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The Primary Culture of
Human Oral Mucosa Keratinocytes by

Enzymatic Technique

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  For reconstruction of oral mucosa defects, mucosal grafting is the ideal
method, but limitation in the availability of graft material has made such reconstruction difficult.
To solve this problem of autologous oral mucosa for reconstructive surgery, primary culture of oral
mucosa keratinocytes has been developed. There are two techniques in primary culture of oral mu-
cosa keratinocytes, which include the enzymatic and direct explant technique. The objective of
this study was to present success rates and our experiences on the cultivation of oral mucosa ker-
atinocytes using the enzymatic method. MMaatteerriiaall  aanndd  MMeetthhooddss::  Keratinocytes for primary cell cul-
ture were obtained from healthy oral mucosa specimens excised during operation of patients with
no systemic disease who were referred for routine oral surgeries to the Oral and Maxillofacial Sur-
gery Clinics. Tissue specimens were obtained from the oral mucosa of 12 different healthy human
subjects (7 male, 5 female, aged between 9 and 59 years) oral mucosa. In this study, enzymatic tech-
nique was used for the primary cell culture of oral mucosa keratinocytes. RReessuullttss::  While a primary
cell culture could be achieved in 8 tissue specimens, primary cell culture was not possible in 4 spec-
imens, among which one developed fungal infection. CCoonncclluussiioonn::  The success rate was 66.6% by
enzymatic technique in primary cell culture of oral mucosa keratinocytes. Enzymatic technique al-
lows dissociation of keratinocytes and yields successful results in primary cell culture of oral mu-
cosa keratinocytes. 
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ÖÖZZEETT  AAmmaaçç  Ağız mukozası defektlerinin onarımı amacıyla gerçekleştirilen mukozal greft
uygulamaları, ideal bir yöntem olmalarına rağmen, greft materyalinin elde edilmesi ile ilgili
sınırlamalar, bu onarımı güçleştirmektedir. Bu sorunun çözümüne yönelik olarak oral mukoza
keratinositlerinin primer kültürü yöntemi geliştirilmiş olup, bu yöntem, enzimatik ve direkt
eksplant tekniği olmak üzere iki şekilde uygulanmaktadır. Bu çalışmanın amacı, enzimatik teknik
kullanılarak ağız mukozası keratinositlerinin üretilmesi ile ilgili başarı oranlarını ve bu konudaki
deneyimlerimizi sunmaktır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Primer hücre kültürü için gereken keratinositler,
Ağız, Diş, Çene Hastalıkları ve Cerrahisi Anabilim Dalı polikliniğine rutin ağız cerrahisi işlemleri
için başvuran ve klinik olarak önemli bir sistemik hastalığı bulunmayan hastaların, operasyon gereği
eksize edilmiş sağlıklı ağız mukozası doku örneklerinden elde edilmiştir. Doku örnekleri, yaşları 9
ile 59 arasında değişen 12 (7 erkek, 5 kadın) farklı sağlıklı bireyin ağız mukozalarından alınmıştır.
Çalışmamızda, enzimatik primer ağız mukozası keratinosit hücre kültürü yöntemi uygulanmıştır.
BBuullgguullaarr::  Doku örneklerinden 8’inde başarılı bir primer hücre (keratinosit) kültürü
oluşturulabilirken, 4’ünde başarılı bir primer hücre kültürü elde edilememiş ve bunlardan birinde
de mantar enfeksiyonu gelişmiştir. SSoonnuuçç::  Çalışmamızın sonucunda, enzimatik teknikle
gerçekleştirilen ağız mukozası primer hücre kültüründe %66,6 oranında başarı elde edilebilmiştir
Enzimatik teknik, insan ağız mukozası keratinosit kültüründe başarılı sonuçların elde edilebildiği,
kertinositlerin ayrıştırılmasına izin veren bir tekniktir.   
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eed for covering massive soft tissue defi-
ciencies following traumas, ablative cancer
surgeries, thermal or chemical burns, pen-

etrating gun shot injuries or preprothetic surgeries
on the maxillofacial region is among major prob-
lems faced by oral and maxillofacial surgeons. Re-
constructive procedures in oral and maxillofacial
surgery require autogenous skin and/or oral mu-
cosa grafts for recompensing the soft tissue loss and
enhancement of wound healing. Despite their dis-
advantages like the need for a second surgical pro-
cedure, limited graft amount and unsuitable texture
of skin grafts, autogenous keratinized oral mucosa
and split thickness skin grafts are still widely used
for reconstruction of the soft tissue deficits of the
circumoral region. Another solution for this prob-
lem may be to construct an oral mucosa substitute
produced by the keratinocytes of the patient in re-
quired size.1-5  

A mucosal equivalent necessitates basically the
existence of two components: a superficial portion
or epidermis that contains keratinocytes and the
deeper portion or dermis. Therefore, a reliable
source of cultured keratinocytes is essential as a
component of mucosa and/or skin substitutes. Ad-
ditionally, cell culturing of human oral mucosa has
many applications for oral biology researches in-
cluding the study of differentiation processes, ef-
fects of drugs, and chromosomal analysis.6,7

Rheinwald and Green8 have 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 ir-
radiated feeder cell layer were undesirable in elec-
tive surgery because of the undetermined risk of
introducing high mouse DNA content onto prolif-
erating human cells.9,10 This process was modified
by Kitano and Okada11 by introducing a milder pro-
tease known as dispase to separate the epidermal
sheet from the underlying dermis of the skin. Boyce
and Ham12 adopted a serum-free medium for pri-
mary keratinocyte culture. This technique did not
require the 3T3 feeder layer and therefore had ben-
efits for use in clinical practice.

