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Research article
Ερευνητικό άρθρο

ABSTRACT: This study aimed to isolate and culture keratinocytes and fibroblasts from feline skin to ultimately 
create an artificial engineered skin, including dermis and epidermis, that would be applied for the effective treatment 
of large cutaneous deficits in cats. To date, no data have been reported on the isolation and culture of feline skin cells. 
To exploit the potential to grow in vitro and cryopreserve epidermal keratinocytes and dermal fibroblasts, skin biop-
sies were obtained using a 6 mm biopsy punch, from 8 healthy cats that underwent ovariohysterectomy. Fibroblasts 
were isolated following collagenase digestion of the dermis and were grown in DMEM supplemented with 10% FBS. 
Keratinocytes were isolated from the epidermis following digestion with trypsin solution. Keratinocytes were grown 
on a collagen type I matrix, in a growth medium consisting of DMEM: F12 (3:1) medium supplemented with 10% 
FBS, 1 μM hydrocortisone, 1 μM isoproterenol, and 0.1 μM insulin. Both fibroblasts and keratinocytes were grown 
in a humidified atmosphere with 5% CO2 at 37oC. The medium was changed twice a week and cells were grown up 
to 80-85% confluency for 4 passages. Cells at passages 1-2 were cryopreserved in a freezing medium at -80oC. Fi-
broblast freezing medium consisted of DMEM supplemented with 30% FBS and 10% DMSO, whereas keratinocytes 
were cryopreserved in a keratinocyte growth medium supplemented with 10% DMSO. Both cell types were recovered 
following cryopreservation and cultured as described above until passage 4. Therefore, we can create a bank of fibro-
blasts and keratinocytes to recover cells for further culture and for the generation of autologous or heterologous skin 
equivalent in vitro. This is the first study reporting isolation and culture of keratinocytes and fibroblasts from feline 
skin, setting the grounds for the development of engineered feline skin.
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INTRODUCTION

Feline skin is comprised of two layers, epidermis, 
and dermis, separated by a basal membrane, and 

each layer is subdivided into other layers. Namely, the 
epidermis includes stratum basale, stratum spinosum, 
and stratum corneum and the dermis includes stratum 
papillare and stratum reticulare (Pavletic, 2018). The 
main cells of the epidermis and dermis are the kera-
tinocytes and fibroblasts, respectively. Artificial skin 
equivalents consist mainly of keratinocytes and fibro-
blasts and rarely they also include melanocytes (Roger 
et al., 2019). Application of skin equivalents provides 
the advantage of faster in vitro proliferation compared 
to a second-intention healing process (Llames et al., 
2006). Human skin equivalents have been used exten-
sively in pharmacology and cosmetology, especially 
after the limitation of the use of animal testing, for 
research in wound healing, skin development, alope-
cia disease, stem cell renewal, and toxicology screen-
ing (Souci and Denesvre, 2021; Sanchez et al., 2022). 
Applications of biosynthetic skin have been described 
less frequently in veterinary medicine, mainly in dogs 
(Serra et al., 2007; Cerrato et al., 2016a; Bauhammer 
et al., 2019), horses (Cerrato et al., 2014), rabbits 
(Kondo et al., 1990), pigs (Dame et al., 2008) and 
mice (Ikuta et al., 2006). However, to date, no work 
has been reported with feline skin.

The advantage of biosynthetic skin over other cus-
tom wound treatment methods is the protection from 
dehydration, the oxygen supply, the low incidence of 
infection or rejection, and the promotion of the healing 
process. Moreover, growing cells in vitro can produce 
adequate amounts of skin equivalents from small skin 
samples or stocks of cells in a relatively short time 
(Llames et al., 2006; Przekora, 2020). Biosynthetic 
skin has been created from canine skin biopsies and has 
been applied in large wounds with encouraging results 
(Serra et al., 2007; Cerrato et al., 2014; Ramió-Lluch 
et al., 2017). However, the number of dogs in which 
the biosynthetic skin was applied is small, thus further 
investigation is required in order to assess the efficacy 
of bioengineered skin in healing large defects. In cats, 
there are no reported cases of keratinocyte or fibroblast 
isolation or attempts to generate skin equivalents to fa-
cilitate faster wound healing.

The aim of the present study was to develop for 
the first time a protocol for the isolation, culture, and 
cryopreservation of feline keratinocytes and fibro-
blasts as a first step in the development of artificially 
engineered skin equivalent in cats. Our hypothesis 

was that 70 isolation, culture, and cryopreservation of 
feline keratinocytes and fibroblasts could be feasible.

