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Abstract

Several genes, namely CD44, CD90, CD105 and PCNA may be important in differentiation of porcine mu-
cosa cell cultures. These genes are, inter alia, responsible for cell adhesion to extracellular matrix and its
constituent secretion, cytoskeleton organization, epithelial to mesenchymal transition or proper course
of DNA replication. A total of 20 pubertal crossbred Landrace gilts bred on commercial farms were used
to produce buccal mucosa cultures, which were harvested on the 7th, 15th and 30th day after initiation
of the culture. Expression levels of CD44, CD90, CD105 and PCNA were evaluated employing Real-Time
Quantitative Polymerase Chain Reaction. CD44, CD90 and PCNA showed an unchanged expression pattern.
Expression of CD44 on day 7 was the highest of all factors measured. The greatest difference between the
measurement on 7th and 30th day was found in the PCNA gene. These results broaden the understanding
of the transcriptome changes in porcine buccal mucosa cells for the duration of in vitro cultivation. Never-
theless, it is very important to consider that the in vitro conditions do not fully reflect the changes taking
place in the living organism. It appears that tissues of the oral cavity possess high regenerative potential,
and constitute suitable model for wound healing investigation.
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Introduction

Pigs are viewed as model organisms for the pur-
pose of translational research, as some morphologi-
cal similarities between pigs and humans have been
clearly noted, such as muscle alignment in the fe-
tal phase, the same thoracic and abdominal organs
with only small differences [1] and similar epider-
mis, with a comparable thickness [2]. Furthermore,
numerous genetic and physiological characteristics
make pig one of the most versatile and useful animal
models. 112 porcine proteins containing amino acids
related to corresponding diseases in human genome
were identified [3], including genes associated with
multifactorial diseases such as diabetes (PPP1RA,
SLC30A8, ZNF615), obesity (ADRB3, SDC3) and Alz-
heimer’s disease (including TUBD1, BLMH, PLAU)
[4]. Physiologically, CD molecules can act in many
different ways, often as ligands or cell receptors in-
volved in signaling. There are exceptions among CDs,
that are not involved in signaling, but may have other
roles, such as cell adhesion [5,6]. CD44, also known
as Pgp-1 or the Hermes antigen, is an integral cell
membrane glycoprotein. It has a role in cell adhesion
to extracellular matrix, lymphocyte activation and
lymph node homing [7]. Cluster of Differentiation
90, also known as CD90 or Thy-1, is a highly N-gly-
cosylated surface protein anchored to glycophospha-
tidylinositol (GPI). CD90 can be used as a marker for
the axonal processes of mature neurons and a mark-
er for various types of stem cells. CD90 also initiat-
ed the creation of the immunoglobulin superfamily
[8,9]. Furthermore, endoglin (ENG), also known as
CD105, is a homodimeric membrane glycoprotein
found in the vascular endothelium. It can be local-
ized in activated lymphoblasts and monocytes in the
presence of leukemia, as well as in bone marrow pro-
erythroblasts. Moreover, CD105 binds TGFB1 with
high affinity as it is an important component of the
transforming growth factor beta (TGFB) receptor
complex [10,11]. Finally, proliferating cell nucle-
ar antigen (PCNA) is an important element used in
DNA replication, encoding the necessary accessory
protein. PCNA was originally identified as a nuclear
protein through the use of the immunofluorescence
technique, with its appearance found to be depen-
dent on the proliferative state of the cell [12,13]. It
is also known that it recruits and retains many en-
zymes in the replication fork, which are required for
DNA repair. Furthermore, PCNA binding proteins
are also important in the context of genotoxic stress
[14,15]. The objective of the current study was to in-
vestigate the expression levels of CD44, CD90, CD105
and PCNA mRNA in the porcine buccal mucosa cells
primary culture on 7th, 15th and 30th day.

Materials and Methods
Animals

A total of 20 pubertal commercially provided
crossbred Landrace gilts employed in the study had
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a mean age of 155 days (range 140 - 170 days), and
the mean weight of 100 kg (95- 120 kg). All of the
gilts were housed under identical conditions and
fed the same forage. All experiments were approved
by Local Ethic Committee.

