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GENES REGULATING PROGRAMMED CELL DEATH ARE
SIGNIFICANTLY UPREGULATED IN PORCINE IMMATURE
OOCYTES
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Abstract

Correct maturation of the oocyte is crucial for further fertilization and embryogenesis. It comprises of
both nuclear and cytoplasmic maturation, during which the proteins, nutrients and mRNAs are assembled.
Cumulus cells are connected with the oocyte via gap-junctions, which enable bi-directional transfer of mol-
ecules, forming cumulus-oocyte complex (COC). The expression pattern in CCs is thought to resemble the
genes expressed in the oocyte. The CCs surrounding the gamete of high developmental competence have
an increased expression of apoptotic markers. Therefore, our aim in this study was to determine whether
any apoptosis-related genes are upregulated in porcine oocytes before or after IVM. We isolated COCs from
45 pubertal crossbred gilts, performed brilliant cresyl blue (BCB) staining and analyzed the gene expres-
sion pattern in oocytes before and after IVM with the use of microarray analysis. The results include 419
differentially expressed transcripts, 25 of which belong to ,regulation of apoptosis” and ,regulation of cell
death” GO BP terms. This set of genes includes BCLAF1, EIF2ZAK3, KLF10, MIF, MAP3K1, NOTCHZ, TXNIP and
APP, all of which have been upregulated in immature porcine oocytes. Our results suggest that they play
part in porcine oocyte maturation and could be used as potential markers of female gamete’s developmen-
tal competence. This knowledge could serve as a basis to improve ART in pigs.
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Introduction

Mammalian oogenesis begins during the fetal life,
when primary oocytes in primordial follicles are
produced. Female gamete development is arrest-
ed in prophase I of meiotic division, specifically in
diplotene. Further meiotic progression and oocyte
nuclear maturation occurs after puberty, prior to
ovulation, in response to gonadotropins, and halts
at metaphase Il. After fertilization, the meiotic di-
vision completes [1,2]. For full oocyte maturity, the
cytoplasmic maturation must occur as well. It can
be defined as reorganization of organelle and cy-
toskeleton and assembly of proteins, nutrients and
mRNAs necessary for embryo’s initial development
[2-4]. Thus, correct oocyte maturation is essential
for embryogenesis and successful pregnancy:.

In the antral ovarian follicle, the oocyte remains
in close contact with surrounding follicular somat-
ic cells, which form the cumulus oophorus [5]. Cu-
mulus cells (CCs) are connected with the oocyte via
gap junctions, which enable bi-directional transfer
of small weight molecules, such as ions, metabolites
and amino acids, as well as the RNA [6]. Both gap
junction communication and paracrine signaling in
COC (cumulus-oocyte complex) play vital roles in
oocyte’s development, as well as proper function of
the CCs [3,7]. The oocyte regulates folliculogenesis
by influencing follicular cell differentiation, prolif-
eration, expansion and apoptosis via oocyte secret-
ed factors (OSF) [8]. CCs, on the other hand, are cru-
cial in oocyte’s nuclear and cytoplasmic maturation
[6,9] and protect it from apoptosis caused by oxida-
tive stress [10]. The studies in mice have also shown
that contact between oocytes and CCs is important
for gamete spindle positioning and developmental
competence during the maturation process [11].
Transcriptomic studies in cattle aimed to identify
genes expressed in both oocytes and cumulus cells
during the process of gamete’s maturation [9]. As
a result, the molecular crosstalk between both cell
types has been indicated.

Since the assisted reproduction technology (ART)
in pigs remains less efficient than in other species,
there is a constant need for its improvement [12].
There is a possibility to recover oocytes destined
for atresia to improve livestock production system.
However, such gametes remain immature, therefore
a proper in vitro maturation technique (IVM) must
be utilized to obtain an embryo, as the quality of the
oocyte is crucial for its ability to develop into a blas-
tocyst [13].

Several approaches may be taken to determine
immature oocyte’s developmental competence,
such as utilizing gene expression patterns in follicu-
lar cells (cumulus cells and granulosa cells) as pre-
dictors of gamete’s quality [14]. Another possible
approach is to examine the transcriptome of the oo-
cyte itself, before and after IVM, and such approach
has been undertaken in this study:.

