
The genes regulating maintenance of cellular 
protein location are differentially expressed in 
porcine epithelial oviductal cells during long-
term in vitro cultivation

Abstract
The oviduct is a part of female reproductive tract that is essential for successful fertilization and early 
embryo development. It is lined with epithelium consisting of two types of cells: ciliated and secretory. 
The primary function of ciliated oviductal epithelial cells (OECs) is to support the transport of gametes 
and embryos through the ovary, whereas secretory OECs produce components of the oviductal fluid. Un-
doubtedly, the oviductal epithelium plays a major part in the early aspects of pregnancy development, from 
providing an optimal environment for gametes and embryos to supporting fertilization. Therefore, our aim 
was to gain a better insight into the genetic changes underlying function of these cells. We have harvested 
OECs from crossbred gilts (n=45), at the age of about nine months and which displayed two regular es-
trous cycles, and established long-term primary culture of porcine OECs. Microarray analysis was utilized 
to determine differentially expressed genes during day 1, 7, 15 and 30 of cultivation, with our results re-
vealing54 differentially expressed genes belonging to three ontology groups: „maintenance of location”, 
„maintenance of protein location” and „maintenance of protein location in cell”. Since the biochemistry and 
morphology of epithelial cells may change during long term cultivation, we conclude that our results are 
a reflection of these changes and help to shed a light on porcine OECs properties in in vitro environment.
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Introduction
The female reproductive tract is composed of the 

oviduct, uterus, cervix and vagina. The oviduct de-
rives from the Müllerian duct and plays vital role 
in successful monospermic fertilization and female 
fertility. It has two muscle layers and a mucous lin-
ing and is covered with two types of epithelial cells: 
ciliated and non-ciliated secretory. The oviduct con-
sists of four regions: the infundibulum, the ampulla, 
which is the site of fertilization, the isthmus and the 
uterotubal junction. It is involved in sperm guidance 
to fertilization site via the mechanisms of rheotaxis, 
thermotaxis and chemotaxis. Moreover, the oviduc-
tal epithelial cells (OECs) physically interact with 
cumulus-oocyte complexes (COCs), as well as with 
the sperm, which results in sperm hyperactivation 
through the CatSper activation on the flagella [1].

Both ciliated and secretory oviductal epithelial 
cells play an invaluable role in the female fertility. 
The proportion of secretory OECs increases towards 
the isthmus, while the ciliated cells decrease. Se-
cretory OECs produce components of the oviductal 
fluid, while the primary function of ciliated OECs is 
to support the transport of gametes and embryos 
through the ovary. They generate the movement of 
the oviductal fluid, with and the direction of the flow 
depending on the species; in pigs it is towards the 
ovary [1]. Oviductal fluid contains glucose, lactate, 
pyruvate, amino acids, embryotropic and growth fac-
tors and other molecules essential for both gamete 
and embryo survival. However, the composition of 
oviductal fluid and secretory activity of the oviductal 
epithelial cells changes during the estrous cycle in re-
sponse to hormone levels [2].

Pre-implantation embryo development is affected 
by oviductal epithelial cells as well. Studies conduct-
ed by White et al. clearly show that the coculture of 
primary porcine OECs with early embryos promotes 
blastocyst cleavage [3]. Similar results were obtained 
in sheep, mouse, cattle and human, which suggests 
that OECs provide an optimal environment for early 
embryo development [1].

Since the oviduct and OECs undoubtedly play ma-
jor part in early aspects of pregnancy development, 
from providing an optimal environment for gam-
etes and embryos to supporting fertilization, our 
aim was to gain a better insight into genetic changes 
that underlie these cells’ function. We established a 
long-term primary culture of porcine OECs and per-
formed microarray analysis, checking gene expres-
sion in specific time periods. Our results revealed a 
set of genes belonging to “maintenance of location”, 
“maintenance of protein location in cell” and “main-
tenance of protein location” that were differential-
ly expressed, indicating that they may be possible 
marker genes of biochemical and morphological 
changes in OECs.