The dissociation methods of keratinocyte pri-
mary culture are well established; however, at-
tempts to acquire reliable techniques to isolate
high-quality progenitor keratinocytes and propa-
gate them in culture are ongoing in many labora-
tories. To the best of our knowledge, currently,
there are basically two techniques in primary cul-
ture; the enzymatic and the direct explant tech-
nique.

In 1952, Billingham and Reynolds13 described
a technique for the separation of epithelial cells
using an enzyme (trypsin), thus called the enzy-
matic method, in order to obtain keratinocytes and
at the same time prevent these cells from loosing
their viability and culture potential.14 The enzy-
matic technique was further developed by Daniels
et al.,15 by surveying the success rate of human
keratinocyte isolation with various concentrations
including trypsin and dispase, the enzymatic con-
dition, as well as the calcium concentration in the
culture medium.

The aim of this study was to investigate the
success rate of oral mucosa keratinocyte cultures
by enzymatic technique described by Izumi et al.1

MATERIAL AND METHODS

This project was approved by the First Ethics Com-
mittee of Clinical Research of Ankara with the Li-
cense Number 2010/01-214. Primary cell cultures
were performed by using human oral epithelial tis-
sues (4x4 mm or larger) obtained from volunteers
who were undergoing dental surgeries such as im-
plant surgery, third molar extraction, and gum sur-
gery, at the Oral and Maxillofacial Surgery Clinics
in the Gülhane Military Medical Academy (Figure
1). Oral epithelial tissues were obtained from 12
healthy human subjects (7 male, 5 female, aged be-
tween 9 and 59 years).

The basic “culture medium” (chemically de-
fined culture medium, “EpiLife” Cascade Biologics,
Portland, OR, USA) supplemented with human
keratinocyte growth factors (“EDGS” Cascade Bio-
logics, Portland, OR, USA), 125 µg/ml gentamycin
and 1 µg/ml amphothericin B (Sigma Chemicals
Co., USA) was prepared as described by Izumi et
al1 with a calcium concentration of 0.06 mM.
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Tissue samples were transported to the cell
culture laboratory in “washing solution” (Phos-
phate- Buffered Saline PBS, Ca++ and Mg++ free)
which was supplemented with 125 µg/ml gen-
tamycin, and 1 µg/ml amphotericin B (Sigma
Chemicals Co., USA). Oral mucosal samples were
placed in a new washing solution, were scraped
clean to remove blood, and were trimmed of ex-
cess tissue (Figure 1). The mucosal tissues in the

0.04% trypsin solution (Sigma Chemicals Co.,
USA) were digested overnight at room tempera-
ture to allow the separation of the epithelium at
the suprabasal layer. Trypsin was inactivated the
next day by 0.0125% trypsin inhibitor (“DTI” Cas-
cade Biologics, Portland, OR, USA). The epithelial
layers were mechanically separated above the
basal layer, and the interface areas were scraped to
dissociate the basal cells from the submucosal
layer. Collected cells were filtered with a nylon
mesh filter (240 µm) and were counted with a
hematocytometer (Figure 2). Following centrifu-
gation of cells for 5 minutes at 1000 rpm at ambi-
ent temperature, they were resuspended with 5 ml
culture medium and were plated at a concentra-
tion of 2.3×106 cells in a T-25 flask (Laboratory Sci-
ence Co. Corning, NY, USA). They were incubated
at 37ºC in 5% CO2 (Figure 3). The medium was
changed two days after initial plating of the cells.
The cultures were fed every other day with basic
“culture medium” containing a low calcium con-
centration of 0.06 mM. After around 15 days, oral
mucosa keratinocytes were harvested when they
reached at 70-80% confluency and were replated
onto different T-25 or T-75 flasks at a concentra-
tion of 2.0×104 cells/cm2 (Figure 4). Replated ker-
atinocytes in the new flasks were used for
subsequent cell proliferation assays. In this study,
the success rate of the culturing method was de-
fined as the attaching capacity of the cells to the
bottom of the flasks, become 70-80% confluent
and to survive at least until the first passage.
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FIGURE 1: a; Human oral epithelial tissue samples, b; transportation of the tissue
sample in a 50 ml falcon tube, c;d; preparation and cleaning of the tisssue sam-
ple for tyripsinization.

