
Introduction

The epithelium is the first line of defense against noxious

environmental stimuli through different barrier mechanisms.

These barrier mechanisms are maintained by various junc-

tions that can be broadly classified into tight junctions (TJ),

gap junctions and adherence junctions ( Dokladny et al. ,

2016). TJ acts as an occluding junction that seals the adja-

cent epithelial cells and prevent the paracellular passage of

small solutes and molecules. Adherence junctions are cal-

cium dependent attachment plaques which connects cell−cell

or cell − matrix via actin and intermediate filaments to

strengthen the cytoskeleton. Gap junctions are composed of

connexin proteins involved in connecting cells and create

channels to transport small molecules and ions between the

cells (Balda & Matter, 2008).

TJ is the most important epithelial barrier system, and

forms the continuous and circumferential belt like structures

at the apical compartment of epithelial sheets. This protein

complex is composed of integral membrane proteins that

constitute TJ strands, cytoplasmic proteins and cytoskeletal

proteins. It also has roles in maintaining cellular polarity,

cell differentiation and signal transduction (Gonzalez−Maris-

cal et al., 2003)

The junctional proteins of TJ play a major role in holding

epithelial cells together (Buckley & Turner, 2018). Claudin,

occludin and junctional adhesion molecules (JAM) are the

integral junctional proteins of TJ ( Chiba et al. , 2008 ) .
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Abstract

The epithelium is the first line of defense against

noxious environmental stimuli through different barrier

mechanisms. These barrier mechanisms are maintained

by various junctions that can be broadly classified into

tight junctions (TJ), gap junctions and adherence junc-

tions. TJ is the most important epithelial barrier system

and forms a continuous, circumferential belt like struc-

tures at the apical compartment of epithelial sheets. The

junctional proteins of TJ play a major role in holding

epithelial cells together. The integral junctional proteins

of TJ are claudin and occludin. Claudin and occludin

have been shown to alter in various diseases of skin

and oral mucosa. Also, their alteration with aging has

been demonstrated to cause poor epithelial barrier func-

tion. Although, various studies have been focused on

claudin and occludin, the findings are dispersed. In this

review, we summarize the altered expression of the TJ

proteins, claudin and occludin, in different pathological

conditions including carcinoma of skin and oral mu-

cosa. Also, we summarize the changes in these proteins

with aging in both skin and oral mucosa. The findings

of our review suggest that the altered expression, not

alone downregulation or upregulation of these proteins

are responsible for causing various epithelial barrier re-

lated skin and oral diseases. The role of these proteins

is crucial in the invasion and metastasis of various car-

cinomas. The understanding of altered expression of

these proteins is important in pathogenesis of various

age related diseases.
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Claudin and occludin are the backbone in forming TJ

strands, whereas JAM is not essential to TJ formation in epi-

thelial cells but involved in various biologic processes like

inflammatory reactions and tumorigenesis (Reglero−Real et

al., 2016).

Claudin and occludin have been shown to alter in various

diseases of skin and oral mucosa. Their alterations with ag-

ing have been demonstrated to cause poor epithelial barrier

function (Saitoh et al., 2009). Although various studies have

been focused on claudin and occludin, the results so far are

controversial. In this review, we summarize the altered ex-

pression of claudin and occludin in different pathological

conditions, carcinoma and aging of skin and oral mucosa.

Role of TJ proteins in barrier mechanism and
its regulation

TJ is the apical component of cell membrane in polarized

epithelium and endothelium, which is involved in the cell−

cell interactions at the lateral domains (Bauer et al., 2014).

Claudin, a 20−27kDa membrane protein, is composed of 27

members expressed in TJ of epithelial cells including skin

and oral mucosa (Günzel & Fromm, 2013) . Claudin is also

transmembrane protein which is composed of two intracellu-

lar N and C segment and two extracellular loops. The first

loop, with high content of tyrosine and glycine residues, is

responsible for paracellular charge selectivity. The second

loop, the carboxy terminal domain, rich in serine, threonine

and tyrosine residues is a target for a number of proteins

and tyrosine kinases, and acts as a co−receptor for bacterial

toxins (Weber, 2008). Paracellular flux is regulated by pore

pathway allowing passage to small ions and macromole-

cules, or leaky pathway which allows larger molecules to

pass through (Capaldo & Nusrat, 2009). Claudin−1, −3, −5,

−11 and −19 are considered as the sealing components, and

claudin −2, −10, −15 and −17 are considered as the channel

forming components of TJ (Bauer et al., 2014). Occludin, a

60kDa protein, has four transmembrane domains, three cyto-

plasmic domains (long COOH terminal, short NH2 terminal

domains and short intracellular turn), and two extracellular

loops (Förster, 2008). The C−terminal of the occludin plays

an essential role in paracellular channel formation, and N−

terminal is essential for TJ barrier functions and extracellular

loops helps to retain occludin to TJ strands ( Cummins. ,

2012). The C−terminal half of the occludin also binds with

peripheral membrane proteins like zona occludens (ZO) and

comprises ZO−1, −2 and −3. ZO proteins interact directly

with most of the transmembrane proteins including occludin

and claudin and acts as a scaffold which allows numerous

protein−protein interactions and a cross linker between cyto-

plasmic proteins and actin based cytoskeleton (Pummi et al.,

2001).

The structures of TJ is dynamic and is regulated by vari-

ous protein phosphorylation and dephosphorylation in re-

sponse to signaling molecules which determine the composi-

tional and functional integrity of TJ proteins. The disruption

of TJ is caused by the activation of various signaling pro-

teins such as MAPKs, Rho GTPase signaling mechanisms

and protease activator receptor in response to different nox-

ious stimuli such as oxidative stress, inflammatory media-

tors, growth factors (Enjoji et al., 2014). It has been shown

that the expression of claudin was increased and TJ assem-

bly was enhanced by the inhibition of PP 2 A ( McCole,

2013). The expression of specific genes, which are important

for epithelial differentiation and morphogenesis, is activated

by the subsequent translocation into the nucleus (Gottardi et

al., 1996) and are responsible for cellular differentiation, ac-

tin cytoskeleton regulation and TJ functions remodulation

(Matter & Balda, 2007).