Material and Methods
Animals

In this study, crossbred gilts (n=45) at the age of 
about nine months and which displayed at least two 
regular estrous cycles were collected from a com-
mercial herd. All the animals were checked daily for 
estrus behavior and were slaughtered after reach-
ing the anestrus phase of the estrus cycle. The uteri 
were then transported to the laboratory within 30 
min at 38 °C.

Oviductal epithelial cells (OECs) selection and 
culture

Oviducts were washed twice in Dulbecco’s phos-
phate buffered saline (PBS) (137 mM NaCl, 27 mM 
KCl, 10 mM Na2HPO4, 2 mM KH2PO4, pH 7.4). Ep-
ithelial cells were removed using sterile surgical 
blades. Then, the epithelium was incubated with 
collagenase I (Sigma Aldrich, Madison, USA), 1mg/
mL in Dubecco’s modified Eagle’s medium (DMEM; 
Sigma Aldrich, Madison, USA) for 1 h at 37oC. The 
cell suspension obtained from this digestion was fil-
tered through 40 μm pore size strainer to remove 
blood and single cells. The residue was collected 
by rinsing the strainer with DMEM. The cells were 
then centrifuged (200 x g, 10 min.). Next, they were 
washed in PBS and centrifuged again. Later, they 
were incubated with 0.5% Trypsin/EDTA (Sigma 
Aldrich, Madison, USA) at 37oC for 10 min. The 
reaction was stopped with fetal calf serum (FCS; 
Sigma Aldrich, Madison, USA). After incubation, 
the cells were filtered and centrifuged for the last 
time. The final cell pellet was suspended in DMEM, 
supplemented with 10% FCS, 100U/mL penicillin, 
100 μg/mL streptomycin and 1μg/mL amphotericin 
B. The cells were cultured at 37˚C in a humidified 
atmosphere of 5% CO2. Once the OEC cultures at-
tained 70–80% confluency, they were passaged by 
washing with PBS, digested with 0.025% Trypsin/
EDTA, neutralized by a 0.0125% trypsin inhibitor 
(Cascade Biologics, Portland, USA), centrifuged, and 
resuspended at a seeding density of 2*104 cells/
cm2. The culture medium was changed every three 
days. The culture was maintained for 30 days.

RNA extraction from oviductal epithelial cells 
(OECs)

Oviductal epithelial cell were pooled and har-
vested 24h, 7 days, 15 days and 30 days after the 
beginning of culture. Total RNA was extracted from 
the samples using TRI Reagent (Sigma, St Louis, MO, 
USA) and RNeasy MinElute cleanup Kit (Qiagen, 
Hilden, Germany). The total mRNA amount was de-
termined from the optical density at 260 nm, and 
the RNA purity was estimated using the 260/280 
nm absorption ratio (higher than 1.8) (NanoDrop 
spectrophotometer, Thermo Scientific, ALAB, Po-
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land). The RNA integrity and quality were checked on 
a Bioanalyzer 2100 (Agilent Technologies, Inc., Santa 
Clara, CA, USA). The resulting RNA integrity numbers 
(RINs) were between 8.5 and 10 with an average of 
9.2 (Agilent Technologies, Inc., Santa Clara, CA, USA). 
The RNA in each sample was diluted to a concen-
tration of 100 ng/μl with an OD260/OD280 ratio of 
1.8/2.0. From each RNA sample, 100 ng of RNA was 
taken for microarray expression assays.

Microarray expression analysis and statistics
Total RNA (100 ng) from each pooled sample was 

subjected to two rounds of sense cDNA amplifica-
tion (Ambion® WT Expression Kit). The obtained 
cDNA was used for biotin labeling and fragmenta-
tion using Affymetrix GeneChip® WT Terminal La-
beling and Hybridization (Affymetrix, Santa Clara, 
CA, USA). Biotin-labeled fragments of cDNA (5.5 μg) 
were hybridized to the Affymetrix® Porcine Gene 
1.1 ST Array Strip (48°C/20 h). Microarrays were 
then washed and stained, according to the technical 
protocol, using the Affymetrix GeneAtlas Fluidics 
Station. The array strips were scanned employing 
the Imaging Station of the GeneAtlas System. Prelim-
inary analysis of the scanned chips was performed 
using Affymetrix GeneAtlasTM Operating Software. 
The quality of gene expression data was confirmed 
according to the quality control criteria provided by 
the software. The obtained CEL files were imported 
into downstream data analysis software.

