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Immunohistochemical Study of
E-cadherin and ZO-1 in Allergic
Nasal Epithelium of the Guinea Pig

Abstract

Nasal epithelial damage during alergic inflammation was studied by observing
the distribution of cell adhesion molecule E-cadherin and tight junction (zonula
occludens) cell-cell contact associated protein ZO-1. The guinea pig model of
nasal alergy, sensitized with intraperitoneally administered ovalbumin (OA) and
subsequently challenged with OA intranasally, was used. In control epithelium,
E-cadherin immunoreactivity was detected continuously along neighboring ep-
ithelial cell borders. ZO-1 spot-like immunoreactivity was detected in the apico-
lateral portion of epithelial cells corresponding to thetight junction (TJ) position,
but no changes in immunoreactivity were found between control and challenged
epithelia. In the challenged epithelium of sensitized animals, marked infiltration
of eosinophils and structural changes, such as widening of the intercellular
spaces and detachment of adjacent epithelial cells, were observed concurrently.
In addition, spots negative for E-cadherin immunoreactivity were noted in the ep-
ithelium, associated with the extracellular deposition of eosinophil granule pro-
teins. Immunoelectron microscopy revealed a decrease or disappearance of E-
cadherin  immunoreactivity, which took place not only in regions where
intercellular spaces were wide and adjacent epithelial cells were detached, but
also at the point of contact between infiltrating eosinophils and epithelia cells.
Approximately 87% of eosinophils observed in the challenged epithelium were
associated with such loss of E-cadherin immunoreactivity. These results suggest
that the intimate epithelial cell contact mediated by E-cadherin is loosened as a
consequence of eosinophil infiltration, which may trigger theinitial step of sub-
sequent epithelia destruction in alergic states.

ators. The interaction of cell adhesion molecules expressed
by eosinophils and by tissue resident cells plays a crucial

Infiltration of eosinophilsin the airway mucosais one of
the characteristic features of nasal allergy [1-3] and of
bronchial asthma [4-5]. Recent studies have clarified the
mechanisms by which eosinophils migrate from capillaries
into tissues and pass through the epithelium [6]. This mi-
gration process involves both an adhesion process and a di-
rected locomotion under the influence of chemotactic medi-

role [6-8].

Ancther pathological feature of alergic inflammation is
the destruction of epithelium, such as epithelial cell shed-
ding and widening of theintercellular space[4, 5, 9]. Sever-
al studies have reported that the degree of eosinophil infil-
tration correlates with the extent of epithelial damage, and
results in the development of bronchia hyperreactivity
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[9-11]. Filley et a. [12] demonstrated the deposition of
major basic protein (MBP) on the damaged bronchia ep-
ithelium of a patient who had died of asthma. Further, some
eosinophil products such as granule proteins; MBP
[13-15], eosinophil peroxidase (EPO), eosinophil cationic
protein (ECP) [14, 16], and eosinophil-derived metall opro-
teinase[17] have been shown to have agreat potential toin-
jure the airway epithelium in vitro [14, 18], so eosinophils
are considered to be major contributors to allergic inflam-
mation [6, 10, 13, 16].

The respiratory epithelium depends on various adhesion
mechanismsin order to maintain its barrier function and ep-
ithelia structure [8, 19]. On the lateral border of epithelial
cells, thetight junction (TJ = zonula occludens; Z0O), the ad-
herens junction and the desmosome are among the struc-
tures which characterize the intercellular junctional com-
plex of bronchial and nasal epithelium [20]. These cell
contacts are mediated by several kinds of cell adhesion
molecules, such as cadherins, integrins, the members of the
immunoglobulin superfamily, and cell-cell contact proteins
including the associated proteins occludin [21], ZO-1 [22],
desmoglein and desmocollin [8, 19, 20]. E-cadherin (also
called uvomorulin) is one of the best-characterized trans-
membrane glycoproteins (molecular weight 120 kD) ex-
pressed on many types of epithelia cell surface including
nasal epithelium [20, 23, 24]. It is involved both in non-
junctional and in junctional adhesions[20], usually concen-
trated in an adhesion belt or adherens junction [19, 20, 23,
25], and considered to be the primary mediator of the Caz+-
dependent adhesion between adjacent epithelial cells[8, 20,
23]. TJs are considered to provide a structural paracellular
barrier at the apicolateral portion of the epithelium [20, 26,
27]. ZO-1, which is one of the cytoplasmic TJ associated
proteins (molecular weight 225 kD [22]), is thought to
make contact directly with occludin and anchor it to the un-
derlying cytoskeleton [20, 21, 27].