TJ protein in healthy skin and oral mucosa

Skin is composed of several layers. Stratum corneum, the

uppermost layer mainly composed of keratinocytes, is the

first line of barrier to the environmental insults such as aller-

gen, microbiome, irritants and pollutants. Once the barrier

function of stratum corneum is compromised, the next bar-

rier is performed by TJ proteins, mainly claudin and oc-

cludin, in the stratum granulosum layer (Brandner et al. ,

2015). Oral mucosa is classified as keratinized or non−kera-

tinized tissue. The stratum corneum is absent from non−

keratinized tissue. In gingiva, the oral epithelium is kerati-

nized, sulcular epithelium is predominantly non−keratinized

and junctional epithelium is non−keratinized (Caffesse et al.,

1977). The role of TJ proteins becomes more critical in the

non−keratinized oral tissue including sulcular epithelium and

junctional epithelium. This might be a cause that sulcular

epithelium and junctional epithelium are especially affected

in periodontal diseases.
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Claudin and Occludin in different pathological
conditions of skin and oral mucosa

The altered expression of claudin and occludin are mostly

observed in various pathological conditions of skin depend-

ing on the severity of the disease, bacterial concentration

and epidermal differentiation (Table 1). Increased expression

of occludin and decreased expression of claudin−1 and 7 are

observed in the early or late stages of psoriasis with more

prominent effects in later (Brandner, 2002 ; Kirschner et al.,

2009). The expression of claudin−1, 2 and 3 are downregu-

lated in atopic dermatitis facilitating entry of pathogen

through epidermis, however compensatory mechanism to

maintain barrier integrity leads to the overexpression of

claudin−4 (Guttman et al. 2006). It is reported that TJ pro-

teins are altered in human epidermal keratinocytes during

different bacterial infections. A study showed that the in-

creased expression of TJ proteins as a rescue mechanism

was observed by the exposure of Staphylococcus aureus and

Staphylococcus epidermidis to epithelial cell for 3 hours,

while the significantly decreased expression was observed

by the exposure for 7−10 hours due to the loss of transepi-

thelial resistance (TER). No alteration of TJ proteins is ob-

served in the epithelial barrier by the exposure at the con-

centration of < 104 bacteria/ml for 5 hours, while downregu-

lated expression of claudin−1, 4 and 7 is observed by in-

creasing bacterial load up to the concentration of 106 bacte-

ria/ml (Ohnemus et al., 2008). Hailey−Hailey disease and

Darrier’s disease are autosomal dominant skin diseases

where alteration of TJ proteins is associated with epidermal

differentiation and calcium gradient. In both, increased ex-

pression of claudin−1, 4 and occludin is observed with the

Pathological
condition (Skin)

Proteins Explained Impact References

A. In Vitro study

Bacterial (S.aureus &
S.epididermis)
infection
i) Early−3hrs of
infection
Late−7.5 hrs of
infection
ii) 104/ml bacteria−5hr

106/ml bacteria−5hr

Early− Claudin−4↑,
Occludin↑
Late− Claudin−4↓,
Occludin↓
Claudin−1, 4,Occludin−No
change
Claudin−1,−4,Occludin↓

Early rise of TJ proteins may be due to rescue mechanism
during bacteria−keratinocyte interaction.
Dyslocalization of TJ proteins occurred after bacteria invade
the epidermis.

(Ohnemus et al., 2008)

B. In Vivo study

Psoriasis vulgaris
(Early stage)

Psoriasis (Plaque type)

Occludin↑
Claudin−1↓, −7↓

Occludin↑
Claudin−1↓, −7↓

1) Broader expression of occludin and claudin is to keep
barrier functions results in thicker epidermal layer.
2) Further loss of claudin is a consequence of various stim-
uli like bacterial infections leading to impairment in the TJ
barrier functions.

( Brandner, 2002 ; Watson
et al., 2007 ; (Kirschner et
al., 2009)

Atopic Dermatitis Claudin−1↓,−2↓,−3↓,
Claudin−1↓ (lesional area)

Claudin − 4↑ (non − lesional
area)

1)Decreased Claudin−1,23 enhance the penetration of envi-
ronmental antigens leading to greater allergen sensitization.
2)Increased Claudin −4 is a compensatory mechanism to
maintain stratum corneum barrier integrity.

(Guttman et al., 2006 ; De
Benedetto et al., 2011)

Impetigo Contagiosa Occludin ↑

Claudin−1↓

Early rise of TJ proteins may be due to rescue mechanism.
Downregulation of TJ proteins occurred after bacteria in-
vade the epidermis.

(Ohnemus et al., 2008)

Hailey−Hailey disease

i) Low calcium
ii) High calcium

Claudin−1 ↓

i) Claudin−4,Occludin↓
ii) Claudin−4,Occludin↑

Acantholytic process alters the dynamics of TJ proteins.
Altered expression of TJ may be due to aberrant epidermal
differentiation and calcium concentration.

(Raiko et al., 2009 ; Raiko
et al., 2012)

Lichen Planus
Ichthyosis Syndrome

Occludin↑ Alteration in stratum granulosum layer leads TJ proteins to
relocalize to stratum spinosum which results in hyperkera-
totic lesion.

(Pummi et al., 2001)

Darrier’s Disease Claudin−1↓ Acantholytic process alters the dynamics of TJ proteins
which highlight the importance of intercellular calcium in
TJ regulation.

(Raiko et al., 2009 ; Raiko
et al., 2012)

NISCH syndrome Claudin−1↓

Claudin−2↑

Decreased Claudin−1 increases the paracellular permeability
due to poor anchoring among the claudin in epithelial cells.
The relative overexpression of claudin−2 in the patient liver
is due to compensatory mechanism.

(Hadj−Rabia et al., 2004)

Mouse−model Claudin−1 knockout Died immediately after birth due to transepidermal water
loss and skin dehydration.

(Furuse et al., 2002)

Table 1 : Altered expression of Claudin and Occludin in various skin diseases ; TJ, Tight Junction ; NISCH, Neonatal ichthyosis−scleros-
ing cholangitis.
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low calcium concentration while significant downregulations

were observed by increasing calcium gradient and epidermal

differentiation (Raiko et al., 2012).

In experimental models of periodontitis, the expression of

TJ proteins depends on the duration or the grade of peri-

odontitis, bacterial concentration and apical or basolateral

exposure in vitro . The expression of claudin − 4, 15 is

upregulated in case of biofilm challenge and minimally in-

flamed gingival epithelium for 24 hour (Guo et al., 2017)

while claudin−4, 15 and occludin is downregulated in pocket

epithelium. These suggest that the expression of TJ proteins

is decreased by the chronicity of diseases. Porphyromonas

gingivalis (Pg) along with its virulence factors is one of the

major etiologic agents in the pathogenesis and progression

of periodontal disease. Significant upregulation of claudin−4

is shown by the exposure of Pg to gingival epithelial cell

for 4 hours, with no effect on claudin−1 and occludin. In

contrast, the expression of claudin−4, 15 and occludin is

downregulated by the exposure of Pg Lipopolysachharide

(Pg LPS ) for 4 hours. Also, claudin−1 is upregulated by the

exposure of Pg to gingival epithelial cells after 4 hours

while is significantly downregulated by the chronic exposure

of LPS for 3 weeks. Pg is an opportunistic pathogen which

relies on fermentation of amino acids for metabolic energy

and tends to grow in nutritional environment forming sub-

gingival plaque. Subsequent changes in the local environ-

ment which may be host related factor or symbiotic patho-

gens can differentially regulate its virulence factors. LPS is

the most potent endotoxin which exerts its effect through ac-

tivation of Toll like receptor 4 (TLR4) (Tada et al., 2013).