All of the presented analyses and graphs were 
compiled using Bioconductor and R programming 
languages. Each CEL file was merged with a de-
scription file. To correct background, normalize, 
and summarize results, we used the Robust Multi-
array Averaging (RMA) algorithm. To determine the 
statistical significance of the analyzed genes, mod-
erated t-statistics from the empirical Bayes method 
were performed. The obtained p-value was correct-
ed for multiple comparisons using Benjamini and 
Hochberg’s false discovery rate. Selection of signifi-
cantly altered genes was based on a p-value beneath 
0.05 and expression higher than two-fold. 

Differentially expressed genes were subjected 
selection by examination of genes involved in reg-
ulation of maintenance of cellular protein location. 
The differentially expressed gene list (separated for 
up- and down-regulated genes) was uploaded to the 
DAVID software (Database for Annotation, Visual-
ization and Integrated Discovery) [4], where genes 
belonging to the terms of all three Gene Ontologies 
(GOs) of interest were extracted. Expression data 
of these genes was also subjected to a hierarchical 
clusterization procedure, with their expression val-
ues presented as a heat map. 

Subsequently, we analyzed the relation between 
the genes belonging to the chosen GO terms using 
the GOplot package [5]. The GoPlot package had 
calculated the z-score: the number of up- regulated 

genes minus the number of down- regulated genes 
divided by the square root of the count. This infor-
mation allowed to estimate the change course of 
each gene-ontology term.

Interactions between differentially expressed 
genes/proteins belonging to the studied gene on-
tology groups were investigated by the STRING10 
software (Search Tool for the Retrieval of Interact-
ing Genes) [6]. The list of gene names was used as a 
query for interaction prediction. The search criteria 
were based on co-occurrences of genes/proteins in 
scientific texts (text mining), co-expression, and ex-
perimentally observed interactions. The results of 
such analyses generated a gene/protein interaction 
network where the intensity of the edges reflected 
the strength of the interaction score. 

Finally, the functional interactions between genes 
that belongs to the chosen GO BP terms were inves-
tigated by the REACTOME FIViz application to the 
Cytoscape 3.6.0 software. The ReactomeFIViz app 
is designed to find pathways and network patterns 
related to cancer and other types of diseases. This 
app accesses the pathways stored in the Reactome 
database, allowing to perform pathway enrichment 
analysis for a set of genes, visualize hit pathways us-
ing manually laid-out pathway diagrams directly in 
Cytoscape, and investigate functional relationships 
among genes in hit pathways. The app can also 
access the Reactome Functional Interaction (FI) 
network, a highly reliable, manually curated path-
way-based protein functional interaction network 
covering over 60% of human proteins.

Ethical approval
The research related to animal use has been com-

plied with all the relevant national regulations and 
instructional policies for the care and use of ani-
mals. Bioethical Committee approval no. 32/2012.

Results
Whole transcriptome profiling with Affymetrix 

microarrays allows us to analyze the gene expres-
sion changes between 7, 15 and 30 days of porcine 
oviductal epithelial cell culture. Using Affymetrix® 
Porcine Gene 1.1 ST Array Strip, we have examined 
the expression of 12257 transcripts. Genes with 
fold change higher than abs (2) and with correct-
ed p-value lower than 0.05 were considered as dif-
ferentially expressed. This set of genes consists of 
2533 different transcripts. 

DAVID (Database for Annotation, Visualization 
and Integrated Discovery) software was used for ex-
traction of gene ontology biological process terms (GO 
BP) that contain differently expressed transcripts. 
Up and down regulated gene sets were subjected to 
the DAVID search separately and only gene sets with 
adj. p value lower than 0.05 were selected.  The DA-
VID software analysis showed that the differently ex-
pressed genes belonged to 657 Gene ontology terms. 
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In this paper we focused on 54 genes that belong to 
“maintenance of location”, maintenance of protein lo-
cation in cell” and “ maintenance of protein location” 
GO BP terms. These sets of genes were subjected to 
hierarchical clusterization procedure and presented 
as heatmaps (Fig. 1). The gene symbols, fold changes 
in expression, Entrez gene IDs and corrected p-val-
ues of these genes were shown in table 1. 

