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Abstract
Aim: One of the most discernable differences between keratinized and non-
keratinized oral mucosas is the quantity of elastin they contain in the connective
tissues. Whether elastin modulates the keratin expression of oral epithelial cells is
unknown.

Methods: Four specimens containing both keratinized and non-keratinized mucosas
were processed for immunohistochemical (IHC) stainings for elastin and four keratins.
Six keratinized and non-keratinized portions of oral mucosas were dissected and
cultured on an organ culture system. Purified elastin and elastase were added
separately to the media. After 14 days, the mucosas were examined for four keratin
expressions. Cell cultures of keratinized and non-keratinized gingival fibroblasts were
established and tested for elastin expression. Oral mucosa equivalents were then
engineered and tested for keratin expression.

Results: Keratinized epithelium exclusively expressed keratin-1 and -10 (K1/10),
while non-keratinized epithelium expressed keratin-4 and -13 (K4/13). Only non-
keratinized fibroblasts expressed elastin in cell culture. Both the native and the
engineered keratinized gingiva changed phenotypes and expressed K4/13 when treated
with exogenous elastin. On the contrary, the native non-keratinized mucosa started to
express K1/10 when elastase eradicated inherent elastin.

Conclusions: Our study demonstrated that the elastin in the oral connective tissue is
important for the non-keratinized phenotypes of overlaying epithelium.
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The oral mucosa can be divided into
three categories: lining mucosa, masti-
catory mucosa, and specialized mucosa
(Gartner 1994). Gingiva is the mastica-
tory mucosa, which is rigid, tough, and
tightly bound to underlying bone by

dense connective tissue. It is covered
with (para)keratinized epithelium, and
immediately surrounds a tooth. Alveolar
mucosa is the non-keratinized mucosal
lining that covers the basal part of the
alveolar process and continues without
demarcation into the vestibular fornix
and the floor of the mouth (Weinberg &
Eskow 2003). Under a light microscope,
epithelial layering in keratinized gingiva
and non-keratinized alveolar mucosa
reveals minor differences. At the mole-
cular level, various keratin (K) family
members are expressed in these two
sites. Keratin is a family of about 21
polypeptides that are divided into acidic
and basic subfamilies. Keratin mole-

cules are usually expressed in pairs.
The K4/K13 pair of keratins is typically
expressed by lining mucosa associated
with the properties of flexibility and
elasticity, whereas the K1/K10 pair
expressed by masticatory mucosa, hard
palate, and skin is associated with rigid-
ity and toughness (Sawaf et al. 1991). It
has long been recognized that oral con-
nective tissue can determine overlying
epithelial differentiation (Kollar &
Baird 1970, Karring et al. 1975). For
example, 1 month after free grafts of
connective tissue from either the kerati-
nized gingiva or the non-keratinized
alveolar mucosa had been transplanted
into areas of the alveolar mucosa in
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seven monkeys, the gingival connective
tissue grafts became covered with kera-
tinized epithelium, while the alveolar
mucosa transplants were covered with
non-keratinized epithelium (Karring
et al. 1975). Because the connective
tissues determine the fate of epithelial
differentiation and expression of differ-
ent keratins, it is important to identify
what components in the connective tis-
sues of gingiva and alveolar mucosa
make the difference. One known signif-
icant difference is the number of elastic
fibres in the two connective tissues. A
mature elastic fibre consists of a pre-
dominant elastin core and a surrounding
microfibrillar sleeve (Kielty 2006). The
lamina propria and submucosa of the
alveolar mucosa contain numerous elas-
tic fibres, while the elastic fibres are
present only in association with blood
vessels in the connective tissue of gin-
giva (Lindhe et al. 2003). Therefore, in
the present study, we used several
assays to test our hypothesis that (a)
elastin in connective tissue promotes a
non-keratinized phenotype (K4/13 posi-
tive), while the absence of elastin is
associated with a keratinized phenotype
(K1/K10 positive).

