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ABSTRACT
Several pathologies may affect the histological structure and physiology of the human oral mucosa, 
being necessary to use oral mucosa grafts. In this context, the scarce number of donors has increased 
the need to develop artificial substitutes of human oral mucosa, most of them, without attending to 
the histological differences found in the different anatomical areas of the oral cavity. The objective 
of the present bibliographic review is to carry out a histological description and a morphological 
classification of the human oral mucosa and to determine the translational potentiality of the new 
artificial models of oral mucosa.

RESUMEN
Diversas patologías afectan sustancialmente la estructura histológica y la fisiología de la mucosa 
oral humana haciendo necesario el uso de trasplantes de mucosa oral. En este contexto, el escaso 
número de donantes ha incrementado la necesidad de producir sustitutos artificiales de mucosa oral 
humana, la mayoría de ellos sin atender a las diferencias histológicas encontradas en las diferentes 
áreas anatómicas de la cavidad oral. El objetivo de la presente revisión bibliográfica es realizar una 
descripción histológica y una clasificación morfológica de la mucosa oral humana y determinar la 
potencialidad traslacional de los nuevos modelos artificiales de mucosa oral.
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Oral cavity is part of the digestive system delimited 
by the lips in the anterior area, by the oropharynx in 
the posterior area, by the hard and soft palates in the 
superior area and by the tongue and mouth’s floor in 
the inferior area. All of them are surrounded by oral 
mucosa, lining with the cheeks, teeths and gingiva (1). 
Histologically, oral mucosa is composed by superficial 
epithelium and undelying connective tissue and both, 

epithelium and connective tissues are orchestated by a 
basement membrane forming a mucosa with underlying 
less prominent submucosa (2,3). According to this, 
normal anatomical, histological and physiologycal 
conditions of the human oral mucosa could be affected 
by oral pathologies that may vary from infectious (ie, 
VIH, sifilis), traumatic (ie, traumatic ulcers, Linea 
Alba), congenital (ie, heterotopia, Bohn’s nodules) and 
oncological (ie, melanome, fibrosarcoma) diseases. In 
this context, current clinical treatments are mainly 
focused on the use of oral mucosa grafts (4-7). 

INTRODUCTION
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However, the scarce number of oral mucosa donors and 
the associated drawbacks to the surgical technique, 
dramatically increase the need of artificial oral 
mucosa susbtitutes developed by tissue engineering. 
In this mileu, several oral mucosa models have been 
produced by tissue engineered varying from models 
formed by one or more keratinocytes layers mimicking 
epithelial tissue until full-thickness models consisting 
of keratinocytes layers and a connective tissue formed 
by fibroblasts making use of different commertial (ie, 
Matriderm®) or non-commertial (ie, fibrin-agarose) 
scaffolds (4,8,9).

Most of the patients can suffer lesions in the different 
areas of the oral cavity as gingiva, hard and soft palates, 
mouth’s floor, lips, cheeks, ventral and dorsal tongue, 
taste papillae or lingual tonsil. Each anatomical area have 
been associated to specific histological characteristics, 
as number of epithelial layers, cytokeratin expression 
profile of epithelial keratinocytes and type of connective 
tissue which can be lax, semidense or dense (5,10).  
In this regard, the generation of artificial substitutes 
includes standarized oral mucosa with random 
characteristics for the replacement of injuries in oral 
cavity without attending to the histological differences 
of each anatomical area. In the present work, we have 
revised previously published data regarding the main 
histological features of oral mucosa from different 
anatomical areas of the oral cavity in order to develop 
in the future a histological-tailored artificial oral 
mucosa. In other words, the future artificial substitute 
will keep the same histological characteristics that the 
injured area of the oral cavity which has to be repaired.

EPITHELIAL TISSUE

The epithelial tissue offers a structural barrier that 
protects against the mechanical forces, the entry 
of external substances or microorganisms and the 
lost of fluids (2). The main cells of epithelium are 
the keratinocytes (90% of the total epithelial cell) 
while the rest is divided between permanent cells as 
melanocytes, Langerman and Merkel cells (9%) and 
transitory cells as granulocytes, limphocytes and 
monocytes (1%). Keratinocytes are responsable for 
creating all epithelial strata (basal and suprabasal 
layers), migrating from the deepest stratum to the most 
superficial and getting keratinizated in this migration 
process (4,5). Basal layer is formed by keratinocytes 
with round nucleus that are in continuous division 
to ensure self-renovation of the epithelial tissue. 
Adjacent to this layer, spinous layer is composed by 
different layers of poligonal keratinocytes that are 
linked due to the presence of desmosomes-associated 
proteins and tonofilaments. Subsequently, granular 
layer is formed by squamous cells with small nucleus 
where keratohyaline granules and Odland’s bodies are 
found. The most superficial layer is mainly composed 