The enrichment of each GO BP term was calculated 
as a z-score and shown on the circle diagram (Fig. 2).

Chosen GO BP terms contain 54 differently ex-
pressed genes. Therefore, we calculated the mean 
fold change ratio value of each gene between 7, 15 
and 30 days of culture. Based on that criteria, we 
chose the 10 most downregulated and 10 most up-
regulated genes for further analysis.

FIGURE 1 Heat map representation of differentially expressed genes belonging to the to “maintenance of location”, main-
tenance of protein location in cell” and “ maintenance of protein location” GO BP terms. Arbitrary signal intensity acquired 
from microarray analysis is represented by colours (green, higher; red, lower expression). Log2 signal intensity values for 
any single gene were resized to Row Z-Score scale (from -2, the lowest expression to +2, the highest expression for single 
gene). The 20 genes selected to this publication was marked green for upregulation and red for downregulation

GENE 
SYMBOL

RATIO 
D7/D1

RATIO 
D15/D1

RATIO 
D30/D1

ADJUSTED 
P.VALUE 
D7/D1

ADJUSTED 
P.VALUE 
D15/D1

ADJUSTED 
P.VALUE 
D30/D1

ENTREZ 
GENE ID

MEAN 
RATIO

PLIN2 -4,907 -3,554 -4,593 1,11*10^5 1,34*10^5 3,34*10^6 397402 -4,352
UBASH3B -1,211 -3,527 -6,541 2,19*10^1 5,65*10^5 4,84*10^6 100521108 -3,760

CHD7 -2,636 -3,935 -4,447 2,97*10^4 3,61*10^5 1,51*10^5 100157083 -3,673
DRD2 -1,904 -4,799 -2,946 1,12*10^3 1,05*10^5 4,14*10^5 100624857 -3,216

CXCL10 -4,137 -2,237 -3,015 2,16*10^3 2,59*10^2 4,92*10^3 494019 -3,130
NOS1 -2,717 -2,984 -2,679 2,24*10^4 9,95*10^5 1,15*10^4 100520934 -2,794
EZR -1,728 -2,489 -3,404 1,74*10^3 1,06*10^4 1,49*10^5 100152815 -2,540

NFKBIA -2,378 -2,256 -2,464 3,20*10^4 3,17*10^4 1,30*10^4 406188 -2,366
ANK3 -1,644 -2,184 -3,063 4,87*10^2 6,10*10^3 7,47*10^4 100154687 -2,297
F2R -2,545 -2,149 -2,185 6,98*10^4 1,46*10^3 9,88*10^4 100521609 -2,293

ITGAV 5,815 6,507 6,738 1,26*10^4 6,01*10^5 3,42*10^5 397285 6,353
C3 2,665 8,332 9,436 6,56*10^4 1,06*10^5 4,89*10^6 397072 6,811

P2RX7 6,165 8,522 5,795 2,69*10^5 6,72*10^6 1,03*10^5 497623 6,828
ABCA1 6,313 5,557 10,336 3,95*10^5 3,12*10^5 4,36*10^6 100152112 7,402
ANK2 3,085 6,719 15,991 1,37*10^4 6,90*10^6 7,60*10^7 287 8,598

HTR1B 3,484 9,048 14,452 1,32*10^4 5,34*10^6 1,26*10^6 397563 8,994
BDKRB1 2,818 17,594 14,246 1,32*10^4 1,36*10^6 5,99*10^7 100127469 11,553

ITGB3 12,674 13,160 10,935 4,27*10^6 1,55*10^6 8,03*10^7 397063 12,256
FBN1 3,692 27,547 62,849 1,51*10^4 1,63*10^6 3,07*10^7 414836 31,363
THY1 38,753 32,743 31,302 3,01*10^6 1,39*10^6 5,59*10^7 100271931 34,266