Cell adhesion mechanisms are expected to show patho-
logical changes which bring about epithelial damage in al-
lergic inflammation. However, little is known about the ef-
fects of alergic inflammation on cell adhesion molecules
expressed by epithelia cells. In the present study, we have
studied the distribution of E-cadherin, as a representative
cell adhesion molecule, and ZO-1, asacell-cell contact pro-
tein, during allergic inflammation in nasal epithelium, using
aguinea pig model of nasal alergy sensitized with ovalbu-
min (OA).

Changes in epithelia structure were first observed by
transmission electron microscopy. Then immunohisto-
chemistry for E-cadherin, ZO-1 and eosinophil granule pro-
teins of MBP and EPO were performed at both electron-mi-
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Fig. 1. Schedule of intraperitoneal sensitization and nasal antigen
challenge of guinea pigs. Animals were sensitized intraperitoneally
with OA and aluminum hydroxide 7 times, once every 2 weeks, fol-
lowed by unilateral nasal challenge with OA twice aday for 7 days.

croscopic and light-microscopic levels. These observations
were statistically analyzed and correlated with eosinophil
infiltration.

Materials and Methods

Immuni zation

Male Hartley guinea pigs, weighing 250-300 g, were first sensi-
tized and then challenged with OA intranasally, as described by
Konno et al. [28]. The precise time course is shown in figure 1.
Briefly, they were sensitized by intraperitoneal immunization 7 times
once every 2 weekswith 20 ug OA as antigen in 1% (w/v) aluminum
hydroxide adjuvant in 1 ml of physiological saline. After the last sen-
sitization, the animals were challenged with 20 pl of 1% OA (w/v) in
phosphate-buffered saline (pH 7.4), into the left nasal cavity twice a
day for 7 days.

In a previous study [28], we showed by passive cutaneous ana-
phylaxis that, on this immunization schedule, serum anti-OA IgE an-
tibodies and 1gG; antibodies increased 1,664+768-fold and 5,632
+2,508-fold, respectively, over 12 weeks.

Tissue Preparations

Twelve hours after the last challenge, animals were perfused
through the heart with fixative under deep pentobarbital anesthesia
(40 mg/kg body weight). Then the nasal septum mucosaand cartilage
were dissected out. According to a previous report [29], we used
frontal regions of nasal septum, areas 3 and 4, where the greater part
of the mucosawas covered with ciliated epithelia. Five sensitized and
3 control animals were prepared, and samples were collected at least
10 pointsin these regionsin each animal. In each of thefollowing pro-
cedures, nasal septum mucosa of three different preparations were
compared: (I) antigen-challenged mucosa of sensitized animals, (l1)
non-challenged mucosa of sensitized animals and (I11) mucosa of in-
tact animals, as a control. The challenged and non-challenged mucosa
were obtained from the same sensitized animals.

Light Microscopy

Nasal mucosa fixed with 25% glutaradehyde and 2%
paraformaldehydein 0.1 M phosphate buffer (pH 7.4) were embedded
in paraffin. They were sectioned frontally at 4 um, stained with Giem-
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sa solution and examined at a magnification of X200. Eosinophils
were identified by both a bilobed nucleus and reddish cytoplasmic
granules in the Giemsa stain and counted separately in two zones of
nasal mucosa: the epithelial and subepithelial layers. Four areas in
each side were selected randomly for counting, and the number of
eosinophils per 1 mm?2 were calcul ated.

Differences between preparations were analyzed by unpaired Stu-
dent'st test.

Electron Microscopy

Animals were fixed as described above and the specimens were
immersed in fixative overnight. After washing and subsequent post-
fixation in 1% osmium tetroxide in phosphate buffer (pH 7.4), block-
staining was performed with 1% uranyl acetate in 50% ethanol solu-
tion, followed by dehydration through an ascending series of ethanol
solutions, passage through propylene oxide, and embedded in Epon
812. Ultrathin sections were stained in uranyl and lead salt solutions.

Immunohistochemistry

Animals fixed with a solution of 4% paraformaldehydein 0.1 M
phosphate-buffered saline through the heart were used in the follow-
ing study.