by anucleate cells with wide expression of involucrin 
and filaggrin as key markers of maturation. In this 
context, attending to the grade of keratinocytes 
maduration and the anatomical location, three types 
of stratified epithelium can be observed in the oral 
cavity: i) orthokeratinizated where nuclei in the most 
superficial layer are absent, ii) parakeratinized where 
nuclei in the most superficial layer are pyknotic and 
iii) nonkeratinizated epithelia where there is not this 
superficial layer (4,5,11-15).

BASEMENT MEMBRANE

Epithelial and connective tissue have a permanent 
crosstalk due to the presence of the basement membrane. 
The main function of the basement membrane is to 
serve as a barrier for the pass of negative charges and 
act as guide of celular migration in the process of 
wound reepithelization (4,5). Basement membrane is 
composed by a basal lamina and reticular lamina. The 
basal lamina is synthesized by epithelial cells mainly 
composed of integrins, laminin 5, entactin, heparin 
sulfate, collagen IV, fibronectin among other proteins. 
The reticular lamina is synthesized by connective cells 
with the presence of glucosaminoglycan matrix and 
two types of fibers: i) anchor fibers of collagen VII 
and ii) reticular fibers as reticulin (trimeric collagen 
III) (15-17).

CONNECTIVE TISSUE AND SUBMUCOSA

The connective tissue of the native human oral 
mucosa can be lax, dense or semidense according 
to the anatomical location into the oral cavity. The 
key function of the connective tissue is to serve as 
nutritional support to the epithelium. The connective 
tissue cell population are mainly composed by 
fibroblasts, macrophages, lymphocytes, mast cells 
and plasmatic cells (4,5). Fibroblasts produce the 
fibrillar and non-fibrillar extracellular matrix as 
collagen I and VI, elastic fibers (elastin), reticular 
fibers (reticulin), proteoglycans (hyaluronic 
acid, heparin sulphate, syndecan, decorin) and 
glycoproteins (fibronectin, tenascin). Two zones are 
clearly defined in the connective tissue, the papillary 
layer and reticular layer. The papillary layer have a 
closed relation with epithelial rete ridges increasing 
the junction of both tissues and facilitating the 
exchange between epithelium and blood vessels. 
Apart from papillary layer, the reticular layer is 
located subjacent to the papillary layer and is rich 
in fibrilar components of the extracellular matrix 
(5,12,15,17, 8). Finally, connective tissue is linked 
to submucosa which is composed by lax connective 
tissue linked to subjacent tissues. The submucosa can 
be well-developed in areas exposed to masticatory 
forces or directly scarce in areas where there is 
rare movement. In addition, salivary glands, blood 
vessels, nerves and adipose tissue can be found in 
the submucosa (5,12,13,16,18).

HISTOLOGY OF NATIVE HUMAN ORAL MUCOSA
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Attending to the anatomical location in the oral cavity, 
the native human oral mucosa is classified in three 
types of oral mucosa with particular histological and 
functional characteristics (5,16,19) (Table 1):

1. Masticatory mucosa: plays an important role 
in supporting due to the intense friction and 
pression forces of the masticatory movement. 
This mucosa is found in gingiva and hard palade. 
Histological features include orthokeratinized or 
parakeratinized epithelium with great amount of 
rete ridges. In addition, the connective tissue may 
vary from semidense to dense. In the particular 

case of the gingiva, there is a scarce submucosa 
that differs from the lateral surface of hard palate 
where the submucosa present glandular and 
adipose tissue.  

2. Lining mucosa: the main function is the 
protection of the oral cavity inside acting as a 
barrier for microorganisms and other substances. 
Furthermore, elastic fibers are abundant allowing 
the streching and relaxing of the tissue. This 
mucosa is found in lips, soft palade, cheeks, ventral 
tongue surface and mouth’s floor. Epithelium 
is nonkeratinizated, connective tissue is lax or 
semidense and submucosa is well defined with 
salivary glands, adipose tissue and striated muscle 
fibers.

