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Relative expression profile of Kisspeptin (Kiss1-Kiss1r) and gonadotrophin
receptor in the ovarian follicular tissue and their association in the buffalo
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Kisspeptin was identified as ligand for the orphan
G-protein coupled receptor 54 (GPR54), also termed
as Kisslr (Lee et al. 1996) that regulates reproductive
processes in human and rats (Terao et al. 2004, Castellano
et al. 2006, Hu et al. 2018). In the ovary, expression of
kisspeptin (Kiss1-Kisslr) has been observed in the
granulosa cells of pre-ovulatory follicles of mice (Gaytan
et al. 2014), Siberian hamsters (Shahed and Young 2009)
and bitch (Cielesh ef al. 2017). In the rat ovary, the
expression of Kisslr was consistent throughout the stages
of estrous cycle; however, the level of Kissl expression
fluctuated in a cyclic-dependent manner, with a robust
increase preceding ovulation during pro-estrus. In addition,
immature rat ovaries showed low levels of Kiss] mRNA,
which were significantly enhanced by gonadotropin
priming (Castellano et al. 2006). Ovarian kisspeptin
expression seems to be controlled by preovulatory LH
surge and putatively associated in ovulation, tissue
remodelling and steroidogenesis (Laoharatchatathanin
et al. 2015). Kisspeptin suppressed the recruitment
of follicles by decreasing their sensitivity to FSH and
regulate the developing follicle population during aging
in rats (Fernandois ef al. 2016). These concepts indicate
that kisspeptin could act as an essential gatekeeper in
many reproductive functions at ovarian level (Roa and
Tena-Sempere 2007). Till date, the intra-ovarian role of
kisspeptinergic system is not well established in farm
animals including buffalo.

The water buffalo (Bubalus bubalis), is a seasonally
polyestrus animal and its reproductive efficiency is often
compromised by biological and management problems.
Delayed puberty, prolonged postpartum anestrus, summer
anestrus, silent heat and extended inter-calving intervals
impede the realization of optimum reproductive efficiency
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in the buffalo (Nanda et al. 2003). Our recent studies
documented the presence of kisspeptinergic system in the
hypothalamus and corpus luteum of buffalo and highlighted
its expression patterns in hypothalamus of cyclic and
acyclic buffalo in the breeding season (Mishra ef al. 2019
a, b) and association with luteal steroidogenesis (Mishra et
al. 2019c¢). The present study was undertaken to explore
the expression of kisspeptinergic system and its association
with gonadotrophin receptors in the ovarian follicular
tissue at different stages of estrous cycle in buffalo.

Collection of buffalo genitalia and classification of phase
of estrous cycle: In the present study, buffalo genitalia (n=8/
stage) were collected at a local slaughterhouse within 30 min
of exsanguinations and transported to the laboratory on
ice. The stage of estrous cycle was classified as early luteal
(EL, day 1-5), mid luteal (ML, day 6-14), follicular (FL,
day 15-21) and acyclic (Ali et al. 2003, Mishra et al. 2018).
Presence of sub-clinical endometritis was ruled out through
endometrial cytology (Boby et al. 2017). Retrospective
estimation of serum progesterone and estradiol was done
by radioimmunoassay (Mishra et al 2018). Ovarian
tissue having medium to large follicle (size 8-12 mm) was
harvested and a portion was collected in RNAlater (Qiagen
GmbH, Germany) and stored at —80°C until analysis. Total
RNA was extracted using TRIzol® Reagent (Ambion Life
Technologies, USA) and the quality of RNA samples
were assessed in NanoDrop spectrophotometer. The good
quality RNA samples having A, . at 1.8 to 2.0 were used
in the study. DNase I was added to eliminate gDNA in the
extracted total RNA and reverse transcribed into cDNA
using RevertAid M-MuLV Reverse Transcriptase enzyme
using oligodT(m primers. Primers for buffalo Kiss1, Kiss|r,
FSHR and LHR were designed using Primer Quest tool of
Integrated DNA Technologies (Table 1).

The PCR cyclic conditions were optimized in 25 pL
reaction mixture using Taq PCR Master Mix Kit (Qiagen,
Germany) in a gradient thermal cycler (SureCycler 8800,
Agilent Technologies, Great Britain) and the amplicon
was confirmed in 1.5% (w/v) agarose gel electrophoresis.
Each target gene was amplified using QuantiTect™ SYBR®
Green PCR Master Mix (Qiagen GmbH, Germany) in
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Table 1. Primers used in qPCR for amplification of different target genes in the ovarian tissue of buffalo (Bubalus bubalis)

Target  Oligonucleotide sequences (5’>>>>>3") Length  Efficiency  Product Annealing Accession No.

gene (bp) (%) size (bp)  temperature (°C)