The studies have shown to activate TLR4 after 6 hours of

LPS exposure to oral epithelial cells. Based on the above re-

sults, we can hypothesize the pathogenesis of Pg in two

ways. In the early stage of infection, epithelial cells, which

are the first line of immune defense, respond strongly to Pg

mediated low grade inflammation. At later stage, virulence

Pathological
condition (Oral)

Proteins Explained Impact References

A. In Vitro study

24 hour Biofilm challenge Claudin−4↑ 24hr challenge with biofilm without ‘red complex’ bac-
teria shows upregulation of Claudin−4 which may
not deliberate any biological relevance.

(Guo et al., 2018)

Pg and Pg LPS induced
alteration of TJ−4hr

i) Pg 4hr− Claudin−4↑,
Claudin−15↓ ;
Pg 72hr− Claudin−1↑
ii) Pg LPS 4hr−
Claudin−4↓, Claudin−15↓,
Occludin↓, Claudin−1↑

Early upregulation of TJ proteins is due to compensa-
tory mechanism for barrier protection.
Chronic exposure of pathogen altered the immune de-
fence mechanism and hence alter TJ expression result-
ing in epithelial disruption.

(Guo et al., 2018 ; Tada et
al., 2019)

Pg induced epithelial disruption
i) >109 bacteria/ml , 2−4hr−
Basolateral exposure− ↓TER
ii) >109 bacteria/ml, 2−4hr−
Apical exposure− ↑TER

i) Occludin↓

ii) Occludin↑

Decreased TER observed between 2−4 hour− Bacterial
pathogen exposed from basolateral surface are more sus-
ceptible for epithelial disruption.
Increase in TER observed up to 24hours and decreased
between 24 − 48 hour − Apical exposure of bacterial
pathogen require more time to induce epithelial disrup-
tions.

(Katz et al., 2000)

T.denticola induced TJ
protein alteration
i) 104 −6hr−Basolateral
ii) 104 −6hr−Apical

i) Claudin−1↓, Occludin−↓
ii) No change in expression

Basolateral surfaces are more susceptible than apical
surfaces to the effects of T.denticola and threshold of
bacteria is required to alter epithelial barrier proteins.

(Kikuchi et al., 2018)

i) Minimal gingival
inflammation
ii) Pocket epithelium

i) Claudin−4↑, Claudin
15↑, Occludin−↑
ii) Claudin−4−↓, Claudin−
15↓, Occludin−↓

Ligation of CD24 facilitates increase expression of TJ
proteins that mediate epithelial barrier functions as a
protective mechanism against periodontal pathogens.

(Ye et al., 2014)

B. In Vivo study

Chronic LPS challenge
periodontitis−3wks

Claudin−1↓ Disruption of barrier functions and initiation of peri-
odontal diseases

(Fujita et al., 2010)

Periodontitis in HIV
patients−5 days treatment of
oral epithelial cells with
HIV−tat and gp120

Claudin−1↓,−3↓,−4↓,
Occludin−↓

Activated immune cells produce larger amount of pro-
inflammatory cytokines which disrupt epithelial barriers,
facilitates secondary invasion to human papilloma virus.

(Tugizov, 2016)

Enamel defects
Amelogenesis Imperfecta in
patients with FHHNC

Claudin−3↓,16↓,19−↓ 1) Hypoplastic and hypomineralised tooth.
2) Enamel loss, easily breakable enamel with underlying
dentin exposure in molars, and decreased mineralization
in continuously growing lower incisors in patients with
FHHNC.

(Bardet et al., 2016)

Table 2 : Altered expression of Claudin and Occludin in various oral pathological conditions ; TJ, Tight Junction ; Pg , Porphyromonas
gingivalis ; LPS, Lipopolysaccharide ; FHHNC, Familial hypomagnesaemia with hypercalciuria and nephrocalcinosis ; TER, Transepithe-
lial Electrical Resistance.
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factor like LPS activates TLR4 leading to series of inflam-

matory cascade resulting in tissue destruction (Kocgozlu et

al., 2009).

By the exposure of Treponema denticola (Td ) at a con-

centration of >109 bacteria/ml for 2−4 hours, transepithelial

electrical resistance (TER) is decreased in the basolateral

area, while is increased in the apical area (Katz et al., 2000).

At concentration of 104 bacteria/ml for 6 hours, TER is sig-

nificantly decreased in the basolateral area, while no change

is observed in the apical area. At concentration of 102 bacte-

ria/ml for 16 hours, Claudin−1 is decreased in both apical

and basolateral area (Kikuchi et al. , 2018). These signify

that the disruption of epithelial junctional proteins is caused

by the critical threshold of bacterial load and exposure dura-

tion.

Claudin and occludin maintains barrier integrity from the

early development of tooth germs when ameloblast and

odontoblast differentiates (João & Arana−Chavez, 2004). Fa-

milial hypomagnesaemia with hypercalciuria and nephrocal-

cinosis (FHHNC) is a rare kidney disease caused by the mu-

tation of claudin−16 and −19. These patients show severe

enamel defects, which are similar to amelogenesis imper-

fecta with impaired TJ structure and enamel matrix deposi-

tion. The loss of claudin−16 results in the modification of

environmental factors such as pH, impairment of the proc-

essing of enamel matrix proteins and disturbance of enamel

formation, in the patients with FHHNC and in the Cldn16−/−

mice (Bardet et al., 2016). Claudin−3 and −19 deficiency in

patients with FHHNC presented hypoplastic or hypomineral-

ised enamel in both secretory and maturational stages

(Bardet et al. , 2017). These highlights the importance of

claudin and occludin from early stages of tooth development

Cancer (Skin) Proteins Explained Impact References

A. In Vitro study

DMBA/TPA induced
skin Papilloma

Claudin−
1↓,6↓,11↓,12↓,18
↓ (in cell membrane)

Translocalization of claudin away from cell membrane may suggest
endocytosis leading claudin retention in cytoplasmic vesicles which
may lead to altered cell polarity and barrier.

(Arabzadeh et al., 2007)

B. In Vivo study

Squamous cell
carcinoma (SCC)
Well−differentiated
(early stage/low
grade)

Claudin−1↑
Claudin−11↓

Claudin−4↑
Occludin↑

Increased claudin−1 facilitates invasive potential
Loss of claudin is a biomarker for tumor progression

Claudin−4 and occludin are concentrated around cancer−pearl which
indicates the presence of TJ is not for barrier function rather than
their relation to keratinization.

(Ouban et al., 2012 ;
Nissinen et al., 2017 ;
Morita et al., 2004)

SCC
Less−differentiated
(late stage/high grade)

Claudin−1↓
Claudin−7↑

Claudin−11↑
Occludin↓

May express other pathogenetic mechanism to regulate invasion.
Expression of Claudin−7 is late event in epidermal neoplastic process.

Expression of claudin−11 is associated with progression of tumor to
invasive stage.
Downregulated occludin decrease cell−cell adhesion, altered epider-
mal differentiation and calcium homeostasis.