One of the processes that is thought to affect de-
velopmental competence of the oocyte is apoptosis.
Thus, there have been some studies conducted to
determine whether it’s occurrence in CCs influences
gamete quality. The study in humans indicated that
there is a correlation between oocyte’s competence
and an increase in apoptotic markers in surround-
ing CCs [15]. Similar results were obtained in the
cattle [16].

In this study we focused on porcine oocyte gene
expression analysis before and after IVM with the
use of microarray approach, in order to determine
whether there are differences in expression of apop-
tosis-related genes, dependent on maturity stage of
the female gamete. Indeed, we have observed down-
regulation of several genes involved in apoptosis af-
ter IVM, indicating that they may be potential mark-
ers of oocyte’s competence.

Material and Methods
Animals

A total of 45 pubertal crossbred Landrace gilts
bred on a local, commercial farm were used in this
study. They had a mean age of 155 days (range
140-170 days) and weight of 100 kg (95-120 kg).
All of the animals were housed under identical con-
ditions and fed the same forage (depending on age
and reproductive status). The experiments were ap-
proved by the Poznan University of Medical Scienc-
es Bioethical Committee (Resolution 32/2012).

Collection of porcine ovaries and COCs

Ovaries and reproductive tracts were recovered
at slaughter and transported to the laboratory at
38°C in 0.9% NaCl within 40 min. To provide opti-
mal conditions for subsequent oocyte maturation
and fertilization in vitro, the ovaries of each animal
were placed in 5% fetal bovine serum solution (Sig-
ma-Aldrich Co., St. Louis, MO) in phosphate-buff-
ered saline (PBS). Then, single large follicles (>5
mm) were opened by puncturing with a 5 mL sy-
ringe and 20-G needle in a sterile petri dish, and
COCs were recovered. The COCs were washed three
times in modified PBS supplemented with 36mg/
mL pyruvate, 50mg/mL gentamycin, and 0.5 mg/
mL bovine serum albumin (BSA; Sigma-Aldrich).
COCs were selected under an inverted microscope -
Zeiss, Axiovert 35 (Liibeck, Germany), counted and
morphologically evaluated using the scale suggest-
ed by de Loosetal. (1991). Only COCs of grade [ with
homogeneous ooplasm and uniform, compact CCs
were considered for the following steps of the ex-
periment, resulting in 300 grade I oocytes (3 x n=50
before IVM, 3 x n=50 after IVM).

Assessment of oocyte developmental competence
by brilliant cresyl blue test

To perform the brilliant cresyl blue (BCB) stain-
ing test, oocytes were washed twice in modified
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Dulbecco PBS (DPBS; Sigma-Aldrich) supplemented
with 50 IU/mL penicillin, 50mg/mL streptomycin
(Sigma-Aldrich), 0.4% BSA (w/v), 0.34 mM pyru-
vate, and 5.5 mM glucose Dulbecco’s phosphate
buffered saline modified (DPBSm). Thereafter, they
were treated with 13 mM BCB (Sigma-Aldrich) di-
luted in DPBSm at 38.5°C and 5% CO2 for 90 min.
After treatment, the oocytes were transferred to
DPBSm and washed twice. During the washing pro-
cedure, the oocytes were examined under an invert-
ed microscope and classified as either stained blue
(BCB+) or colourless (BCB-). The collected pool
comprised 55% of BCB+ and 45% of BCB- oocytes.
Immature oocytes have compact CC layers that re-
quire removal for further oocyte evaluation. Hence,
the BCB+ COCs were first incubated with bovine
testicular hyaluronidase (Sigma-Aldrich) for 2 min
at 38°C to separate CCs and GCs. Cells were then re-
moved by vortexing the BCB+ oocytes in 1% sodium
citrate buffer followed by mechanical displacement
using a small-diameter glass micropipette. Only the
GC-free BCB+ oocytes were used for subsequent
IVM and microarray analysis.

