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Abstract. The oviduct plays a crucial role in sperm storage, maintenance of sperm viability and sperm transport to the
site of fertilisation. The aim of the present study was to investigate the effects of oviductal cell culture passage number,
oviductal cell age and spermatozoa–oviduct coincubation times on gene expression in oviductal cells. Immortalised

oviductal epithelial cells (OPEC) obtained from two different cell passages (36 and 57) were subcultured three times with
andwithout spermatozoa for 24 h (control group). In a second study, OPECwere coculturedwith spermatozoa for different
time intervals (0, 4, 12 and 24 h). Expression of adrenomedullin (ADM), heat shock 70 kDa protein 8 (HSPA8) and

prostaglandin E synthase (PGES) in OPEC was measured by quantitative polymerase chain reaction. The expression of
ADM and HSPA8 was decreased significantly in OPEC cells from Passage 57, particularly in the later subculture group.
These effects onHSPA8, but notADM, expression in OPECwere further altered after coculture with spermatozoa for 24 h.

We also demonstrated that spermatozoa–oviduct coculture for 12 and 24 h resulted in significantly higher expression of
ADM, HSPA8 and PGES in OPEC. Overall, the data suggest that the OPEC lose some of their properties as a result of
oviductal cell aging and that there are spermatozoa–oviduct interactions leading to increased oviductal cell gene
expression.
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Introduction

The oviduct plays a crucial role in sperm storage, maintenance
of sperm viability and sperm transport to the site of fertilisation

(Hunter 1981; Hunter and Nichol 1983; Menezo and Guerin
1997). In mammalian species, spermatozoa are transported
through the female reproductive tract to reach the isthmic region

of the oviduct, where they bind to the ciliated epithelial cells.
In vivo, spermatozoa–oviductal epithelial cell binding prolongs
sperm survival, stabilises the acrosome, induces sperm capaci-
tation and creates a sperm reservoir (Scott 2000; Hunter and

Birkhead 2002; Rodriguez-Martinez 2007).
Similarly, several oviductal epithelial cell culture systems

have been shown to maintain the viability of spermatozoa and

induce capacitation (Kervancioglu et al. 1994; Morales et al.
1996). In vitro cocultures from different species, including
human, have been successfully established and characterised

(Bongso et al. 1989; Thibodeaux et al. 1992; Hombach-
Klonisch et al. 2006). These culture systems have been used
to obtain valuable information on gene and protein expression
(Umezu et al. 2003). They have also been used to gain a better

understanding of the maternal interaction with gametes and
embryos (Lee et al. 2002; Fazeli et al. 2004; Georgiou
et al. 2007; Kodithuwakku et al. 2007; Ulbrich et al. 2010).

Sperm–oviduct epithelial cell in vitro systems have been used
in various species to study the physiology and molecular events
of spermatozoa–oviduct interaction. Primary cell cultures can

be used to study spermatozoa–oviductal interactions, but the
primary cell cultures have a limited lifespan and tend to undergo
cellular dedifferentiation in culture (Mulholland et al. 1988).

In contrast with in vivo models, in vitro models are more
simple and easier to define. Hence, they provide useful means of
understanding complex molecular interactions taking place in
different biological systems. However, there are still several

shortcomings in using in vitro cell culture. Specific features and
functions of the oviductal epithelium are lost during in vitro

culture (Bongso et al. 1989). Some studies report that the level of

mRNA expression is altered with increasing culture passage
number and presume that dedifferentiation of differentiated
cells takes place in vitro after several cell culture passages

(Neumann et al. 2010). In a previous study, we demonstrated
that expression of adrenomedullin (ADM), heat shock 70 kDa
protein 8 (HSPA8) and prostaglandin E synthase (PGES) in an
immortalised oviductal epithelial cell line decreased as the

number of oviductal culture passages increased (Aldarmahi
et al. 2012). However, it was not clear whether the variation
between different cell passages was affected by the handling of
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cells on different experimental days and/or altered in response to
coculture with spermatozoa. Therefore, the aim of the present

experiment study was to identify whether the decline in oviduc-
tal cell ADM and HSPA8 gene expression after increased
passage of cell cultures is related to the age of the cells used

or to differences in the handling of cells from one day to another.
We also investigated the effects of different spermatozoa–
oviductal cell incubation times on ADM, HSPA8 and PGES

gene expression in oviductal epithelial cells (OPEC) in our
defined in vitro spermatozoa–oviductal cell interaction system.