(Ouban et al., 2012 ;
Hintsala et al., 2013 ;
Rachow et al., 2013 ;
Nissinen et al., 2017)

Merkel Cell
Carcinoma

Claudin−3,4↑,
Occludin↑
Claudin−5−Mild
expression

The increased expression may signify TJ may play role in self-
isolation of tumor from environment.
Expression of claudin−5 in certain areas signifies the formation
of vessels within tumor mass

(Haass et al., 2003)

Metastatic melanoma Claudin−1↑

Claudin−1↓

Expression of claudin increases MMP−2 activity thereby increasing
melanoma cell motility.
Claudin−1 produced by melanocytes may not assemble with TJ
structures

(Cohn et al., 2005 ;
Leotlela et al., 2007)

Precursor tumors of
SCC
Atopic keratosis Claudin−1↓

Claudin−2↑

Claudin−4↑

Diminish TJ barrier functions.
Overexpression of Claudin−2 is associated with leakage of barrier.

Alteration of Claudin−4 is induced by UV radiation

(Hintsala et al., 2013 ;
Rachow et al., 2013)

Bowen’s diseases Claudin−1,
Claudin−4 &
Occludin↑ (in
keratinized part)

TJ−associated molecules altered in relation to keratinization
(individual cell keratinization).

(Morita et al., 2004)

Ankyloblepharon−
Ectodermal
Dysplasia Clefting
(AEC)

Claudin−1↓ Claudin−1 may be a transcriptional target of p63 gene, which has un-
dergone mutation in AEC patients, so its downregulated expression
causes skin fragility.

(Lopardo et al., 2008)

Table 3 : Altered expression of Claudin and Occludin in various skin cancer ; TJ, Tight Junction ; DMBA, Dimethylbenz(a)anthracene ;
TPA, Tetradecanoyl−phorbol−13−acetate.
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in creating suitable environment for enamel deposition and

maturation by their role as barrier maintaining proteins.

Claudin and occludin in cancer of skin and oral
cavity

Cell to cell interaction is important phenomenon in main-

taining tissue integrity and homeostasis. The loss of cell−cell

adhesion is considered as the initiation in the process of in-

vasion and metastasis in carcinoma. The altered expression

of TJ proteins can increase epithelial permeability, loss of

contact inhibition, polarity and abnormal signaling leading to

inhibition or activation of various growths signaling mecha-

nism. Although the exact mechanism of altered TJ proteins

in cancer is still unclear, the involvement can be confirmed

by the deregulated expressions with migration, invasion and

metastasis of cancer in tissue specific manner (Martin & Ji-

ang, 2009). The bewildering expressions of TJ proteins in

various cancers are due to solitary or synergistic actions of

above mechanisms.

The alterations of claudin and occludin in dysplasia and

cancer in skin and oral tissues are shown in Table 3 and Ta-

ble 4 respectively. The expression patterns of TJ proteins

might have some correlation with the type of tumor grade,

site or keratinization.

As ultraviolet (UV) radiation is the major risk factor for

benign and malignant lesion of skin, the effect of UV radia-

tion on TJ proteins may also precede the conditions. The

downregulation of claudin−1 and upregulation of claudin−2

and −4 are shown in the precursor tumors such as atopic

keratosis, and it resulted in diminished TJ barrier function

which is a typical feature of dysplastic lesion (Hintsala et

al., 2013). The expression of claudin−1, −4 and occludin is

altered in Bowen’s disease (Morita et al., 2004). Claudin−1

is upregulated in the early stage of cutaneous squamous cell

carcinoma (cSCC) and is downregulated in advanced stage

(Sappayatosok & Phattarataratip, 2015). Claudin−4 and oc-

cludin are upregulated in well differentiated cSCC, while

their concentrated expression is observed around the keratin

pearl instead of cell − cell border ( Morita et al. , 2011 ) .

Claudin−4 expression is increased in keratinized portion of

SCC whereas downregulated in non − keratinized part

(Vicente et al., 2015). The expression of claudin−7 and −11

is upregulated in undifferentiated cutaneous SCC, and is

more significantly upregulated in the later event in epider-

mal neoplastic process (Hintsala et al 2013 ; Nissinen et al.,

2018). The decreased expression of occludin is shown in

other carcinoma derived from non−keratinized epithelia such

as hepatic carcinoma, gastric carcinoma, breast carcinoma

and endometrial carcinoma (Sawada et al., 2003). This indi-

cates that TJ proteins might be related to keratinization.

Furthermore, the summary of TJ proteins in other skin

carcinoma such as malignant melanoma (MM) and merkel

cell carcinoma (MCC) have been studied. Loss of Claudin−1

in metastatic MM (MMM) as compared to benign melano-

Cancer (Oral) Proteins Explained Impact References

OSCC-
Early stage

Claudin−1↓

Claudin−4,−7↑,
Occludin−↓

May involve other regulating factors than claudin to increase invasive
potential.
Claudin overexpression result in enhanced cell adhesion and de-
creased tumor aggressiveness. Upregulation may interfere with TJ in-
teractions and signaling cascades

(Joãoj & Arana−Chavez,
2004 ; De Vicente et al.,
2015 ; Sappayatosok &
Phattarataratip, 2015)

OSCC-
Late stage

Claudin−1↑
Claudin−4↓
Claudin−7↓

Claudin−1 enhances tumor invasion by degradation of extracellular
matrix deposition.
Claudin−4 play a role in maintaining the architecture of cell nests and
keratin pearls, however downregulation is accompanied with decrease
e− cadherin expression which enhance migration, invasiveness and
metastasis
Loss of Claudin−7 directly promote neoplastic process due to destruc-
tion of TJ

(Joãoj & Arana−Chavez,
2004 ; Oku et al., 2006 ;
El−Bolok, 2011 ; De
Vicente et al. , 2015 ;
Sappayatosok & Phatta-
rataratip, 2015)

KCOT−lining
epithelium

Claudin−1↑,−3↓
Claudin−4↑
Claudin−7↑

Increased in an attempt to maintain cell–cell attachments at the sites
of cystic degeneration.
Over expression of Claudin−4 in keratinocytes surface may be associ-
ated with abnormal TJs formation.
May play a role in the formation of Rushton hyaline bodies.

(Siar & Abbas, 2013)

KCOT-
Vascular
epithelium

Claudin−5−
mild to moderate

Claudin−5 is the only claudin member expressed in endothelium.
Subcellular localization of Claudin− 7 in lining epithelium may result
in formation of Rushton hyaline bodies.

(Siar & Abbas, 2013)

Mild Oral
Epithelial
Dysplasia

Claudin−1↓ Staining intensity increasing with high grade of tumor may suggest
the involvement of claudin−1 in progression of dysplasia

(Kwon, 2013 ;
Carvalho et al., 2010)

Table 4 : Altered expression of Claudin and Occludin in various oral diseases ; TJ, Tight Junction ; OSCC, Oral Squamous Cell Carci-
noma ; KCOT ; Keratocystic Odontogenic Tumour
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cytic nevi may be due to failure of claudin produced by

melanocytes cells to assemble with TJ structures (Cohn et

al., 2005). In experimentally induced skin papilloma of mice

with 7, 12−dimethylbenz (a) anathracene, the downregulated

expression of claudin−1, −6, −11, −12, −18 is observed. The

downregulation of TJ proteins may be due to the involve-

ment of transcriptional factors silencing the expression of

claudin (Arabzadeh & Turksen., 2007).