AN ATO MICAL  CL ASSIF ICATION OF  N ATIVE 
HU M AN  O R AL  MUCOSA

Localization Histology Function Immunohistochemistry Bibliography

Masticatory
mucosa

Gingiva

Thick 
parakeratinized 
epithelium, lax 
or semidense 
connective tissue 
with papillae and 
without submucosa

Support 
masticatory 
forces

CKs 1, 2, 4, 5, 6, 8, 10, 
11, 13, 14, 16, 18, 19

Hard palate

Thick 
orthokeratinized 
epithelium with 
dense connective 
tissue and without 
submucosa or 
with lax papillary 
connective tissue 
and well defined 
submucosa.

CKs 1, 6, 10, 16, 76 (5, 10, 16, 
19, 22, 23, 
25, 26)

Lining
mucosa

Mouth’s 
floor*

Lax and elastic 
connective tissue 
with submucosa 
linked to muscle
Lax connective 
tissue without 
submucosa

Protection 
allowing 
the tissue 
streching 
and relaxing

CKs  4, 5, 6, 13, 14, 16, 
19

(5, 10, 12, 
16, 19, 24)

Lips and 
cheeks* CKs 1, 4, 5, 13, 14

Ventral 
tongue* CKs 4, 5, 6, 13, 14, 16

Soft palate* CKs 7, 8, 18, 19

Specialized
mucosa

Dorsal 
tongue** 

Connective tissue 
and submucosa 
fusionated and 
linked to the muscle

Receive  the 
taste stimuli

CKs 1, 2, 4, 5, 6, 13, 14, 
15, 16, 17

(5, 16, 19, 
27, 28)Taste 

papillae**

CKs 1, 2, 4, 10, 11, 13, 
16 ***

Lingual 
tonsil* Defensive CKs 5, 6, 7, 13, 14

Table 1. Histological characterization of native human oral mucosa. Anatomical localization, histology, function and immmunohistochemistry of 
epithelium. *: nonkeratinized epithelium. **: parakeratinized epithelium. ***: in taste buds, CKs 8, 18, 19 are expressed.
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3. Specialized mucosa: in the case of mucosa with 
taste function, specially in dorsal tongue and taste 
papillae, a parakeratinizated epithelium is found. 
For mucosa with defensive function, specially in 
lingual tonsil, a non-keratinizated epithelium can 
be identify. Both types of specialized mucosas 
present connective tissue and submucosa.

Several works have used different histological 
techniques to identify tissue structure, cellular 
components and the extracellular matrix of native 
human oral mucosa. Most of the publications use 
rutinary hematoxylin and eosine for the visualization of 
acidophil and basophilic components (20). In addition, 
histological features for native human oral mucosas 
are also investigated by using immunohistology and 
histochemical techniques. In the present review, we 
pretend to highlight the most relevant findings of 
current histological studies regarding the epithelium, 
basal membrane, connective tissue and submucosa of 
the native human oral mucosa.

EPITHELIAL TISSUE

For histological study of the epithelium of the native 
human oral mucosa the most used histological 
technique is the immunohistochemistry to detect 
key epithelium-related proteins, cytokeratins (CKs). 
In this milieu, CKs are a cytoskeletal protein family 
of intermediated size synthesized by epithelial 
cells classically divided in type I or acidic proteins 
(CK 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 and 
others) and type II or basic proteins (CK 1, 2, 3, 4, 
5, 6, 7, 8) (21). Most of the scientific publications 
associate the expression of CKs 5-14 and 17 to the 
basal layer cells. The CKs 4-13, and 6-16 expression 
to the suprabasal layers and CKs 3-12 and 10 are 
linked to the most superficial epithelial layers of 
the keratinized oral mucosa (10,22-24) (Table 2). 
Different authors classify some CKs as specific of 
keratinized or nonkeratinized epithelia. However, 
this affirmation is not correct at all because of these 
CKs also can be found in the opposed epithelia. 
For example, Winning et al classified CKs 6-16 as 
specific proteins of keratinized epithelia but they are 
also found in nonkeratinized epithelium as mouth’s 
floor and ventral tongue (10, 15, 24).

Several authors have used CKs as epithelial markers 
in the different types of oral mucosa (masticatory, 
lining, and specialized mucosa) (Table 1). First, for 
masticatory mucosa as gingiva showed possitive 
expression of CKs 1, 2, 4, 5, 6, 8, 10, 11, 13, 14, 16, 17, 
18 and 19 (10,25). In the case of masticatory mucosa 
as hard palate CKs 1, 6, 10, 16 and 76 were possitively 
expressed (10,22,23,26).