Materials and methods

Sperm preparation

Boar semen was obtained from an AI company (JSR Genetic,

Thorpe Willoughby, UK). After collection, ejaculates were
filtered through gauze and subsequently diluted 1 : 9 (v/v) in
Beltsville thawing solution (Pursel and Johnson 1975). The

viability of the samples was assessed and determined upon
arrival in the laboratory.

On the day of the experiment, boar semen was washed
through a two-step gradient of 70% and 30% iso-osmotic Percoll

(GE Healthcare, Amersham, UK). To prepare the iso-osmotic
Percoll, 9mL Percoll was mixed with 1mL of 10� HEPES; to
prepare 70% Percoll, 7mL iso-osmotic Percoll was mixed with

3mL of 1� HEPES; finally, to prepare 30% Percoll, 3mL iso-
osmotic Percoll was mixed with 7mL of 1� HEPES. For
gradient separation, 2mL of the 70% (v/v) Percoll was added

to a 15-mL conical tube and then overlaid with 2mL of 30%
(v/v) Percoll (Harrison 1976). The diluted semen (4mL) was
then placed on top of the Percoll. The gradient tube was

centrifuged at 200g for 15min, followed by another 15min at
1000g at room temperature. The supernatant was discarded
carefully and the pellet was resuspend in 2mL modified
Tyrode’s solution (Parrish et al. 1988) and centrifuged at

1000g for 15min at room temperature. The supernatant was
then removed and the pellet was resuspend in 4mL Tyrode’s
albumin lactate pyruvate (TALP) medium, pH 7.2 (Fazeli et al.

1999). The concentration of washed spermatozoa (1�
106 spermatozoamL�1) was adjusted by using an Improved
Neubauer counting chamber (CAMLAB, Cambridge, UK). The

entire procedure was undertaken using aseptic techniques at
room temperature and the washed spermatozoa were used
immediately.

The viability of the samples was assessed and determined

using ethidium homodimer and Calcein-AM (Viability/
Cytotoxicity kit; Molecular Probes, Eugene, OR, USA). The
dyes were added to 100mL semen aliquots (5� 106mL�1) to

final concentrations of 0.08 mM ethidium homodimer and
0.4 mM Calcein-AM. Samples were mixed and incubated for
30min at 398C in 5% v/v CO2. An aliquot (10mL) of each semen

sample was placed on a slide and evaluated under a fluorescence
microscope (CKX41; Olympus, Southend-on-Sea, UK) using a
dual rhodamine–fluorescein isothiocyanate (FITC) filter. Three

slides were prepared for each sample and a minimum of 200
spermatozoa was evaluated and observed at�40 magnification.
Green fluorescent spermatozoa were classified as live, whereas
red fluorescent spermatozoa were classified as dead.

Oviducal epithelial cell culture

Porcine telomerase reverse transcriptase (TERT)-immortalised
OPEC were provided by Dr Sabine Hombach-Klonisch

(University of Manitoba, Winnipeg, Canada; Hombach-
Klonisch et al. 2006). Originally, the porcine oviductal cells
were collected from gilts at the pro-oestrous stage of the sexual

cycle between 210 and 215 days of age weighing 115–120 kg
(Hombach-Klonisch et al. 2006). The TERT-OPEC were
cultured with Dulbecco’s modified Eagle’s medium/Ham’s

nutrient mixture F-12 (DME/F12; Sigma, Poole, UK) supple-
mented with 10% (v/v) heat-inactivated fetal bovine serum
(FBS), 200mM L-glutamine, 160 ngmL�1 human insulin
(Invitrogen, Paisley, UK), 1 nM b-oestradiol (Sigma) and 1%

antibiotic antimycotic solution containing 1% (v/v) penicillin G,
streptomycin and 0.5% (v/v) amphotericin B (Sigma). Cells
were cultured at 378C under 5% CO2 and 95% humidity.