The expression of claudin and occludin depends on the

histopathological grade of cancer. Claudin−1, −4 and −7 are

the major TJ proteins altered in oral cancer. In mild epithe-

lial dysplasia and early stage of Oral SCC (OSCC), the ex-

pression of claudin−1 is downregulated, thereby leading to

the disorganization of epithelial cancer cells. The low ex-

pression of claudin−1 may be a predictor of disease recur-

rence and poor prognosis. The increased expression of

claudin−1 with cancer progression enhances the invasive po-

tential with degradation of extracellular matrix. Claudin−4

and −7 are upregulated in the early stages of OSCC and are

downregulated in the late stages. The upregulation in the

early stages interferes with TJ functioning and signaling

whereas the downregulation in the late stages is accompa-

nied with the destruction of TJ structure enhancing migra-

tion, invasion and metastasis. The expression of TJ proteins

in the lining epithelium of keratocystic odontogenic tumor

(KCOT) is found to be associated with keratinization. The

concentrated presence of claudin−1, −3, −4 is found in the

area of keratin pearls. The increased expression of claudin−1

is associated with compensatory mechanism to maintain bar-

rier integrity. The increased expression of claudin−4 and −7

is found to be associated with their role in Rushton hyaline

body formation. The loss of claudin−3 caused the altered

barrier formation and the loss of cell polarity which simulate

the biological behavior of KCOT. Claudin−5 is only ob-

served in the vascular lining of KCOT. Claudin−5 is the

only protein of claudin family expressed in the endothelium.

Similarly the upregulation of claudin−1 in the invasive duc-

tal breast, cervical and colorectal carcinoma, and the down-

regulation of claudin−4 and −7 in the invasive esophageal

and prostrate carcinoma are observed. Also the downregula-

tion of claudin−1 in other invasive carcinomas such as hepa-

tocellular and prostate carcinoma is observed.

The role of claudin and occludin in tumorigenesis is com-

plicated. The impaired cell−cell contacts leading to series of

changes with its reduced expression are clearly understand-

able, but the overexpression of certain proteins in many me-

tastatic lesions creates paradigm that how stabilizing proteins

enhances cell motility of tumor cells. The alteration of TJ

functions is caused by either underexpression or overexpres-

sion of TJ proteins. The transcriptional regulator should be

taken into consideration. Decreased expression leading to

cell detachment process is understandable but increased ex-

pression of claudins are often observed in tumor cells. The

enhanced expression may also be an initial step which dis-

turbs the balance of TJ in the cells and is associated with

proliferation, invasion and metastasis of the tumor cells. The

expression of TJ proteins for carcinomas are not consistent.

These may be due to multifactorial complex where TJ per-

forms barrier function, cellular signaling and differentiation.

These may act through specific pathway to potentiate or pro-

tect tumorigenesis.

TJ proteins in skin and oral mucosa with aging

Aging is a progressive decline in the physiological func-

tion leading to onset of organ specific functional deteriora-

tion. The clinical presentation of aged skin exhibit hypo−/

hyper−pigmented lesions, wrinkle scaly appearances or pal-

lor fragility. Some studies have attributed these changes to

the change of thickness in the stratum corneum composition

and basement membrane (Farage et al., 2013), while another

study highlighted the role of TJ (Bhattacharyya & Thomas,

2004). The intrinsic factor for aging changes is due to the

continuous physiological remodeling of tissues which was

generated by some stresses over time period ( Quan &

Fisher, 2015). The accumulation of reactive oxygen species

(ROS) causing stress to cells is led by the extrinsic factors

such as UV radiation, pollution, smoking, hypoxia, or poor

nutrition. These oxidative stresses may lead to the post−

translation mostly including phosphorylation at serine and

threonine residues, and may result in altering the phospho-

rylation pattern and the barrier integrity.

Few Studies have been reported regarding the expression

and regulation of TJ proteins in skin and oral mucosa with

physiological and experimental models of aging skin. In a

study, no significant alteration of TJ proteins in human

young or intrinsically aged epidermis is confirmed even

though the decreased expression is confirmed in rodent epi-

dermis (Althubaiti., 2012). However, the changes in barrier

functions and TEWL are noted in physiologically aged skin.

This might be due to the various signaling pathway associ-
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ated with TJ proteins. In an experimental model of aging

skin, claudin−1 is downregulated, and claudin−7 and −12

are upregulated in the photoaged skin as compared to the

photoprotected skin ( Althubaiti, 2012 ) . The UV radiation

may change TJ protein levels by ROS mediated signaling

associated with degradation of MMP or directly affecting the

genes at the transcriptional level. The barrier disruption is

caused by the downregulation of claudin−1 and upregulation

of claudin−7 and −12. The wrinkled skin with increased

TEWL caused by the downregulation of claudin−1 is ob-

served in the aging mice (Parrish., 2017). These changes are

accompanied by the marked downregulation of claudin−1.

The epidermal barrier disruption is shown by the claudin−1

knockdown aged mice with atopic dermatitis as compared to

claudin+/+mice (Tokumasu et al., 2017). Normal morphologi-

cal phenotype is shown by the transgenic mice overexpress-

ing an epidermal targeted claudin−6 at a young age, while

severe dermatitis associated skin barrier function is shown

by a high sensitivity for epidermal injury with aging (Troy

et al., 2009).

In aging mice, Claudin−2, −3, −4 and −5 are downregu-

lated in the kidney epithelium and pancreas. Claudin−1 is

upregulated in the liver and kidney and claudin−7 is upregu-

lated in the pancreas (D’Souza et al., 2009). Although the

exact mechanism and regulation of their expression in aging

tissue are still not clear, these are considered as the effect on

TJ functionality which is responsible for some of the aging

related changes.

Conclusion

TJ proteins, including mainly claudin and occludin, plays

a major role in maintaining epithelial integrity. The altered

expression, of these proteins are responsible for skin and

oral diseases. The role of these proteins in various carcino-

mas is crucial in the invasion and metastasis. The under-

standing of altered expression of these proteins in the age−

related diseases is important and studies are limited. Further

research is needed to be focused on this aspect.

References

Althubaiti SM. Characterization of epidermal tight junction

proteins in ageing (Doctoral dissertation). The University

of Manchester , Manchester, England, United Kingdom,

2012.

Arabzadeh A, Troy TC & Turksen K. Changes in the dis-

tribution pattern of Claudin tight junction proteins during

the progression of mouse skin tumorigenesis. BMC Can-

cer 7 : 196, 2007.