Cell isolation and culture

After slaughter, samples of buccal pouch mucosa
were obtained within 40 min and transported to the
laboratory. The excised tissue was washed twice in
Dulbecco’s phosphate buffered saline (D-PBS) (Mer-
ck, Darmstadt, Germany). The surface of the buccal
pouch was surgically removed using sterile surgical
blades. The tissue fragments were incubated with
0.05% collagenase I (Merck, Darmstadt, Germany)
for 40 min at 38 °C in a shaking water bath and then
were treated witch 0.5% Trypsin/EDTA (Cascade
Biologics, Portland, USA) for 10 min. The cell sus-
pension obtained from this digestion was filtered
through mesh to remove non-dissociated tissue
fragments. Isolated cells were washed three times
by centrifugation (10 min at 200 g) with Dulbecco’s
modified Eagle’s medium (DMEM; Merck, Darm-
stadt, Germany) supplemented with gentamicin (20
pg/mL) and 0.1% BSA. The final cell pellet was re-
suspended in DMEM supplemented with 10% fetal
calf serum (FCS; Merck, Darmstadt, Germany) and
10 U/ mL penicillin G, 10 mg/mL streptomycin, and
25 pg/ mL amphotericin B. Cell viability was 90 to
95% as determined by trypan blue staining (Mer-
ck, Darmstadt, Germany). The cells were cultured at
37 °C in a humidified atmosphere of 5% COZ2. Once
the cell cultures attained 70-80% confluency, they
were passaged by washing with PBS, digested with
0.025% Trypsin/EDTA (Cascade Biologics, Port-
land, USA), neutralized by a 0.0125% trypsin inhib-
itor (Cascade Biologics, Portland, USA), centrifuged,
and resuspended at a seeding density of 2x104
cells/cm2 . The culture medium was changed every
three days.

Total RNA isolation

After harvesting cells on the 7th, 15th and 30th
day of culture, total RNA was isolated. The process
of RNA isolation was performed according to modi-
fied method of Chomczynski and Sacchi [16]. Brief-
ly, obtained mucosa cells were suspended in 1 ml
of monophasic guanidine thiocyanate and phenol
solution (TRI Reagent®, Merck KGaA). Next, chlo-
roform was added to separate the phases during
centrifugation. The upper aqueous phase, contain-
ing isolated RNA, was collected. RNA was extract-
ed with 2-propanol (Merck KGaA, catalog number
[9516), added in an amount adequate for 1 ml of
TRI-reagent. Finally, RNA was washed with 75%
ethanol, dried and resuspended in 20 pl of pure wa-
ter. Its purity was estimated using the 260/280 nm
absorption ratio (higher than 1.8) (NanoDrop spec-
trophotometer; Thermo Scientific, ALAB, Poland).
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Reverse transcription

RNA denaturation involved the preparation of a
reaction mixture consisting of 1 ug RNA, 4 pl 2.5 mM
dNTP (Novazym, Poland), 0.5 pl oligo (dT) (Nova-
zym, Poland) and 0.5 pl random hexamers (Nova-
zym, Poland). The mixture was then incubated in a
thermoblock for 5 min. at 65 ° C. The next step was
the cDNA synthesis which involved the preparation
ofareaction mixture by adding 4 pl of 5x concentrat-
ed First Strand Buffer (Invitrogen, USA), 2 ul DTT
0.1 M (Invitrogen, USA), 0.5 pl of SuperScriptTM II
Reverse Transcriptase reverse transcriptase 200 U
/ Wl (Invitrogen, USA) and 0.25 pl of the ribonucle-
ase inhibitor Rnase OUT 40 U / ul (Invitrogen, USA).
The mixture was then incubated in a thermoblock
for 50 min. at 37 ° C.
Real-Time Quantitative Chain
Reaction (RT-qPCR) Analysis

1 pL of cDNA obtained from the 7th, 15th and
30th day samples was added to 6 pL pure H20, 2
uL Hot Start mastermix QUANTUM EvaGreen® PCR
Kit (Syngen Biotech, Wroctaw, Poland) and 1 pL of
forward and reverse primer mix for amplification.
Each sample was repeated in triplicate. One RNA
sample of each preparation was processed without
the RT-reaction to provide a negative control for sub-
sequent PCR. RT-qPCR was conducted using a Light-
Cycler RT-qPCR detection system (Roche Diagnostics
GmbH, Mannheim, Germany), with target cDNA was
quantified using the relative quantification method.
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Ethical approval

The research related to animal use has been com-
plied with all the relevant national regulations and
institutional policies for the care and use of animals.
Bioethical Committee approval no. 32/2012 from
30.06.2012.

Results

In this research, the relative abundance of CD44,
CD90, CD105 and PCNA mRNA in equal time inter-
vals - 7, 15 and 30 days of buccal mucosa cells in
vitro cultivation was assessed using the RT-qPCR
assay (Fig. 1).