IVM of porcine COCs

After the first BCB test, the COCs with stained
blue cytoplasm (BCB+) were cultured in Nunclon™A
four-well dishes in 500 mL of standard porcine [IVM
culture medium TCM-199 (tissue culture medium)
with Earle’s salts and l-glutamine (Gibco BRL Life
Technologies, Grand Island, NY) supplemented with
2.2 mg/mL sodium bicarbonate (Nacalai Tesque,
Inc., Kyoto, Japan), 0.1 mg/mL sodium pyruvate
(Sigma-Aldrich), 10 mg/mL BSA (Sigma-Aldrich),
0.1 mg/mL cysteine (Sigma-Aldrich), 10% filtered
porcine follicular fluid (v/v), and gonadotropin sup-
plements at final concentrations of 2.5 IU/mL hu-
man chorionic gonadotropin (Ayerst Laboratories,
Inc., Philadelphia, PA) and 2.5 IU/mL equine chori-
onic gonadotropin (Intervet, Whitby, Canada). Wells
were covered with a mineral oil overlay and cul-
tured for 44 h at 38°C under 5% CO2. After cultiva-
tion, the BCB staining test was performed again, and
BCB+ oocytes were used for further experiments.

RNA extraction from porcine oocytes

Oocytes investigated before and after IVM were
pooled into three independent samples for each
experimental group. Total RNA was extracted from
samples using TRI Reagent (Sigma, St. Louis, MO)
and RNeasy MinElute cleanup kit (Qiagen, Hilden,
Germany). The amount of total mRNA was deter-
mined from the optical density (OD) 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-
land). The RNA integrity and quality were checked
on a Bioanalyzer 2100 (Agilent Technologies, Inc.,
Santa Clara, CA). The resulting RNA integrity num-

bers were between 8.5 and 10 with an average of
9.2 (Agilent Technologies, Inc.). The RNA in each
sample was diluted to a concentration of 100 ng/mL
with an 0D260/0D280 ratio of 1.8/2.0. From each
RNA sample, 500 ng of RNA was taken for microar-
ray expression assays.

Microarray expression analysis and statistics

Experiments were performed in three replicates.
Total RNA (100 ng) from each pooled sample was
subjected to two round sense cDNA amplification
(Ambion® WT Expression Kit). The obtained cDNA
was used for biotin labeling and fragmentation us-
ing Affymetrix GeneChip® WT Terminal Labeling
and Hybridization (Affymetrix). Biotin-labeled frag-
ments of cDNA (5.5 pg) were hybridized to the Affy-
metrix® Porcine Gene 1.1 ST Array Strip (48°C/20
h). Then, microarrays were washed and stained ac-
cording to the technical protocol, using Affymetrix
GeneAtlas Fluidics Station. The array strips were
scanned using the Imaging Station of the GeneAt-
las System. The preliminary analysis of the scanned
chips was performed using Affymetrix GeneAtlas™
Operating Software. Quality of gene expression data
was checked according to quality control criteria
provided by the software. Obtained CEL files were
imported into downstream data analysis software.

All analyzes were performed using BioConductor
software, based on the statistical R programming
language. For background correction, normaliza-
tion and summation of raw data, the Robust Mul-
tiarray Averaging (RMA) algorithm implemented in
“affy” package of BioConductor was applied. Biolog-
ical annotation was taken from the BioConductor
“oligo” package where annotated data frame object
was merged with normalized data set, leading to a
complete gene data table. Statistical significance of
analyzed genes was performed by moderated t-sta-
tistics from the empirical Bayes method. Obtained p
value was corrected for multiple comparisons using
the Benjamini and Hochberg’s false discovery rate.
The selection of significantly changed gene expres-
sion was based on p value beneath 0.05 and expres-
sion fold higher than |2|.

Functional annotation clustering of differentially
expressed genes was performed using DAVID (Da-
tabase for Annotation, Visualization and Integrated
Discovery). Gene symbols for up- or down-regulat-
ed genes from each of the compared groups were
loaded to DAVID by “RDAVIDWebService” BioCon-
ductor package. For further analysis we have cho-
sen the enriched GO terms which contained at least
5 genes and exhibited a p.value (Benjamini) lower
than 0.05. The enriched GO terms were subjected to
hierarchical clusterization algorithm and presented
as a heatmaps.

Subsequently we analyzed the relation between
the genes belonging to chosen GO terms with the
GOplot package [17]. The GoPlot package calculat-
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ed the z-score: the number of up- regulated genes
minus the number of down- regulated genes divid-
ed by the square root of the count. This informa-
tion allowed to estimate the change course of each
gene-ontology term.

