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Abstract. Sonic Hedgehog (SHH) is a signaling pathway mediated through a receptor system which seems to
have effects on oocyte maturation and embryonic development. Purmorphamine is an SHH agonist that performs
a crucial role in the regulation of the activity of SHH receptors and downstream transcription factors. The aim of
this study was to analyze the effect of purmorphamine on the mMRNA expression of SHH signaling downstream
molecules (Patchedl, Glioma-Associated Oncogenel, Smoothened, Histone Deacetylasel, Histone Deacety-
lase2 and Histone Deacetylase3) in ovine two-cell embryo. Ovaries were obtained from a slaughterhouse, and
cumulus—oocyte complexes were aspirated and cultured in maturation media containing 0, 250 or 500 ng mL 1
purmorphamine. Then, oocytes were fertilized and cultured in a CR1 culture medium and after 24 h, two-cell
embryos were collected for RNA extraction. Gene expression was evaluated by real-time polymerase chain reac-
tion (PCR). Results indicated that in 250 ngmL~1 purmorphamine, Smo, Ptch1 and Hdac3 expression reduced,
Hdac1 expression increased, and Glil and Hdac2 expression levels did not change. In 500 ng mL~! purmor-
phamine, Glil and Smo transcripts increased, while Ptchl, Hdac2 and Hdac3 transcripts decreased. Regarding
to the presence of SHH signaling molecules in two-cell embryos and their response to purmorphamine, it can be

suggested that SHH signaling is probably active before embryonic genome activation in ovine embryos.

1 Introduction

It is well known that embryos derived from in vivo matured
oocytes are superior to embryos derived from in vitro ma-
tured oocytes in terms of quantity and quality, but studies
have shown that in vitro maturation of oocytes and produc-
tion of embryos is possible (Crozet et al., 1987). In vivo mat-
uration of oocytes is influenced by different environmental
factors, such as steroids and growth factors (Driancourt and
Thuel, 1998). Hence, in order to enhance the environmental
conditions, researchers have been adding these factors to the
oocyte maturation medium, which has led to many changes
in the process of oocyte maturation and the subsequent em-
bryo production (Ikeda et al., 2000). Sonic Hedgehog (SHH)
is one of these factors that seems to have effects on the oocyte
maturation, cell proliferation and embryonic development in
human and animal species (Nguyen et al., 2011). The Hedge-

hog (HH) protein is a paracrine factor which enhances cell
proliferation and differentiation in many cell types (Elia et
al., 2007). Its role in embryo development has attracted con-
siderable attention over the past decade (Pangas, 2007). Its
signaling pathway is mediated through a cell surface recep-
tor system consisting of two proteins; the receptor Patched 1
(Ptchl) and its coreceptor Smoothened (Smo) (Hooper and
Scott, 2005). In the absence of SHH, Smo is inhibited by
Ptchl receptors, and this consequently leads to the inactiva-
tion of Glioma-Associated Oncogene 1 (Glil) transcription
factor, while in the presence of SHH, Smo is released and
then the Glil protein is translocated to the nucleus, which
increases transcription of genes (Ruiz i Altaba et al., 2002;
Hooper and Scott, 2005) such as Histone Deacetylase 1
(Hdacl) in the nucleus (Canettieri et al., 2010). Hdacl, 2 and
3 enzymes belong to the Hdac family and are encoded by the
human Hdacl, 2 and 3 genes, respectively. These proteins
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have notable roles on epigenetic programming, regulation
of gene expression and transcription, cell cycle progressing,
and the development of embryos (Mehnert and Kelly, 2007).
SHH has been shown to change the Hdac gene expression
pattern and activity in SHH-induced medulloblastoma (Lee
et al., 2006). There is no report on the effect of HH signal-
ing on epigenetic changes and Hdac expression during minor
zygote genome activation in ovine two-cell embryos.

HH signaling molecules exist in the murine (Wijgerde et
al., 2005; Russell et al., 2007; Ren et al., 2009) and bovine
(Spicer et al., 2009) reproductive systems. They are proposed
to function as paracrine factors to promote cell proliferation
and steroid hormone production. On the other hand, HH sig-
naling, particularly Indian Hedgehog (IHH), has been shown
to promote the preimplantation development of embryos in
mice (Lee et al., 2006).