FIGURE 2: a;b; Tyripsinization and scraping of the tissue sample, c; filtration of the collected cells, d; appearance of the collected cells in a 50 ml falcon tube after cen-
trifugation, and e;f;g; counting of the keratinocytes with a hematocytometer. 
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Descriptive statistical analyses were done for
the tissue samples. SPSS 15.0 for Microsoft Excel
(Chicago, USA) was used for data processing. De-
scriptive statistics were shown as mean ± standard
deviation. 

RESULTS

Tissue samples were obtained from 12 healthy
human subjects (7 males and 5 females) aged be-
tween 9-59 years (mean age 36.1±15.3). Primary
cultures of the oral epithelial cells by enzymatic
technique failed in 4 samples and one developed a

fungal infection. The overall success rate was
66.6%. Results were summarized in Table 1.

The ideal transportation period for the tissue
samples to the cell culture laboratory proved to be
between 1 and 3 hours. Less than 1 hour could in-
crease the risk of infection and more than 3 hours
could reduce the attaching capacity of the cells.
The average time for keratinocytes in flasks to be-
come 70-80% confluent in the first passage was
15.3 ± 1.6 days.

DISCUSSION

Although several published studies of enzymatic
and direct explant techniques employed in ker-
atinocyte cultivation, ther is still controversy
around which one would be the best choice to ob-
tain the greatest number of clonogenic cells, cell
performance, and the best culture life span.6,14 

According to Lauer and Schimming,16 in 1910,
Carrel and Burrows described a method for the ex-
traction of epithelia cells, called direct explant,
which has been used since then. The direct explant
technique has also been used to culture human gin-
gival and buccal tissues. According to Lauer et al.,17

explant technique combined with autogenous
serum can yield successful results for culturing gin-
gival autografts. In addition, Klingbeil et al.17 stated
that although the direct explant technique was
faster than the enzymatic technique in obtaining
the first keratinocyte yield, the infection risk,
which is a common problem in primary cell cul-
ture procedures, is more common in the direct ex-
plant technique than the enzymatic technique.

Klingbeil et al14 stated that the average time
needed to obtain the first keratinocyte culture was

FIGURE 3: a; A T-25 flask plated oral mucosa keratinocytes, b; an incubator, and
c; T-25 flasks plated oral mucosa keratinocytes on the shelf of the incubator.

FIGURE 4: After around 15 days, when the primary cell culture reached to 70-
80% confluence.

Enzymatic Technique

Success Fail

Female Male Total Female Male Total

Oral Mucosa Keratinocyte Cultivation 2 6 8 (%66.6) 3 1 4 (%33.4)

Age (Mean±SD) 30.2 ± 14.4 48 ± 9.8

TABLE 1: The success and failure rates of the enzymatic technique classified by sex and age.

Success: The attaching ability of the keratinocytes to the bottom of the flasks, to become 70-80% confluent and to survive at least until the first passage.

Fail: The failure of cells to attach to the bottom of the flasks or the infection of the culture.
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11.9 days for the enzymatic technique and 14.2
days for the direct explant technique. The time in
the current study was 15.3 ± 1.6 days for the enzy-
matic technique, which was longer than the time
in the previous study. In this study, using a bigger
culture plate (T-25 flask, 25 cm2) than the one used
in the previous study (culture dish, 4 cm) may ac-
count for this difference. Nevertheless, the average
initial time for keratinocyte cultivation in this
study was reasonable compared to the time previ-
ous study.

Higher succes rates have been reported for the
direct explant technique compared to the enzy-
matic technique.18-20 In this study, the success
rate of mucosa keratinocyte culture by the enzy-
matic technique (66.6%) was lower than that ob-
tained by Kedjarune et al (88.9%), and Reid et al.
(80%) by the direct explant technique. This may be
attributed to the number of steps required in the
direct explant technique.

Probably the main disadvantage of the explant
technique is that for apppropriate cell propagation,
the culture medium should be changed; this pre-
vents the appearance of other undesired cells like
fibroblasts in the keratinocyte culture. In the
enzymatic technique, changing of the culture
medium was not required to allow the growth of
only keratinocytes in the culture plate. 

Bacterial contamination in the oral cavity
from the tissue samples associated with direct ex-
plant technique is another problem, which affects
the success rate of the cultivation. In addition, bac-

terial contamination was also reported to occur
during medium preparation.6,14,20 Freshney20
suggested that the contamination risk was corre-
lated with the size of the tissue and very small and
thin tissue samples could be adequate for the direct
explant technique. On the other hand, the success
rate increases paralell to the size of the tissue sam-
ple in the enzymatic technique. Therefore, the in-
fection risk may also increase in the enzymatic
technique.  

CONCLUSION

The enzymatic technique used for this study pro-
vided good results for primary culture of human
oral mucosa keratinocytes. The enzymatic tech-
nique has two advantages:

1) In the enzymatic technique, changing of the
culture medium was not needed to allow the
growth of only keratinocytes in the culture plate.

2) According to previous reports, less time may
be required in the enzymatic technique than the
direct explant technique for the first cultivation of
the keratinocytes.

The use of enzymatic cultivation protocol is
adequate to obtain oral keratinocytes in culture,
and allows the formation of a stratified epithe-
lium.
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