision software
(Axiolab, Zeiss, Oberkochen, Germany). The layers of images were combined in Adobe
Photoshop.

Controls and specificity

Antibody validation and cross-reactivity studies of the rabbit anti-human
KiSS1R/GPR54 polyclonal antibody used in this study have been carried out in humans, rats
and mice by the source company (Bioss, MA, USA). Positive controls for antibody and tissue
specificity were prepared using brain sections from wild-type mice and buffalo cow samples.
Negative controls for antibody specificity were performed using brain sections from Gpr54
gene knockout (KO/Gpr54) mice and also by omitting the primary antibody. Negative
controls for tissue specificity were performed using the white matter area of the central
nervous system of buffalo and mice - an area known to have no KISS1R expression.

The mouse anti- mammalian GnRH monoclonal antibody has been used in buffaloes
previously (Zerani et al., 2012; Chaikhun et al., 2016). Positive controls for antibody and
tissue specificity were prepared using ewe POA and ARC hypothalamic nuclei paraffin
sections. Negative controls for antibody specificity were conducted using PBS in combination
with 1% normal goat serum. Negative controls for tissue specificity were the white matter
area of the central nervous system of eve and buffalo - which are known to have no GnRH
expression.

Statistical analysis

The number of each type of immunoreactive cells with co-localization or non co-
localization were calculated as a percentage of the total number and then were averaged
across animals to calculate a mean (x SE). The comparison of the average number of each
type of immunoreactive cells (with co-localization or non-co-localization) between the POA
and ARC were analyzed by a t-test (P<0.05). Characterizations of co-expression and non co-
expression were described.

RESULTS

Immunoreactions for GnRH-ir were observed in the cytoplasm of neuronal soma and
appeared as granular formations in some neurons. The KISS1R-ir were located mainly in
cytoplasm although some were also found in the nucleus of neurons. Double label results
showed that all observed KISS1R-ir were co-localized with GnRH-ir neurons (Fig.1). The
population of KISS1R-ir co-localized in GnRH neurons in each hypothalamic nuclei of all 10
pre-pubertal buffaloes is shown in Fig. 2. The co-localized neuron population in the POA
(52.58+17.71%) was not significantly different from the ARC (58.56£13.79%) in all age
groups tested (P>0.05). The single GnRH-ir neuron populations in the POA (37.77£19.69%)
were also similar to those in the ARC (36.32+11.88%) (P>0.05). Some neurons (non-ir
neurons) in both the POA (8.65+£5.34%) and the ARC (5.12+2.58%) areas (P>0.05) had,
however, no KISS1R or GnRH reactions at all.

DISCUSSION
Our present study found more than 50% of KISS1R immunoreations were co-
localized with GnRH neuron populations in both the POA and ARC hypothalamic nuclei of
the pre-pubertal female buffaloes tested. This suggests that kisspeptin may be involved in
regulating GnRH functions in juvenile and pre-pubertal buffaloes. In a previous study of post



4/9
Original full length article

— pubertal buffaloes (Chaikhun-Marcou et al., 2016) KISS1R immunoreactions were co-
localized with the GnRH neuron population in more than 80% of the samples in both
hypothalamic areas. These results imply that kisspeptin and Kkisspeptin receptor signaling
could be involved in female buffalo reproduction and functions via GnRH controlling in both
their pre- and post- pubertal phases of development. Similarly, a study in mice has found the
percentage of GnRH neurons responding to kisspeptin (in vivo) increases by age from
juvenile (25%), pre-pubertal (50%) and adult (>90%) (Han et al., 2005).

In our study approximately 35% of the GnRH immunoreactive neurons detected in
both hypothalamic areas were non co- localized. Thus, many of these GnRH neurons may not
be regulated by kisspeptin. By contrast, our previous study found all KISS1R
immunoreactions co- localized with GnRH neurons and KISS1R immunoreations were even
detected in many other non-GnRH immunoreactive neurons (Chaikhun-Marcou et al., 2016).
These results point to the possibility of different active modes, functions and mechanisms of
Kisspeptin and its relation to GnRH releasing in the pre- and post- pubertal phases of buffalo
reproductive development.

In the pre-pubertal period, GnRH is generally released on a basal level (tonic mode)
just enough to control reproductive development. Also, some neuroendocrine hormones or
proteins might be a major factor in reproductive development and body growth - such as
leptin rather than kisspeptin (Whitlock et al., 2008; Manfredi-Lozano et al., 2016). Kisspeptin
and its’ receptor expression (Kiss1 mRNA, KISS1R) were detected in low levels - which has
also been reported in other pre-pubertal animals (Han et al., 2005; Colledge et al., 2010). But
kisspeptin is a major factor that controls GnRH releasing for reproductive cycle regulation in
the post-pubertal period (Colledge, 2008; Clarkson et al., 2009). The percentage of KISS1R
immunoreations co- localized with GnRH neurons was not significantly different between the
POA and ARC hypothalamic nuclei. There was a variation in the number of co-localized
neurons found in samples from pre-pubertal buffalo of different ages that was similar to the
differences found in post-pubertal buffaloes of different ages.

