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Introduction
Thermal or chemical burns, trauma, penetrating
gunshot injuries or ablative cancer surgery in the
maxillofacial region can result in massive soft-tis-
sue deficiencies. Thus reconstructive procedures in
oral and maxillofacial surgery require skin and oral
mucosa substitutes to compensate for soft-tissue
loss and to enhance wound healing. Despite their
disadvantages—such as the need for a second sur-
gical procedure, limited graft amount and unsuit-
able texture of skin grafts—autogenous keratinised
oral mucosa and split-thickness skin grafts are still
being widely used for reconstruction of soft-tissue
deficits in the circum-oral region.

In the last two decades, the ability to produce
ex vivo oral mucosa and skin equivalents in one to
two months from a punch biopsy composed of an
epithelial or dermal component has started to assist
surgeons from all fields and has also gained popu-
larity in oral and maxillofacial surgery. An oral

mucosa equivalent, produced ex vivo, can provide
an unlimited supply of oral tissues that will have
similar characteristics to the original mucosa [1-4].
Additionally, cell culturing of human oral mucosa
has many applications for oral biology research,
including the study of differentiation processes,
effects of drugs, and chromosomal analysis [5].

A mucosal equivalent must have two basic
components: a superficial portion or epidermis that
contains keratinocytes and a deeper portion or der-
mis [6]. Therefore, a reliable source of cultured ker-
atinocytes is essential as a component of mucosa
and/or skin substitutes.

Rheinwald and Green (1975) [7] proposed the
first technique to fabricate cultured oral epithelial
sheets by using a feeder layer composed of irradiated
3T3 mouse fibroblasts to grow keratinocytes in vitro.
However, oral mucosal sheets cultured with an irradi-
ated feeder cell layer are undesirable in elective sur-
gery because of the undetermined risk of introducing
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high mouse DNA content onto proliferating human
cells [8,9]. This process was modified by Kitano and
Okada (1983), who introduced a milder protease
known as dispase to separate the epidermal sheet from
the underlying dermis of the skin. Boyce and Ham
(1983) adopted a serum-free medium for primary ker-
atinocyte culture [10]. With this technique, the 3T3
feeder layer is no longer needed and therefore it has
benefits for use in clinical applications [11].

The dissociation methods of keratinocyte pri-
mary culture are well established. However, attempts
to acquire reliable techniques to isolate high-quality
progenitor keratinocytes and propagate them in cul-
ture are ongoing in many laboratories. To the best of
the authors’ knowledge, nowadays, there are basical-
ly two techniques in primary culture: the enzymatic
and the direct explant technique.

Billingham and Reynolds (1952) described a
technique for the separation of epithelial cells using
an enzyme (trypsin) [12], thus called the enzymat-
ic method, in order to obtain keratinocytes and at
the same time prevent these cells from losing their
viability and culture potential [13]. The enzymatic
technique was developed by Daniels et al. (1996),
who surveyed the success rate of human ker-
atinocyte isolation with various concentrations
including trypsin and dispase [14], the enzymatic
condition, as well as the calcium concentration in
the culture medium [12]. According to Lauer and
Schimming (2001) [15], Carrel and Burrows
described in 1910 a method for the extraction of
epithelia cells called direct explant, which has been
used since that time. The direct explant technique
has been used for 30 years in the culturing of
human gingival [16] and buccal tissues [17].
According to Lauer et al. (1991) [16], explant tech-
nique combined with autogenous serum can be
used for culturing gingival autografts as well as for
cultures with special tissues. Additionally,
Klingbeil et al. (2009) [13] stated that the direct
explant technique obtained the first keratinocytes
yield faster than the enzymatic technique.

Aim
The aim of this study was to isolate and investigate
the percentage of success in culturing oral mucosa
keratinocytes by modifying the direct explant tech-
nique described by Wanichpakorn and Kedjarune-
Laggat (2010) [5].

Materials and Methods
This project was approved by the First Ethics

Committee of Clinical Researches of Ankara, under
Licence Number 2010/01-214. Primary cell cul-
tures were created by using human oral epithelial
tissues from volunteers who were undergoing oral
surgery (such as implant surgery, third molar
extraction, and periodontal surgery) at the Oral and
Maxillofacial Surgery Clinics in Gulhane Military
Medical Academy. Oral epithelial tissues were
obtained from the keratinised gingival tissues of
nine healthy human subjects (five male, four
female, with an age range of from 16 to 57 years).