Cells were detached with 2mL trypsin–EDTA (Sigma),
containing 0.5mgmL�1 trypsin and 0.2mgmL�1 EDTA, for
5–7min at 378C.

The TERT-OPEC were initially cultured in T-75 flasks
(Greiner, Frickenhausen, Germany) and then subcultured into
six-well plates (Greiner) under the same conditions. Only plates

with confluent cells (.80% confluency) were used in the
experiments. The cellular integrity of the cells was assessed
using the Trypan blue (Sigma) viability test. Cells were frozen
and thawed in order to culture different cell passages on the

same day under the same conditions using our in-house freezing
and thawing protocol. Briefly, the freezing medium was made
up of Ham’s F-12 (Sigma) supplemented with 10% dimethyl-

sulfoxide (DMSO; Sigma) and 20% heat-inactivated FBS
(Invitrogen). No antibiotics were added. The freezing medium
was kept in an ice-water bath. The OPEC were harvested from

the T-75 flasks using a standard protocol (washing with Ca2þ/
Mg2þ-free buffer). A 1-mL aliquot of each cell suspension was
centrifuged at 300g for 5min at 48C to pellet the cells. The
supernatant was discarded and the pellet was resuspended in

freezing medium. Aliquots of the cell suspension were trans-
ferred into cryovials and kept in an ice-water bath (0–18C) for
15–20min. The cryovials were transferred into freezing con-

tainers (Nalgene, Rochester, NY, USA) and stored at �808C
overnight before being transferred to liquid nitrogen. For thaw-
ing, the cryovials were defrosted quickly in warm water and

seeded into prepared flasks with Ham’s F-12 medium. The
flasks were cultured at 378C under 5% CO2 and 95% humidity
until they reached confluence.

RNA extraction and purification, and cDNA synthesis

Total RNAwas extracted using TRI Reagent (Sigma) according
to the manufacturer’s instructions. To remove any potential
genomic DNA contamination from the samples, the extracted

RNAwas treatedwithDNase I (DNA-free; Ambion,Huntingdon,
UK) according to the manufacturer’s instructions. Subsequently,
the quantity and quality of the RNA were determined using a

NanoDropND-1000 Spectrophotometer (Labtech International,
Ringmer, UK) at wavelengths of 260 and 280 nm. The extracted
RNA was only used when the ratio of absorption at 260 and
280 nm (Abs260/Abs280) was between 1.8 and 2.02. The quality
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of the extracted RNA was determined using a BioAnalyzer
(Agilent, West Lothian, UK). First-strand cDNA was synthe-

sised using 0.3mg mL�1 oligo(dT)12–18 primers (Metabion,
Martinsried, Germany) and 1–5mg total RNA. Reverse tran-
scription (RT) was performed using a SuperScript II reverse

transcriptase system (200U mL�1; Invitrogen) according to the
manufacturer’s instructions. Escherichia coli RNase H (3 units;
Ambion) was added to remove any contaminating RNA.

A negative control (no reverse transcriptase added) was
included for all samples. The cDNA samples were stored at
�208C until further analysis.

Primer design

Forward and reserve primers for the selected genes were
designed to span introns or to bridge an exon–exon junction

(exon boundaries). All primers were tested for specificity using
National Center for Biotechnology Information (NCBI) blast
(http://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed 1 January

2011) and for primer–dimer and secondary structure using the
DNA analysis tools on the integrated DNA technology website
(http://eu.idtdna.com/scitools/scitools.aspx, accessed 1 January
2011). Primers for b-actin (BACT), ADM, HSPA8 and PGES

were designed from the DNA sequence of Sus scrofa species, as
described previously (Aldarmahi et al. 2012). The efficiencies
of the reference and targets geneswere assessed and determined.

