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Background and Objective: The epithelium provides an important barrier against
microbial invasion. Tight junction structural proteins called claudins are known to
contribute to the epithelial cell barrier. Junctional epithelium is located at a
strategically important interface between gingival sulcus and is interconnected by
desmosomes and gap junctions, but not by tight junctions. Although claudins are
tight junction-associated proteins, they are also expressed in the epithelium despite
its lack of tight junctions in invertebrates. Therefore, claudins may play an
important role in junctional epithelium without tight junctions. E-cadherin is a key
molecule in the formation of adherence junctions and desmosomes. In the present
study, we aimed to investigate the expressions of claudin-1,claudin-3, claudin-7
and E-cadherin in the junctional epithelium of Fischer 344 rats.

Material and Methods: Gingival tissues from Fischer 344 rats were analyzed by
immunohistochemical staining for claudin-1, claudin-3, claudin-7, and E-cadherin.

Results: Intense staining for claudin-1 and E-cadherin were observed in the
junctional epithelium. In contrast to claudin-1, claudin-3 was mainly expressed in
oral gingival epithelium and claudin-7 could not be detected on
immunohistochemical analysis of the rat gingiva.

Conclusion: These data suggest that claudin-1 and E-cadherin exist in the
junctional epithelium and may play an important role in epithelial barrier
function.
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The epithelium provides an important
barrier against microbial invasion.
Epithelial cells are generally intercon-
nected by tight junctions, adherens
junctions, desmosomes and gap junc-
tions. The junctional epithelium is
located at a strategically important
interface at the base of the gingival
sulcus and contributes activately to
inflammatory processes, since it repre-
sents the first line of defense against
microbial attack (1-3). Previous stud-
ies have shown that the junctional
epithelium is interconnected by a only
few desmosomes and occasional gap

junctions and shows wide intercellular
spaces (2-6). Therefore, it is unlikely
that tight junctions contribute to the
barrier function of the junctional epi-
thelium (4), although they are essential
for the tight sealing of cellular sheets,
thus controlling paracellular ion flux
and maintaining tissue homeostasis
(7.,8).

Claudins are tight junction-associ-
ated tetraspan proteins with relatively
short cytoplasmic amino- and carboxy-
termini flanking a first extracellular
loop of 53 amino acids and a second
shorter loop of 24 amino acids (7).

Claudins are expressed in invertebrates
despite their absence of tight junctions
(9). The epithelial barriers of inverte-
brates are formed by septate junctions
with wide intercellular gaps, very
different from the near fusions at tight
junctions.  Claudin-1-deficient mice
died within 1 d of birth and showed
severe defects in the permeability of the
epidermis (10). Cells overexpressing
claudin-1, claudin-3 or claudin-7
showed increased transepithelial elec-
trical resistance (11-13). Therefore,
claudins are thought to play an impor-
tant role in regulating the epithelial
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barrier at tight junctions and septate
junctions (14). In spite of the absence
of tight junctions, claudins may con-
tribute to the epithelial barrier in
junctional epithelium; however, the
protein and mRNA expressions of
claudins in healthy junctional epithe-
lium have not been investigated. In
addition, an immunohistochemical
study revealed that claudin-1 was not
detected in the junctional epithelium
from adult patients with periodontitis
(15). Therefore, the expression of
claudin-1 in  healthy junctional
epithelium has not been clarified.
E-Cadherin, which is a key molecule in
the formation of adherens junctions
and desmosomes, plays a crucial role in
maintaining the structural integrity
(16). In previous studies, the expression
of E-cadherin was detectable in normal
junctional epithelium, although there
was a striking reduction or no reaction
in staining for E-cadherin in diseased
junctional epithelium (15,17). There-
fore, it may be considered that
E-cadherin does not function in dis-
cased junctional epithelium. To inves-
tigate the expression of claudin-1,
caludin-3, claudin-7 and E-cadherin in
healthy junctional epithelium, we
examined it immunohistochemically
using Fischer 344 rats.

Material and methods

Animal experimentation

After obtaining approval from the
animal care committee of Hiroshima
University, a total of twenty 9-wk-old
male Fischer 344 rats were used in this
study. Under general anaesthesia in-
duced by intraperitoneal injection of
20% ethyl carbamate (30 mg/kg body
weight). Rats were killed with an
overdose of ethyl ether.