Porcine studies demonstrated that HH signaling molecules
including Ptchl, Smo and Glil are present in the ovaries,
oocytes and parthenogenetic embryos at different stages. In-
clusion of exogenous SHH in the in vitro maturation (IVM)
or in vitro culture (IVC) media enhanced oocyte maturation
and development of parthenogenetic embryos (Nguyen et al.,
2009, 2010).

The HH molecular signaling pathway has been shown to
be affected by a small molecule named purmorphamine. Pur-
morphamine is an SHH signaling activating agonist that has
been developed by Wu et al. (2002). This small molecule per-
forms a crucial role in the regulation of the activity of Smo
and Ptchl receptors and Glil transcription factor (Nguyen
et al., 2011). Due to the positive effective of SHH fac-
tors on porcine oocyte maturation and embryo development
(Nguyen et al., 2011), the idea has emerged that purmor-
phamine may also have the same positive effect. Therefore,
the aim of this study was to investigate the effect of this fac-
tor on the expression of Ptchl, Glil, Smo, and the Hdacl, 2
and 3 genes in ovine two-cell embryos derived from in vitro
fertilization (IVF) experiments.

2 Materials and methods

All chemicals and media were obtained from Sigma-Aldrich
Co. (St. Louis, MO, USA), unless otherwise specified. All
experiment procedures were approved by the review commit-
tee for the use of animal samples by the Stem Cell Technol-
ogy Research Center (Tehran, Iran), and animal experimenta-
tions including ovine slaughter and ovarian sample collection
were in agreement with the ethical commission.

2.1 Oocyte collection and IVM

Ovine ovaries were obtained from an industrial abattoir
and transported to the laboratory at 35°C in physiological
saline within 2h. Cumulus oocyte—complexes (COCs) were
aspirated from medium-sized follicles (3—-7 mm in diame-
ter) with an 18 gauge needle. Then COCs were washed in
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HEPES-TCM 199 (31100-027; Gibco, Invitrogen, Germany)
supplemented with 10% fetal bovine serum (FBS). Only
COCs with at least two layers of cumulus cells and a ho-
mogeneous ooplasm were selected under a microscope and
then washed three times in maturation medium. Then, 10
to 12 COCs were randomly allocated to a 50 uL droplet of
TCM 199 maturation medium supplemented with 10 % FBS,
5pgmL~1 luteinizing hormone, 5pgmL~1 follicle stimu-
lating hormone, 1pgmL~1 estradiol and different concen-
trations of purmorphamine (250 or 500ngmL~1 purmor-
phamine (Santa Cruz Inc., California, USA), or without pur-
morphamine (control group) (Thompson et al., 1995). Then
they were cultured in an incubator containing 5% CO; for
22h at 39°C. The purmorphamine concentrations were se-
lected according to a previous study (Nguyen et al., 2009,
2010).

2.2 Sperm preparation and IVF

After IVM, the COCs were washed once in the fertilization
medium (Ham’s F-10), and 30 COCs were then transferred
to individual 100 pl droplets of IVF medium. Sperm prepa-
ration was performed by the swimming up procedure, and
motile sperms were added to fertilization droplets at the fi-
nal concentration of 10%sperms mL~1. Then plates were in-
cubated in a 39°C humidified atmosphere with 5% CO»
and 5% O, for 18 h. After IVF, presumptive zygotes were
denuded from surrounding cumulus cells by vortexing for
5min in H-TCM10 medium supplemented with 10% FBS
and 0.1% hyaluronidase. Then zygotes were transferred to
CR1aa medium droplets and incubated in a humidified at-
mosphere (5% CO, and 5% O) at 39°C for 24 h. There-
after, two-cell embryos were collected from different treat-
ment groups (Tervit et al., 1972).

