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ESTABLISHMENT OF PRIMARY KERATINOCYTE CULTURE

FROM HORSE TISSUE BIOPSATES

Jernej OGOREVC "2, Tjasa LAPANJA 23, Klavdija POKLUKAR **, Natalija TOMINSEK 2°,

Peter DOVC ¢

Establishment of primary keratinocyte culture from horse tis-
sue biopsates

Primary cell lines established from skin tissue can be
used in immunological, proteomic and genomic studies as
in vitro skin models. The goal of our study was to establish a
primary keratinocyte cell culture from tissue biopsates of two
horses. The primary keratinocyte cell culture was obtained by
mechanical and enzymatic dissociation and with explant cul-
ture method. The result was a heterogeneous primary culture
comprised of keratinocytes and fibroblasts. To distinguish epi-
thelial and mesenchymal cells immunofluorescent characteri-
sation was performed, using antibodies against cytokeratin 14
and vimentin. We successfully at attained a primary cell line of
keratinocytes, which could potentially be used to study equine
skin diseases, as an animal model for human diseases, and for
cosmetic and therapeutic product testing.
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1 INTRODUCTION

Because of the economic value and the number of
animals (in 2013 there were almost 60 million registered
horses) (Faostat, 2015), horses (Equus caballus) represent
a group of economically important animals. A significant
share of veterinary research has focused on researching
and treating diseases in horses. In some cases, a horse
also became an animal model for human diseases, for ex-
ample in melanoma studies (Seltenhammer et al., 2004)
and muscle, joints, tendons, ligaments, and bone injuries
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Vzpostavitev primarne celicne kulture konjskih keratinocitov
iz biopsij

Primarna celi¢na linija iz koznega tkiva lahko sluzi za
imunoloske, proteomske in genomske raziskave kot in vitro
model koze. Cilj nase $tudije je bila vzpostavitev primarne
celi¢ne linije keratinocitov iz biopsije koznega tkiva dveh ko-
njev. Primarno celi¢no kulturo smo pridobili z mehansko in
encimsko razgradnjo tkiva in z metodo izrascanja celic. Re-
zultat je bila heterogena kultura keratinocitov in fibroblastov.
Za imunolosko karakterizacijo smo uporabili protitelesa proti
citokeratinu 14 in vimentinu ter poskusili obogatiti delez ke-
ratinocitov v kulturi. Uspe$no smo pridobili primarno celi¢no
linijo keratinocitov, ki je potencialno uporabna za preucevanje
koznih bolezni konjev, kot Zivalski model za preucevanje ¢lo-
veskih bolezni in za testiranje kozmeti¢nih izdelkov ter zdravil.

Klju¢ne besede: molekularna biologija / primarna celi¢na
kultura / koza / konji / keratinocite

(Nagy et al., 2014). In research that is focusing on ana-
lysing various diseases, their mechanisms of action, and
subsequent physiological changes and potential treat-
ments, the use of in vitro models is crucial. It enables the
application of immunological, genomic and proteomic
studies on a tissue culture of an organ, excluding the
systemic and environmental effects and providing more
comparable results as in in vivo studies. Additionally, in
vitro experiments are more reasonably priced and less
ethically controversial.

The skin represents the largest organ in mam-
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malian body that is divided in three major layers: der-
mis, epidermis and subcutis. The major cell type in the
outer layer of skin are keratinocytes, which represent a
protective layer. The most prevalent cell type in dermis
are fibroblasts, which produce different growth factors,
needed for proliferation of keratinocytes. The types of
cells found in subcutis are macrophages, fibroblasts and
adipose cells (Orazizadeh et. al., 2015). Research on
horse skin cell lines resulted in a range of applications,
including establishment of primary keratinocyte cultures
for researching extracellular matrix proteins, associated
with skin disseases (Visser and Pollit, 2010) and devel-
opment of an equine skin-equivalent model that could
be used in regenerative medicine, pathogenesis research,
and biological and pharmacological studies (Cerrato et
al., 2014). However, very few protocols for preparation
and sustainment of horse primary cell lines have been
developed (e.g. Wunn et al., 1999; Aasen and Bellmonte,
2010).