Tissue samples were resected en bloc
from the left and right molar regions
and fixed with 4% paraformaldehyde
solution. They were then decalcified in
a 10% ethylenediaminetetraacetic acid
(EDTA) solution in phosphate-buf-
fered saline (PBS) for 14 d at 4°C. The
decalcified tissue blocks were embed-
ded in paraffin. Sections (5 pm thick)
of the frontal plane parallel to the long
axis of the tooth, including the root

apex, were cut and collected on glass
slides.

Immunohistochemistry

After deparaffinization, the endo-
genous horseradish peroxidase was
deactivated with 3% hydrogen perox-
ide in PBS. Then, each section was
incubated with 0.2% casein in Tris—
HCI buffered saline (TBS, 20 mm Tris—
HCI, 0.15 m NaCl, pH 7.6) for 30 min
at room temperature and then with
rabbit anti-human claudin-1, claudin-
3, claudin-7 (Thermo Scientific, Fre-
mont, CA, USA) and goat anti-mouse
E-cadherin (R&D Systems, Minneap-
olis, MN, USA) for 24 h at 4°C. The
species reactivities of rabbit anti-
human claudin-1 and claudin-3 to rat
were previously tested (Thermo Scien-
tific). After being rinsed with PBS, the
sections were incubated with biotiny-
lated anti-rabbit immunoglobulin G or
anti-goat  immunoglobulin G for
30 min. The sections were rinsed with
PBS, incubated with peroxidase-con-
jugated streptavidin for 30 min, and
then rinsed with PBS. The colour was
developed with 0.025% 3,3’-diam-
inobenzidine tetrahydrochloride in
TBS plus hydrogen peroxide. The
specimens were counterstained with
methyl green, dehydrated, mounted,
observed by light microscopy (Eclipse
E600; Nikon, Tokyo, Japan), and then
photographed using a digital camera
(DXM 1200, Nikon) and imaging soft-
ware (ACT-1, Nikon). Negative con-
trol samples were prepared by
replacing the anti-rabbit immunoglob-
ulin G or anti-goat immunoglobulin G
with normal rabbit immunoglobulin G
or normal goat immunoglobulin G.
Twenty samples from 20 rats were
examined by immunohistochemistry
for each antibody. All samples showed
similar reactions for each antibody.
Each panel in Fig. 1 represents the
findings from 20 samples.

Results

Figure 1 shows a representative hae-
matoxylin and eosin stained section
(Fig. 1A) and immunohistochemical
study of gingiva for claudin-1, clau-
din-3, claudin-7 and E-cadherin in

Fischer 344 rats. Intense staining of
claudin-1 in the junctional epithelium
at cell-cell contact sites was noted
(Fig. 1B,C). In contrast to claudin-1,
strong staining for claudin-3 occurred
in the granular layer and spinous
layer of the oral gingival epithelium,
but there was much less intense
staining in the junctional epithelium
and sulcus epithelium (Fig. 1D,E).
Claudin-7 was not detected on
immunohistochemical analysis of the
rat gingiva (Fig. 1F). The inset in
Fig. 1F indicates the positive reaction
for claudin-7 antibody in rat oral
mucosal epithelium. Furthermore, E-
cadherin was expressed in the junc-
tional epithelium, sulcus epithelium
and oral epithelium at the cell-—cell
junctions in the basal and suprabasal
layers (Fig. 1G-I). Non-specific stain-
ing was not observed in negative
control samples.