2.3 RNA extraction and simultaneous cDNA synthesis

To analyze the effect of purmorphamine on the expression
of Ptchl, Smo, Glil, and Hdacl, 2 and 3 genes in ovine
two-cell embryos, three biological replicates for each sam-
ple, containing 10 denuded matured oocytes, were consid-
ered for RNA extraction. The IVF embryos were washed
in phosphate buffered saline and transferred into Eppendorf
tubes containing a 1.5mL cellular lysis buffer (Zuccotti et
al., 2002). Total RNA from embryos was extracted by using a
Qiazol reagent (Qiagen). Complementary DNA was synthe-
sized by a First Strand cDNA Synthesis Kit (Fermentas, Ger-
many) according to the company’s instructions. Concisely,
3ugmL~! random hexamer and 5puL nuclease-free water
were added to the tubes. Then tubes were placed in a ther-
mocycler (Bio-Rad, Hercules, CA, USA) for 5min at 75°C.
Then tubes were placed on ice and 5 L reverse transcription
buffer 5X, pL RT enzyme (200 u uL~1), 3uL dNTP (10 mM)
and 0.25uL RNase inhibitor (20upL~1) were added to a
10 uL total reaction volume. The program for reverse tran-
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Table 1. Primer sequences, product size and accession numbers.
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Gene name Primer sequences Product size (bp)  Accession numbers

Sheep Glil F: CAC ATC AAC AGT GAG CAC ATC 186 XM_004006540.1
R: TTC CAG GCG TGA GTA TGA

Sheep Smo F: GGG CTA TAA GAA CTA CCGAT 135 XM_004008282.1
R: GGT GGT TGC TCT TGA TG

Sheep Ptchl F: GACTGG CTCCAAGGACTTC 122 XM_004004089.1
R: GTT TGT ACC AGG AGT TTG TA

Sheep Hdacl F: GAC AAA CGC ATC TC AT 119 XM_004005023.1
RITTGGCT TTCTTG AAG TT

Sheep Hdac2 F: ATG GAA AAG ATA AAA CAG 169 XM_004011189.1
R: CTATTC GTT TGT GTG ATG CT

Sheep Hdac3 F: ACA AAT ACG GAAACTT 131 XM_00400891.1
R: GAA AAG GTGCTT GTAACTC

Sheep GAPDH  F: AGT GTC GTT GAA GTC 121 XM_001190390.1

R: GAA ACC TGC CAA GTA TGAT

scription was as follows: 25 °C for 10 min, 37 °C for 15 min,
42°C for 45min and 72 °C for 10 min.

2.4 PCR and real-time PCR

To detect the expression of Ptchl, Smo, Glil, Hdacl, Hdac2
and Hdac3 genes in ovine two-cell embryos, primers were
designed by the Oligo 7 software. Primer sequences and their
related information are shown in Table 1. The polymerase
chain reaction (PCR) condition for all genes is as follows:
95°C for 5min, 35 cycles of 95°C (20s), 60°C (205s), 72°C
(205), and the final extension at 72°C for 10 min. GAPDH
was used as a housekeeping gene and accuracy control of
the reverse transcription process. PCR products were visual-
ized in 2 % tris-acetate-EDTA agarose gel after electrophore-
sis and staining in ethidium bromide. Quantitative real-time
PCR was performed to analyze the effect of purmorphamine
on the expression of Ptchl, Smo, Glil, Hdacl, Hdac2 and
Hdac3 genes in ovine two-cell embryos by using a Rotor-
Gene Q instrument (Qiagen, Hilden, Germany). Real-time
PCR reactions took place in a total volume of 13 L, consist-
ing of 6.5 UL SYBR Green PCR master mix (Takara, Japan),
4.5 L distilled water, 1 uL of forward and reverse primers
(10 pmol uL~1) and 1 uL cDNA. The amplification program
was as follows: 3min at 95 °C for enzyme activation and 40
cyclesof 5sat95°C, 15sat60°C and 10s at 72 °C. Finally,
a melting step was carried out for confirmation of the speci-
ficity of amplification. Ovine GAPDH primers were used
as the external control (Livak and Schmittgen, 2001), and
the mRNA level of each sample was normalized to that of
GAPDH. All primer sequences of the experiment are shown
in Table 1.

2.5 Statistical analysis

The analysis of gene expression was performed using the
REST-2009 software. Relative gene expression levels of dif-
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Figure 1. PCR result of ovine two-cell embryo. A 100 bp DNA
ladder (L) was used as a size marker.

ferent genes among the groups were statistically analyzed
based on one-way analysis of variance (ANOVA) followed
by Tukey’s pairwise comparisons, and then significant dif-
ferences between the treatments were examined at p < 0.05.