The purpose of this study was to establish a primary
horse skin epithelial cell culture and to characterise cell
types present in the derived culture. The study is inter-
esting for researchers studying degenerative skin and
hair diseases in horses and possibly in other species. For
example, in human medicine optimisation of protocols
for sustaining keratinocyte cell lines became important
as a part of production process of skin substitute that
is used for treatment after burns and other larger tissue
damages. Various diseases in horse, such as hereditary
equine regional dermal asthenia (HERDA), alopecia
areata (AA) and incontinentia pigmenti (IP), known in
different breeds, are associated with skin lesions, hair or
mane loss and other related health problems. Detecting
skin and hair diseases is usually a big economic burden
for breeders. At the same time, these diseases are mostly
incurable, largely due to the lack of information about
the illness. Skin models employing primary cells could
be used for pathogenesis research and understanding of
such diseases and could be useful as a starting point in
drug screening/testing studies (Guo and Jahoda, 2009).

2 MATERIALS AND METHODS

2.1 ESTABLISHMENT AND PROPAGATION OF
THE CELL CULTURE

Skin biopsates containing epidermis and dermis
were aseptically removed from neck area below the mane
of two Appaloosa breed horses (Equus caballus). From
each horse two samples of approximately 2 cm? were tak-
en and transferred into phosphate buffered saline (PBS)
with added antibiotics (100 mg/mL streptomycin and
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100 mg/mL penicillin). Tissue was stored at 4 °C during
transport and processed immediately. Enzymatic and tis-
sue explant methods were used for establishment of pri-
mary cell culture.

For enzymatic digestion, the tissue biopsates were
incubated in dispase II (2.4 U/mL) at 4 °C for 18 hours.
After incubation of tissue epidermis was separated from
dermis. The epidermis was cut into small pieces and
incubated in 0.25 % trypsin with 0.05 % EDTA for 30
minutes at 37 °C (Vissar and Pollitt, 2010). During the
incubation, the samples were shook every several min-
utes. Trypsin was inactivated with addition of medium
containing serum. The liquid phase was separated from
the remaining tissue pieces and centrifuged at 1000 rpm
for 10 minutes to collect the dissociated cells in suspen-
sion for seeding. Fresh trypsin can be added to the pro-
cessed tissue and the process repeated for several times,
until the tissue is fully dissociated. The collected cells
were seeded in untreated plastic culture flasks and Gel-
trex (Gibco)-covered culture flasks. Thin-layer Geltrex
method (described in the manufacturer’s protocol) was
used to cover plastic surface with a mixture of DMEM
and Geltrex in 1:100 ratio. DMEM/F12 (D6421, Sigma)
supplemented with 10 % FBS, 10 ng/mL EGEF, 5 pug/mL
insulin, 0.4 ug/mL hydrocortisone, 0.1 pg/10 mL chol-
era toxin, 2 mmol/L glutamine, and 5 pg transferrin was
used to grow the cells (growth medium). The cells were
grown at 37 °C and 5 % CO,.

Differential trypsinisation was used to obtain en-
riched keratinocyte culture. The primary culture, con-
taining keratinocytes and fibroblasts, was incubated in
a solution of 0.125 % trypsin-EDTA for several minutes,
with continuous microscopic observation. When most
of the fibroblasts detached the reaction was stopped.
The solution containing fibroblasts was removed, while
keratinocytes remain attached. Because of the difference
in the adhesion potential of the two predominant cell
types, we were able to obtain two separate, almost pure
keratinocyte and fibroblast cell lines.

Solution of 0.25 % trypsin-EDTA was used to de-
tach the cells for subculturing. The cells were split in a
1:5 ratio and cultivated further in the growth medium.
A mixture of basic medium, 20 % FBS and 10 % DMSO
was used for freezing the cells. The cells were frozen in
a freezing container that provides a cooling rate of 1 °C
per minute, kept at —80 °C overnight, and transferred in
liquid nitrogen for long term storage.