The reference value was the expression shown by
the CD105 gene on 7th day of culture. In genes CD44,
CD90 and PCNA a decrease in expression is seen be-
tween days 7 and 30 of cell culture of the buccal mu-
cosa cells. Fold change of CD105 on 7th day of cell
culture is a reference value on the figure 1.

In CD44, the highest expression occurs on 7th
day of culture, while the lowest on the 30th day of
culture. The difference in log(FC) level between 7th
and 30th day is 1.43. Expression of this gene mea-
sured on 7th day was the highest of all measure-
ments in this study.

CD90 also showed the highest expression on 7th
day of culture and the lowest on 30th day. The expo-
nential difference of the first to the last measurement
is in this case slightly higher and amounts to 1.81.

The greatest difference between the first and the
last measurement is found in the PCNA gene. On day

n
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FIGURE 1 Expression of CD44, CD90, CD105 and PCNA mRNA in buccal mucosa cells after various periods of in vitro
cultivation; the results are expressed in logarithmic fold change scale
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7, FC value was at 3.37, while on 30th it dropped to
0.43. The exponential difference of 7th to 30th day
in this case was 2.94.

The highest gene expression for the CD105 gene
is at 15th day of cell culture and the lowest on 7th
day. Despite the decrease from 15th to 30th day the
value was higher than the 7th day level.

Discussion

Discovering, learning and understanding the
physiology and genetics of pig as an animal model
was undoubtedly one of the breakthrough steps for
biomedical research. The transcript level changes
(CD44, CD90, CD105, and PCNA) in buccal mucosa
cells were examined during the 7th, 15th and 30th
day of culture. The CD genes belong to the diffe-
rentiation clusters which mostly act as ligands or
receptors. PCNA, is a DNA clamp necessary for the
replication process.

The first gene, CD44, showed the highest expres-
sion among all tested genes. Its expression decre-
ased between 7th and 30th day. CD44 is an integral
cell membrane glycoprotein, which has a role in cell
adhesion to extracellular matrix, lymphocyte activa-
tion and lymph node homing [7]. This gene includes
19 exons, covering 50 kb of genomic DNA. 10 alter-
natively spliced exons have been identified within
its extracellular domain. Moreover, according to
different studies, this gene is the main cell surfa-
ce receptor for hyaluronan [17,18]. This chemical
compound is important during embryonic develop-
ment and repair processes. It provides a relatively
receptive, highly hydrated matrix through which
cells can migrate freely [19]. Epithelial cells showed
a high expression of hyaluronan binding activity,
and the matrix surrounding them is usually very
rich in hyaluronan [29]. CD44 has also documented
interactions with mucosal high endothelial venules
(HEVs) [17]. Said structures are specialized struc-
tures which allow mature lymphocytes migrate in
the circulation selectively from the bloodstream to
different lymphatic tissues due to homing receptors
- molecules on the surface of lymphocytes which in-
teract specifically with HEV [20]. CD44 is also direc-
tly related to cancer and cancerogenesis. Splice va-
riants of the CD44 glycoprotein may be useful in the
early detection of metastatic potential in surgical
biopsies . They can be also useful in the early dia-
gnosis of cancer during screening programs [21,22].
CD44 exhibited very high expression, probably due
to the formation and expansion of the ECM. In vitro
cultured cells are also able to migrate, and CD44,
among others, enables this process.

The CD90 gene ensues next in terms of intensi-
ty of expression. As indicated previously, cluster of
differentiation 90 also known as CD90 or Thy-1, is
a highly N-glycosylated surface protein anchored to
glycophosphatidylinositol GPI) [23]. This protein is
involved in cell communication in several cell ty-
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pes, especially in cells of the nervous and immune
system. It also plays a significant role in cell adhe-
sion [24,25], cytoskeleton organization [26] and
integrin-mediated signaling pathway [27]. Thy-1 is
was successfully used in research, as a marker for
hematopoietic and mesenchymal stem cells [28,29].
Thymus cell antigen 1 was first defined in mice al-
lowing the distinction of T and B lymphocytes from
each other [30]. Current studies and analyses of
CD90-deficient mice have uncovered its functional
impact, being a marker for certain cell types, such
as lymphocytes and thymocytes. Thy-1 acts like dif-
ferentiation-prompted switch in various tissues and
controls many signaling pathways [31]. Similar to
CD44 gene, CDI0 is also involved in adhesion, cyto-
skeleton organization, and cell-to-cell communica-
tion. All these processes take place very intensively
at the beginning, when the cells attach to the subs-
trate and then proliferate their numbers - hence the
high expression of the CD90 gene.