Materials and Methods

Collecting oral mucosa samples and

isolating oral fibroblasts and

keratinocytes

Ten human oral mucosa samples – distal
wedges for crown lengthening on lower
second molars – consisting of both
keratinized gingiva and non-keratini-
zed alveolar mucosa were obtained
from our periodontal surgery clinic. A
signed informed consent form pre-
viously approved by the Institutional
Review Board of our university was
obtained from each patient. Four of the
samples were fixed in 4% paraformal-
dehyde (PFA) and then embedded in
paraffin for future immunohistochemis-
try (IHC). The other six samples were
used for tissue culture experiments. A
small piece (5 � 5 mm) of each sample
was excised to establish cell cultures.
The methods used to isolate gingival
fibroblasts, alveolar mucosal fibroblasts,
and oral keratinocytes are described
elsewhere (Igarashi et al. 2003). The
fibroblasts were maintained in Dulbec-
co’s modified Eagle’s medium (DMEM)
supplemented with 10% foetal calf ser-
um (FCS), penicillin (100 U/ml), strep-
tomycin (0.1 mg/ml), and amphotericin

B (0.25mg/ml). The oral keratinocytes
were maintained in a serum-free med-
ium (Keratinocyte-SFM; Gibco, Carls-
bad, CA, USA) supplemented with the
same antibiotics and antimycotic. All
the cultures were incubated in a humi-
dified atmosphere of 5% CO2 in air at
371C. The cells used in this study were
within passages 3–5.

IHC

Paraffin-embedded samples were cut into
4mm sections and placed on silane-
coated slides, which were then deparaffi-
nized and rehydrated with serial xylene
and ethyl alcohol. The slides were then
incubated for 10 min. in 3% H2O2 in
methanol, to quench endogenous perox-
idase activity, and rinsed three times in
phosphate-buffered saline (PBS) for
5 min. each. For K1, 4, 10, and 13, the
antigens were retrieved using heat treat-
ment (10 mM citrate buffer, pH 6.0). For
elastin, proteinase K (20mg/ml, 371C,
10 min.) was used to unmask the antigen.
After the slides had been washed with
PBS three times for 5 min. each and
blocked for 20 min., they were incubated
with primary antibodies for elastin and
K1, 4, 10, and 13 in a concentration of
2mg/ml overnight at 41C. The primary
antibodies for K4, 10, and 13 were
purchased from Neomarkers (Labvision,
Fremont, CA, USA), and for K1 and
elastin, from Abcam (Cambridge, MA,
USA). The following day, the slides
were incubated with biotin-conjugated
secondary antibodies and streptavidin-
horseradish peroxidase according to the
manufacturer’s instructions (Dako, Car-
pinteria, CA, USA). Finally, peroxidase
activity was detected using a chromogen
kit (Zymed, San Francisco, CA, USA)
and then counterstained with Mayer’s
haematoxylin.

Immunocytochemistry (ICC) and Western

blotting

The gingiva fibroblasts, alveolar mucosa
fibroblasts, and oral (gingival) keratino-
cytes were cultured separately on cover
glasses for 1 week. The cells were then
fixed in methanol at � 201C for 5 min.
and left to air dry. After they had been
washed three times in PBS, 3% H2O2 in
PBS was added to quench endogenous
peroxidase. The following procedures
without antigen retrieval were the same
as for the IHC. For Western immuno-
blot, the cell lysates were collected from
10 cm culture plates after addition of

1 ml lysis buffer for each plate. Sodium
dodecyl sulphate-polyacrylamide gel
electrophoresis was performed on gels
of 12% acrylamide. For each lane, 40 mg
of protein from different cell lysates and
10 ml of molecular weight standards
were applied to the gel. After electro-
phoresis, transferring, and blocking, the
primary antibody against elastin was
incubated with the membrane for 1 h at
371C at a concentration of 0.1mg/ml.
The polyclonal rabbit anti-mouse b-
actin (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) was used as the internal
control for equal loading. After the
membrane had been washed, secondary
antibody with horseradish peroxidase
was incubated with the membrane for
1 h at 371C at a concentration of 0.05 mg/
ml. After the membrane had been given
a final wash with PBST, it was devel-
oped using an enhanced chemilumines-
cence kit (Amersham Bioscience,
Piscataway, NJ, USA) and exposed on
X-ray films.