Our previous and present researches have studied the role of kisspeptin in the
hypothalamic-pituitary-ovarian axis in female swamp buffalo reproduction. In pre-pubertal
buffalo, we studied the relationship on the hypothalamic level of kisspeptin and GnRH in
relation to puberty development and puberty onset. Remarkably, we found a significant
difference in those results compared to post-pubertal buffalo. The summary of our research is
found in figure 3, which shows Kiss1 mRNA as expressed in juvenile to adult buffalo samples
in both POA and ARC hypothalamic nuclei. However, kisspeptin protein was identified only
in the cytoplasm of neurons in the POA of the samples from juvenile buffalo - with a weak
reaction. Then in the 1-2.5 years old pre-pubertal samples, the kisspeptin protein has
presented only in the ARC area. There is no kisspeptin protein reaction in both areas in the
samples from the peri-pubertal age (2.5-3 years). When the buffalo have passed thru puberty,
kisspeptin proteins can be detected in both areas with an intense reaction. Interestingly,
although the population of Kisslr-ir co-localized with GnRH neurons in the pre-pubertal
buffalo (11 50%) seems no different to the post-pubertal buffalo (I1 80%) but the single or
non-co-localization neuron in the pre- and post-pubertal buffalo is an interesting difference.
Non co- localized GnRH neurons represent half the population of all GhnRH-ir neurons in the
pre-pubertal swamp buffalo samples. This is the opposite of our studies’ findings for post-
pubertal swamp buffaloes in which there was no non co-localized neuron population.

This study provides evidence that both kisspeptin’s function and its receptor signaling
in female buffalo changes during puberty in relation to GnRH neurons - which is similar to
research findings in other animals (Han et al., 2005; Dhillo et al., 2007; Decourt et al., 2008;
Colledge et al., 2010; d'Anglemont de Tassigny and Colledge, 2010; Mayer et al., 2010;
Mayer and Boehm, 2011). Previous reports have proved that the administration of exogeneous
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kisspeptin can induce the onset of puberty in female mice, rats (d'Anglemont de Tassigny et
al., 2008; Maguire et al., 2011), goats (Hashizume et al., 2010; Saito et al., 2012), cattle
(Whitlock et al., 2008) and humans (Jayasena et al., 2014). These results suggest that
kisspeptin and kisspeptin receptor signaling within the GnRH neuronal network may be a
“gatekeeper” for the onset of puberty (Seminara et al., 2003; Maguire et al., 2011). The mode
of action, mechanism and other elements that effect puberty onset and reproductive functions
in swamp buffalo still need to be explored.

CONCLUSION
KISS1R immunoreations co- localized with the GnRH neuron population in both POA and
ARC hypothalamic nuclei were detected in pre-pubertal female buffaloes in this study.
However, around 50% of GnRH immunoreactive neurons were not co-localized with
KISS1R in this population. This may indicate that kisspeptin regulates GnRH releasing for
reproductive development and puberty in pre-pubertal female buffaloes in a manner which is
different from that of post-pubertal buffaloes.
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Double labeling Immunofluorescence for GnRH (red) and Kisspeptin receptor (green)
H10 POA Arrow = No colozalization, Asterisk = Colocalized immunaoreactivity

GnRH Kisspeptin receptor Merge inDF . * - &

3 o
0.\ -
. - &

-

H10 ARC

Kisspeptin receptor

*

Kisspeptin receptor

* : *n
~\" ‘&_’-h..‘_“ .*

Fig. 1: The KISS1R immunoreactions are co-localized with GnRH neurons in the POA and ARC
hypothalamic nuclei (asterisks). However, some neurons in both hypothalamic nuclei express only
GnRH reactions (non co-localized) some of which appear in a granular formation (arrows), scale bar
5 pm.
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Fig. 2: The KISS1R-ir co-localized with GnRH-ir neuron populations (%) in the POA and ARC areas
in pre-pubertal buffaloes.
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Juvenile (<1 year swamp buffalo heifer)

Fig. 3: Comparison of localization and distribution of Kiss1 m-RNA, kisspeptin protein, kisspeptin
receptor (KISS1R) and GnRH expressions in the POA and ARC hypothalamic nuclei in different age
group samples of pre- and post- pubertal female swamp buffaloes.
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