Kissl  F’-GCT TTC CTG GCA GCT GAT 18 99.7 99 55.0 MF168937
R’-TGC GAG CCT GTG GTT CTA 18

Kisslr  F’-GAA GTC AGG CAG CGG TAG TC 20 97.3 229 55.0 XM_006050477
R’-AGC ATC AAC AGT GGC AAA CA 20

FSHR F’-GCA GAG GCA GAA GAAAGC AG 20 100.0 122 54.1 NM_174061/
R’-TCC GTTAGA GCAGTGACAGAG 21 Pandey et al. (2010)

LHR F’-CAG TGT GCT CCT GAA CCA GA 20 98.2 192 55.0 DQ858168
R’-GTC TGC AAA GGA GAG GTT GC 20

B-actin  F’-GAC ATC AAG GAG AAG CTC TG 20 98.4 214 55.0 DQ661647
R’-TGG AAT TGA AGG TAG TTT CG 20

Kiss1, Kisspeptin; Kiss1r, Kisspeptin receptor; FSHR, Follicle stimulating hormone receptor; LHR, Luteinizing hormone receptor;

F’, Forward primer. R’, Reverse primer.

Table 2. Relative fold changes (224) of Kiss1, Kiss1r and gonadotropin receptors in the ovarian tissue at different stages of estrous

cycle and acyclicity in the buffalo (Bubalus bubalis)

Target gene Early Luteal Mid Luteal Follicular Acyclic P value*
Mean SED Mean SED Mean SED Mean SED

Kissl 28.64* 0.01 66.79* 1.32 14.09* 0.42 1.00° 1.32 0.001

Kisslr 12.27% 0.02 77.26* 3.87 22.37% 2.72 1.00° 0.72 0.021

FSHR 0.09 1.21° 0.27¢ 1.17 15.08° 1.32 1.00® 1.61 0.003

LHR 1.79 2.25 19.27 2.11 5.03 3.064 1.00 2.92 0.334

*P value was estimated using the ACt value of target genes and acyclic stage served as calibrator.

a Real-time qPCR (Agilent Aria.01Mx, Great Britain).
Briefly, templates 10 ng (1 pL) were added to 0.2 pL
forward and reverse primers (10 pmol each), and 5 pL
2x SYBR Green Master Mix to make a final volume of
10.0 pL. The thermal cyclic conditions were: hot start
denaturation for 15 min at 95°C, 40 cycles of a three
segmented amplification and quantification program
(denaturation 15 sec at 95°C, annealing for 30 sec at the
primer specific temperature (Table 1), extension for 30 sec
at 72°C and a melting step by gradual heating from 55 to
95°C at the rate 1°C/s with acquisition of fluorescent data.
Further, reaction with no template controls containing all
components except the template cDNA was included in
each qPCR that gave consistently no background signals.
B-actin served as endogenous control to generate ACt of the
target genes, since its expression was consistent across the
stages of estrous cycle in the ovarian tissue as compared to
GAPDH. The threshold cycle (Ct) value of B-actin varied
between 19.15+0.55 to 20.58+0.83 in the ovarian follicular
tissue and there was no significant variation in different
cyclic stages. The relative expression of target genes was
expressed as log, fold change (Livak and Schmittgen 2001).
Standard error of deviation (SED) was calculated by using
formula:

SED = square root {(Standard deviation of gene of
interest’/n ) + (Standard deviation of gene of reference’/

n,)j

where n, and n, are number of observations.

The Ct value of the reference gene was tested for
normality by Shapiro-Wilk test. The level of significance
of the mean ACt value for target genes was compared
by one-way ANOVA with Tukey’s post hoc test, where
equality of variance was assumed and Levene’s test was
non-significant. Whereas, Dunnet C was used if there was
inequality of variance. The association of target genes
in each group was determined based on the correlation
coefficient using Spearman’s rho. The difference of mean
values for all data analyzed with P<0.05 was considered
as significant, whereas 0.05<P<0.10 was considered as
tendency. All the figures were prepared in GraphPad Prism
version 6.0.

In the past decade, kisspeptin research was primarily
focussed on the regulation of GnRH release. Extra-
hypothalamic localization of kisspeptin was previously
reported in the pituitary gland, kidney, liver, cecum, colon,
small intestine, stomach, uterus and placenta (Terao et
al. 2004, Murphy 2005, Vikman and Ahren 2009, Pinilla
et al. 2012). In the present study, expression of ovarian
Kissl transcripts was abundant in the cyclic than acyclic
stage. The fold change of Kiss1 transcript was significantly
(P<0.01) up-regulated in ML (66.79 folds) followed by EL
(28.64 folds) and FL (14.09 folds) stages against the acyclic
buffalo (Table 2). Similarly, the Kisslr expression was
highest at ML (77.26 folds). Our study indicated clearly
demonstrated that Kissl and Kisslr transcripts were not
only present in the follicular compartment of buffalo ovary,
but their expression varies depending on the phase of the
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Table 3. Correlation matrix” for the differentially expressed
genes (Kiss1, Kiss1r) and gonadotropin receptors in the ovarian
tissue at different stages of estrous cycle and acyclicity in the
buffalo (Bubalus bubalis)