Transwell tissue culture

Transwell membrane culture systems
(0.4 mm pore size) yield results close to
those of the conventional Trowell-type
system in an organ culture (Ramsdell
et al. 2006, Giuliani et al. 2008). We
used surgical scalpels to separate kera-
tinized and non-keratinized portions of
oral mucosa into six pieces of gingival
and six alveolar mucosal tissue. Three
samples of each were used as native
controls. To investigate whether exo-
genous elastin protein influences the
keratin phenotypes of keratinized gingi-
va, purified protein of elastin from
human lungs (Calbiochem, Merck
KGaA, Darmstadt, Germany), at a con-
centration of 200mg/ml, was added to
the culture media (a 1:1 mixture of
DMEM and K-SFM) of the lower wells
for the three gingival samples. The other
three gingival samples, the control
group, were cultured without elastin.
The tissues on membrane were cultured
with a medium–gas interface and main-
tained for 2 weeks. The medium was
changed every 2 days. At the same time,
three alveolar mucosal samples were
treated with 15 U/ml of human neutro-
phil elastase (Sigma-Aldrich, St. Louis,
MO, USA) at 371C for 6 h to remove
endogenous elastin. The treated and
control alveolar mucosa samples were
then transferred to the transwell tissue
culture systems and maintained for 2
weeks. The medium (a 1:1 mixture of
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DMEM and K-SFM) in the lower well
was changed every 2 days. At the end of
2 weeks, the samples were removed
from the membrane, fixed in 4% PFA,
processed for paraffin embedment, and
prepared for IHC.

Tissue-equivalent culture

Fibrin gels containing 5 � 105 gingival or
alveolar mucosal fibroblasts were pre-
pared using a modified procedure
described elsewhere (Okazaki et al.
2003): we used fibrin gel rather than
collagen gel to imitate lamina propria.
After mixing 1 ml of fibrinogen (50
NIH U/ml in 0.15 M NaCl) (Calbiochem)
and 100mL of bovine thrombin (3 mg/ml)
(Sigma-Aldrich), the mixture was added
with 5 � 105 fibroblasts, gently vibrated
for a few seconds, poured into the trans-
well inserts, and allowed to gel for 1 h at
371C. DMEM was then added to the
lower well; each well was covered for
overnight incubation at 371C. The med-
ium was removed 24 h later and the gels
were plated with 1 � 106 gingival kerati-
nocytes (at passage 3 or 4) in SFM
medium, and the keratinocytes were
allowed to adhere for 24 h. From the
second day, medium (a 1:1 mixture of
DMEM and K-SFM) was added only to
the lower well until it just touched the
underside of the transwell membrane.
Cultures were then maintained for 3
weeks at the air/liquid interface; the med-
ium was changed every 2–3 days. At the
end of the experiment, the gel was fixed,
embedded, and processed for IHC assays.

Results

IHC of K1/10, K4/13, and elastin in native

oral mucosa

The entire gingival epithelium appeared
to be parakeratinized, alveolar mucosa
was not keratinized. The expression
patterns of examined keratins and elas-
tin in four patients were highly similar.
K1 and 10 were expressed in the supra-
basal layer of keratinized gingiva, while
K4 and 13 were expressed in the supra-
basal layer of non-keratinized alveolar
mucosa. K1 and 10 appeared in pairs, as
did K4 and 13. However, when the IHC
micrographs from serial sections of the
same patient were superimposed, the
expression areas of paired keratins were
not completely identical (Fig. 1a–d).
Elastin was expressed homogeneously
and abundantly in the connective tissue
of non-keratinized alveolar mucosa.

On the contrary, it was detectable only
in association with blood vessels in the
connective tissue of keratinized gingiva
(Fig. 1e–g).

K1/10 and K4/13 expression in tissue

cultures when elastin concentrations
were changed

When the tissue fragments of oral muco-
sa were cultured on the transwell mem-

branes for 2 weeks, the superficial layer
of the epithelial cells gradually detached
and the thickness of the whole epithe-
lium decreased. The rete ridge was less
prominent than native oral mucosa (Figs
2 and 3). Because the expression pat-
terns of paired keratins were so similar,
we show only the results of K1 and 4.
After 2 weeks of culturing, the kerati-
nized gingiva still expressed K1/10 and
not K4/13 (Fig. 2a and c). When the