For immunofluorescence microscopy, the specimens were im-
mersed overnight at 4°Cin 0.02 M tris buffer saline (TBS) containing
0.01 M CaCl, and 20% sucrose, embedded in OCT compound, rapid-
ly frozen, cryosectioned and then mounted on dides coated with
APES (3-aminopropyltriethoxysilane). Before application of the pri-
mary antibodies, sections were blocked for 1 hwith 0.02 M TBS con-
taining 0.01 M CaCl,, 5% goat serum and 3% bovine serum albumin,
and then incubated overnight at 4°C either with rat monoclonal anti-
body which recognizes the epitope in the extracellular domain of E-
cadherin [30] (ECCD-2, Takara, Japan; 1:200) or rabbit polyclonal
antibody to ZO-1 (Zymed, San Francisco, Calif., USA, 1:400). Sec-
tions were washed in TBS and then incubated for 2 h at room temper-
ature either with FITC-conjugated antibodies to rat 1gG or rabbit 1gG
(Cappel, Organon Technika, Durham, N.C.; 1:200), respectively. For
double staining of eosinophil granule proteins, in addition, they were
subsequently incubated overnight at 4°C either with mouse mono-
clonal anitbody to MBP (BMK-13, Nichirei, Japan; 1:20) or mouse
monoclona antibody to EPO (Ab-1, Oncogene Science, New York;
N.Y., USA; 1:100). The antibody which recognizes guineapig ECPis
not available. After washing, slides were incubated with biotinylated
anti-mouse 1gG (Vector Laboratories, Burlingame, Calif., USA;
1;200), followed by treatment with Texas red conjugatd-streptavidin
(Vector Laboratories; 1:100) and inspected in a confocal laser scan-
ning microscope (LSM 410, Carl Zeiss, Germany).

For immunoel ectron microscopy, 50-um-thick sections were pre-
pared using a Vibratome (Oxford Laboratories, USA) and washed in
0.02 M TBS with 0.01 M CaCl,. After preincubation for 3 h at room
temperature in TBS containing 10% normal goat serum, 0.2% bovine
serum albumin and 0.1% Triton X-100, sections were incubated
overnight at room temperature either with antibody to E-cadherin
(2:100) or antibody to ZO-1 (1:200). After rinsing with TBS, sections
were incubated for 2 h at room temperature either with biotinylated
anti-rat 1gG (1:100) or anti-rabbit 1gG (Vector Laboratories; 1:100),
followed by the avidin-biotin complex (Vector Laboratories) at adilu-
tion of 1:100 for 1 h at room temperature. They were then transferred
t0 0.05 M Tris-HCI buffer (pH 7.2) and incubated for 10-15 min with
0.02% diaminobenzidine and 1.8X104% H,0O, in 0.05 M Tris-HCI
buffer. The sections were fixed overnight with 2.5% glutaraldehydein
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phosphate buffer, postfixed for 1 h in phosphate buffered 1% osmium
tetroxide (pH 7.4), blockstained for 1 h with 2% uranyl acetatein 50%
ethanol solution, dehydrated and embedded in Spurr’sresin. Ultrathin
sections were prepared using a microtome and examined in an elec-
tron microscope without staining.

Specificity controlswere performed both by replacing the first an-
tibodies to E-cadherin or ZO-1 with rat or rabbit 1gG proteins
(Zymed), respectively, and omitting the first antibodies.

Correlation of E-cadherin Expression with Eosinophil Infiltration

Eosinophil-localized spots were picked up randomly in antigen-
challenged epithelium. Epithelial cell membrane facing an eosinophil
was assessed for the intensity of E-cadherin immunoreactivity and
classified into four grades: grade I, intact expression; grade I1, partial
decrease in immunoreactivity; grade 11, partial disappearance, and
grade 1V, complete disappearance. At the same time, according to a
previous report [9], the epithelial condition of the region was catego-
rized into three groups by the degree of widening of the intercellular
space: (1) no widening of the space between epithelial cells; (I1) par-
tial widening, and (I11) extensive widening. Intercellular spaces free
from infiltrating eosinophils were examined in the same manner both
in the challenged and non-challenged epithelium. The association be-
tween the intensity of E-cadherin immunoreactivity and the degree of
epithelial condition was statistically tested by y2 test for indepen-
dence. We also paid attention to the morphology of specific granules
in eosinophils, and checked whether they showed the activated pat-
tern, degranulation or not.

Results

Within several minutes after nasal challenge, the animals
showed symptoms similar to alergic rhinitis in humans:
nasal itching, sneezing, watery nasal discharge and nasal
obstruction.

Electron Microscopy

The nasal epithelium in controls showed normal struc-
ture of pseudostratified ciliary columnar epithelium (fig. 2a;
TJis shown at a higher magnification). On the challenged
side of sensitized animals, eosinophils containing many
specific granules were frequently observed in clusters both
in epithelial and subepitehlial layers (fig. 2b). During the
migration from the subepithelial layer into the lumen of the
nasal cavity, eosinophils split the basal lamina (fig. 2¢) and
pass through the intercellular space of epithelial cells and
TJ(fig. 2d), subsequently. In the challenged epithelium, the
intercellular spaces between epithelia cells were widened,
resulting in the detachment of adjacent epithelial cells
(fig. 2b).