TABLE 1 Gene symbols, fold change in expression ratio, Entrez gene IDs, corrected p values and mean value of fold change 
ratio of studied genes



Stefańska et al. Medical Journal of Cell Biology (2019)
81

FIGURE 3 The representation of the mutual relationship of differently expressed genes that belongs to 20 chosen genes 
from “maintenance of location”, maintenance of protein location in cell” and “ maintenance of protein location”  GO BP 
terms. The ribbons indicate which gene belongs to which categories. The middle circle represents logarithm from fold 
change (LogFC) between D7/D1, D15/D1 and D30/D1 respectively. The color of each block corresponds to the LogFC of 
each gene (green – upregulated, red – downregulated). The genes were sorted by logFC from most to least changed gene

FIGURE 2 The circle plot showing the differently expressed genes and z-score of  the “maintenance of location”, mainte-
nance of protein location in cell” and “ maintenance of protein location” GO BP terms. The outer circle shows a scatter plot 
for each term of the fold change of the assigned genes. Green circles display up- regulation and red ones down- regulation. 
The inner circle shows the z-score of each GO BP term. The width of the each bar corresponds to the number of genes 
within GO BP term and the color corresponds to the z-score
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FIGURE 4 Heatmap showing the gene occurrence between chosen 20 differently expressed genes that belongs to “ma-
intenance of location”, maintenance of protein location in cell” and “ maintenance of protein location” GO BP terms. The 
yellow color is associated with gene occurrence in the GO Term. The intensity of the color is corresponding to amount of 
GO BP terms that each gene belongs to

FIGURE 5 STRING-generated interaction occurrence between 20 chosen differently expressed genes that belongs to the 
“maintenance of location”, maintenance of protein location in cell” and “ maintenance of protein location” GO BP terms. 
The intensity of the edges reflects the strength of interaction score

FIGURE 6 Functional interaction (FI) between 20 chosen differently expressed genes that belongs to the “maintenance 
of location”, maintenance of protein location in cell” and “ maintenance of protein location”  GO BP terms. In following 
figure “->” stands for activating/catalyzing, “-|” for inhibition, “-” for FIs extracted from complexes or inputs, and “---” for 
predicted FIs
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In Gene Ontology database, genes that form one 
particular GO can also belong to other GO term cat-
egories. For this reason, we explored the gene in-
tersections between the selected GO BP terms. The 
relation between those GO BP terms was presented 
as circle plot (Fig. 3) as well as heatmap (Fig. 4).

STRING interaction network was generated 
among the differentially expressed genes belonging 
to each of the selected GO BP terms. Using such pre-
diction method provided us with a molecular inter-
action network formed between protein products 
of the studied genes (Fig. 5). Finally, we investigat-
ed the functional interactions between the chosen 
genes with REACTOME FIViz app to the Cytoscape 
3.6.0 software. The results were shown in (Fig. 6).

Discussion
Whole transcriptome profiling analysis with the 

use of Affymetrix microarray revealed significant 
changes in gene expression of porcine oviductal 
epithelial cells during long term primary in vitro 
culture. The transcript levels were compared be-
tween day 1, 7, 15 and 30 of culture. We have found 
54 differentially expressed genes belonging to three 
ontology groups: „maintenance of location”, „main-
tenance of protein location” and „maintenance of 
protein location in cell”. However, most of them ex-
ert widespread functions throughout the body. In 
this paper, we focused on the 10 most upregulated 
genes and 10 most downregulated ones.

The group of the most downregulated genes after 
long term cultureincluded: PLIN2, UBASH3B, CHD7, 
DRD2, CXCL10, NOS1, EZR, NFKBIA, ANK3 andF2R, 
of which PLIN2 exhibited the most significant de-
crease in expression.PLIN2 (Perilipin 2) was found 
to be expressed in many cell types involved in lipid 
deposition and lipid turnover and is thought to be 
the marker of lipid droplet-containing cells [7]. 
PLIN2 expression occurs in porcine oocytes [8], 
with the study performed by Sastre et al. revealing 
its presence in oocytes and embryos of cattle as 
well. Moreover, it has been suggested that this pro-
tein promotes lipid accumulation [9].Therefore, this 
gene’s downregulation in OECs may be an indica-
tion of lipid degradation after long term cultivation.

