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ABSTRACT Kisspeptin, a neuropeptide and the master controller of reproductive
axis upstream to GnRH neurons, and its receptor are also expressed in extrahypothalamic tissues, such as ovaries. As systemic kisspeptin has been shown to
modulate follicular dynamics in cattle, we hypothesized that kisspeptin has direct
actions on the ovarian follicular development. We also hypothesized that kisspeptin
regulation of primordial follicle development is via modulation of VEGF expression.
In order to test these hypotheses, we cultured caprine ovarian cortical strips in vitro
for 7 days with supplementation of kisspeptin at 1, 10 and 100 µM concentration
and observed the development of primordial follicles into intermediate, primary and
secondary follicles. We also studied the alteration in the expression profile of VEGF
and VEGF transcript variant 2 mRNA during follicular development in the presence of
kisspeptin. We confirmed the presence of GPR54 in goat ovaries in our preliminary
studies. Supplementation of kisspeptin at 1 and 10 µM concentration facilitated
the development of primordial follicles into intermediate, primary and secondary
follicles with less number of degenerated follicles while the same at 100 µM resulted
in degeneration of follicles. We observed a drastic increase in the expression profile
of VEGF and VEGF transcript variant 2 mRNA upon culture which was independent
of kisspeptin treatment. In conclusion, our studies show that kisspeptin facilitates
ovarian primordial development in vitro.
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INTRODUCTION

peripheral administration of kisspeptin strongly induces
the secretion of gonadotropins mainly via stimulation of

Kisspeptin, the product of the Kiss -1 gene, encodes a

GnRH secretion (Caraty and Franceschini, 2008). Recent-

145-amino acid peptide that is further processed to gen-

ly, kisspeptin has been shown to be able to synchronize

erate biologically active peptides of various lengths (10-54

preovulatory surges in cyclic ewes and cause ovulation

amino acids). Kisspeptin was initially described to have a

in seasonally acyclic ewes (Gottsch et al., 2004). Further,

central role in triggering the onset of puberty, however,

kisspeptin and its receptor are expressed in extra-hypo-

it has been found to be involved in all phases of repro-

thalamic tissues such as ovaries (Uenoyama et al., 2016).

ductive life (Caraty and Franceschini, 2008). Central or

Therefore, it is fundamentally important to study the role
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of kisspeptin during ovarian follicle differentiation in

we explored the expression of VEGF-A transcript variant

mammalian models to understand the major molecular

2 and VEGF-A165a, proangiogenic factors, during follicle

mechanisms behind primordial follicle activation and fol-

development in goat ovaries in vitro . Kisspeptin, as a me-

licle recruitment.

tastasis inhibitor, inhibits angiogenesis (Cho et al., 2009).

Stringent control of repeated cycles of growth and re-

Hence, we hypothesized that kisspeptin reduces VEGF-

modeling process is required in the ovary, as oocyte must

A expression during ovarian follicular development. The

develop in an avascular environment within the follicle,

objective of the study was to explore VEGF-A expression

in contrast to the highly vascular corpus luteum (Zim-

in caprine cortical strips that are treated with kisspeptin.

mermann et al., 2001; Reynolds et al., 2002). Hence, the

We found that kisspeptin did not suppress the increase

mammalian ovary undergoes programmed angiogenic

in VEGF expression observed during the culture of ovari-

processes during the ovarian cycle (Stouffer et al., 2001;

an cortical strips. Further, kisspeptin facilitated primordi-

Reynolds et al., 2002). Only the fastest growing and most

al follicle development in line with the in vivo observation

highly aggressive tumors match the high rate of vessel

in livestock on ovarian follicular dynamics. We believe

growth and proliferation within the ovary which is as-

that understanding the role of kisspeptin and VEGF cas-

sociated with a high metabolic requirement for rapid

cades during follicle development may provide a new set

steroidogenesis (Reynolds et al., 2002). Although the

of tools to address infertility of ovarian origin and assisted

process of primordial follicle recruitment is incompletely

reproduction. It may also have an impact on the control

understood, specific growth factors must either stimulate

of metastatic ovarian tumors.

primordial follicles to leave the dormant state or inhibit
primordial follicles from entering the growing pool (Kim,

MATERIALS AND METHODS

2012). Among many candidates, vascular endothelial
growth factor-A (VEGF-A), a member of the VEGF fam-

Collection of ovarian cortical strips

ily, has emerged as one of the most important regulator

Goat ovaries, along with uteri, were collected from a

of angiogenesis in the ovary (Geva and Jaffe, 2000). The

slaughter house and transported to the laboratory under

VEGF-A gene consists of eight exons, which undergo al-

controlled conditions. Ovaries were collected, cleaned,

ternative splicing to form different mRNA splice variants

washed once in phosphate buffered saline (PBS) supple-

and are translated into VEGF-A protein isoforms with dif-

mented with 0.2% (w/v) cetyltrimethylammonium bromide

ferent numbers of amino acids (Arcondéguy et al., 2013).