3 Results

Success in PCR amplifications demonstrates that Ptchl, Smo,
Glil, Hdacl, Hdac2 and Hdac3 transcripts are present in
ovine two-cell embryos (Fig. 1). The expression levels of
Gli1, Ptchl and Smo genes in two-cell embryos in different
treatment groups of 250 and 500 ngmL~—! purmorphamine
and control (without purmorphamine) are shown in Fig. 2.
According to our data, at 250 ngmL~! purmorphamine, no
significant difference was observed in the expression of the
Glil gene compared to the control. Increasing the concentra-
tion of purmorphamine to 500ngmL~! led to a significant
increase in Glil gene expression compared with the control
(p <0.05). Treatment with 250 and 500 ngmL~! purmor-
phamine significantly increased Smo expression compared
with the control, although no significant difference was ob-
served between the 250 and 500 ngmL~! purmorphamine
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Figure 2. Gli1, Ptchl and Smo gene expression ratios in different
purmorphamine treatments in ovine two-cell embryos. The number
of transcripts in the control was set to 1. Different letters in each
gene indicate a significant difference (p < 0.05).

treatments. Ptch1l transcripts significantly reduced in treated
groups compared with the control, but no significant differ-
ence was observed between the two treatments.

Real-time data of Hdacl, Hdac2 and Hdac3 gene ex-
pression are shown in Fig. 3. Results show that the expres-
sion of Hdac1 significantly increased in 250 ngmL~! pur-
morphamine compared with the control. In contrast, rais-
ing the concentration to 500 ngmL~! purmorphamine did
not affect the Hdacl gene expression. No significant differ-
ence was found in Hdac2 gene expression in 250 ngmL~1
purmorphamine, although increasing the concentration to
500ng mL~1 significantly decreased the gene expression
in comparison with the control group. Hdac3 transcripts
showed a reduction in both purmorphamine treatments com-
pared with the control, but no significant difference between
the 250 and 500 ng mL~? treatments was observed.

4 Discussion

HH signaling has been detected in murine (Wijgerde et al.,
2005; Russell et al., 2007; Ren et al., 2009) and bovine
ovaries (Spicer et al., 2009) in recent years. Specifically, HH
downstream molecules, Ptchl and Glil, were primarily re-
ported to be expressed in theca cells, whereas IHH, Desert
Hedgehog (DHH) and SHH mRNAs were predominately de-
tected in granulosa cells, with the function of stimulating cell
proliferation in vitro (Wijgerde et al., 2005; Russell et al.,
2007). Ren et al. (2009) reported that the activation of the
HH signaling pathway alters theca cell development and pre-
vents ovulation. It has been reported that SHH-related sig-
naling molecules exist in porcine ovaries, and adding SHH
to the IVM medium promotes the subsequent development
of porcine parthenogenetic embryos (Neguen et al., 2009).
In addition, IHH has been shown to play a crucial role in
murine embryo implantation and during the preimplantation
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Figure 3. Hdacl, Hdac2 and Hdac3 gene expression ratios in dif-
ferent purmorphamine treatments in ovine two-cell embryos. The
number of transcripts in the control was set to 1. Different letters in
each gene group indicate a significant difference (p < 0.05).

period (Lee et al., 2006; Matsumoto et al., 2002; Takamato
et al., 2002). However, there are apparently no reports re-
garding the direct role of SHH in preimplantation embryo
development. Neguen et al. (2009) reported that SHH and
related signaling molecules (e.g., Ptchl, Smo and Glil), are
expressed in porcine ovaries, specifically in the COCs. In the
present study, we detected Ptchl, Smo, Glil, Hdacl, Hdac2
and Hdac3 transcripts in ovine two-cell embryos, which indi-
cates a possible role of these genes in ovine preimplantation
development. Since embryonic genome activation (EGA) oc-
curs at 8- to 16-cell stages in ovine embryos (Camous et al.,
1986), the presence of these transcripts at the two-cell stage
is most likely a maternal legacy.