The tissue specimens were carried to the cell
culture laboratory in a 10 ml culture media
(Dulbecco’s Modified Eagle’s Medium [DMEM]:
Gibco BRL, New York, USA; pH 7.2) supplement-
ed with 10% heat-inactivated fetal calf serum
(FCS), 100 U/ml penicillin, 100 µg/ml strepto-
mycin and 0.5% amphotericin B (Gibco BRL, New
York, USA) to prevent growth of microorganisms.
The tissue specimens were washed and disinfected
in a 10% povidone iodine solution for one to two
minutes and after that washed in culture media. The
tissue specimens were then cut into pieces, approx-
imately 11 mm in size, and placed in the culture
plate (T-25 flask, Corning, New York, USA) using
a sterile needle of the dental injector. Tissue pieces
were left in the culture plate for 15-20 minutes and
then the culture media was gently dropped on the
tissue pieces. After waiting for three to four hours,
the culture plate was flooded with 5 ml culture
media. The culture plate was incubated at 37°C in a
humidified atmosphere of 95% air and 5% CO2
(Incubator SANYO MCO 18-AIC, Osaka, Japan).
The old culture medium was replaced with a fresh
one twice a week. After the keratinocytes, which
were squamous in shape, started to multiply around
the tissue sample origin to a diameter of 2-5 mm
(Figure 1), the culture medium was changed to
EpiLife (Cascade Biologics, Portland, OR, USA)
supplemented with human keratinocyte growth fac-
tors (EDGS Cascade Biologics, Portland, OR,
USA), 125 µg/ml gentamycin and 1 µg/ml ampho-
tericine B (Fungizone, Sigma Chemical Co, St
Louis, MO, USA) which was described by Izumi et
al. (1999) [1], with a calcium concentration of 0.06
mM. Thus, fibroblast overgrowth was prevented
and fibroblasts were eliminated (Figure 2). The
culture was fed every other day with the EpiLife
culture medium. After about 10 days, when the pri-
mary cell culture reached 70-80% confluence
(Figure 3), oral mucosa keratinocytes were harvest-
ed with a solution of 0.025% trypsin-ethylenedi-
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aminetetra-acetic acid (trypsin-EDTA, TE Cascade
Biologics, Portland, OR, USA) at 37°C. After four
to five minutes, trypsin-EDTA activity was inhibit-
ed with an equal volume of 0.0125% trypsin
inhibitor. Disaggregated cells were collected,
counted, centrifuged, re-suspended and re-plated
into a new different T-25 flask (Corning, New
York, USA) at a density of 2.0104 cells/cm2. The
first passage was subcultured to a T-25 flask and
then moved to a T-75 flask (Corning, New York,
USA) for the next passages. Primary cultured ker-
atinocytes were used from the third through the
fifth passages in a T-75 flask. In this study, the suc-
cess rate of the culturing method was defined as the
ability of the cells to grow from the original tissue
sample, become 70-80% confluent, and to survive
at least until the first passage.

Results
As previously described, the tissue samples were
obtained from nine healthy human subjects (five
males and four females) aged between 16-57 years
(mean age 30.6 years ±12.8). The results showed
that only one primary culture of oral epithelial cells
by direct explant technique failed, and the total suc-
cess rate was 88.9% (Table 1). In this study, no
contamination of microorganisms in primary cell
cultures was observed.

It was found that the tissue samples of a size
approximately 11 mm were more successful for
culturing the oral mucosa keratinocytes than those
tissue samples larger than 11 mm. Oral mucosa
epithelial cells developed from the original tissue
after three to five days. The culture medium was

Figure 1. The morphology of the keratinocytes, which
were squamous in shape, started to multiply around

the tissue sample origin to a diameter of 2-5 mm.

Figure 2. The elimination of the fibroblasts at second day after the changing of medium to EpiLife. Fibroblasts
eliminated shown with black arrows. Keratinocytes attached shown with red arrows.

Figure 3. After around 10 days, when the primary
cell culture reached to 70-80% confluence.
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changed to EpiLife, which is specific for culturing
of the keratinocytes after nine to ten days [1]. In
comparison, average time for the first development
of keratinocytes was 20.8 days.