The last gene to show a pattern of decrease in
expression over time is the PCNA gene. Proliferating
cell nuclear antigen is a crucial element in DNA re-
plication, encoding the essential accessory protein.
Chromatin binding [32], DNA polymerase binding
and identical protein binding [33] are just one of the
few molecular functions of this gene. The mostimpor-
tant biological processes of our interest that requires
PCNA, are epithelial cell proliferation and differen-
tiation [34]. Attempts were made to use PCNA in the
treatment of atherosclerosis and artery occlusion.
Mann et al. (1995) showed that it is possible to use
antisense oligodeoxynucleotides in “intraoperative
gene therapy” to block the proliferation of smooth
medial muscle cells. This may prevent acceleration
of atherosclerosis and reduce incidence of complica-
tions and ultimately failure in autologous vein graft.
A significant finding was that the grafts obtained
with this approach proved to be resistant to diet-
-induced atherosclerosis [35]. Poot et al, while con-
ducting research on Williams syndrome, identified
4 potential PCNA-binding motifs in the transcription
factor of this syndrome (WSTF). It has been confir-
med that PCNA directs WSTF to DNA replication foci
and then WSTF recruits sucrose nonfermenting pro-
tein 2 homolog (SNF2H) to replication sites. Incre-
ased amount of heterochromatin markers and com-
paction of newly replicated chromatin were caused
by RNA interference-mediated depletion of SNF2H or
WSTF [36]. The high expression of PCNA observed in
mucosa cells occurred because of the large role that
PCNA plays in cell proliferation and differentiation.
The lower expression at the end of the culture may
be related to the state of cell differentiation.

The only gene in the current study that contradic-
ted the expression pattern of the other 3 genes was
CD105. Endoglin (ENG) is other name used to descri-
be cluster of differentiation 105. It is normally found
in the vascular endothelium, but it can be also found
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in the state of disease in lymphoblasts, monocytes
and bone marrow in children with leukemia. This
protein is also a component of the transforming
growth factor beta (TGFB) receptor complex, where
its main role is to bind to TGFB1 with high affinity
[11,37,38]. Endoglin is responsible for a multiple
biological processes - epithelial to mesenchymal
transition [39], cell adhesion [40], cell chemotaxis
[41], cell migration [42], cellular response to me-
chanical stimulus [43], extracellular matrix consti-
tuent secretion [44], transforming growth factor
beta receptor signaling pathway [45] and wound
healing [46] among others. Endoglin expression in
normal epithelial cells was investigated by Gurt-
ner et al. showing, that increased expression takes
place in mouse epidermal keratinocytes [47]. In
tumor studies, it has been found that loss of endo-
glin expression in epithelial cells is associated with
increased metastasis in vivo and in vitro in orthoto-
pic murine prostate cancer models [48]. In breast
cancer, expression of endoglin in MDA-MB-231 cells
blocked cell motility and prevented TGF-B-enhan-
ced metastasis [49]. Endoglin is also an integral part
of MSC research, being, inter alia, their marker [50].
When sorting murine MSCs negative for endoglin, it
was found that they inhibit T cell proliferation more
effectively than their endoglin-expressing equiva-
lents [51]. The effect of endoglin on fibroblasts was
also observed, which after damage show a massi-
ve expansion of their population with an activated
phenotype [52]. The activated fibroblasts show
high TGF-B signaling, which is directly related to
PCNA. Fibroblasts begin to produce large amounts
of ECM and proteins involved in ECM degradation
and remodeling (such as, for example, matrix metal-
loproteinases (MMPs)) under the influence of TGF-
-B activation. Thus, the expression of endoglin may
contribute to the formation of fibrosis in the tissu-
es, however, there are studies that show its specific
protective effect against the formation of fibrosis. It
was shown that endoglin deficiency enhanced the
expression of fibrotic factors such as fibronectin, so
it can be concluded that after correcting the endo-
glin deficiency, the fibrosis may subside [53].

Conclusions

The CD44, CD90, CD105 and PCNA genes in the
current study represent a narrow percentage of
the information that should be investigated when
exploring knowledge about specific cells or tissues,
and the current study provides valuable new base-
line information for the model system The tissues
in the oral cavity have a high regenerative potential,
which make them suitable model for the research
on wound healing processes. The limitations that
need to be overcome include different oral micro-
biome among humans and animals that may have a
significant impact on healing processes within the
oral cavity of different species.
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