Balda MS & Matter K. Tight junctions at a glance. J Cell

Sci 121 : 3677–3682, 2008.

Bardet C, Ribes S, Wu Y, Diallo MT, Salmon B, Breider-

hoff T, Houillier P, Dominik M, Chaussain C. Claudin

Loss−of−Function Disrupts Tight Junctions and Impairs

Amelogenesis. Front Physiol 8 : 326, 2017.

Bardet C, Courson F, Wu Y, Khaddam M, Salmon B,

Ribes S, Thumfart J, Yamaguti PM, Rochefort GY,

Figueres ML, Breiderhoff T, Garcia−Castaño A, Vallée B,

Le Denmat D, Baroukh B, Guilbert T, Schmitt A, Massé

JM, Bazin D, Lorenz G, Morawietz M, Hou J, Carvalho−

Lobato P, Manzanares MC, Fricain JC, Talmud D, De-

montis R, Neves F, Zenaty D, Berdal A, Kiesow A, Pet-

zold M, Menashi S, Linglart A, Acevedo AC, Vargas−

Poussou R, Müller D, Houillier P & Chaussain C. Claudin

− 16 Deficiency Impairs Tight Junction Function in

Ameloblasts, Leading to Abnormal Enamel Formation. J

Bone Miner Res 31 : 498−513, 2016.

Bauer HC, Krizbai IA, Bauer H & Traweger A. “You Shall

Not Pass”− tight junctions of the blood brain barrier.

Front Neurosci 8 : Article 392, 2014.

Bhattacharyya TK & Thomas JR. Histomorphologic

Changes in Aging Skin : Observations in the CBA Mouse

Model. Arch Facial Plast Surg 6 : 21−25, 2004.

Brandner JM. Organization and formation of the tight junc-

tion system in human epidermis and cultured keratino-

cytes. Eur J Cell Biol 81 : 253–263, 2002.

Brandner JM, Kief S, Wladykowski E, Houdek P & Moll

I. Tight Junction Proteins in the Skin. Skin Pharmacol

Physiol 19 : 71–77, 2006.

Brandner JM, Zorn−Kruppa M, Yoshida T, Moll I, Beck L

& De Benedetto A. Epidermal tight junctions in health

and disease. Tissue Barriers 3 : e974451, 2015.

Buckley A & Turner JR. Cell Biology of Tight Junction

Barrier Regulation and Mucosal Disease. Cold Spring

Harb Perspect Biol 10 : a029314, 2018.

Caffesse RG, Karring T & Nasjleti CE. Keratinizing Poten-

tial of Sulcular Epithelium. J Periodontal 48 : 140–146,

1977.

Capaldo CT and Nusrat A. Cytokine Regulation of Tight

Junctions. Biochim Biophys Acta 1788, 864–871 : 2009.

Carvalho MV, Pereira JS, Costa ALL, de Souza LL, Freitas

24 Sarita GIRI et al.／Tight junction proteins, claudin and occludin in pathological conditions and aging of skin and oral mucosa：A review

（102）

第３８巻２号　　　４Ｃ１５０　１Ｃ１３３／本文　※３１‐１から組体裁変更　ＯＴＦ／０１７～０２７　レビュ　ＧＩＲＩ　　４Ｃ  2020.02.04 19.33.26  Page 24 



RA, Miguel MCC. Alterations in the immunoexpression

of claudin−1 between different grades of oral epithelial

dysplasias. Arch Oral Biol 55 : 261–267 : 2010.

Chiba H, Osanai M, Murata M, Kojima T & Sawada N.

Transmembrane proteins of tight junctions. Biochim Bio-

phys Acta 1778 : 588–600 : 2008.

Cohn ML, Goncharuk VN, Diwan AH, Zhang, PS, Shen

SS & Prieto VG. Loss of claudin−1 expression in tumor−

associated vessels correlates with acquisition of metastatic

phenotype in melanocytic neoplasms. J Cutan Pathol 32 :

533–536, 2005.

Cummins PM. Occludin : One Protein, Many Forms. Mol

Cell Biol 32 : 242−250, 2012.

De Benedetto A, Rafaels NM, McGirt LY, Ivanov AI,

Georas SN, Cheadle C, Berger AE, Zhang K, Vidyasagar

S, Yoshida T, Boguniewicz M, Hata T, Schneider LC,

Hanifin JM, Gallo RL, Novak N, Weidinger S, Beaty TH,

Leung DY, Barnes KC, Beck, LA. Tight junction defects

in patients with atopic dermatitis. J Allergy Clin Immunol

127 : 773−786, 2010.

Dokladny K, Zuhl MN & Moseley PL. Intestinal epithelial

barrier function and tight junction proteins with heat and

exercise. J Appl Physiol 120 : 692–701 : 2016.

D’Souza T, Sherman−Baust CA, Poosala S, Mullin JM &

Morin PJ. Age−Related Changes of Claudin Expression in

Mouse Liver, Kidney, and Pancreas. J Gerontol A Biol

Sci Med Sci 64 : 1146–1153 : 2009.

El−Bolok AH. Effect of tight junction protein (claudin− 4)

expression on the behavior of oral squamous cell carci-

noma (an immunohistochemical study). Cairo Dental Jour-

nal 27 : 1−7, 2011.

Enjoji S, Ohama T & Sato K. Regulation of Epithelial Cell

Tight Junctions by Protease−Activated Receptor 2. J Vet

Med Sci 76 : 1225–1229, 2014.

Farage MA, Miller KW, Elsner P & Maibach HI. Charac-

teristics of the Aging Skin. Adv Wound Care 2 : 5–10,

2013.

Förster C. Tight junctions and the modulation of barrier

function in disease. Histochem Cell Biol 130 : 55 – 70,

2008.

Fujita T, Hayashida K, Shiba H, Kishimoto A, Matsuda S,

Takeda K, Kawaguchi H, Kurihara, H. The expressions of

claudin−1 and E−cadherin in junctional epithelium. J Peri-

odontal Res 45 : 579−582, 2010.

Furuse M, Hata M, Furuse K, Yoshida Y, Haratake A,

Sugitani Y, Noda T, Kubo A, Tsukita, S. Claudin−based

tight junctions are crucial for the mammalian epidermal

barrier : A lesson from claudin−1–deficient mice. J Cell

Biol 156 : 1099–1111, 2002.

Gonzalez−Mariscal L, Betanzos A, Nava P, Jaramillo BE.

Tight junction proteins. Prog Biophys Mol Bio 81 : 1–44,

2003.

Gonzalez−Mariscal L, Namorado MC, Martin D, Luna J,

Alarcon L, Islas S, Valencia L, Muriel P, Ponce L, Reyes,

JL. Tight junction proteins ZO−1, ZO−2, and occludin

along isolated renal tubules. Kidney Int 57 : 2386–2402,

2000.

Gottardi CJ, Arpin M, Fanning AS & Louvard, D. The

junction−associated protein, zonula occludens−1, localizes

to the nucleus before the maturation and during the re-

modeling of cell−cell contacts. Proc Natl Acad Sci USA

93 : 10779–10784, 1996.