Another downregulated gene was ubiquitin-as-
sociated and SH3 domain-containing protein B 
(UBASH3B). This protein plays an important role 
during mitosis through interaction with ubiqui-
tylated Aurora B, which drives it to microtubules 
[10].Thus, its function is not limited to oviductal 
cells. Similar situation occurs in regards toCHD7 
gene, encoding chromodomain helicase DNA-bind-
ing protein 7, expression of which decreased as 
well. It has a wide range of functions in the entire 
organism, since its mutation results in CHARGE 
syndrome, characterized by abnormalities in many 
organs’ development. CHD7 also acts as a transcrip-
tional regulator, with studies conducted by Zentner 

et al. indicating that it is involved in rRNA synthesis 
[11]. Apart from that, they observed that depletion 
of this protein results in decreased cell proliferation 
and protein synthesis, which may also be the case 
during OECs long term in vitro culture.

DRD2 gene encodes two distinct isoforms of do-
pamine receptor D2, both of them engaged in sig-
nalling through dopamine in the nervous system 
[12]. Moreover, the study by Xu et al. revealed its ex-
pression in several other pig tissues, such as testes, 
back muscle and the oviduct, which is consistent 
with our results [13]. CXCL10 (C-X-C motif chemok-
ine 10) encodes a chemokine, which is known to 
interact with DRD2 (Fig. 5).We have observed a 
significant decrease in its expression in our study. 
Apart from playing roles in development, homeo-
stasis and function of the immune system [14], it is 
possible that CXCL10 is involved in early embryonic 
development, since the study by Tribulo et al. has 
shown that it is expressed in the bovine oviduct and 
endometrium [15].

Another downregulated gene, NOS1, encodes ni-
tric oxide synthase 1, which produces nitric oxide 
(NO). NO acts as a signalling molecule, exerting 
many functions throughout the body, one of them 
being the participation in the fertilization process. 
Kuo et al. demonstrated that NOS1 is expressed in 
both female and male gametes and that the NO sig-
nalling is necessary for an ovum activation [16].

The product of the next gene, that was signifi-
cantly downregulated in our study, is engaged in 
many cellular proccesses. Ezrin, or cytovillin, en-
coded by EZR gene, is involved in cell adhesion, 
migration and the organization of cell surface 
structures, with its expression occuring in many ep-
ithelial cell types. It binds the cell membrane to ac-
tin filaments and is known to be present in microvil-
li [17]. Thus,EZR downregulation in OECs may be a 
reflection of changing cell morphology during long 
term culture. Ankyrin 3 (ANK3) is also a peripheral 
membrane proteinwith decreased expression in our 
study. However, it is located mainly at the axons’ in-
itial segment and the nodes of Ranvier and has been 
linked to wide spectrum of mental disorders [18].

F2R encodes thrombin receptor, which is en-
gaged in the regulation of thrombotic response. 
Thrombin cleaves fibrinogen to fibrin, also exerting 
cell-activating properties, such as platelet aggrega-
tion, which is crucial in the case of vascular injury 
[19]. This gene’s expression hasn’t been described 
in porcine OECs yet, with our study showing its 
downregulation after long term culture. NFKBIA, 
on the other hand, which also exhibited a decrease 
in expression in this study, has been linked with re-
productive events, since Paciolla et al. suggested its 
involvement in bovine oocyte-to-embryo transition 
[20]. However, the protein encoded by this gene is 
typically engaged in immune responses and acts as 
an inhibitor of NF-kappa-B.
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In the course of this study we have also observed 
significant increase in several genes’ expression, 
with this group including: ITGAV, C3, P2RX7, ABCA1, 
ANK2, HTR1B, BDKRB1, ITGB3, FBN1 and THY1.