Fig. 1. Immunohistochemistry for keratin 1 (a), keratin 10 (b and e), keratin 4 (c), keratin 13
(d and f), and elastin (g–i) in the oral mucosa consisting of both keratinized and non-
keratinized parts. AM, non-keratinized alveolar mucosa; G, keratinized gingiva. Micropho-
tograph (e) shows a close-up view of keratinized-gingiva immunostained for keratin 10.
Microphotograph (f) shows a close-up view of alveolar mucosa immunostained for keratin
13. Microphotographs (h) and (i) are show close-up views of alveolar mucosa and gingiva
from figure (g). Scale bar 5 100 mm.
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gingiva was treated with 200mg/ml of
purified elastin protein, the epithelial
cells started to express K4/13. The
expression of K1/10 was less intense
than that in untreated controls (Fig. 2b
and d). After 2 weeks of culturing, the
non-keratinized mucosa still expressed
K4/13, not K1/10. When purified neu-
trophil elastase was added to remove
inherent elastin in the connective tissue
of alveolar mucosa, there seemed to be
fewer cells in the connective tissue (Fig.
3b and d). In some areas, the basal layer
of epithelium detached from the under-
lying connective tissue. K1/10 expres-
sion occurred and K4/13 expression
significantly decreased (Fig. 3b and d).
The immunostaining of elastin in the
cultured gingiva fragments was consis-
tently negative after the defined culture
period. The expression of elastin in the
cultured alveolar mucosa was still posi-
tive, but the intensity was decreased
compared with the fresh alveolar muco-
sa (data not shown).

ICC and Western blotting for oral mucosa
fibroblasts and keratinocyte

Because there are many different cell
types and extracellular components in
the connective tissue of oral mucosa, it
is difficult to clarify what cells or com-
ponents are critical for oral keratiniza-
tion. We tried to narrow the target to
fibroblasts, which are the predominant
cells in connective tissue. The morphol-
ogies of the cell cultures of gingival
fibroblasts and alveolar mucosal fibro-
blasts were different (Fig. 4a). The
gingival fibroblasts were more bipolar
and spindle shaped. When they reached
100% confluence, they gathered to form
parallel arrays and whorls. Alveolar
mucosal fibroblasts from the same pas-
sage as the gingival fibroblasts were
more flattened and multipolar, and their
nuclei were larger and rounder. When
they reached confluence, the cells gath-
ered in random directions, not in parallel
as the gingival fibroblasts did (Fig. 4a).
The ICC showed that only the alveolar
mucosal fibroblasts were immunoreac-
tive for elastin. Positive staining
occurred in the extracellular matrix
(Fig. 4b). Only the alveolar mucosal
fibroblasts showed a positive band for
immunoblotting. The molecular weight
of elastin that we detected was about
70 kDa (Fig. 4c). The results of both
ICC and Western blotting proved that
only fibroblasts from the connective

tissue of non-keratinized alveolar muco-
sa expressed elastin (Fig. 4).

Characterizing a tissue-equivalent culture
that imitates oral mucosa

To determine whether elastin influences
the expression of keratins in vitro, we
engineered oral mucosal equivalents
using gingival or alveolar mucosal fibro-
blasts in fibrin gels and oral keratino-
cytes on the surfaces of gels. After 3

weeks of culture in an air–liquid inter-
face, the epithelial components became
multilayered. However, they were not as
thick as in genuine oral mucosal tissue
cultures. We found no obvious stratum
corneum or rete ridge. We then added
200 ng/ml of purified human elastin to
the medium for the gingival equivalent
test group. The alveolar mucosal
equivalent was used as a positive control
(Fig. 5a and d). The IHC of non-kerati-
nized keratins (K4/13) showed that the

Fig. 2. Immunohistochemistry for keratin 1 (a and b) and keratin 4 (c and d) in keratinized
gingival culture treated with or without exogenous elastin protein. The photographs shown
are representative of the sections from six specimens. G, keratinized gingiva. Scale
bar 5 100mm.

Fig. 3. Immunohistochemistry for keratin 1 (a and b) and keratin 4 (c and d) in non-
keratinized alveolar mucosa treated with or without elastase. Purified elastase was added to
degrade inherent elastin in the mucosa specimen. The photographs shown are representative
of the sections from six specimens. AM, non-keratinized alveolar mucosa. Scale
bar 5 100mm.
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gingival equivalent without elastin treat-
ment did not express K4/13 (Fig. 5b and
e). However, after elastin treatment, the
gingival equivalent, like the alveolar
mucosal equivalent, expressed K4/13
(Fig. 5c and f).