Interactions between chosen differentially ex-
pressed genes/proteins belonging to chosen ontol-
ogy group were investigated using the STRING10
software (Search Tool for the Retrieval of Interact-
ing Genes). List of gene names were used as query
for interaction prediction. Searching criteria based
on co-occurrences of genes/proteins in scientific
texts (text mining), co-expression and experimen-
tally observed interactions. The results of such
analysis generated gene/protein interaction net-
work where the intensity of the edges reflects the
strength of interaction score. Besides interaction
prediction, STRING also allowed us to perform func-
tional enrichments of GO terms based on previously
uploaded gene sets.

Finally, the functional interactions between
genes that belongs to the chosen GO BP terms were
investigated by REACTOME F1Viz 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 disease. 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)
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FIGURE 1 Heat map representations of differentially expressed genes belonging to the “regulation of cell death”, “regu-
lation of apoptosis” 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)

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 the use of Affy-
metrix microarrays allowed us to analyze the gene
expression changes in freshly isolated oocytes, before
in vitro procedure (“before IVM”), in relation to after
in vitro maturation (“after IVM”). Using Affymetrix®
Porcine Gene 1.1 ST Array, we have examined the ex-
pression of 12258 porcine transcripts. Genes with
fold change higher than |2| and with corrected p value
lower than 0.05 were considered as differentially ex-
pressed. This set of genes consisted of 419 different
transcripts. Subsequently, the genes were used for
identification of significantly enriched GO BP terms.

DAVID (Database for Annotation, Visualization
and Integrated Discovery) software was used for
extraction of the genes belonging to Gene Ontology
Biological Process terms (GO BP). In this paper, we
focused on “regulation of cell death” and “regulation
of apoptosis” GO BP terms. We found that 25 genes
from these GO BP terms were significantly repre-
sented in down-regulated gene sets. These sets of
genes were subjected to hierarchical clusterization
procedure and presented as heat maps (Fig. 1).
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TABLE 1 Gene symbols, fold changes in expression, corrected p values and LogFC of studied genes

GENE SYMBOL FOLD CHANGE ADJUSTED P. VALUE ENTREZ GENE ID
VEGFA 0,069689 0,001913 397157
BTG2 0,074386 9,55E-05 1E+08
ESR1 0,08163 0,000522 397435
ANGPTL4 0,183631 0,000513 397628
RTN4 0,231378 0,027496 1E+08
INHBA 0,24126 0,000148 397093
MCL1 0,24418 0,001775 397648
LGALS1 0,269317 0,01029 414915
IHH 0,304996 0,000551 397174
MAGED1 0,305616 0,000706 414852
NQO1 0,306986 0,0045 1E+08
APP 0,324139 0,005602 397663
TXNIP 0,355539 0,000781 733688
MAP3K1 0,368765 0,024748 396617
MIF 0,375718 0,002882 397412
NOTCH2 0,384826 0,002524 1E+08
KLF10 0,405439 0,006845 1E+08
EIF2AK3 0,41889 0,008422 1,01E+08
BCLAF1 0,419563 0,005984 1E+08
KIT 0,430444 0,002556 396810
VCP 0,435612 0,007402 397524
GRID2 0,444289 0,008595 1,01E+08
MEF2C 0,453593 0,003964 733590
RPS3A 0,462721 0,00262 414390
MITF 0,49166 0,00633 414902
¢ S
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FIGURE 2 The circle plot showing the differently expressed genes and z-scores “regulation of cell death”, “regulation of
apoptosis” 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 each bar corresponds to the number of genes within GO BP term and the color corresponds to the z-score



Stefanska et al. Medical Journal of Cell Biology (2019)
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FIGURE 3 The representation of the mutual relationship between differently expressed genes that belongs to the “regu-
lation of cell death”, “regulation of apoptosis” GO BP terms. The ribbons indicate which gene belongs to which categories.
The middle circle represents logarithm from fold change (LogFC). The genes were sorted by logFC from most to least
changed gene. The color of the each LogFC bar corresponds with LogFC value

Set of the differentially expressed genes belong-
ing to “regulation of cell death” and “regulation of
apoptosis” GO BP terms, with their official gene
symbols, fold changes in expression, corrected p
values and LogFC, was shown in table 1.

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

Moreover, in Gene Ontology database, genes that
formed one particular GO group can also belong to
other different GO term categories. By this reason
we explore the gene intersections between select-
ed GO BP terms. The relation between those GO BP
terms was presented as circle plot (Fig. 3).