Both ITGAV and ITGB3 belong to the family of in-
tegrins and interact with each other (Fig. 5), with 
integrin-based signalling having an influence on 
many genes’ expression. These proteins ensure cell 
and extracellular matrix contact and are involved in 
many cellular events, such as migration, prolifera-
tion, survival and differentiation. Since αvβ3 integrin 
is located mainly in focal complexes, the upregula-
tion of both of these subunits indicates that, after 
long term culture, the adherence of oviductal epi-
thelial cells to each other increases [21]. Another 
upregulated gene, FBN1, encodes fibrillin 1, which 
is a part of extracellular microfibrils and is present 
mainly in connective tissue. Its interaction with IT-
GAV is well described, with the study conducted by 
Boregowda et al. revealing that integrin αv downreg-
ulation results in loss of FBN1 gene expression [22].

Fibrillin 1 also interacts with complement com-
ponent 3, which also exhibited a significant increase 
in expression during the course of this study. The 
complement system is engaged in innate and ac-
quired immune responses and C3 is particularly 
involved in the lysis of microorganisms, opsonins 
production, mast cells and basophils degranula-
tion and apoptotic cells clearance [23]. Additional-
ly, C3 is known to be expressed in the human ovi-
ductal epithelial cells and can be converted into 
the iC3b, which is an embryotropic derivative. The 
study on mice and human oviductal epithelial cells 
performed by Lee et al. also revealed that E2 and 
preimplantation embryos enhance C3 expression, 
suggesting that this protein is involved in preim-
plantation embryo development as well [24].

THY-1 also exhibited an increase in expression 
and it is an another protein known to interact with 
ITGAV, probably participating in signal transduc-
tion after cell-cell interaction [25]. However, its pri-
mary function is the induction of T cells and NKT 
cell activation during the immune response. Apart 
from that, THY-1 is involved in many fundamental 
processes in the organism, since it influences cell 
migration, cell adhesion and tumour suppression. 
Therefore, its role is not limited to reproductive 
events [25]. THY-1 is thought to interact with anoth-
er protein that was upregulated during this study, 
namely ankyrin 2 (Fig. 5). Similarly to THY1, ANK2 
is not typically expressed in oviductal epithelial 
cells, since it is primarily localized in cardiomyo-
cytes, with these gene’s loss of function resultingin 
arrythmia [26].

Another upregulated gene was P2RX7, which en-
codes an ionotropic cell surface ATP receptor and is 
involved in many biological processes. A study con-
ducted by Rassendren et al. revealed its expression in 
many tissues, such as pancreas, liver, heart, thymus, 

brain, placenta, lung, testis, leukocytes and prostate 
[27]. Its role in fertilization has also been demon-
strated in a study conducted on rat spermatozoa, 
which indicated that P2X7 receptor is involved in 
acrosome reaction occurrencevia ATP binding [28].

We have also observed an increase in another 
ATP-binding protein level after long term OECs cul-
ture. ABCA1 belongs to the family of ATP binding 
cassette transporters that hydrolyse ATP to trans-
port substrates across the cell membranes. Its main 
function is the participation in cellular lipid removal 
pathway [29] and its role has not yet been described 
in porcine OECs.

The last two upregulated genes, HTR1B and BD-
KRB1 both encode receptors. HTR1B is a receptor 
for serotonin, therefore it is another protein that is 
not typical for oviductal epithelial cells. It acts as an 
autoreceptor on serotonin-containing neurons and 
heteroreceptor on neurons that lack serotonin, be-
ing implicated a role in pathophysiology of obses-
sive eating disorder, drug addiction, depression and 
anxiety has been [30]. BDKRB1, on the other hand, 
is a receptor for bradykinin, with the study con-
ducted by Chai et al. demonstrating its expression 
in many tissues, e.g. uterus and ovaries. However it 
is believed that its expression mostly occurs under 
pathological conditions [31].

Summing up, our current results revealed a set of 
genes belonging to three ontology groups involved 
in maintenance of protein location in cells. Howev-
er, most of these genes exert widespread functions 
in the organism and their role is not limited to re-
productive events. It is also important to note that, 
during long term in vitro culture, the morphology 
and biochemistry of epithelial cells may change. 
Therefore, we conclude that differential expres-
sion of aforementioned genes may be a reflection of 
these changes.
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