Discussion

Clinically, gingival augmentation sur-
gery is intended to increase the width
of keratinized tissue and improve perio-
dontal health in certain situations,
such as progressive gingival recession,
placement of a restoration with an intra-
crevicular margin, orthodontic compli-
cations, and mucositis of dental
implants (Oates et al. 2003, Chung
et al. 2006). Most of the gingival aug-
mentation procedures are surgical and
need two surgical sites: a donor and a

recipient. These procedures are usually
quite uncomfortable for patients (Oates
et al. 2003). If we more completely
understood the molecular mechanisms
of the keratinization of oral mucosa, we
would be better able to develop less
invasive procedures to augment kerati-
nized gingiva.

It has long been known that the
underlying mesenchyme has an instruc-
tive influence over the overlaying
epithelium (Kollar & Baird 1970, Kar-
ring et al. 1975, Mackenzie & Hill
1984). Many factors, including Vitamin
D3, Ca21, interferon g, transforming
growth factors, integrins, and retinoids
in the supporting connective tissue, are
known to influence the gene expressions
that are responsible for the heterogene-
ity of epithelial tissue. In the present
study, we found that elastin, a fibrous
protein rich in the connective tissue of

non-keratinized oral mucosa, is impor-
tant for maintaining the non-keratinized
phenotype of oral mucosa. A decrease in
the amount of elastin caused a pheno-
typic conversion to keratinized oral
mucosa. Interestingly, several oral and
dermal pathologies with hyperkeratosis
show elastolysis or elastic fibre degen-
eration. These pathologies include acti-
nic cheilosis, lichen planus, Costello
syndrome, and Acrokeratoelastoidosis
of Costa (Boisnic et al. 1995, Fiallo
et al. 1998, Bloor et al. 2000, Hatamochi
et al. 2000, Huber & Terezhalmy 2006).
Actinic cheilosis is a diffuse degenera-
tive change of the vermilion border of
the lips as a result of sun damage. It is
characterized by hyperkeratosis and
solar elastosis (degeneration of collagen
and elastic fibres caused by ultraviolet
light). The lichen planus is characterized
by hyperkeratinization and severe
inflammatory changes. It has been
reported that elastic fibres were scarce
or absent in the inflammatory zone in all
the examined lesions (Dahlbäck & Sakai
1991). The reduced elastin due to degra-
dation by elastase or ultraviolet light
might be partially responsible for the
conversion of the non-keratinized phe-
notype to the keratinized one. The data
from our study showed that elastin is
indirectly important for the non-kerati-
nized phenotype of oral mucosa. How-
ever, what molecules are upstream and
downstream of elastin in oral mucosa
remains unclear. Retinoic acid, the
active form of vitamin A in epithelia,
inhibits morphological structures and
the expression of several markers of
keratinized epithelia, such as K1 and
profilaggrin. In contrast, retinoic acid
up-regulates keratin 13 and 19, which
are normally found in non-keratinized
epithelia (Kopan et al. 1987, Asselineau
et al. 1989). There is more recent evi-
dence (Kautsky et al. 1995) that retinoic
acid regulates oral epithelial differentia-
tion is that partially mediated by an
indirect, fibroblast-mediated effect.
Moreover, it has been found that there
is a distinct difference between gingiva
and buccal mucosa in the expression of
cellular retinoic acid-binding protein I
(CRABP-I). Fibroblasts in the gingiva
stained positively for CRABP-I while
those in the buccal mucosa exhibited no
staining for CRABP-I (Berkovitz &
Maden 1993). The physiological role
of CRABP is to regulate the intracellular
level of free retinoic acid in the cell.
Therefore, the CRABP-I in the gingival
fibroblast may retain more retinoic acid

Fig. 4. The in vitro characterization of gingival and alveolar mucosal fibroblasts expressing
elastin. The appearances of the two fibroblast cultures were different under the phase-contrast
microscope (a). The immunocytochemistry of three different types of oral cells showed that
only AMF had a positive reaction (b). The immunoblot for elastin revealed that only AMF
had a visible band about 70 kDa long. b-actin was the internal control. The results shown are
representative of the experiments from six specimens. GF, gingival fibroblasts; AMF,
alveolar mucosa fibroblasts; NOK, normal oral keratinocytes from gingiva. Scale
bar 5 100 mm.