and washed thrice in Dulbecco’s PBS (Sigma) supplement-

VEGF is essential to vasculogenesis (Drake et al., 2000).

ed with 0.1% (w/v) polyvinyl alcohol. Ovarian cortical

Through alternative mRNA splicing, the VEGF-A isoforms

strips (approximately, 2 mm × 1 mm × 0.5 mm) that con-

differ by the presence or absence of sequences encoded

tain primordial follicles were selected, and cut into two

by exons 6 and 7 (Tischer et al., 1991). VEGF-A has been

pieces (each approximately 1 mm × 1 mm × 0.5 mm);

known to promote proliferation and migration of vascular

one part was fixed immediately for histological examina-

endothelial cells, and to enhance vascular permeability

tion later to assess the follicle number and morphology

(Senger et al., 1983, 1993; Leung et al., 1989; Pepper et

and the other part was washed thrice and immersed in

al., 1992). Its expression in the ovary undergoes dynamic

Leibovitz 15 medium (Sigma) before culture. The Leibovitz

changes during follicle maturation, ovulation and lutein-

medium contained 0.1% (v/v) Pen-Strep as antibiotic.

ization (Stouffer et al., 2001). VEGF mRNA is upregulated
during the primordial to primary follicle transition in

In vitro culture

postnatal rat ovaries (Kezele et al., 2005). In vivo injec-

In each experiment, a group of 8 cortical strips were

tions of VEGF antibody hinders the development of pri-

cultured for 168 h on a floating membrane filter (diameter

mordial follicles (Roberts et al., 2007). These findings are
noteworthy as there are no blood vessels around the pri-

25 mm and pore size 0.45 μm) in six-well culture dish
with Millicell® Cell Culture Inserts (Millipore) under the

mordial or primary follicles (McFee et al., 2009).

humidified atmosphere of 5% CO2 and 95% air at 38℃.

There are limited number of studies on the role of VEGF

The basic culture medium is Dulbecco’s Minimum Es-

in ovarian physiology in domestic animal species. Here

sential Medium (D-MEM; Sigma) supplemented with Pen-
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Strep (1% v/v), sodium pyruvate (0.1 mg/mL), InsulinTransferrin-Selenium (ITS; 0.05% v/v) and bovine serum

Quantitative PCR for Kiss1, GPR54, VEGF and VEGF
Trans Var2 mRNA

albumin (5% v/v). During the culture period, half of the

The ovarian cortical strips were washed thrice in PBS

total medium was changed every 24 h. Either saline or

before and after culture and RNA extraction was done

kisspeptin-10 (1, 10 or 100 ng/mL; equivalent to 0.75,

using RNEasy plus mini kit (Qiagen) following the manu-

7.59 and 75.85 nM, respectively; Tyr-Asn-Trp-Asn-Ser-

facturer’s protocol and quantified by Nano Drop 2000

Phe-Gly-Leu-Arg-Tyr-NH2; synthesized from Biotech

(Thermo Scientific). cDNA was synthesized using a kit

Desk) was added on day 1.

(Takara; Cat # 6110A) by reverse transcription using 200
ng of RNA. The sequences of the primer sets (IDT) are

Histology and assessment of follicle development
The ovarian cortical strips before and after culture were
fixed in 4% (w/v) paraformaldehyde in PBS, dehydrated,
embedded in paraffin wax and serially sectioned (10
μm sections), and stained with hematoxylin and eosin.
Primordial follicles were identified as those having oocytes of 25-30 μm diameter containing a large spherical
nucleus surrounded by small lipid droplets (Magamage

given in Table 1. The assays were performed in a Real
Time PCR System (Applied Biosystems 7500). β-actin was
used to normalize the input of cDNA in qPCR. The ratio
of target gene compared with β-actin amplification represented the relative levels in each sample. Results were
calculated based on Ct values using the formula 2∧-[Ct
(gene)-Ct (β-actin)] as described in the user manual (Applied Biosystems).

et al., 2010). The numbers of different stages of follicles
were recorded. The follicles were counted in every sec-

Statistics

tion where the oocyte nucleus was seen and hence double

Data were compiled using Excel (Microsoft Inc). Graph-

counting in adjacent sections was avoided. The follicles

Pad Prism (Version 6.07, GraphPad Software Inc.) statisti-

were classified into four categories according to the num-

cal software was used to analyse the data using one-way

ber and morphology of granulosa cell layers: (1) primor-

ANOVA followed by Tukey’s multiple comparison tests.

dial follicles with a single layer of flattened granulosa cells

Differences were considered to be significant when p <

surrounding the oocyte, (2) intermediate follicles with

0.05.