The primers were purchased from Integrated DNA Technology
(Leuven, Belgium).

Quantitative real-time polymerase chain reaction

Quantitative real-time polymerase chain reaction (qPCR) was
performed in triplicate for each biological replicate using SYBR

Green Jump Start Taq Ready mix (Sigma). The Master mix
contained 1mL each primer (200 nmol), 1mL cDNA, 10mL
SYBR Green and 7mL RNase-Free Water in a total volume of
20 mL in each well of a 96-well plate (Greiner). The amplifica-

tion conditions were 958C for 30 s for DNA denaturation, fol-
lowed by 558C for 1min to anneal the primers and 728C for 1min
to extend the primers. These conditions were repeated for 40

cycles. The final extension was at 728C for 3min. One positive
control (1 mL each cDNA sample) and two negative controls (no
template control and no RT control) were run for each experi-

ment. Primer efficiency and melting curves were also deter-
mined. All qPCR runs were performed on the Stratagene 3005x
(Agilent, Santa Clara, CA, USA). Cycle threshold (CT) values
were normalised against threshold values for the reference

BACT gene. To assess the stability of the reference BACT gene
during the experiments, a panel ofb-actin CT values from qPCR
were compared. The BACT gene is stably expressed in oviductal

epithelial cells and has been used in different investigations as a
single reference gene for normalisation of qPCR data (Lee et al.
2001; Ebers et al. 2009; Shin et al. 2010).We also compliedwith

minimum information for publication of quantitative real-time
polymerase chain reaction experiment (MIQE) guidelines to
ensure reliable and reproducible data (Bustin et al. 2009).

Data and statistical analysis

The qPCR data were analysed using the comparative CT
method. Briefly, the difference in cycle threshold (DCT) was

determined as the difference between the number of cycles
required for amplification of the test and reference genes. The

relative RNA expression levels for all samples were then cal-
culated using the 2(�DDCT) method (Winer et al. 1999). Then,
DDCT was determined by finding the difference between the

groups (Livak and Schmittgen 2001). All RNA expression data
were imported intoMicrosoft Office Excel 2007 (Microsoft UK,
Readings, UK) and analysed using STATISTICA 7.0 (StatSoft,

Inc., Tulsa, OK, USA). Two-way analysis of variance
(ANOVA) was used to compare the effects of passage and day
factors on changes in oviductal epithelial cell gene expression.
Paired t-tests were used in the second experiment to compare

OPEC–spermatozoa to the control OPEC group. Results are
expressed as the mean� s.e.m. P, 0.05 was considered
significant.

Experimental design

Effects of cell age and cell handling on the OPEC
response to coculture with spermatozoa

Two cell cultures were prepared at Passages 36 and 57. Each

passage was subcultured on consecutive days to produce three
subcultures (P1, P2 and P3). These cell cultures were frozen
until the day of the experiment. On each experimental day, one

passage from each culture was thawed and used in the studies.
These subcultures were: Passages 36P1 and 57P1 used on Day 1
of experiments; 36P2 and 57P2 used on Day 2; and 36P3 and
57P3 used on Day 3. Cells were cultured in six-well plates with

spermatozoa (1� 106 spermatozoamL�1) in a total volume of
1mL at 378C under 5% CO2 and 95% humidity for 24 h. The
control consisted of OPEC alone without spermatozoa. After

coincubation, RNA was extracted from the OPEC for the syn-
thesis of cDNA. Expression of ADM and HSPA8 mRNA was
determined by qPCR. There were three biological replicates that

were each measured three times (n¼ 9).