MATERIALS AND METHODS

Materials
Collagenase type I (SCR103), Millipore, USA; 

High Glucose DMEM (LM-D1111), Ham’s F12 (LM-
H1235), Ca2+, Mg2+-free PBS (LM-S2041), Ampho-
tericin B (LM- A4109) and 100X Penicillin-Strep-
tomycin solution (XC-A4122) were purchased from 
Biosera, France; FBS, Standard, South America origin 
(P30-3306), DMSO for cell culture (P60-36720100) 
and Trypsin 0.05%/EDTA 0.02% (P10-023100) were 
from Pan-Biotec, Germany; Collagen Type I, F12, 
Human Recombinant Insulin (41-975), Biological 
Industries; Hydrocortisone (20739) and Isoprotere-
nol (15592) were purchased from Cayman Chemical, 
USA; all cell culture plasticware were from SPL Life 
Sciences. Microscopy was performed on an inverted 
optical microscope (Euromex, Holland).

Feline skin biopsy collection
In the present study, 8 female, intact, domestic 

shorthaired cats were used. The cats were admitted 
to the clinic for ovariohysterectomy. Informed con-
sent was obtained from the owner of each cat preop-
eratively. All cats had a complete blood count, and 
a serum biochemical analysis and were screened for 
feline leukemia virus (FeLV) and feline immunodefi-
ciency virus (FIV) preoperatively. Skin samples were 
obtained from the abdominal area of cats undergoing 
ovariohysterectomy. A 6 mm biopsy punch was used 
for the biopsy and 2 samples were obtained from each 
cat. Following the harvest of the skin, the subcuta-
neous tissue, and the vessels were removed, and the 
remaining tissue was washed with phosphate buffer 
saline (PBS) and stored in cold Dulbecco’s Modified 
Eagle’s Medium (DMEM) to be transferred to the lab-
oratory.

Isolation and culture of fibroblasts
All processes in the cell culture laboratory were 

performed in a vertical laminar airflow cabinet (Tel-
star) under aseptic conditions. Each sample was fur-
ther cleaned from remaining blood vessels and fat tis-
sue and was minced with a scalpel in small fragments 
(app. 1mm3). For the isolation of fibroblasts, tissues 
were incubated in the presence of 3 volumes of colla-
genase type I (2mg/ml). Incubations were carried out 
with continuous rotation at 37o C for 5-6 hours. Fol-
lowing digestion, the supernatant (dermis digestion 
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fraction) was passed through a 100 μm cell strainer 
and was centrifuged at 1200 rpm for 5 min, at RT. 
Fibroblasts were then washed with 2 ml DMEM and 
were finally resuspended in Fibroblast Growth Medi-
um (FGM): DMEM high glucose, 10%FBS, 1X PS, 
1X amphotericin (2.5 μg/ml). The concentration and 
the total number of fibroblasts were determined using 
a Neubauer slide. The cells were seeded in a T25 cell 
culture flask at app 10,000 cells/cm2 and cultured in 
a humidified atmosphere with 5% CO2 at 37oC. The 
medium was changed twice a week and cells were 
passaged following detachment with Trypsin 0.05%/
EDTA 0.02%.

Isolation and culture of keratinocytes
The undigested fraction of the collagenase diges-

tion included the epidermis and was further treated 
with 2 volumes of 0.05%Trypsin-0.02%EDTA (TE) 
solution for 1 h at 37o C with continuous rotation. The 
undigested tissue was allowed to settle, and the kerat-
inocyte-containing supernatant was removed in a new 
tube with FBS (final concentration 10%) to stop the 
trypsinization. Two ml of TE solution were added to 
the undigested fraction and the reactions were further 
incubated at 37o C for an additional 30 minutes. This 
procedure was repeated once more, and the pooled ke-
ratinocyte fractions were passed sequentially through 
a 100 μm and a 40 μm cell strainer. The flowthrough 
was centrifuged at 1200 rpm, RT, for 5 minutes and 
the supernatant was discarded. The keratinocytes in 
the pellet were washed with DMEM and were finally 
resuspended in 2 ml Keratinocyte Growth Medium 
(KGM): DMEM: F12 (3:1), 10%FBS, 1 μM hydro-
cortisone, 1 μM isoproterenol, 0,1 μM insulin, 1X PS 

and 1X amphotericin. A collagen-coated T75 cell cul-
ture flask was seeded with the cell suspension. The 
cells were grown in a humidified atmosphere with 
5% CO2 at 37oC and the medium was changed twice 
a week. Cells were passaged following detachment 
with Trypsin 0.05%/EDTA 0.02%.

Cryopreservation of primary cells
In order to cryopreserve the isolated fibroblast and 

keratinocytes, cells were grown to 80% confluency 
washed with Ca2+, Mg2+-free PBS, and detached from 
the culture flask with TE solution. FBS was added to 
a final concentration of 10% to inhibit trypsin and 
cells were washed with DMEM. Following washing 
with DMEM, fibroblasts were resuspended in DMEM 
supplemented with 30% FBS and 10% DMSO, while 
keratinocytes were resuspended in KGM supplement-
ed with 10% DMSO. All cells were stored in 2-ml 
cryovials at -20oC for 24 hours and finally were trans-
ferred at - 80oC.