Günzel D & Fromm M. Claudins and Other Tight Junction

Proteins. Compr Physiol 2 : 1819−1852, 2012.

Guo W, Wang P, Liu ZH & Ye P. Analysis of differential

expression of tight junction proteins in cultured oral epi-

thelial cells altered by Porphyromonas gingivalis, Porphy-

romonas gingivalis lipopolysaccharide, and extracellular

adenosine triphosphate. Int J Oral Sci 10 : e8, 2017.

Guttman JA, Samji FN, Li Y, Vogl AW & Finlay BB. Evi-

dence that Tight Junctions Are Disrupted Due to Intimate

Bacterial Contact and Not Inflammation during Attaching

and Effacing Pathogen Infection In Vivo. Infect Immun

74 : 6075–6084, 2006.

Haass NK, Houdek P, Wladykowski E, Moll I & Brandner

JM. Expression Patterns of Tight Junction Proteins in

Merkel Cell Carcinoma. In : Baumann KI, Halata Z, Moll

I, editors. The Merkel Cell. Berlin : Springer 2003, p 223

−226.

Hadj−Rabia S, Baala L, Vabres P, Hamel−Teillac D, Jac-

quemin E, Fabre M, Lyonnet S, De Prost Y, Munnich A,

Hadchouel M, Smahi, A. Claudin−1 gene mutations in

neonatal sclerosing cholangitis associated with ichthyosis :

A tight junction disease. Gastroenterology 127 : 1386 –

1390, 2004.

Hintsala HR, Siponen M, Haapasaari KM, Karihtala P &

Soini Y. Claudins 1, 2, 3, 4, 5 and 7 in solar keratosis

and squamocellular carcinoma of the skin. Int J Clin Exp

Pathol 6 : 2855−2863, 2013.

João SM & Arana−Chavez VE. Tight junctions in differen-

25The Dental Journal of Health Sciences University of Hokkaido 38� 2019

（103）

第３８巻２号　　　４Ｃ１５０　１Ｃ１３３／本文　※３１‐１から組体裁変更　ＯＴＦ／０１７～０２７　レビュ　ＧＩＲＩ　　４Ｃ  2020.02.04 19.33.26  Page 25 



tiating ameloblasts and odontoblasts differentially express

ZO−1, occludin, and claudin−1 in early odontogenesis of

rat molars : Tight Junction−Associated Proteins. Anat Rec

A Discov Mol Cell Evol Biol 277 : 338–343, 2004.

Katz J, Sambandam V, Wu JH, Michalek SM & Balkovetz

DF. Characterization of Porphyromonas gingivalis − In-

duced Degradation of Epithelial Cell Junctional Com-

plexes. Infect Immun 68 : 1441–1449, 2000.

Kikuchi Y, Kimizuka R, Kato T, Okuda K, Kokubu E &

Ishihara K. Treponema denticola Induces Epithelial Bar-

rier Dysfunction in Polarized Epithelial Cells. Bull Tokyo

Dent Coll 59 : 265–275, 2018.

Kirschner N, Poetzl C, Driesch PVN, Wladykowski E,

Moll I, Behne MJ & Brandner JM. Alteration of Tight

Junction Proteins Is an Early Event in Psoriasis. Am J Pa-

thol 175 : 1095–1106, 2009.

Kwon MM. Emerging Roles of Claudins in Human Cancer.

Int J Mol 14 : 18148–18180, 2013.

Kocgozlu L, Elkaim R, Tenenbaum H & Werner S. Vari-

able Cell Responses to P. gingivalis Lipopolysaccharide. J

Dent Res 88 : 741−745, 2009.

Leotlela P, Duray P, Rhode M, Brown H, Rosenthal D,

Earley R, Indig FE, Nickoloff BJ, Taub DD, Kallioniemi

OP, Meltzer P, Morin PJ & Weeraratna A. Claudin−1

overexpression in melanoma is regulated by PKC and

contributes to melanoma cell motility. Oncogene 26 : 3846

−3856, 2007.

Lopardo T, Lo Iacono N, Marinari B, Giustizieri ML, Cyr

DG, Merlo G, Crosti F, Antonio C & Guerrini L. Claudin

−1 Is a p63 Target Gene with a Crucial Role in Epithelial

Development. PLoS ONE 3 : e2715, 2008.

Matter K & Balda MS. Epithelial tight junctions, gene ex-

pression and nucleo−junctional interplay. J Cell Sci 120 :

1505–1511, 2007.

Martin TA and Jiang WG. Loss of tight junction barrier

function and its role in cancer metastasis. Biochim Bio-

phys Acta 1788 : 872–891, 2009.

McCole DF. Phosphatase regulation of intercellular junc-

tions. Tissue Barriers 2 : e26713, 2013.

Morita K, Miyachi Y & Furuse M. Tight junctions in epi-

dermis : From barrier to keratinization. Eur J Dermatol

21 : 12–17, 2011.

Morita K, Tsukita S & Miyachi Y. Tight junction−associ-

ated proteins (occludin, ZO−1, claudin−1, claudin−4) in

squamous cell carcinoma and Bowen’s disease. Br J Der-

matol 151 : 328–334, 2004.

Nissinen L, Siljamäki E, Riihilä P, Piipponen M,

Farshchian M, Kivisaari A, Kallajoki M, Raiko L, Pel-

tonen J, Peltonen S, Kähäri VM. Expression of claudin−

11 by tumor cells in cutaneous squamous cell carcinoma

is dependent on the activity of p38δ. Exp Dermatol 26 :

771–777, 2018.

Ohnemus U, Kohrmeyer K, Houdek P, Rohde H, Wladyk-

owski E, Vidal S, Horstkotte MA, Aepfelbacher M, Behne

MJ, Moll I, Brandner JM. Regulation of Epidermal Tight−

Junctions (TJ) during Infection with Exfoliative Toxin−

Negative Staphylococcus Strains. J Invest Dermatol 128 :

906–916, 2008.

Oku N, Sasabe E, Ueta E, Yamamoto T & Osaki T. Tight

Junction Protein Claudin−1 Enhances the Invasive Activ-

ity of Oral Squamous Cell Carcinoma Cells by Promoting

Cleavage of Laminin−5 γ2 Chain via Matrix Metalloprote-

inase (MMP)−2 and Membrane−Type MMP−1. Cancer

Res 66 : 5251–5257, 2006.

Ouban A, Hamdan H, Hakam A & Ahmed AA. Claudin−1

Expression in Squamous Cell Carcinomas of Different Or-

gans : Comparative Study of Cancerous Tissues and Nor-

mal Controls. Int J Surg Pathol 20 : 130–136, 2012.

Parrish AR. The impact of aging on epithelial barriers. Tis-

sue Barriers 5 : e1343172, 2017.