Effects of spermatozoa–OPEC coincubation time
on OPEC gene expression

The OPEC were cultured in six-well plates and then cocultured
with spermatozoa (1� 106 spermatozoamL�1) at 378C under

5%CO2 and 95%humidity for different times (0, 4, 12 and 24 h).
At each time point, two groups were cultured; one group with
spermatozoa and the other group alone, without spermatozoa, as
a control. The experiment was repeated three times for each time

point and each biological replicate was measured three times
(n¼ 9). At all time points, OPEC expression of ADM, HSPA8
and PGES was determined by qPCR after RNA extraction and

cDNA synthesis.

Results

Expression of the reference gene BACT did not differ signifi-
cantly between experimental treatments or cell passages and

was an appropriate reference gene for normalisation. The qPCR
efficiency value for the reference gene BACT was 99.2%,
whereas those for the genes ADM, HSPA8 and PGES were
100.1%, 91.6% and 96.5%, respectively.
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Effects of cell age and cell handling on the OPEC
response to coculture with spermatozoa

There was no effect of cell passage on the expression of ADM in
subcultures P1 and P2 in the absence or presence of spermato-
zoa, but it was significantly decreased in subculture (P3) of

Passage 57 compared with Passage 36 (Fig. 1). The presence of
spermatozoa with OPEC increased ADM expression in Passages
36 and 57 in subcultures P1 and P2, but only slightly increased

ADM expression in Passage 36 cells at P3 (Fig. 1).
In contrast, HSPA8 gene expression was significantly lower

in cells obtained from Passage 57 compared with Passage 36 in
all subcultures (P1, P2 and P3), but the effects of coculture with

spermatozoa differed between the subculture groups (Fig. 2).
At P1 of Passage 57,HSPA8 expression was decreased in OPEC

cultured with and without spermatozoa compared with Passage
36. However, in P2 of Passage 57, only OPEC cultured without
spermatozoa exhibited lower HSPA8 expression, whereas at P3

of Passage 57 only OPEC cocultured with spermatozoa exhib-
ited decreased HSPA8 expression. In general, the presence of
spermatozoa with OPEC increased HSPA8 expression in both

Passages 36 and 57, although the effect was most evident in
Passage 36 cells.

Effects of spermatozoa–OPEC coincubation time
on OPEC gene expression

Over the course of time, ADM expression did not change sig-

nificantly in OPEC cultured with or without spermatozoa.
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P1, P2 and P3) and Passage 57 (subcultures P1, P2 and P3), on the expression

of adrenomedullin (ADM) in immortalised oviductal epithelial cells (OPEC)

after 24 h culture with or without spermatozoa (n¼ 3 biological samples

with three repeated measures). ADM expression was normalised against that

of the BACT gene, used as an internal control. Data are presented as the

mean� s.e.m. *P, 0.05.
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of heat shock 70 kDa protein 8 (HSPA8) in immortalised oviductal epithelial

cells (OPEC) after 24 h culture with or without spermatozoa (n¼ 3 bio-

logical samples with three repeated measures). HSPA8 expression was

normalised against that of the BACT gene, used as an internal control. Data

are presented as the mean � s.e.m. *P, 0.05.
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However, direct comparison between the two treatment groups
revealed higher ADM in OPEC cocultured with spermatozoa
for 4, 12 and 24 h (Fig. 3). Similarly, there was no significant

change in HSPA8 or PGES expression in OPEC over time, but
direct comparisons between groups demonstrated higher gene
expression in OPEC cocultured with spermatozoa for 12 and

24 h (Figs 4, 5).

Discussion

The first aim of the present study was to determine whether the

decline in ADM and HSPA8 gene expression in OPEC after
increased cell culture passage is related to the age of the cells or
to differences in the handling of cells from one day to another.