a single layer containing a mixture of flat and cuboidal
granulosa cells, (3) primary follicles with a single layer of

RESULTS

cuboidal granulosa cells, and (4) secondary follicles with
two or more layers of cuboidal granulosa cells (Magamage
et al., 2010). Degenerated follicles were identified by the

GPR54 expression in caprine ovary
In preliminary studies, the presence of kisspeptin recep-

staining properties of the oocyte cytoplasm and nucleus:
pale cytoplasm and dark pyknotic nucleus. Furthermore,
follicles having a shrunken oocyte, extensive cytoplasmic

Table 1. Primers used for qPCR

vacuolations and disintegrated granulosa cell layer were

VEGF-A165a

also considered to be degenerated follicles.

Western blot
The ovarian cortical strips were washed thrice in PBS
before and after culture; protein extraction was done using RIPA buffer and quantification using Bradford assay.

Forward primer

GTTCAGAGCGGAGAAAGCAT

Reverse primer

TCACATCTGCAAGTACGTTCG

Capra hircus VEGF-A transcript variant 2
Forward primer

AACCTGACATGAAGGAAGAGGGAG

Reverse primer

CGGTGATTTAGCAGCAAGAGAA

Capra hircus Kisspeptin 1
Forward primer

TCCCTCCCTTCTTTCCTTCCTAA

Rabbit polyclonal anti-GPR54 antibody (GeneTex; Cat

Reverse primer

AGGGACGAGCCTGAACCGA

No. GTX37417) was used for probing. HRP-conjugated

Capra hircus GPR54

goat anti-rabbit IgG antibody was used as the secondary

Forward primer

GTCTGGGAAGAAGGTTGGGAG

Reverse primer

CCGTCTTGGGTTTCCATTGTG

antibody. A Western blotting detection kit (ECL Prime; GE;
Cat. No. RPN2232) was used for detection.

Capra hircus β-actin
Forward primer

GTCACCAACTGGGACGACAT

Reverse primer

CATCTTCTCACGGTTGGCCT
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tor, GPR54, in ovarian cortical strips, was confirmed by

Effect of kisspeptin on primordial follicle development
Kisspeptin treatment induced development of primor-

Western blot analysis (Fig. 1).

dial follicles into primary and secondary follicles upon
culture. Representative histological sections depicting
various stages of follicle development with respect to
75

treatments are shown in Fig. 2.
On day 0, prior to culture, the cortical strips predomiGPR 54

50

nantly contained primordial follicles. Upon culture without any treatment, there was no development of these
follicles. Upon supplementation of kisspeptin, primordial

37

follicles developed into intermediate, primary and secondary follicles. While kisspeptin at 1 ng/mL concentra-

25

tion facilitated the development of primordial follicles
into intermediate, primary and secondary follicles with

20

least number of degenerated follicles, 10 ng/mL kisspeptin facilitated the same with lesser number of degen-

15

erated follicles (Fig. 3A to 3E). Degenerated follicles were
Marker

the highest with kisspeptin at 100 ng/mL concentration

Ovarian tissue

Fig. 1. Expression of GPR54, the kisspeptin receptor, in pre-puber-

(Fig. 3E). Total number of viable follicles were the highest

tal goat ovarian cortical strips.

in 1 ng/mL kisspeptin-treated strips and the least in 100

A

B

C

D

E

F

Fig. 2. Representative histological sections, stained with Haematoxylin and Eosin, from caprine ovarian cortical strips cultured in vitro for

7 days with three different concentrations of kisspeptin. (A) Day 0 - uncultured control; (B) Day 7 - cultured control; (C) and (D) Day 7 with kisspeptin at 1 ng/mL; (E) Day 7 - with kisspeptin at 10 ng/mL; (F) Day 7 - with kisspeptin at 100 ng/mL. Magnification: 40×; scale bar:
100 µm. Follicle viability as well as number of developing follicles were prominent in sections from 1 ng/mL and 10 ng/mL kisspeptin-supplemented strips while wide spread follicle degeneration was evident with 100 µM kisspeptin treatment. While primordial follicles (black arrow), with flat granulosa cells indistinct from ovarian stroma, are prominent in control strips, primary follicles (white arrow), with cuboidal
granulosa cells visible around the oocyte, are more in 1 ng/mL and 10 ng/mL kisspeptin-treated strips. Degenerated follicles (black arrow
heads) were more in 100 ng/mL kisspeptin-treated strips.
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tor of the reproductive axis by stimulating hypothalamic

ng/mL kisspeptin-treated strips (Fig. 3F).