Tissue Density of Eosinophils
In control animals, few leukocytes were detected in ei-
ther the epithelial or subepithelial layers of the nasal mu-
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Fig. 2. Electron micrographs of nasal epithelium. a Nasal septum mucosa from a control animal showed typical
structure of pseudo-stratified ciliary columnar epithelium. Inset, TJin the apicolateral region. b-d Antigen-challenged
side of a sensitized animal. Note ‘loosened’ appearance, widened intercellular spaces (arrowheads) and infiltration of
eosinophils (boxed). ¢ The boxed area at higher magnification showing an eosinophil (Eo) passing through the basal
lamina (arrow). d Eosinophil (Eo) passing through the TJ (arrowheads). Scale bars: 2 um (a-d), 50 nm (a, inset).
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Fig. 3. Tissue density of eosinophils. Each column represents
the mean numbers of eosinophils per sguare millimeter + SD.
**n<0.001, *** p<0.0001. Epi = Epithelia layer; Subepi = subep-
ithelia layer.

cosa. In sensitized animals, on the other hand, marked
eosinophil infiltration was noted on the challenged side (left
nasal cavity), whereas only afew eosinophilswere found on
the non-challenged side (right nasal cavity).

There were dtatistically significant differences in the
number of eosinophils both in epithelial and subepithelial
layers between challenged and control mucosa; non-chal-
lenged and control mucosa, and challenged and non-chal-
lenged sides of sensitized animals (fig. 3).

[ mmunohi stochemistry

In the specificity control experiments, nonspecific label-
ing was not detected (data not shown). The immunchisto-
logical findings from al samples showed no remarkable
differences depending on the location of the samples in
each animal.

In control animals, E-cadherin immunoreactivity was
seen continuously along neighboring epithelial cell sur-
faces, most intensely beneath the apicolateral portion
(fig. 4a). On the antigen-challenged side (fig. 4c) and non-
challenged side (fig. 4b) of sensitized animals, the im-
munoreactivity appeared weakened in some areas and its
distribution showed an irregular pattern. However, these
changesin E-cadherin distribution were observed much less
frequently on the non-challenged side. Using a double-la-
beling procedure for E-cadherin and EPO (fig. 5a, b) or E-
cadherin and MBP (fig. 5¢), colocalization of E-cadherin
and those eosinophil granule proteins were detected in the
challenged epithelium. The majority of EPO and MBP im-
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munoreactivities, which corresponded to contents of the
specific granules, concentrated in eosinophil cytoplasm. In
addition, spot-like positive staining likely to be released
EPO or MBP were observed in the epithelium, where ep-
ithelial E-cadherin became negative. In contrast, few
eosinophils infiltrated into the non-challenged epithelium,
so that staining for EPO and MBP was hardly detected (data
not shown).

Immunoelectron microscopy revedled E-cadherin im-
munoreactivity distributed continously along the intercellu-
lar borders between epithelial cells in control animals
(fig. 6a). On the challenged side of sensitized animals, how-
ever, E-cadherin immunoreactivity was partially weakened
or had disappeared where the adjacent epithelial cells were
detached (fig. 6b). Epithelial immunoreactivity for E-cad-
herin aso disappeared around most infiltrating eosinophils.
In contrast, E-cadherin immunoreactivity remained intact in
interface between adjoining epithelial cells, even in very
close proximity to eosinophils (fig. 6b inset, 6¢). Such de-
creases or disappearance of E-cadherin was rare in control
epithelium, and scarcely found on the non-challenged side
of sensitized animals, but was commonly observed in ep-
ithelial membranes adjacent to eosinophils in the chal-
lenged epithelium, regardless of whether or not eosinophil-
specific granules showed an activated pattern.

To examine the relationship among eosinophil infiltra-
tion, epithelial E-cadherin expression and the degree of ep-
ithelial damage, we observed 100 intercellular spaces with
or without association of eosinophils, respectively, in the
challenged epithelium, using immunoel ectron microscopy.
The same number of intercellular spaces without eosino-
phils were picked up in the non-challenged side as control.
Epithelial E-cadherin immunoreactivity was classified into
grades |-V, which are shown in fig. 7 and defined as de-
scribed. The results are summarized in table 1. The wider
the space of epithelia cells, i.e. the more severe epithelial
damage, the weaker epithelial E-cadherin immunoreactivity
(statitically significant). In total, the ratio of loss of E-cad-
herin associated with eosinophilsin the challenged epitheli-
um was 87.0%, which was statistically significantly higher
than that without association of eosinophils both in the chal-
lenged (30.0%) and non-challenged (8.0%) epithelium.