Secondly, in the case of lining mucosa as mouth’s floor 
and ventral tongue CKs 4, 5, 6, 13, 14, 16 were found. 
However, CK 19 expression was exclusively found in 
mouth´s floor (24). In contrast, lips and soft palate 
were substatially different. In the case of lips CKs 1, 4, 
5, 13, 14 were expressed (12) and for soft palate CKs 7, 
8, 18 and 19 were also positive (10). Furthermore, for 
lining mucosa as cheeks an epithelia pattern based on 
CKs expression was not found. 

Finally, in areas with specialized mucosa as dorsal 
tongue and lingual tonsil a common CKs expression 
was found (CKs 5, 6, 13, 14) being CKs 1, 2, 4, 15, 16 
and 17 exclusive for dorsal tongue. In the same way, 
CK 7 was unique for lingual tonsil (27,28). Different 
types of taste papillae are located along the tongue 
expressing on the top CKs 1, 2, 4, 10, 11, 13, 16.  
Strinkingly, taste buds situated on the side of papillae 
show a high expression of CKs 8, 18, 19 similar to 
simple epithelium (28).

Another proteins involve in oral mucosa epithelial 
differentiation are filaggrin, involucrin and loricrin. 
According to this, filaggrin and involucrin were 
expressed in masticatory and specialized keratinized 
oral mucosa. Nonetheless, in non-keratinized 
epithelium as lining mucosa and lingual tonsil of 
specialized oral mucosa, filaggrin and involucrin 
proteins were absent (22,24) (Table 2). 

Apart from the use of CKs as key epithelial markers, 
few authors have also used immunohistochemical 
techniques to detect another epithelial markers, usefull 
for the characterization of oral mucosa epithelium 
including CD44 (a cell-cell adhesion marker), 
desmoglein, desmoplakin, desmokollin (desmosomes 
associated proteins), connexin-26 and 43 and α4-β6 
integrins (junction of epithelial and connective tissue) 
that were expressed in all types of oral mucosa (5,12,15) 
(Table 2).

BASEMENT MEMBRANE

Histological characterization of basement membrane 
is based on immunohistochemical and histochemical 
techniques due to the amount of proteins of different 
nature. As we mentioned before, basement membrane is 
composed by basal lamina and reticular lamina. In this 
regard, few studies have reported the presence of BP 
180, BP 230, ladinin, laminin-5, entactin, fibronectin 
and collagen IV as markers of basal lamina. In terms 
of reticular lamina, the literature have addressed the 
expression of collagen III and VII (15,29) (Table 3). All 
these markers play an important role in native human 
oral mucosa differentiation and characterization. 
Furthermore, histochemical techniques have detected 
glycoproteins of basement membrane using periodic 
acid-Schiff staining (11, 30). Moreover, for the reticular 
lamina characterization, Gomori’s technique has been 
used to detect reticulin fibers formed by trimeric 
collagen type III (19,30) (Table 4).

CUR R ENT HISTOLOGY F INDINGS IN  N ATIVE 
HU M AN  O R AL  MUCOSA
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CK 3 CK 4 CK 5 CK 6 CK 10 CK 12 CK 13 CK 14 CK 16 CK 17

Stratum basal + + +

Stratum spinosum + + + +

Stratum 
granulosum + + + +

Stratum corneum + + +

Filaggrin Involucrin Loricrin CD44 Desmoglein Desmoplakin Desmokollin

Stratum basal + + + +

Stratum spinosum + + +

Stratum 
granulosum

Stratum corneum + + +

Connexin-26 Connexin-43 α4-integrin β6-integrin

Stratum basal + +

Stratum spinosum + +

Stratum 
granulosum

Stratum corneum

Table 2. Characterization of epithelial markers in native human oral mucosa.
+: reported by the literature.
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BP180 BP230 Laminin-5 Entactin Fibronectin Collagen IV Collagen III

Basement 
membrane

Basal lamina + + + + + +

Reticular lamina +

Connective tissue

Papillary layer

Reticular layer +

Submucosa

Collagen 
VII Decorin CD90 Tenascin Collagen I Collagen VI CD31

Basement 
membrane

Basal lamina

Reticular lamina +

Connective tissue

Papillary layer

Reticular layer + + + + + +

Submucosa +

Table 3. Characterization of the basement membrane, the connective tissue and the submucosa. +: reported by the literature.
+: reported by the literature.
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CONNECTIVE TISSUE AND SUBMUCOSA

Connective tissue is rich in fibrillar and non fibrillar 
components. The main fibrillar component is the 
collagen type I, III and VI that has been widely 
used for connective tisssue characterization by 
immunohistochemistry techniques. Likewise, the 
non fibrillar components such as decorin and tenascin 
have been also identified by immunohistochemistry. 
CD90 positive expression has been linked to the 
mesenchymal origin of fibroblasts, the main cellular 
component of the connective and submucosa tissue 
(15,29,31) (Table 3). 