Stages of cyclicity Gene Kisslr ~ FSHR LHR
Early Luteal Kiss1 -0.012 0.262 -0.500
Kisslr -0.495*  -0.999
FSHR 0.771
Mid Luteal Kissl 0.124  0.415**  -0.600
Kisslr -0.272 -0.600
FSHR -0.257
Follicular Kiss1 0.045  0.407** 0.371
Kisslr -0.363* 0.771
FSHR -0.714
Acyclic Kiss1 -0.245  0.405* -0.714
Kisslr -0.625%*  -0.429
FSHR -0.214

“Spearman’s rank correlation coefficient’s (rho) was calculated
on ACt value. *, P<0.05; ** P<0.01.
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estrous cycle (Fig. 1). Besides, the expression of FSHR
was also found to be up-regulated at FL (15.08 folds) stage
in response to follicular activity and subsequently observed
to be down-regulated at EL (0.09 times) and ML (0.27
times) stage (Table 2). However, the fold change of LHR
did not show any significant difference among the groups,
although it was moderately up-regulated in ML (19.27
folds) and FL (5 folds).

The correlation matrix of differentially expressed genes
in the ovarian tissue (Table 3) revealed that the expression
of Kissl was moderately correlated with FSHR only at
ML (p=0.415) and FL (p=0.407). However, the Kisslr
expression had a negative correlation with FSHR at all
stage of cyclic as well as acyclic conditions. In concurrence
with our study, a prominent expression of kisspeptin and
Kisslr was documented in the ovary of different species
like rat (Terao et al. 2004, Castellano et al. 2006, Ricu et
al. 2012), hamster (Shahed and Young 2009), marmoset
and woman (Gaytan et al. 2009), doe and sow (Inoue et
al. 2009, Saadeldin et al. 2012) and dog (Cielesh et al.
2017). The degree of kisspeptin expression depends on
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Fig. 1. Differential expression of Kiss1, Kisslr and gonadotropin receptors in the ovarian tissue of the buffalo. Each Box plot with
the whiskers indicates the median, maximum and minimum ACt values of Kiss1; Kisslr; FSHR and LHR at different stages of cyclic

and acyclic condition.
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the stage of estrous cycle in the rat (Castellano et al. 2006,
Gaytan et al. 2009). Emerging evidence indicated that
ovarian kisspeptin is involved mainly in folliculogenesis
(Fernandois et al. 2016), oocyte maturation (Saadeldin et
al. 2012) and ovulation (Laoharatchatathanin et al. 2015,
Fernandois et al. 2016). In another study, it was shown
that intra-ovarian expression of Kissl is up-regulated by
the sympathetic innervation of the ovary (Fernandois et
al. 2017) and is associated with the follicular development
in the aging rat (Ricu et al. 2012). Preovulatory LH surge
induces kisspeptin production in the granulosa cells of the
rat (Laoharatchatathanin et al. 2015). The presence of Kiss1
and Kisslr in the large and small luteal cells of early and
mid CL that are associated in luteal steroidogenesis have
also been documented (Mishra et al. 2019c). Therefore,
the present study suggests that the expression of Kissl
and Kisslr are putatively associated with folliculogenesis
and intrafollicular steroidogenic regulation. However,
functional studies are warranted to unravel the key extra-
hypothalamic role of kisspeptinergic system in regulation
of ovarian function.

From this study, it could be concluded that Kissl and
Kisslr are expressed in the buffalo ovarian follicle and
their expression is associated with stage of estrous cycle.

SUMMARY

In the past decade, kisspeptin research was primarily
focussed on the regulation of GnRH release in
hypothalamus. Present study was designed to explore the
expression of extra-hypothalamic kisspeptinergic (Kissl-
Kisslr) system in the follicular compartment of buffalo
ovary. Buffalo genitalia (n=32) were collected immediately
after exsanguinations and categorized into early luteal
(EL), mid luteal (ML), follicular (FL) and acyclic (n=8
per group), based on the gross ovarian morphology.
Ovarian follicular tissue samples were subjected to total
RNA extraction, cDNA synthesis and qPCR amplification
of Kissl, Kisslr, follicle stimulating hormone receptor
(FSHR) and luteinizing hormone receptor (LHR) along
with an endogenous control (B-actin) gene. The expression
of ovarian Kissl transcripts was abundant in the cyclic
than acyclic stage. The fold change was significantly
upregulated in ML (66.79 fold) followed by EL (28.64
fold) and FL (14.09 fold) stages against the acyclic stage
(calibrator). Similarly, the Kiss1r expression was highest at
ML (77.26 fold). The expression of FSHR was upregulated
at FL (15.08 fold) stage in response to follicular activity
and subsequently observed to be down regulated at EL
(0.09 times) and ML (0.27 times). Further, the expression
of Kissl was positively correlated with FSHR only at ML
and FL. From this study, it could be concluded that Kiss1
and Kisslr are expressed in the buffalo ovarian follicle
and their expression is associated with the stage of estrous
cycle.
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