STRING-generated interaction network was cre-
ated with differentially expressed genes belonging
to the “fatty acid metabolic process” ontology group.
The intensity of the edges reflects the strength of in-

teraction score (Fig. 4). Finally, we investigated the
functional interactions between chosen genes with
REACTOME FIViz app to Cytoscape 3.6.0 software.
The results were shown in (Fig. 5).

Discussion

Apoptosis is a physiological process necessary
for maintaining homeostasis in the organism, with
its occurrence previously described in cumulus and
granulosa cells surrounding the mammalian oocyte
[15,16], as well as in oocytes themselves [18]. It in-
volves activation of, among others, the Bcl-2 family of
proteins and the caspases [19]. The aim of this study
was to examine whether any apoptotic markers can
be found in porcine oocyte, either immature or after
IVM. We found 419 differentially expressed tran-
scripts in oocytes before and after IVM, 25 of which
belong to ,regulation of apoptosis” and , regulation of
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FIGURE 4 STRING-generated interaction network between genes that belongs to the “regulation of cell death”, “regula-
tion of apoptosis” GO BP terms. The intensity of the edges reflects the strength of interaction score

FIGURE 5 Functional interaction (FI) between differently expressed genes that belongs to “regulation of cell death”, “re-
gulation of apoptosis” GO BP terms. In following figure “->” stands for activating/catalyzing, “-|” for inhibition, “-” for FIs
extracted from complexes or inputs, and “---” for predicted Fls

cell death” GO BP terms. All of those 25 genes were BCLAF1 (BCL2-associated transcription factor 1)
significantly upregulated before IVM, with particu- belongs to both ,regulation of apoptosis” and ,reg-
lar focus in this work placed on BCLAF1, EIF2ZAK3, ulation of cell death” GO BP terms and was signifi-
KLF10, MIF, MAP3K1, NOTCHZ2, TXNIP and APP. cantly upregulated in immature oocytes. It acts as
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a transcriptional repressor and it’s interaction with
BCL2 and BCLXL proteins has been described by
Kasof et al. [20]. Both BCL2 and BCXL families have
antiapoptotic properties, association with BCLAF1
results in repression of their transcription. This
suggests BCLAF1’s role in apoptosis promotion.
However, it’s involvement in apoptosis hasn’t been
described in porcine oocytes yet.

Another transcription factor that was upregulat-
ed in porcine oocytes before IVM is KLF10 (Krup-
pel-like factor 10), also called TIEG (TGF-beta in-
ducible early gene), containing a three-zinc finger
domain. Its expression has primarily been described
in human osteoblast cells and subsequent studies
have revealed its presence in pancreas, placenta,
heart, ovary and peripheral blood leukocytes [21].
Studies conducted by Tachibana et al. have shown
that TGF-beta regulates the expression of KLF10.
Moreover, the role of this transcription factor in
apoptosis has been well documented in exocrine
pancreatic epithelial cells, where its overexpression
resulted in cell death [22].

EIF2AK3 (Eukaryotic translation initiation factor
2-alpha kinase 3) is a regulator of protein synthesis
initially described in rats. Its expression occurs es-
pecially in the pancreas [23,24]. It phosphorylates
elF2-alpha (Eukaryotic translation initiation factor
2-aplha), therefore inhibits the translation process,
and is involved in mitotic spindle formation dur-
ing cell division [25]. EIF2AK3 also plays a role in
adapting to ER stress by decreasing protein pro-
duction. However, when that stress is not alleviat-
ed, EIF2AK3 indirectly causes apoptosis induction
[26]. Therefore, EIF2ZAK3 upregulation in immature
oocyte may suggest that the ER stress occurs during
the IVM process.

MIF (Macrophage migration inhibitory factor)
is a cytokine that activates macrophages and is ex-
pressed at the sites of inflammation. Apart from
that, it is also suspected that it plays a role in the
establishment of pregnancy, as the studies in mice
have shown that it is expressed in the ovary, the ovi-
duct and the uterus, as well as in the oocyte and an
early embryo [27]. Wada et al. have examined the
expression of MIF in human ovary and found its
mRNA in follicular fluid and granulosa cells, sug-
gesting involvement in oocyte development [28].
Our results are consistent with aforementioned
studies and show that MIF is upregulated in imma-
ture porcine oocytes and may be a potential marker
for the female gamete maturation.