The use of histochemistry tecniques in native 
human oral mucosa characterization have included 
trichrome of Masson and picrosirius stainings for the 
detection of collagen I. In addition, periodic acid-
Schiff staining confirms the presence of glycoproteins 
as tenascin and fibronectin. For the detection 
of proteoglycans, alcian blue staining was used 
accompained by the detection of other proteoglycans 
such as syndecan and decorin. Trimeric collagen 
III fiber called reticulin is visualizated by the use 
of Gomori’s technique. Finally, elastic fibers formed 
by elastin and fibrilin are confirmed by the Verhoeff 
staining (5,11,19,20,30,32) (Table 4).

Additionally, connective and submucosa tissues are 
immunohistochemically recognized by the use of 
endothelial markers as CD31 due to the presence of 
blood vessels and capillaries (5,12,29) (Table 3) and 
histochemically identified by the use of Oil Red O 
staining which colours the adipose tissue found in 
some types of submucosa (5,12,33) (Table 4).

Several research groups have developed different 
types of artificial oral mucosa (Table 5) using several 
epithelial, basement membrane, connective and 
submucosa tissue markers. However, in some cases 
morphological classification of artificial oral mucosa 
substitutes are rare mentionated or remain unclear. 
According to this, the analysis of the cytokeratin 
expression profile will be a helpful tool to classify the 
type of oral mucosa substitute and to match the proper 
substitute to recipient zone developing a tailored 
artificial oral mucosa substitutes. 

In this regard, immunohistochemical methods for 
the classification of oral mucosa should include 

Mas Pic PAS AB Gom Ver ORO Bibliography

Basement 
membrane

Basal 
lamina + (5, 11, 30)

Reticular 
lamina + (19, 30)

Connective 
tissue

Papillary 
layer + + + (5, 11, 19, 20, 30, 

32)

Reticular 
layer + + + + + + (5, 11, 19, 20, 30, 

32)

Submucosa + + + (5, 12, 33)

Table 4. Histochemical characterization of the basement membrane, the connective tissue and the submucosa. +: possitive staining. Mas: 
Masson staining for collagen I. Pic: picrosirius staining for collagen I. PAS: periodic acid–Schiff staining for glycoproteins as integrins, 
laminins, entactin, fibronectin and tenascin. AB: alcian blue staining for proteoglycans as hialuronic acid, heparin sulphate, syndecan and 
decorin. Gom: Gomori’s technique for reticulin formed by trimeric collagen III. Ver: Verhoeff staining for elastic fibers formed by elastin and 
fibrilin. ORO: Oil Red O staining for neutral lipids.

HISTOLOGICAL STUDIES OF ARTIFICIAL ORAL 
MUCOSA DEVELOPED BY TISSUE ENGINEERING
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proliferative basal cells markers as CKs 5 and 14 
stratification and maduration of epithelial layer using 
CKs 4 and 13 markers, keratinization using markers 
as CKs 3, 10 and 12.  According to the findings of the 
literature, to include a extended pool of cytokeratins 
will be helpful to classify the type artificial oral 
mucosa developed by tissue engineering (10,15,22-
24). 

Three groups, Garzón et al, Nishiyama et al and 
Almela et al ,  have used antibodies for the detection 
of cytokeratins associated with proliferative basal 
cells, stratification and keratinization (34-37). 
In contrast, numerous research groups have only 
describe CKs expression for one or two markers 
of proliferative basal cells, stratification or 
keratinization (38-48). However, Iida et al  have not 
used any epithelial markers to characterize oral 
mucosa epithelium (49). 

Furthermore, most of the artificial oral mucosa 
developed by tissue engineering have shown 
stratification and maduration of the epithelial 
tissue according to the positive expression of 
CK 4 and 13, both, present in suprabasal layers 
of epithelia (34-42,44,45,47,48). According to 
the cytokeratin expression profile, oral mucosa 
substitutes produced by Qi et al ,  Izumi et al, Bayar 
et al,  Lauer et al and Almela et al  could be classified 
as keratinized mucosa (34,39,44,46). Moreover, 
substitutes developed by Garzón et al and Sánchez-
Quevedo et al are classified as non-keratinized 
mucosa (35,36,47). Nishiyama et al  produced both 
types in their study (37).