Z0-1 spot-like immunoreactivity was detected in the
apicolateral portions of epithelia cells corresponding to the
TJs. No remarkabl e differences were noted among the three
types of tissues at light-microscopic levels (fig. 4d—f). With
immunoelectron microscopy, ZO-1 immunoreactivity re-
mained intact even in the challenged epithelium, where in-
filtrating eosinophils apparently passed through the TJ
(fig. 6d).
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Fig. 4. Immunofluorescent staining for E-cadherin (a-¢) and ZO-1 (d-f) in nasal epithelium of a control animal
(a, d), non-challenged side of sensitized animal (b, e), and antigen-challenged side (c, f). In the latera regions (c),
patches of E-cadherin-negative areas are visible (arrowheads). No distinct differences were noted among the three
Z0-1 samples (d-f). Scale bar: 50 um.

Fig. 5. Double-labeling procedure of E-cadherin (FITC) and EPO (a, b) or MBP (c; Texas red) in the challenged
epithelium. Magjority of EPO or MBP immunoreactivity localized in eosinophil cytoplasm (arrows), on the other hand,
spot-like positive staining likely to be released EPO or MBP could be pointed by arrowheads, where epithelial E-cad-
herin could scarcely be detected (arrowheads). Scale bar = 50 um.

E-cadherin and ZO-1 Expression in Allergic Int Arch Allergy Immunol 1998;116:196-205 201
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Fig. 6. Immunoel ectron microscopy for E-cadherin (a-¢), and ZO-1 (d) in nasal epithelium of a control animal (a),
and the antigen-challenged side of a sensitized animal (b-d). b Note detached epithelia cells (arrowheads) and par-
tially weakened E-cadherin immunoreactivity. Inset (arrow) confirms eosinophil-epithelial cell contact is E-cadherin
negative (arrowheads), whereas epithelial-epithelial cell interface is E-cadherin positive (arrows). ¢ Eosinophil within
the challenged epithelium. Again E-cadherin was not detected on the epithelial cell surface in contact with an
eosinophil (arrowheads). d ZO-1 immunoreactivity in the challenged epithelium, detected apicolaterally (arrow) inthe
vicinity of an infiltrating eosinophil (Eo). Scale bars = 2 um (a-¢); 500 nm (d).
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Fig. 7. Electron photomicrographs of the point of contact between epithelial cell and eosinophil (shown in the four
degrees as the intensity of E-cadherin immunoreactivity on the epithelial cell membrane. Grade | = Intact expression;
gradell = partial decreaseinimmunoreactivity; grade Il = partial disappearance; grade |V = complete disappearance).
Scale bar = 500 nm.

Table 1. Loss of E-cadherin at intercellular spaces with or without eosinophil infiltration

Intercellular Epithelial damage Total E-cadherin immunoreactivity 2 Loss of
spaces (intercellular spaces) E-cadherinb
gradel gradell gradelll gradelV % n/total n
With association of (I nowidening 32 6 10 10 6 813 26/32
eosinophils (challenged side) (1) partial widening 26 5 5 11 5 80.8 21/26
(1) extensive widening 42 2 0 8 32 95.2  40/42
Total 100 13 15 29 43 87.0 87/100
Without association of (1) no widening 52 47 3 2 0 9.6 5/52
eosinophils (challenged side) (1) partial widening 20 15 2 2 1 25.0 5/20
(1) extensive widening 28 8 4 6 10 714 20/28
Total 100 70 9 10 11 30.0 30/100
Without association of (1) no widening 94 90 4 0 0 4.3 4/94
eosinophils (non-challenged side) (1) partial widening 6 2 4 0 0 66.7 4/6
(111) extensive widening 0 0 0 0 0 0 0/0
Total 100 92 8 0 0 8.0 8/100

E-cadherin immunoreactivity on epithelial cell membrane was classified into four grades as shown in figure 7.
b Lossof E-cadherin was defined as grades I1+111+1V/total.

Discussion

In this study, we report the effects of nasal antigen chal-
lenge on the distribution of the cell adhesion molecule E-
cadherin and the cell-cell contact protein ZO-1, expressed

E-cadherin and ZO-1 Expression in Allergic

Nasal Epithelium

by nasal epithelium using aguinea pig model of nasa aller-
gy. As previously reported, the animal model we used
showed a positive passive cutaneous anaphylactic reaction
with high titer within 12 weeks [28]. This model is similar
to human alergic rhinitis both in histological findings and

Int Arch Allergy Immunol 1998;116:196-205
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nasal symptoms induced by nasal antigen challenge [1-3,
28]. We think that the model used in this study has the ad-
vantage that the challenged and non-challenged mucosa
from the same animal are compared, thus providing an in-
ternal control. Marked infiltration of eosinophilswas recog-
nized in the challenged mucosa but not in control mucosa.
We also observed moderate eosinophil infiltration in the
non-chalenged mucosa, the mechanism of which is un-
known.