RESULTS

In vitro culture of keratinocytes and fibroblasts
Isolation of fibroblasts from feline skin samples 

was achieved by digesting the dermis in 0.2% colla-
genase solution. Following digestion, we recovered 
approximately 5x105 fibroblasts/g of tissue. Cells 
were seeded in a T25 flask at a density of 10,000 cells/
cm2 and were cultured for approximately 10 days or 
until they reached an 80% confluency before they 
were passaged to a T75 flask (Figure 1). Fibroblasts 
were cultured for up to 4 passages, by which time the 
growth rate was dramatically reduced and the cell 
morphology changed.

Figure 1. Isolated fibroblasts, day 7 in culture (magnification x100).
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Isolation of keratinocytes was achieved by treat-
ing the epidermis fraction with 0,05% trypsin-0,02% 
EDTA. Keratinocytes reached an 80% confluency af-
ter about 7-8 days in culture and were kept in culture 
for up to 4 passages (Figure 2).

Post-thawing recovery of primary cells
Both keratinocytes and fibroblasts were recovered 

in the appropriate medium after their cryopreserva-
tion at -80oC. Cells were quickly defrosted in a 37oC 
water bath and washed with DMEM. Fibroblasts were 
resuspended in FGM and seeded in a T25 flask. Ke-
ratinocytes were resuspended in KGM and seeded in 
a collagen-coated T75 flask. Cells were alive after 
thawing and were successfully cultured (Figure 3). 

Both cell types had normal morphology and growth 
rate post-thawing, reaching confluency within 7- 10 
days in culture.

DISCUSSION
To the authors’ knowledge, the present study is the 

first report on the isolation, culture, and cryopreser-
vation of primary fibroblasts and keratinocytes from 
feline skin biopsies. The isolation and culture of fibro-
blasts and keratinocytes, and the development of skin 
equivalent have been previously reported mainly in 
humans (Black et al., 2010; Bauhammer et al., 2019; 
Roger et al., 2019; Donato et al., 2022), but also in 
several species, other than cats (Kondo et al., 1990; 
Ikuta et al., 2006; Serra et al., 2007; Dame et al., 

Figure 2. Isolated keratinocytes, day 4 in culture (magnification x200)

 
Α

 
Β

Figure 3. Culture of frozen-thawed fibroblasts, day 4 post-thawing. A. Magnification x100, B. Magnification x200
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2008; Cerrato et al., 2012, 2014; Abramo et al., 2016; 
Ramió-Lluch et al., 2017; Souci and Denesvre, 2021). 
The initial phases for isolation and culture of kerati-
nocytes and fibroblasts differ among the different pro-
tocols but are similar to a great extent in the majority 
of protocols in dogs, with biopsies obtained usually 
from the abdominal skin (Cerrato et al., 2013, 2014).

In the present study, we attempted to follow oth-
er published protocols, to eventually develop one for 
the culture of fibroblasts and keratinocytes from skin 
biopsies from the abdominal area of female cats. The 
protocol that resulted in the best yield of primary cells 
and their optimal growth in vitro was the canine pro-
tocol with slight modifications. Isolation of keratino-
cytes can be achieved by enzymatic disintegration of 
the epidermis by digesting the samples with trypsin 
(Cerrato et al., 2012, 2013, 2016b) or through cul-
tures of explants as described in horses (Cerrato et al., 
2014). In the present study, the enzymatic digestion 
was the one with an adequate yield of cells to initiate 
an in vitro culture. Similarly, fibroblasts were isolat-
ed following a collagenase-mediated disintegration 
of the dermis. Isolated keratinocytes seemed to reach 
high confluency in about 7-8 days, which is in agree-
ment with the results in dogs (Serra et al., 2007; Cer-
rato et al., 2012, 2013). However, feline fibroblasts 
required more time to proliferate in vitro. The use of 

collagen type I scaffold enhances keratinocyte prolif-
eration (Ścieżyńska et al., 2019), as it was also record-
ed in the present study, where keratinocytes could not 
survive and proliferate in collagen-free culture plates.

This study further investigated the potential to 
cryopreserve feline primary cells. Fibroblasts and ke-
ratinocytes at passage 1 or 2 were frozen at -80oC for 
at least 1 week. Cells were allowed to defrost and ex-
tend their culture. Both fibroblasts and keratinocytes 
survived freezing and continued growing under opti-
mal conditions. This finding demonstrates the poten-
tial to freeze primary cells from healthy cat donors, 
thus creating a type of feline primary cell bank that 
will be readily available upon request. Nevertheless, 
this is a preliminary study that is ultimately aiming to 
the generation of an engineered feline skin equivalent 
to be applied to large or chronic skin defects or inju-
ries in cats.
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Figure 4. Culture of frozen-thawed keratinocytes. A. Day 1 post-thawing. B. Day 7 post-thawing (magnification x200
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