According to the review of the literature, the 
scarce amount of cytokeratins used to characterize 
epithelium in artificial oral mucosa developed 
by tissue engineering may limit the possibility to 
classify the specific type of oral mucosa with the 
anatomical site. Nevertheless, there are few groups 
that produced artificial oral mucosa which can be 
classified as specific of an oral cavity area. Oral 
mucosa of Lauer et al, Garzón et al and Alaminos 
et al could be specific for gingiva but the lack 
of expression of CK 10 in artificial oral mucosa 
developed by Garzón et al and Alaminos et al should 
mimick in a better way the expression profile of the 
mouth’s floor. 

In addition, the oral mucosa of Garzón et al  could 
be used for soft palate repair while the oral mucosa 
of Alaminos et al  could be used for lips and dorsal 
tongue repair (35,36,38,44) .  Surprinsingly, oral 
mucosa substitutes developed by Garzón and 
collaborators did not show keratinized cytokeratins 
expression in vitro  but when the engineered tissue 
was implanted in athymic mice the expression 
pattern changed starting to express CK 10 (35,36). 
This f inding point out the importance of in vitro 
and in vivo  characterization of artificial oral 
mucosa.

One of the main challenges in the field of bioengineered 
oral mucosa is to reproduce in vitro an artificial 
oral mucosa with the same epithelial characteristics 
of the specific injured anatomical area (34-49). To 
achive this, future studies should be focused in 
the histological characterization of the different 
anatomical areas of native oral mucosa in order to 
stablish the minimal criteria to develop artificial oral 
mucosa of specific anatomical areas. The last challenge 
in oral mucosa tissue engineering will be to produce 
vascularized artificial oral mucosa to ensure that 
post-implanted tissue will be linked to the human 
capillaries by anastomosis enhancing the graft survival 
of bioengineered tissue (50).

The knowledge of the main anatomical and 
histological features of the native human oral 
mucosa is essential for the fabrication of human oral 
mucosa substitutes. In this sence, the development 
of tailored-oral mucosa substitutes should require 
the deep characterization of cytokeratins expression 
profile in order to achive the main characteristics 
of each type of oral mucosa in the oral cavity. In 
addition, the evidence that in vivo enviroment tend 
to modified the cytokeratin expression pattern 
is enough reason to reccomend in vivo testing of 
newly-produce oral mucosa substitutes.
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Cytokeratin expression

Proliferative Stratification Keratinization Other

Author/Bibliography CK5 CK14 CK4 CK13 CK3 CK10 CK12 CK1 CK2 CK6 CK7 CK8

Yadev et al (48) +

Nishiyama et al (37) + + +

Nishiyama et al (37) + + -

Qi et al (46) +

Sánchez-Quevedo et 
al (47) + -

Izumi et al (42) + +

Iida et al (49)

Kriegebaum et al (43) + +

Bayar et al (39) +

Lauer et al (44) + + + + +

Garzón et al (35) + + + - + +

Garzón et al (36) + + + - + +

Chinnathambi et al 
(40) + + + +

Almela et al (34) + + +

Alaminos et al (38) + + + +

de Carvalho Días et 
al (41) + +

Peña et al (45) + - +

Author/Bibliography CK9 CK11 CK15 CK16 CK17 CK18 CK19 CK20

Yadev et al (48)

Nishiyama et al (37)

Nishiyama et al (37)

Qi et al (46) +

Sánchez-Quevedo et al 
(47)

Izumi et al (42) +

Iida et al (49)

Kriegebaum et al (43)

Bayar et al (39)

Lauer et al (44) +

Garzón et al (35) +

Garzón et al (36) + +

Chinnathambi et al (40) +

Almela et al (34)

Alaminos et al (38) +

de Carvalho Días et al (41)

Peña et al (45)

Table 5. Cytokeratins expression pattern of artificial oral mucosas reported by the literature. +: possitive CK reaction. -: negative CK reaction. 
White: cytokeratin expression not studied. Proliferative: proliferative basal cells cytokeratins (CKs 5 and 14). Stratification: stratification 
associated cytokeratins (CKs 4 and 13). Keratinization: keratinization associated cytokerains (CKs 3, 10 and 12). Other: other cytokeratins 
(CKs 1, 2, 6, 7, 8, 9, 11, 15, 16, 17, 18, 19, 20).
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