Elastin and oral epithelial keratinization 709

r 2010 John Wiley & Sons A/S



in the cell and release less retinoic acid
into the extracellular matrix. Interest-
ingly, exogenous retinoic acid can up-
regulate elastin expression in different
kinds of cell cultures: lung fibroblasts,
vascular smooth muscle cells, and
embryonic skin fibroblasts (Liu et al.
1993, Hayashi et al. 1995, Tajima et al.
1997). In summary, it is plausible that
the connective tissue of non-keratinized
alveolar mucosa has more retinoic acid
in a free form. More retinoic acid pro-
motes the expression of elastin in alveo-
lar mucosal fibroblasts and indirectly
upregulates the expression of specific
non-keratinized keratins (K4/K13). As
far as we can search in the literature, no
study provides direct evidence that an
alteration in the pattern of differentia-
tion-specific keratins invariably leads to
the modulation of cornified layer pro-
duction. However, studies of some oral
hyperkeratotic pathologies, such as
lichen planus, non-dysplastic keratoses,
submucosa fibrosis, and leukoplakia,
consistently showed that K1/K10 aber-
rantly appeared in the lesions on buccal
mucosa, colocalized with hyperkeratotic
areas, and therefore provide indirect
evidence (Boisnic et al. 1995, Bloor

et al. 2000, Fillies et al. 2007, Lalli
et al. 2008, Jacques et al. 2009).

Fibronectin may be one of the candi-
date molecules downstream of elastin in
the non-keratinized phenotype of oral
mucosa. Elastin increases both total
protein and fibronectin biosynthesis in
the cell culture of human skin fibroblasts
(Fodil-Bourahla et al. 1999). Fibronec-
tin added to the methylcellulose culture
of skin keratinocytes largely inhibits the
terminal differentiation of human kera-
tinocytes (keratinization). The effect of
fibronectin is concentration- and time-
dependent and is mediated by a receptor
of the integrin family (Adams & Watt
1989). In our unshown data, direct addi-
tion of elastin in the oral keratinocyte
culture did not change the keratinized
phenotypes of the cells. Therefore,
elastin may up-regulate fibronectin in
oral mucosa fibroblasts and inhibit the
keratinization of mucosal epithelia
indirectly.

In conclusion, our study confirmed
that the epithelium of non-keratinized
alveolar mucosa specifically expressed
K4/K13, while that of keratinized gingi-
va expressed K1/K10. There was a huge
amount of elastin in the connective

tissue of non-keratinized alveolar muco-
sa, but only a limited amount in the
blood vessels of the connective tissue of
keratinized gingiva. When exogenous
elastin was added to the tissue culture
of keratinized gingiva, the epithelium
started to express K4/K13. On the con-
trary, when elastase was added to
degrade the inherent elastin in non-
keratinized mucosa, the overlaying
epithelium switched to the keratinized
phenotype. The results of our study
provided evidence that elastin is impor-
tant for the non-keratinized phenotype
of oral mucosa. If a specific blocking
agent of elastin is discovered, it will be
possible to develop a non-surgical treat-
ment to augment keratinized gingiva.
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Dahlbäck, K. & Sakai, L. Y. (1991) Elastolysis

in lichen ruber planus. Acta Dermato-Vener-

eologica 71, 364–366.

Fiallo, P., Pesce, C., Brusasco, A. & Nunzi,

E. (1998) Acrokeratoelastoidosis of Costa:

Fig. 5. Immunohistochemistry for non-keratinized keratins (K4 and 13) in the tissue
equivalents of oral fibroblasts and keratinocytes. The tissue equivalent of alveolar mucosal
fibroblasts in the fibrin gel and overlaid with gingival keratinocytes was used as a positive
control (a and d). The tissue equivalent of keratinized gingival fibroblasts and keratinocytes
with (c and f) or without (b and e) added exogenous elastin were cultured for 3 weeks. Then
the equivalents were processed for the immunohistochemistry of K4 and 13, which are
usually expressed in non-keratinized epithelia. GF, gingival fibroblasts; AMF, alveolar
mucosal fibroblasts; NOK, normal oral keratinocytes from gingiva. Scale bar 5 100 mm.

710 Hsieh et al.

r 2010 John Wiley & Sons A/S



a primary disease of the elastic tissue?