Discussion

In this study, we have demonstrated,
for the first time, that claudin-1 is
present in junctional epithelium of
Fischer 344 rats. Claudin-1 is known
to be a major structural protein of
tight junctions. However, since tight
junctions in junctional epithelium are
not well developed and are either dis-
continuous or very thin, formed by a
few strands (4), claudin-1 seems not to
form tight junctions in the junctional
epithelium. In spite of being a tight
junction-associated protein, claudin-1
is also expressed in epithelium lacking
tight junctions. In invertebrates, sep-
tate junctions circumscribe epithelial
cells and have been regarded as the
functional counterparts of tight junc-
tions (14). Drosophila exhibits six
claudin sequences, and one of them,
Megatrachea, is located at septate
junctions (14). Mutations of Megatra-
chea disrupt the barrier and result in
defects of the size and shape of the
tracheal epithelium (18). In addition,
claudin-1-expressing  cells  exhibit
higher transepithelial electrical resis-
tance than wild-type Madin—Darby
canine kidney cells, and show reduced
paracellular flux (11). These results
imply that claudin-1 contributes to the
epithelial barrier in junctional epithe-
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Fig. 1. Immunohistochemical staining of claudin-1, claudin-3, claudin-7 and E-cadherin in gingival tissues of rats. (A) Haematoxylin and
eosin staining. (B,C) Immunolocalization of claudin-1. Arrows indicate junctional epithelium and asterisk shows sulcus epithelium.
(C) Higher magnification of boxed area in (B). (D,E) Immunolocalization of claudin-3. (E) Higher magnification of boxed area in (D).
(F) Immunolocalization of claudin-7. A positive control section is shown in the inset. (G,H,I) Immunolocalization of E-cadherin. Arrows
indicate junctional epithelium and asterisk shows sulcus epithelium. (A,B,D,F,G) Original magnification x200. (C,E) Original magnification
x400. (H) Higher magnification of boxed area on left side in (G) (x400). (I) Higher magnification of boxed area on right side in (G) (x400).

lium. In addition, claudin-1 regulates
epithelial-mesenchymal  transforma-
tion through Wnt/p catenin signalling
in human cancer cell lines (19).
Therefore, claudin-1 may exhibit sig-
nalling as well as barrier functions.
Further studies to investigate the role
of claudin-1 in junctional epithelium
are required.

In the present study, claudin-1 was
detected in the junctional epithelium
from Fischer 344 rats, although Hata-
keyama et al. (15) reported that clau-
din-1 was not expressed in human
diseased junctional epithelium from
patients with periodontitis. We used
healthy Fischer 344 rats maintained in
specific pathogen-free conditions in

this experiment, and claudin-1 was
detected in our immunohistochemical
study. In contrast, Hatakeyama et al.
(15) found claudin-1 in the uppermost
layers of human oral epithelium,
whereas claudin-1 was not detected in
the oral epithelium in the present
study. The difference in claudin-1
expression between the previous and
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present studies might be due to ana-
tomical differences or species differ-
ences between humans and rats.

In contrast to claudin-1, claudin-3
was mainly expressed in oral gingival
epithelium and claudin-7 could not be
detected on immunohistochemical
analysis of the rat gingiva. Thus,
although claudin-1, claudin-3 and
claudin-7 are involved in enhancement
of the barrier function in epithelial cells
(11-13), the expression pattern of the
claudins in the gingiva is different.
These data are similar to the previous
report that claudins-1, -3, -5, -6, -11
and -18 are expressed in different
pattern in the differentiated and/or
undifferentiated compartments of the
epidermis and nail, tongue, oral
mucosa and stomach of the mouse
(20). The claudin family exhibits dis-
tinct expression patterns in tissue- and
cell-type-specific manners (14,21). The
differences in expression and localiza-
tion of claudins in the various gingival
epithelial tissues probably contribute
to their demonstrated differences in
paracellular transport and permeabil-
ity in each tissue and tissue compart-
ment. The junctions with different
claudin combinations differ from each
other in ion and solute selectively.

In the present study, E-cadherin was
expressed in the junctional epithelium,
sulcus gingival epithelium and oral
gingival epithelium. Our findings con-
firm the localization of E-cadherin in
healthy gingiva, as previously reported
(17). E-cadherin is a key molecule to
protect against bacterial invasion in
junctional epithelium, since junctional
epithelial cells are mainly intercon-
nected by desmosomes. In addition,
E-cadherin was expressed in far fewer
cells in diseased junctional epithelium
than in healthy junctional epithelium
(17), or was not detectable in the dis-
eased junctional epithelium from
patients of periodontitis (15). This may
be similar to the claudin-1 expression
pattern in the healthy and diseased
junctional epithelium. These data
imply that claudin-1 as well as
E-cadherin may contribute to epithelial

permeability in healthy junctional
epithelium.

It has been thought that the barrier
function of junctional epithelium is re-
lated to the outward flow of gingival
fluid and the transmigration of neutro-
philic granulocytes between epithelial
cells (3). Furthermore, antimicrobial
peptides called defensins play an
important role in inflammatory stimu-
lation (22). The regulation of the
expression in claudin-1 and E-cadherin
may be a new candidate for the pre-
vention of periodontal disease.
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