Another upregulated gene in oocytes before [IVM
was NOTCH2, which encodes a transmembrane
receptor involved in NOTCH signalling pathway,
which plays a role in gene expression regulation
during many cellular processes such as prolifera-
tion, differentiation and apoptosis. This pathway’s
activation is dependent on direct contact between
neighbouring cells. According to the study conduct-

ed by Johnson et al.,, NotchZ is expressed in murine
cumulus and mural granulosa cells, but is not pres-
ent in oocytes [29]. NOTCH signalling pathway is
proven to play a critical role in follicle development
and granulosa cells proliferation, as its inhibition
results in detachment of granulosa cells and oocyte
degeneration in mice [30]. In vivo studies in mice
have shown that NotchZ2 conditional deletion results
in an increased number of oocytes, because of de-
creased oocyte apoptosis [31]. There have not been
similar studies performed in pigs, however our re-
sults indicate either that NOTCHZ is involved in oo-
cyte maturation or its mRNA has been transferred
from surrounding somatic cells.

MAP3K1 (Mitogen-activated protein kinase ki-
nase kinase 1), otherwise called MEKK1, encodes a
protein that activates the JNK and ERK, as well as
NFkB and p300 pathways. It acts as an apoptotic
regulator, either generating the anti-apoptotic sig-
nals as a full length protein, or pro-apoptotic signals
after caspase-mediated cleavage [32]. The role of
other mitogen-activated protein kinase, MAPK-ac-
tivated protein kinase 2 (MK2), has already been
described in porcine oocytes by Ou et al. It was
shown, that MK2 affects CCs expansion and oocyte
meiotic maturation by spindle organization and
chromosome aignment regulation [33]. Consider-
ing MAP3K1 upregulation in porcine oocytes before
IVM, it is possible that it is also involved in gamete’s
maturation and may serve as a marker of develop-
mental competence.

In present study, we have also observed the
upregulation of TXNIP (Thioredoxin-interacting
protein) in immature porcine oocytes. Results ob-
tained by Junn et al. suggest that this protein is an
important regulator of oxidative stress response via
thioredoxin activity inhibition [34], which was lat-
er confirmed by Wang et al. in rat cardiomyocytes,
resulting in an increased apoptosis [35]. TXNIP
expression during oocyte maturation has already
been examined in cows. This study, like the one de-
scribed in this paper, utilized microarray transcrip-
tomic analysis. However, the examined cells were
CCs enclosing in vitro and in vivo matured oocytes.
The results have shown a decreased expression of
TXNIP in IVM CCs and more than twofold increase in
apoptosis [36]. Another study, conducted in murine
oocytes by Lee et al,, has clearly shown that Txnip
was upregulated in immature oocytes and its de-
pletion resulted in maturation and meiosis arrest.
Moreover, this protein’s critical role in glucose me-
tabolism and cytoplasmic streaming in female gam-
etes has been indicated [37].

APP (Amyloid beta A4 precursor protein) con-
tributes to amyloid plaque formation in patients
with Alzheimer’s disease and Down syndrome.
However, it is expressed not only in the brain, but
in other tissues as well. Its role in cell adhesion has
also been reported. Studies conducted by Fisher et
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al. have shown that APP mRNA is present in murine
oocytes and in the two-cell stage embryo, suggest-
ing that it is one of the first genes transcribed in
developing embryo [38]. Moreover, Kimura et al. re-
ported presence of APP mRNA in porcine granulosa
cells from small and large follicles and soluble form
of this protein in the folliular fluid [39]. The results
of another study, conducted in cows, indicate that
APP, among other genes, can be a helpful in oocyte
developmental competence predictor [40]. Howev-
er, our results describe an increase in expression of
APP in porcine oocytes before [VM.

In conclusion, all the aforementioned genes
linked with apoptosis have been upregulated in
porcine oocytes before IVM. There is a possibility
that they could be used as potential markers of fe-
male gamete’s developmental competence and play
part in porcine oocyte maturation. The transcripts
may have been accumulated in the oocyte during its
cytoplasmic maturation could reflect mRNAs pres-
ent in CCs, as the gap-junction mediated transfer of
molecules in COCs has been well documented. Such
markers may be helpful in selection of good quality
gametes and porcine ART optimization.
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