In control animals, E-cadherin was found to be distribut-
ed continuously aong the boundaries between neighboring
epithelial cellsbut most intensively beneath the apicolateral
portion corresponding to adherens junction. In contrast, in
the challenged epithelium of sensitized animals, E-cadherin
immunoreactivity was weakened or undetected in some
areas. As seen by immunoelectron microscopy, further-
more, E-cadherin-negative spots corresponded to regions
where neighboring epithelial cells were detached, especial-
ly around infiltrating eosinophils.

Since the degree of eosinophil infiltration and decrease
in E-cadherin expression were most obvious in the chal-
lenged epithelium, it was suggested that the local antigen
challenge caused these changes, rather than prior systemic
sensitization. In addition, our findings by immunoel ectron
microscopy suggest that eosinophil infiltration, epithelial
damage and loss of epithelial E-cadherin immunoreactivity
are closely related to each other.

The mechani sms by which eosinophilsinduce alocal de-
crease in expression of E-cadherin in epithelia cells is
presently unclear. Eosinophils are generally recognized as
one of the cell types actively involved in allergic inflamma-
tion: they are activated during migration from capillaries
into the respiratory tract and release granule proteins such
as ECP, EPO and MBBP, the tissue-toxic effects and the de-
position on the asthmatic epithelium of which have been
clearly demonstrated [9-18]. In the present study, we ob-
served spot-like positive staining of EPO or MBP associat-
ed with epithelia cell negative for E-cadherin. It may there-
fore be possible that these toxic proteins are involved in
decreasing E-cadherin expression by epithelial cells. Other-
wise, adhesion of leukocytes to epithelial cells may induce
disruption of the E-cadherin complex and loss of its lateral
junction localization on epithelia cells. Allport et a. [31]
reported the loss of vascular-endothelial cadherin expres-
sion in human vascular endothelium during neutrophil ad-
hesion and transmigration, and that was due to the disrup-
tion of the VE-cadherin complex and its subsequent
degradation, in which a endothelia proteolytic mechanism
was involved. It may give us instructive hints to explain the
mechanism of changes in E-cadherin expression observed
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in this study, whereas the materials and methods are quite
different. More definitive experimentsin vitro are needed to
determine whether degradation of E-cadherin in nasal ep-
ithelium occurs associating with eosinophil transmigration.

Z0-1 expression was not markedly influenced by anti-
gen challenge in the present experiment, which isin agree-
ment with the previous studies by electron microscopy and
freeze-fracture where no significant changes were observed
in morphology or in the number of TJ strands in alergic
nasal epithelium, in comparison with normal epithelium
[32, 33]. ZO-1 is not the TJ protein itself but an associated
protein: some other proteins including the transmembrane
protein occludin and cytoplasmic associated proteins such
as Z0-2 also take part in the formation of the TJ complex
[21, 27], so that precise pathological aterations in the TJs
remain somewhat unclear. It could be that the TJ complex is
more tolerant of damage caused by eosinophil infiltration
than the less complex non-junctional adhesion mediated by
E-cadherin.

Alterationsin E-cadherin expression by nasal epithelium
seem to be important from the standpoint of epithelial dam-
age in alergic inflammation, especialy since it is known
that cell adhesion mediated by cadherinsis probably impor-
tant in maintaining tissue structure [23]. It has also been re-
ported that blockage of cadherins by antibodies induces the
tissue destruction and dissociation of cultured epithelial tis-
sue from canine kidney [34]. Kasper et al. [35, 36] reported
that expression and localization of E-cadherin changed by
following radiation-induced tissue injury in rat and human
alveolar epithelium [35, 36]. It is therefore suggested that
decreased E-cadherin expression in the nasal epithelium,
observed in the present study, could be atrigger for epithe-
lial damage caused by allergic inflammation.

Changes in E-cadherin distribution probably loosen the
intimate attachments among epithelial cells, resulting in
widening of the intercellular spaces. Inintercellular spaces,
there are many trigeminal nerve endings which are contain-
ing neuropeptides, such as substance P, and those nerves
play arolein the development of hyperreactive nasal symp-
tomsin the guinea pig model of nasal allergy [28]. Accord-
ing to Greiff et al., in human airway mucosa, allergic reac-
tions produce mucosal exudation of plasma into airway
lumen [37, 38]. Therefore, it is probable that widening of
intercellular spaces gives those nerves more chance to be
stimulated with chemical mediators released by residual in-
flammatory cells, leading to hyperreactivity of the nasa
mucosa.