Alternatively, for explant culture method tissue was
mechanically minced and small parts of the tissue seeded
directly in culture dishes, containing the growth me-
dium. All other procedures were the same as described
previously.
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2.2 IMMUNOFLUORESCENT STAINING

The cells, grown for seven days, were washed in PBS
and fixed in 4 % formalin for 5 minutes. Cells were per-
meabilised with 1 % Triton-X in PBS and incubated for
20 minutes. The fixed cells were washed with PBS and
blocked with 10 % goat serum for 30 minutes at room
temperature. Monoclonal mouse (Santa Cruz Biotech
sc-53253) and polyclonal rabbit (Covance PRB-155P)
antibodies against cytokeratin 14 and monoclonal mouse
antibody against vimentin (Santa Cruz Biotech sc-73262)
were used to distinguish between keratinocytes and mes-
enchymal (fibroblast) cells. The cells were incubated
overnight at 4°C in a solution of primary antibodies
(1:100). After three 5-minute washes in PBS, they were
incubated for 60 minutes in a dilution (1:200) of labelled
secondary goat-anti-rabbit antibody (Invitrogen, Alex-
afluor 488, A11008) to visualize attachment of polyclonal
cytokeratin 14 and in goat-anti-mouse (Alexafluor 594,
A11037) antibody to visualize attachment of primary
mouse monoclonal antibodies (cytokeratin 14 and vi-
mentin). After incubation in secondary antibodies, the
cells were washed again for several times in PBS and
counterstained with DAPI (1:1000) for 3 minutes to visu-
alize nuclear DNA. After washing in PBS, the cells were
observed under fluorescent microscope (Nikon Eclipse
TE, 2000).

3 RESULTS AND DISCUSSION

Tissue explant and enzymatic method were used for
establishment of the primary keratinocyte cell culture.
The enzymatic dissociation of the tissue resulted in a
heterogeneous mixture of cells, predominantly consist-
ing of keratinocytes and fibroblasts. Adherent cells that
explanted from attached pieces of the tissue consisted
mainly of keratinocytes, however the yield of cells was
much lower, compared to enzymatic method. In tissue
explant method, cell outgrowths growing from mechani-
cally processed tissue were observed after several days;
e.g. five days as showed in Figure 1. In enzymatic method,
the dissociated cells attached, but the proliferation rate
was low in the first few days. After several days in cul-
ture the cells started to proliferate and formed islands of
densely packed keratinocytes and more sparsely growing
fibroblasts (Fig. 2a). The cells attached to both - Geltrex-
matrix and plastic surface, however, proliferation was
faster on Geltrex. Witte and Kao (2005) showed that ex-
tracellular matrix is extremely important in cell adhesion
and proliferation. It can also affect the development of
epithelial cells, their morphogenetic activity and even
survival. Evidence suggests that the absence of appropri-

ate matrix might be the reason for progressive necrosis of
epithelial cells on plastic surface (Freeman et al., 1978).

After 7 days of cultivation, keratinocytes formed
large clusters (Fig. 2b). Orazizadeh et al., 2015 compared
enzymatic and explant methods for human foreskin de-
rived keratinocytes in the absence of feeder layer. They
noticed that after enzymatic treatment no attached cells
were found after 7 to 10 days. With explant method they
found separated keratinocytes after 24 hours that latter
formed large clusters of cells. Our findings differ from
that, namely, the yield of cells was higher when en-
zymatic method was used. After 10 days in culture we
observed large colonies of keratinocytes, surrounded by
fibroblasts. Witte and Kao (2005) reported that growth
and adhesion of keratinocytes can be increased in the
presence of mesenchymal cells (fibroblasts). Interleukin
1 beta (IL-1p) is released by keratinocytes and stimulates
production of diverse fibroblast growth factors (FGF) in
mesenchymal cells, including keratinocyte growth factor
(KGF) that enhances migration and proliferation of ke-
ratinocytes (Witte and Kao, 2005).