Pummi K, Malminen M, Aho H, Karvonen SL, Peltonen J

& Peltonen S. Epidermal Tight Junctions : ZO−1 and Oc-

cludin are Expressed in Mature, Developing, and Affected

Skin and In Vitro Differentiating Keratinocytes. J Invest

Dermatol 117 : 1050–1058, 2001.

Quan T & Fisher GJ. Role of Age−Associated Alterations

of the Dermal Extracellular Matrix Microenvironment in

Human Skin Aging : A Mini−Review. Gerontology 61 :

427−434, 2015.

Rachow S, Zorn−Kruppa M, Ohnemus U, Kirschner N,

Vidal−y−Sy S, von den Driesch P, Bomchen C, Eberele J,

Mildner M, Vettorazzi E, Rosenthal R, Moll I, Brandner

JM. Occludin Is Involved in Adhesion, Apoptosis, Differ-

entiation and Ca 2 + − Homeostasis of Human Keratino-

cytes : Implications for Tumorigenesis. PLoS ONE : e

55116, 2013.

Raiko L, Leinonen P, Hägg PM, Peltonen J, Oikarinen A

& Peltonen S. Tight junctions in Hailey−Hailey and Dar-

ier’s diseases. Dermatol Reports 1 : e1, 2009.

Raiko L, Siljamaki E, Mahoney MG, Putaala H, Suominen

26 Sarita GIRI et al.／Tight junction proteins, claudin and occludin in pathological conditions and aging of skin and oral mucosa：A review

（104）

第３８巻２号　　　４Ｃ１５０　１Ｃ１３３／本文　※３１‐１から組体裁変更　ＯＴＦ／０１７～０２７　レビュ　ＧＩＲＩ　　４Ｃ  2020.02.04 19.33.26  Page 26 



������������������������������������������������������
�
�
�
�
�
�
�
�
�
�
�
�
� �����������������������������������������������������

�
�
�
�
�
�
�
�
�
�
�
�
�
�

E, Peltonen J & Peltonen S. Hailey–Hailey disease and

tight junctions : Claudins 1 and 4 are regulated by ATP2C1

gene encoding Ca2+ / Mn2+ATPase SPCA 1 in cultured

keratinocytes. Exp Dermatol 21 : 586−591, 2012.

Reglero−Real N, Colom B, Bodkin JV & Nourshargh S.

Endothelial Cell Junctional Adhesion Molecules : Role

and Regulation of Expression in Inflammation. Arterio-

scler Thromb Vasc Biol 36 : 2048–2057, 2016.

Sappayatosok K & Phattarataratip E. Overexpression of

Claudin−1 is Associated with Advanced Clinical Stage

and Invasive Pathologic Characteristics of Oral Squamous

Cell Carcinoma. Head & Neck Pathol 9 : 173–180, 2015.

Saitoh M, Kurashige Y, Nishimura M, Yamazaki M, Iga-

rashi S, Kaku T and Abiko Y. Expression of claudin−4

and −7 in porcine gingival junctional epithelium. Med

Mol Morphol 42 : 212–215, 2009.

Sawada N, Murata M, Kikuchi K, Osanai M, Tobioka H,

Kojima T & Chiba H. Tight junctions and human dis-

eases. Med Electron Microsc 36 : 147–156, 2003.

Siar CH & Abbas SA. Claudin expression and tight junc-

tion protein localization in the lining epithelium of the

keratocystic odontogenic tumors, dentigerous cysts, and

radicular cysts. Oral Surg Oral Med Oral Pathol Oral Ra-

diol 115 : 652–659, 2013.

Tada H, Nishioka T, Takase A, Numazaki K, Bando K &

Matsushita, K. Porphyromonas gingivalis induces the pro-

duction of interleukin−31 by human mast cells, resulting

in dysfunction of the gingival epithelial barrier. Cell Mi-

crobiol 21 : e12972, 2013.

Tokumasu R, Tamura A & Tsukita S. Time− and dose−de-

pendent claudin contribution to biological functions : Les-

sons from claudin−1 in skin. Tissue Barriers 5 : e1336194,

2017.

Troy TC, Arabzadeh A, Larivière NMK, Enikanolaiye A &

Turksen, K. Dermatitis and Aging−Related Barrier Dys-

function in Transgenic Mice Overexpressing an Epidermal

−Targeted Claudin 6 Tail Deletion Mutant. PLoS ONE 4 :

e7814, 2009.

Tugizov S. Human immunodeficiency virus−associated dis-

ruption of mucosal barriers and its role in HIV transmis-

sion and pathogenesis of HIV/AIDS disease. Tissue Barri-

ers 4 : e1159276, 2016.

Vicente JCD, Fernández − Valle Á, Vivanco − Allende B,

Santamarta TR, Lequerica − Fernández P, Hernández −

Vallejo G & Allonca−Campa E. The Prognostic Role of

Claudins−1 and −4 in Oral Squamous Cell Carcinoma.

Anticancer Res 35 : 2949−2960, 2015.

Watson, R., Poddar, R., Walker, J., McGuill, I., Hoare, L.,

Griffiths, C., & O’Neill, C. (2007). Altered claudin ex-

pression is a feature of chronic plaque psoriasis. J Pathol

212 : 450–458, 2007.

Weber CR, Nalle SC, Tretiakova M, Rubin DT & Turner

JR. Claudin−1 and claudin−2 expression is elevated in in-

flammatory bowel disease and may contribute to early

neoplastic transformation. Lab Invest 88 : 1110 – 1120,

2008.

Yamaguti PM, Neves FA, Hotton D, Bardet C, de La Dure

−Molla, M, Castro LC, Scher MD, Barbosa ME, Ditsch

C, Fricain JC, de la Faille R, Figueres ML, Vargas−Pous-

sou R, Houillier P, Chaussain C, Babajko S, Berdal A,

Acevedo AC. Amelogenesis imperfecta in familial hypo-

magnesaemia and hypercalciuria with nephrocalcinosis

caused by CLDN19 gene mutations. (2017). J Med Genet

54 : 726–737, 2017.

Ye P, Yu H, Simonian M & Hunter N. Expression patterns

of tight junction components induced by CD24 in an oral

epithelial cell−culture model correlated to affected peri-

odontal tissues. J Periodontal Res 49 : 253–259, 2014.

Sarita GIRI

Education :

2008−2014 : Bachelor of Dental Surgery (BDS) from Tribhuvan University, Nepal.

2018 : Joined Health Sciences University of Hokkaido, School of Dentistry, Division of Peri-

odontology and Endodontology as a graduate student.

Professional experience :

2014−2016 : Dental Surgeon at Kathmandu Dental Clinic, Nepal.

2016−2018 : Dental Surgeon at Dental Care Hospital, Nepal.

27The Dental Journal of Health Sciences University of Hokkaido 38� 2019

（105）

第３８巻２号　　　４Ｃ１５０　１Ｃ１３３／本文　※３１‐１から組体裁変更　ＯＴＦ／０１７～０２７　レビュ　ＧＩＲＩ　　４Ｃ  2020.02.04 19.33.26  Page 27 