It has been generally accepted that the expression of Ptchl,
Smo and Glil genes is an indicator of HH signaling activa-
tion (Ingham et al., 2001). The presence of Ptchl, Smo and
Glil transcripts at the ovine two-cell embryonic stage sug-
gests that a similar SHH signaling pathway is needed for
the progression of embryo development in sheep as in mice
and pigs. HH signaling molecules are proposed to function
as paracrine factors to promote cell proliferation and steroid
hormone production (Russell et al., 2007; Spicer et al., 2009).
Adding exogenous SHH to IVM or IVC media has been
shown to enhance oocyte maturation and the development of
parthenogenetic embryos (Nguyen et al., 2009, 2010). Based
on these pieces of information, the expression of Glil, Smo
and Ptchl genes in two-cell embryos may be a good parame-
ter to evaluate developmental competence in ovine embryo in
vitro production, which needs to be examined more closely
in further studies. Additionally, based on real-time PCR anal-
ysis, we found that adding different concentrations of pur-
morphamine, an SHH agonist, to the IVM medium, alters
the expression of SHH downstream transcripts in ovine two-
cell embryos. In 250 ngmL~! purmorphamine, Smo, Ptchil
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and Hdac3 expression was reduced, but Hdacl expression
increased, while Glil and Hdac2 expression levels did not
change. In 500 ng mL~! purmorphamine, both Gli1 and Smo
transcripts increased, while Ptchl, Hdac2 and Hdac3 tran-
scripts showed a reduction. These changes in gene expres-
sion in in vitro treatment with an SHH agonist, shows a pos-
sible active SHH pathway in ovine two-cell embryos, as the
expression of Ptchl, Smo and Glil is also expected by cells
with a functional HH pathway. HH ligands have been demon-
strated to be expressed in murine granulose cells (Russell et
al., 2007) and porcine cumulus—oocyte complexes (Nguyen
et al., 2009). Thus, it can be suggested that granulosa or cu-
mulus SHH may act as a paracrine factor on oocytes during
the maturation process, and the oocyte or the subsequent de-
veloping embryo may be potential targets of SHH signaling
in ovine species.

According to a previous report (Canettieri et al., 2010), it
seems that Glil activation leads to an increase in Hdac gene
expression but results in a current study showed that changes
in Glil transcription resulted in different expression profiles
in Hdac genes. This indicates that there is probably a com-
plicated process affecting Hdac gene expression, and possi-
bly purmorphamine could affect molecules other than Glil
in the maturing oocytes, which results in different Hdac fam-
ily expression patterns. It has been reported that HH signal-
ing includes the activation of a group of transcription factors
(Gli1, Gli2 and Gli3), which may act as either transcriptional
activators or repressors (Ruiz i Altaba et al., 2002). Hence, a
gene expression analysis of Gli2 and Gli3 would be helpful
in understanding the underlying mechanism.

It seems that a decrease in Ptchl and an increase in
Smo and Glil transcripts could be expected theoretically
as a result of SHH signaling pathway activation by the
SHH agonist, which is observed in the 500 ng mL~1 purmor-
phamine treatment. Whether these changes in SHH down-
stream molecules are associated with higher developmental
competence or not, should be studied further.

Histone acetylation and deacetylation are catalyzed by
multiple subsets of molecules and perform crucial roles in
regulating eukaryotic gene expression. Histone deacetylases
are a kind of enzyme whose function results in tight turns
of DNA around the histones and DNA condensation, which
is vitally important for switching off the expression of DNA
(Stebbins-Boaz et al., 1996). There have been some reports
on the gene expression of histone deacetylases in embryos
of different species. A bovine study showed that the expres-
sion of the Hdacl gene is higher than that of the Hdac2
and Hdac3 genes in two-cell stage embryos (McGraw et
al., 2003). There is no study on the effect of SHH or its
agonists in an oocyte maturation medium on Hdac family
gene expression, although it has been reported that adding
Smoothened agonist (SAG), an SHH agonist, to the culture
medium of cerebellar granule precursor (CGP) cells derived
from medulloblastoma was accompanied by an increase in
the expression and function of Hdacl, 2 and 3 genes (Lee et
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al., 2013). Our results demonstrated that although Hdacl, 2
and 3 genes are homologous, they show alternative patterns
of expression in response to different purmorphamine treat-
ments, which indicates a possible difference in their gene ac-
tivation process and also their next functions.

As a conclusion, regarding the presence of SHH signaling
molecules in ovine two-cell embryos and their alternative re-
sponse to in vitro treatment with purmorphamine, it can be
suggested that SHH signaling is probably active before EGA
in ovine embryos. Further expression data on other molecules
involved in SHH signaling and studying the viability and de-
velopmental competence of embryos at later preimplantation
stages would be helpful in order to obtain comprehensive
knowledge on the efficiency of using purmorphamine as a
possible development-improving factor in culture media.
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