GnRH release (Caraty and Franceschini, 2008). More re-

Kisspeptin and VEGF expression profile during
primordial follicle development

cently, studies have suggested that kisspeptin may also
have direct gonadal effects due to the presence of GPR54

There was no significant change in the expression of

in ovaries (Castellano et al., 2006). The current study on

kiss1 and GPR54 mRNA in the ovarian cortical strips dur-

the role of kisspeptin on VEGF expression and on primor-

ing in vitro culture (Fig. 4A and 4B). On the contrary, the

dial follicle development in mammalian ovaries delineates

mRNA expression of VEGF-A 165a and VEGF-A transcript

yet another significant role played by kisspeptin in ova-

variant 2 drastically increased upon culture in comparison

ries.

to day 0 (Fig. 4C and 4D). This increase in expression was
irrespective of kisspeptin treatment.

The majority of the follicles in the ovary are the primordial follicles (Findlay et al., 2015). Though sporadic
development of these follicles into other developmental

DISCUSSION

stages are observed even before puberty, development of
these follicles into advanced stages, such as tertiary and

Kisspeptin, acting via its receptor, is a critical regula-
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control control
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100
Day 7 with
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Fig. 3. Effect of kisspeptin on caprine primordial follicle development in vitro . (A) Primordial follicles, (B) Intermediate follicles, (C) Primary
follicles, (D) Secondary follicles, (E) Degenerated follicles, and (F) Total number of viable follicles. During culture of ovarian cortical strips
for 7 days, supplementation of kisspeptin at 1 ng/mL concentration facilitated development of primordial follicles into intermediate, primary and secondary follicles with least number of degenerated follicles. Supplementation of kisspeptin at 10 ng/mL concentration also facilitated development of primordial follicles into primary and secondary follicles with lesser number of degenerated follicles while kisspeptin
at 100 ng/mL resulted in degeneration of follicles (statistics: primordial follicles: *vs. all other groups; ɸ vs. day 7 Kiss-10 1 µM and 10 µM;
intermediate follicles: *vs. control groups; ɸ vs. day 7 Kiss-10 1 µM and 10 µM; primary follicles: *vs. all other groups; secondary follicles:
*vs. control groups; degenerated follicles: *vs. other groups except day 7 Kiss-10 1 µM; ɸ vs. other groups except day 7 Kiss-10 10 µM; Ψ
vs. other groups except day 0 control; Φ vs. other groups except day 7 control; θ vs. other groups; total number of viable follicles: *vs.
other groups; ɸ vs. other groups; p < 0.05, one-way ANOVA followed by Tukey’s multiple comparison test). Date represented as mean ±
SEM; n = 6-8 separate experiments.
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Kiss1 mRNA
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Fig. 4. Expression profiles of Kiss1, GPR54, VEGF and VEGF Transcript variant 2 mRNA in cortical strips upon in vitro culture. The drastic

increase in the expression profile of VEGF and VEGF Transcript variant 2 mRNA upon culture (*vs . Day 0 – Uncultured control, p < 0.0001,
one-way ANOVA) is independent of kisspeptin-10 treatment.

tive hormones that are released during regular oestrous or

proliferation of endothelial cells, the components of an-

menstrual cycles. Facilitation of development of primor-

giogenesis (Golzar and Javanmard, 2015). Facilitation by

dial follicles into other subsequent stages, by kisspeptin,

kisspeptin of ovarian follicular growth has been observed

as observed in our study, demonstrates that hypothalamic

in vivo in livestock species (Pottapenjera et al, 2018). The

or ovarian kisspeptin plays an important role in the regu-

current study supports the in vivo observation and further

lation of ovarian physiology, as reviewed recently (Clarke

suggests a direct action of kisspeptin on ovaries rather

et al., 2015).

than indirect effects via release of gonadotropins.

Angiogenesis is an important event during primordial

In conclusion, this study demonstrates a direct action

follicle development as the blood supply increases to sup-

of kisspeptin on ovarian cells facilitating primordial fol-

port the growing follicle (Fraser, 2006). Hence, increase in

licle development. In addition, lack of inhibition of VEGF

the expression of VEGF during follicle development may

expression by kisspeptin suggests proangiogenic effects

be expected. However, increase in the same in the 7-day

of kisspeptin in the ovary. The results from this in vitro

cultured control strips, in which there is no significant

study may be evaluated in an in vivo model for further

follicle development was observed, is intriguing.

corroboration. This study paves way for further explora-

Kisspeptin, while inhibiting angiogenesis during metas-

tion on whether kisspeptin would be an ideal therapeutic

tasis, did not inhibit VEGF, an angiogenic factor, in the

molecule for treating ovarian disorders leading to infertil-

ovarian strips, as observed in our study. Though most of

ity in humans as well as animals.

the studies have emphasized the anti-angiogenic effect of
kisspeptin, especially during tumour growth, a few studies have shown that kisspeptin increases migration and
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