Fibroblasts are normally unwanted in primary cell
cultures. Fibroblast contamination in the culture was de-
creased with mechanical removal of dermis in the skin
biopsate (using scalpel) and with incubation in dispase
II that enabled physical separation of epidermal and der-
mal tissue. For additional separation of keratinocytes
from fibroblasts the differential trypsinisation was used.
In case of tissue explant method, we obtained a relatively
pure keratinocyte culture. Guo and Jahonda (2009) re-
ported that fibroblasts migrate out of adult skin explant
later than keratinocytes. With well-timed removal of tis-
sue pieces from the culture, we were able to avoid fibro-
blast contamination.

Figure 1: Explant culture of keratinocytes with visible piece of
the attached skin tissue (magnification x 40)

Slika 1: Kultura keratinocitov, pridobljena z metodo izras¢anja
celic, z vidnim delom koZnega tkiva (40 x povecava)
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Figure 2: Keratinocytes and fibroblasts in the culture established with enzymatic method during day 2 (A, magnification x 40), day 7

(B, magnification x 40), and day 10 (C, magnification x 40)

Slika 2: Kultura keratinocitov in fibroblastov, pridobljena z encimsko metodo drugi dan (A, 40 x povecava), 7 dan (B, 40 x povecava )

in 10 dan (40 x povecava)

Cells were characterised based on morphologi-
cal characteristics and by immunofluorescent staining.
Antibodies against cytokeratin 14, distinct for keratino-
cytes, and antibody against vimentin, distinct for fibro-
blasts, were used for basic characterisation. Cytokeratins
are cytoskeletal proteins distinctive for epithelial cells.
Cytokeratin 14 forms hemidesmosomes together with
cytokeratin 5, the structures on the inner basal surface
of keratinocytes that attach cells to the extracellular ma-
trix, and consequently maintain integrity of the basal
layer (Nobusawa et. al., 2014). Positive staining against
vimentin is often used for identification of fibroblasts. It
is a type III cytoskeletal intermediate filament (IF) that is
expressed in mesenchymal cells. Furthermore, vimentin
is used in identifying cells that undergo an epithelial-to-
mesenchymal transition (EMT). During EMT epithelial
cells drastically change their shape and motile behaviour
on the point of differentiating into mesenchymal cells
(Mendez et al., 2010).

Immunofluorescent co-staining showed presence of
both markers in the culture — epithelial (keratinocytes)

and mesenchymal (fibroblast) cells (Fig. 3). Epithelial cell
morphology and expression of cytokeratin 14 proves that
cells in the primary culture belong to keratinocyte line-
ages. Vimentin was expressed only in fibroblasts, which
can also be recognised by their elongated spindle shaped
morphology (Vissar and Pollit, 2010).

We found that keratinocytes from equine skin were
able to proliferate in the primary culture for at least four
passages, without any visible change in the morphology
and proliferation rate, estimated by the time needed to
overgrow the growth surface between the passages. Cells
adhere well to Geltrex, which we used instead of collagen
type I (Vissar and Pollit, 2010), but can attach and prolif-
erate also on plastic surface. The established cell culture
can be frozen and recovers with approximately 80 % vi-
ability rate. The cells are available for further research,
for example, as a research model of horse skin diseases,
product testing and toxicity screens in pharmaceutical
and cosmetic industry, or as an animal model for study-
ing certain human skin diseases.

Figure 2: Mixed culture of keratinocytes and fibroblasts after immunostaining under bright field (A) and fluorescent (B) illumination
(magnification x 200). Keratinocytes stained with antibodies against cytokeratin 14 (green) and fibroblasts stained with antibodies
against vimentin (red). Nuclei were counterstained with DAPI (4, 6-diamidine-2’-phenylindole dihydrochloride).

Slika 2: Mesana kultura keratinocitov in fibroblastov pod svetlobnim (A) in fluorescentnim mikroskopom (B) (magnification x 200).
Keratinociti so obarvani s protitelesom proti citokeratinu 14 (zelena), fibroblasti pa s protitelesom proti vimentinu (rdeca). Jedra so

obarvana z DAPI (4, 6-diamidin-2’fenilindol dihidroklorid).
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