In conclusion, the results of this study demonstrate that
the intimate epithelia cell contact mediated by E-cadherin
isloosened in alergic states as a consequence of eosinophil
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infiltration. Such changes in the distribution of cell adhe-

sion molecules in respiratory epithelium may be an initial

step which triggers subsequent epithelial destruction, which
results in one of the major causes of hyperreactivity in al-

lergic rhinitis.

animal care.

Acknowledgments

We thank Drs. T. Nagano, M. Magkawa, T. Mutoh and Y. Hi-
rashima for valuable advice and support and Dr. |. Gleadall for com-
ments on the manuscript. We are also grateful to Mrs. T. Fukada for

10

11

12

13

References

Toppozada HH, Talaat MA: Human nasal ep-
ithelium and cellular elementsin chronic aller-
gic rhinitis. Electron-microscopic study. ORL
J Otorhinolaryngol Relat Spec 1975;37:333—
343.

Takamura H: Immunohistochemical study of
inferior turbinate of nasal alergy with refer-
ence to eosinophils (in Japanese). Nippon Jibi-
inkoka Gakkai Kaiho 1994;97:61-66.
Kawabori S, Nakamura A, Kanai N: Tissue
density and state of activation of eosinophilsin
the nasal mucosa of alergic and nonallergic
rhinopathic patients. Allergy 1994;49:81-85.
Dunnill MS: The pathology of asthma, with
specia reference to changes in the bronchial
mucosa. J Clin Pathol 1960;13:27-33.

Beasley R, Roche WR, Roberts JA, Holgate
ST: Cellular eventsin the bronchi in mild asth-
ma and after bronchia provocation. Am Rev
Respir Dis 1989;139:806-817.

Wardlaw AJ, Symon FS, Walsh GM: Eosino-
phil adhesion in allergic inflammation. JAller-
gy Clin Immunol 1994;94:1163-1171.
Pilewski JM, Albelda SM: Cell adhesion
molecules in asthma: Homing, activation, and
airway remodeling. Am JRespir Cell Mol Biol
1995;12:1-3.

AlbeldaSM: Endothelial and epithelial cell ad-
hesion molecules. Am J Respir Cell Mol Biol
1991;4:195-203.

Ohashi Y, Motojima S, Fukuda T, Makino S:
Airway hyperresponsiveness, increased inter-
cellular spaces of bronchial epithelium, and in-
creased infiltration of eosinophils and lympho-
cytes in bronchial mucosain asthma. Am Rev
Respir Dis 1992;145:1469-1476.

Gleich GJ, Flavahan NA, Fujisawa T, Van-
houtte PM: The eosinophil as a mediator of
damage to respiratory epithelium: A model for
bronchia hyperreactivity. J Allergy Clin Im-
munol 1988;81:776-781.

Barnes PJ: New concepts in the pathogenesis
of bronchia hyperresponsiveness and asthma
JAllergy Clin Immunol 1989;83:1013-1026.
Filley WV, Holley KE, Kephart GM, Gleich
GJ: Identification by immunofluorescence of
eosinophil granule major basic protein in lung
tissues of patients with bronchia asthma
Lancet 1982;2:11-16.

Frigas E, Gleich GJ The eosinophil and the
pathophysiology of asthma. JAllergy Clin Im-
munol 1986;77:527-537.

E-cadherin and ZO-1 Expression in Allergic
Nasal Epithelium

14

15

16

17

18

19

20

21

22

23

24

25

26

Motojima S, Frigas E, Loegering DA, Gleich
GJ: Toxicity of eosinophil cationic proteinsfor
guinea pig tracheal epithelium in vitro. Am
Rev Respir Dis 1989;139:801-805.

Hisamatsu K, Ganbo T, Nakazawa T, Muraka-
mi Y, Gleich GJ, MakiyamaK, KoyamaH: Cy-
totoxicity of human eosinophil granule major
basic protein to human nasal sinus mucosa in
vitro. J Allergy Clin Immunol 1990;
86:52-63.

Venge P, Dahl R, Fredens K, Peterson CGB:
Epithelial injury by human eosinophils. Am
Rev Respir Dis 1988;138:S54-S57.

Davis WB, Fells GA, Sun XH, Gadek JE,
Venet A, Drystal RC: Eosinophil-mediated in-
jury to lung parenchymal cells and interstitial
matrix. J Clin Invest 1984;74:269-278.
Yukawa T, Read RC, Kroegel C, Rutman A,
Chung KF, Wilson R, Cole PJ, Barnes PJ: The
effects of activated eosinophils and neutrophils
on guinea pig airway epitheliumin vitro. AmJ
Respir Cell Mol Biol 1990;2:341-353.
Montefort S, Baker J, Roche WR, Holgate ST:
The distribution of adhesive mechanismsin the
normal bronchia epithelium. Eur Respir J
1993;6: 1257-1263.