Journal of Cutaneous Pathology 25, 580–

582.

Fillies, T., Jogschies, M., Kleinheinz, J., Brandt,

B., Joos, U. & Buerger, H. (2007) Cytoker-

atin alteratin in oral leukoplakia and oral

squamous cell carcinoma. Oncology Reports

18, 639–643.

Fodil-Bourahla, I., Drubaix, I., Robert, L. &

Labat-Robert, J. (1999) Effect of in vitro

aging on the modulation of protein and

fibronectin biosynthesis by the elastin-lami-

nin receptor in human skin fibroblasts. Ger-

ontology 45, 23–30.

Gartner, L. P. (1994) Oral anatomy and

tissue types. Seminars in Dermatology 13,

68–73.

Giuliani, S., Perin, L., Sedrakyan, S., Kokor-

owski, P., Jin, D. & De Filippo, R. (2008)

Ex vivo whole embryonic kidney culture: a

novel method for research in development,

regeneration and transplantation. Journal of

Urology 179, 365–370.

Hatamochi, A., Nagayama, H., Kuroda, K.,

Shinkai, H., Ishikiriyama, S., Kobayashi, M.

& Kobayashi, K. (2000) Costello syndrome

with decreased gene expression of elastin in

cultured dermal fibroblasts. Dermatology

201, 366–369.

Hayashi, A., Suzuki, T. & Tajim, S. (1995)

Modulations of elastin expression and cell

proliferation by retinoids in cultured vascular

smooth muscle cells. Journal of Biochemistry

117, 132–136.

Huber, M. A. & Terezhalmy, G. T. (2006) The

patient with actinic cheilosis. General Den-

tistry 54, 274–282.

Igarashi, M., Irwin, C. R., Locke, M. & Mack-

enzie, I. C. (2003) Construction of large area

organotypical cultures of oral mucosa and

skin. Journal of Oral Pathology and Medi-

cine 32, 422–430.

Jacques, C. M., Pereira, A. L. C., Maia, V.,

Cuzzi, T. & Ramos-e-Silva, M. (2009)

Expression of cytokeratins 10, 13, 14 and

19 in oral lichen planus. Journal of Oral

Science 51, 355–365.

Karring, T., Lang, N. P. & Löe, H. (1975) The
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Ramsdell, F., Zúñiga-Pflücker, J. C. & Takaha-

ma, Y. (2006) In vitro systems for the study

of T cell development: fetal thymus organ

culture and OP9-DL1 cell coculture. In Coli-

gan, J. E., Bierer, B., Margulies, D. H.,

Shevach, E. M., Strober, W. & Coico, R.

(eds). Current Protocols of Immunology,

Chapter 3: Unit 3.18, pp. 1–18, Hoboken:

John Wiley and Sons Inc.

Sawaf, M. H., Ouhayoun, J. P. & Forest, N.

(1991) Cytokeratin profiles in oral epithelia: a

review and a new classification. Journal de

Biologie Buccale 19, 187–198.

Tajima, S., Hayashi, A. & Suzuki, T. (1997)

Elastin expression is up-regulated by retinoic

acid but not by retinol in chick embryonic

skin fibroblasts. Journal of Dermatological

Science 15, 166–172.

Weinberg, M. A. & Eskow, R. N. (2003)

Periodontal Terminology revisited. Journal

of Periodontology 74, 563–565.

Address:

Kuo Yuan

Institute of Oral Medicine

Medical School

National Cheng Kung University

1 University Road

Tainan 701

Taiwan

E-mail: kuoyuan@mail.ncku.edu.tw

Clinical Relevance

Scientific rationale for study: The
underlying connective tissue can
determine the phenotypes of oral
epithelia. A discernable difference
between keratinized and non-kerati-
nized oral connective tissues is the
quantity of elastin they contain: it is

abundant in the latter but scarce in the
former.
Principal findings: Elastin is important
in determining the non-keratinized
phenotypes of overlaying epithelium.
Eradication of elastin in non-kerati-
nized oral mucosa favoured their
expression of keratinized keratins.

Practical implications: With more
understanding of the molecular
mechanisms in the keratinization of
gingival epithelia, non-surgical or less
invasive techniques may be devel-
oped and clinically applied to replace
conventional mucogingival surgery.
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