Discussion
Despite several published studies of enzymatic and
direct explant techniques employed in keratinocyte
cultivation, doubts still remain about which one is
optimal for obtaining the greatest number of clono-
genic cells, cell performance, and the best culture
life-span. [13]

Klingbeil et al. (2009) [13] have stated that the
average time needed to obtain the first keratinocyte
was 11.9 days for the enzymatic method and 14.2
days for the direct explant method. Previous studies
[5,13] have found that the average initial time for
keratinocyte cultivation by the direct explant tech-
nique was 14.2 days. In the current study, it was
20.8 days, somewhat longer than in the previous
studies. The use of a bigger culture plate (T-25
flask, 25 cm2) may have caused this difference.
Nevertheless, the average initial time for ker-
atinocyte cultivation in this study was not unrea-
sonable compared to previous studies.

According to the results of the study performed
by Klingbeil et al. (2009) [13], the operating proce-
dure used in the direct explant technique process
involves fewer steps compared with the enzymatic
technique. The higher success rate of explant tech-
nique compared with the enzymatic may be interpret-
ed with the number of the steps required. In this study,
the success rate of mucosa keratinocyte culturing
(88.9%) was similar to the findings of Wanichpakorn
and Kedjarune-Laggat (2010) (88.9%) [5], higher
than that reported by Kedjarune et al. (2001) [18],
which was about 82%, and also higher than reported
in the study of Reid et al. (1997) [19], which had

about 80% success, even though these three studies
used the same direct explant technique.

According to the literature, the best possible
concentration of trypsin-EDTA for detaching oral
mucosa keratinocytes from a culture plate was
0.025% for four to five minutes. This was also sug-
gested by Wanichpakorn and Kedjarune-Laggat’s
(2010) study [5]; these authors found that when
using 0.05% trypsin-EDTA for harvesting of the
keratinocytes, more than 30% of the cells would die
in the first passage. Moreover, when the confluence
of the cell number for keratinocytes subculture was
40-50%, it was found that each subculture growth
rate slowed down. The same finding was also high-
lighted by Reid et al. (1997) [19].

The main disadvantage of the explant tech-
nique is that when cell propagation is desired, feed-
er-layer employment is needed and it also prevents
the appearance of other undesired cells in the ker-
atinocyte culture, such as fibroblasts. In this study,
this problem was overcome by changing the culture
medium that characteristically allows growing only
keratinocytes in culture plate. Figure 2 shows the
elimination of the fibroblasts at the second day
after changing the medium to EpiLife.

Bacterial contamination in the oral cavity from
the tissue samples associated with direct explant
technique is another problem that affects the suc-
cess rate of the cultivation [5,13,18]. In addition,
bacterial contamination was also reported to occur
during medium preparation. Wanichpakorn and
Kedjarune-Laggat (2010) [5] suggested that the
contamination risk is correlated with the size of the
tissue, because the tissue samples were very small
and thin. The disinfection times for tissue samples
can vary among different studies. In the current
study, the tissue samples were not contaminated
after placing in a 10% povidone iodine solution for
one to two minutes.

Table 1: The success and failure of the direct explant technique classified by sex and age

Direct explant technique
Success Fail

Female Male Total Female Male Total
Oral mucosa keratinocyte cultivation 4 4 8 0 1 1

(88.9%) (11.1%)
Age (mean±SD) 27.3±8.8 57

Success: The ability of keratinocytes to grow out from the tissue sample origin, become 70-80% confluent
and to survive at least until the first passage.
Fail: The cells cannot grow out from the tissue sample origin or survive at least until first passage.
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Conclusions
The direct explant method used for this study pro-
vided successful results for primary culture of
human oral keratinocyte. Within the limited num-
ber of samples cultured in the current study, it can
be concluded that the explant technique has two
advantages:

1. Technical handling involved in the direct
explant method at the beginning of the
process has fewer steps.

2. The direct explant method does not require
a feeder-layer in order to obtain cells.

The use of direct explant cultivation protocol is
adequate for obtaining oral keratinocytes in culture,
and also shows the possibility of formation of a
stratified epithelium. A larger study is needed to
confirm these initial findings
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