AlbertsB, Bray D, LewisJ, Raff M, RobertsK,
Watson JD: Mollecular Biology of the Cell, ed
3. New York, Garland, 1994, chap 19, pp
950-1010.

Furuse M, Itoh M, Hirase T, Nagafuchi A,
Yonemura S, Tsukita S, Tsukita S: Direct asso-
ciation of occludin with ZO-1 and its possible
involvement in the localization of occludin at
tight junctions. J Cell Biol 1994;127:1617—
1626.

Stevenson BR, Siliciano JD, Mooseker MS,
Goodenough DA: Identification of ZO-1: A
high molecular weight polypeptide associated
with the tight junction (zonula occludens) in
a variety of epithelia. J Cell Biol 1986;103:
755-766.

Takeichi M: The cadherins: Cell-cell adhesion
molecules controlling animal morphogenesis.
Development 1988;102:639-655.

Luning C, Rass A, Rozell B, Wroblewski J,
Obrink B: Expression of E-cadherin during
craniofacial development. J Craniofac Genet
Dev Biol 1994;14:207-216.

Boaller K, Vestweber D, Kemler R: Cell-adhe-
sion molecule uvomorulin is localized in the
intermediate junctions of adult intestinal ep-
ithelial cells. JCell Biol 1985;100:327-332.
Schneeberger EE, Lynch RD: Structure, func-
tion and regulation of cellular tight junctions.
Am JPhysiol 1992;262:L 647-L661.

27

28

29

30

31

32

33

35

36

37

38

Anderson JM, Van Itallie CM: Tight junctions
and the molecular basis for regulation of para-
cellular permeability. Am J Physiol 1995;269:
G467-GAT5.

Konno A, Nagata H, Nomoto M, Motosugi H,
Terada N: Role of capsaicin-sensitive trigemi-
nal nerves in development of hyperreactive
nasal symptoms in guinea pig model of nasal
alergy. Ann Otol Rhinol Laryngol 1995;104:
730-735.

Katz S, Merzel J: Distribution of epitheliaand
glands of the nasal septum mucosa in the rat.
ActaAnat 1977;99:58-66.

Nose A, Tsuji K, Takeichi M: Localization of
specificity determining sites in cadherin cell
adhesion molecules. Cell 1990;61:147-155.
Allport JR, Ding H, Collins T, Gerritsen ME,
Luscinskas FW: Endothelial-dependent mech-
anisms regulate leukocyte transmigration: A
process involving the proteasome and disrup-
tion of the vascular endothelial cadherin com-
plex at endothelial cell-to-cell junctions. J Exp
Med 1997;186:517-527.

Samgjima Y, Masuyama K, Ishikawa T:
Transepithelial migration of eosinophilsin ex-
perimental nasal allergy in guinea pigs. Auris
Nasus Larynx 1988;15:33-42.

Godfrey RW, Severs NJ, Jeffery PK: Freeze-
fracture morphology and quantification of
human bronchia epithelial tight junctions. Am
Rev Respir Cell Mol Biol 1992;6:453-458.
Vestweber D, Kemler R: Identification of apu-
tative cell adhesion domain of uvomorulin.
EMBO Journal 1985;4:3393-3398.

Kasper M, Huber O, Grossmann H, Rudolph
B, Trankner C, Muller M: Immunocytochemi-
cal distribution of E-cadherinin normal and in-
jured lung tissue of the rat. Histochem Cell
Biol 1995;104:383-390.

Kasper M, Behrens J, Schuh D, Muller M: Dis-
tribution of E-cadherin and Ep-CAM in the
human lung during development and after in-
jury. Histochem Cell Biol 1995;103:281-286.
Greiff L, Wollmer P, Svensson C, Andersson
M, Persson CG: Effect of seasona alergic
rhinitis on arway mucosal absorption of
chromium-51 labeled EDTA. Thorax 1993;48:
648-650.

Svensson C, Andersson M, Greiff L, Alkner U,
Persson CG: Exudative hyperresponsiveness
of the airway microcirculation in seasonal
alergic rhinitis. Clin Exp Allergy 1995;25:
942-950.

Int Arch Allergy Immunol 1998;116:196-205

205



Copyright: S. Karger AG, Basel 1998. Reproduced with the permission of 5. Karger
AG, Basel. Further reproduction or distribution (electronic or otherwise) is prohibited
without permission from the copyright holder.