We designed the experiments to expose OPEC from different
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Fig. 3. Effects of incubation time on the expression of adrenomedullin (ADM) in immortalised oviductal epithelial cells (OPEC) cultured with or without

(control) spermatozoa for (a) 0, (b) 4, (c) 12 and (d ) 24 h. ADM expression was normalised against that of the BACT gene, used as an internal control. Data are

presented as the mean � s.e.m. *P, 0.05 compared with OPEC in the absence of spermatozoa (n¼ 3 biological samples with three repeated measures).
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passages to spermatozoa in one experimental day. Therefore, if a
decrease in gene expression was observed between cells with

increasing passage number, then it could not be the result of the
different handling of cells on different experimental days. We
showed that OPEC from Passage 57 and subculture P3 were

more vulnerable to changes in gene expression compared with
Passage 36 cells. In some instances, particularly in the case of
HSPA8 expression, there were differential effects of coculture

with spermatozoa. These findings suggest that the OPEC may
lose some of their properties as a result of oviductal cell aging.
Neumann et al. (2010) also reported that the level of mRNA

expression was altered with increasing culture passage number
in primary rheumatoid arthritis synovial fibroblasts. Early pas-
sages (,3rd passage) were compared with later passages (.7th
passage) to evaluate changes in gene expression as a conse-

quence of cell culture. Gene expression changed by over 10%
between the early and later passages (Neumann et al. 2010). In
addition, Lin et al. (2007) reported dedifferentiation of chon-

drocyte primary cells during culture passage and significantly
lower relative gene expression in a chondrocyte monolayer
culture compared with cartilage tissue.

Changes in cell morphology, responses to stimuli, growth
rates, gene expression profiles and protein production are
frequent with increased cell passaging and aging (Chang-Liu

and Woloschak 1997; Wenger et al. 2004). There were
significant differences in cell differentiation of low- versus
high-passage human colorectal adenocarcinoma (Caco-2)
cells, and alkaline phosphatase activity was also reduced in

high-passage Caco-2 cells (Yu et al. 1997). Immortalised cells
serve as an alternative cell source to investigate functional
spermatozoa–oviductal interactions and have the advantage of

providing a constant source of a particular cell type compared
with primary cell culture. For this reason we opted to use the

immortalised OPEC line. However, we found that cell aging
may also affect these cells despite the fact that they are

immortalised. This point should be taken into consideration
when experiments are designed and conducted over a longer
period of time.

We also investigated the effects of different spermatozoa–
oviductal cell incubation times onADM,HSPA8 andPGES gene
expression in OPEC in our defined in vitro spermatozoa–

oviductal cell interaction system. Changes in ADM, HSPA8
and PGES gene expression were observed after 12 and 24 h
incubation of OPEC with spermatozoa. Previous work demon-

strated that direct contact of spermatozoa with oviductal cells
was essential for the upregulation of ADM expression in
oviductal tissue and in OE-E6/E7 cells cocultured with sperma-
tozoa (Li et al. 2010). These data suggest that the spermatozoa–

oviduct interaction initiates a specific transduction cascade
to alter gene expression in OPEC. However, it is unclear
whether the induction of gene expression in OPEC results from

spermatozoa binding to these cells. It has been proposed that
spermatozoa–oviduct binding is mediated by lectin-like
secretory proteins from the male genital tract, which become

associated with the sperm surface during ejaculation (Topfer-
Petersen 1999; Suarez 2002). In pigs, complex mannose struc-
tures are thought to be involved in the carbohydrate-based initial

spermatozoa–oviduct binding mechanism (Green et al. 2001;
Wagner et al. 2002). In the present experiments we demonstrated
that the presence of spermatozoa in coculture with oviductal
cells alters oviductal cell gene expression. However, it is

important to note that we measured gene expression in many
oviductal cells in culture irrespective of the individual oviductal
cell interaction with spermatozoa. It is unclear whether changes

in gene expression occur as a result of spermatozoa contact with
a limited number of oviductal cells or most of them.
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In conclusion, our data suggest that the OPEC lose some of
their properties as a result of oviductal cell aging, despite being

immortalised epithelial cells. This has important implications
for the study of spermatozoa–oviduct interactions in cell culture
systems. In addition, we showed that there are spermatozoa–

oviduct interactions leading to increased oviductal cell gene
expression, although the effect of a single spermatozoon on an
individual OPEC remains to be determined.
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