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Aim: The pterygium represents an invasion of a wing of altered
ocular surface tissue into the normal cornea. The head itself is
slightly elevated and white, which is the only site of firm
adhesion to the globe. The mechanisms of cell proliferation and
adhesion in pterygium epithelium, however, are unknown. The
aim of this study was to analyse the expression of cell adhesion
molecules in pterygium tissues.
Methods: Six pterygia were surgically removed using the bare-
sclera procedure, and two normal corneas and a normal
bulbar conjunctiva were also obtained. Formalin-fixed, paraf-
fin-embedded tissues were analysed by immunohistochemistry
with anti-E-cadherin and b-catenin antibodies.
Results: Immunoreactivity for E-cadherin was not detected in
the normal cornea and conjunctiva. In contrast, all corneal and
conjunctival epithelial cells showed a weak homogeneous
immunoreaction for b-catenin on the cell membrane. In the
pterygium head, the thickness was relatively marked compared
with the body, and normal conjunctival and corneal epithelia.
E-cadherin as well as b-catenin was heterogeneously expressed
in the cell membrane and cytoplasm of a variety of epithelial
cells, whereas the expression was less marked in the body.
Several epithelial cells showed intense nuclear immunoreactiv-
ity for b-catenin. Immunoreactivity of b-catenin, but not E-
cadherin, was detected in only a few stromal cells, which were
less marked than in epithelial cells.
Conclusion: It is suggested that E-cadherin and b-catenin are
concentrated in pterygium tissue, and are possibly involved
with epithelial proliferation and adhesion.

T
he pterygium represents an invasion of a wing of altered
ocular surface tissue into the normal cornea. It has a broad
base on the nasal or temporal epibulbar surface, and a

blunted apex on the cornea. The body of the pterygium can be
readily lifted from the epibulbar surface. In contrast, the head
itself is slightly elevated and white, which is the only site of
firm adhesion to the globe.1 The mechanisms involved in
corneal invasion and adhesion of the pterygium head to the
globe, however, are unknown.

Recently, it has been shown that fibroblasts infiltrating the
interstitium play a role in pterygium pathogenesis and
development by pathobiological analyses. The modulation of
fibroangiogenic growth factors and matrix-degrading enzymes
in pterygium fibroblasts contributed to the development and
progression leading to corneal invasion.2 3 Histological and
cytological examinations demonstrated that pterygium epithe-
lium represented a condition of the ocular surface characterised
by squamous metaplasia and goblet cell hyperplasia.4 5 We
recently demonstrated that cell cycle-related molecules played a
potential role in proliferation activity in pterygium epithelial
cells.4 6 These data indicate that cell proliferation and adhesion

in the pterygium tissue are involved by the epithelium as well
as the stroma.

Cadherins are a family of calcium-dependent cell adhesion
molecules. Through their homophilic binding interactions,
cadherins play important roles in morphogenesis, morphologi-
cal differentiation, and cellular proliferation.7 E-cadherin, being
the prime mediator of cell-to-cell adhesion, is a transmembrane
glycoprotein, usually concentrated in an adhesion belt.8 b-
catenin is a multifocal protein that is both an integral
component of the adherens junction which links E-cadherin,
and a pivotal member of a signal transduction pathway.9

It has recently been suggested that cell adhesion molecules
are correlated with pterygium pathogenesis and development
using microarray analysis.10 The aim of this study is to analyse
the expression and immunolocalisation of cell adhesion
molecules E-cadherin as well as b-catenin in normal corneal,
conjunctival and pterygium tissues of humans.

MATERIALS AND METHODS
Preparation of human tissues
Five patients (six eyes) with primary pterygia who underwent
the bare-sclera procedure were enrolled in this study. The
pterygium head and body were confirmed, and excised tissue
was immediately placed on sterilised filter paper. The clinical
data of the patients with pterygium are summarised in table 1.
Normal corneal and bulbar conjunctival tissues were obtained
from three patients. The tissues were then fixed in 4%
paraformaldehyde. After fixation, slides were washed in
phosphate-buffered saline and processed for paraffin section-
ing. Informed consent was obtained according to the
Declaration of Helsinki. All human experiments conformed to
the ethics committee in Hokkaido University Graduate School
of Medicine.

Immunohistochemistry
Dewaxed paraffin sections were immunostained using the
alkaline phosphatase complex method. Formalin-fixed, paraf-
fin-embedded serial tissue sections were cut at 4 mm thickness,
and endogenous peroxidase activity was inhibited by immer-
sing the slides in 0.3% hydrogen peroxide in methanol for

Table 1 Clinical profiles in patients with primary pterygium
examined in this study

Samples Age Gender L/R Location Pre-VA Post-VA

1 67 M L Nasally 1.0 1.2
2 86 F L Temporally 0.2 0.7
3 53 F L Nasally 1.2 1.5
4 75 M R Nasally 0.15 0.2
5 75 M L Nasally 0.4 0.2
6 70 M R Nasally 0.5 0.9

M, male; F, female; L, left; R, right; Pre-VA, preoperative visual acuity; Post-
VA, postoperative visual acuity.
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30 min. As a pretreatment, microwave-based antigen retrieval
was performed in 10 mM citrate buffer (pH 6.0). Then, non-
specific binding of the primary antibody was blocked by
incubating the slides in blocking serum for 20 min. The slides
were serially incubated with anti-E-cadherin monoclonal anti-
body (HECD-1, 1:200; TaKaRa Co, Japan) and anti-b-catenin
polyclonal antibody (1:50; Cell Signaling Technology, Danvers,
MA, USA), overnight at 4 C̊, followed by the secondary
antibody. After washing, sections were incubated with a
tertiary streptavidin-alkaline phosphatase reagent
(DakoCytomation, Glostrup, Denmark). The sections were
again washed in phosphate-buffered saline and incubated in
Vector Red for 15 min according to the manufacturer’s
instructions (Vector Laboratories, Peterborough, UK), washed,
and lightly counterstained with Mayer’s haematoxyline for
5 seconds. Human oesophageal squamous cell carcinoma and
gastric adenocarcinoma tissues served as positive controls for E-
cadherin and b-catenin immunohistochemistry, respectively.
We counted at least 100 epithelial cells in one or two
microscopic fields from tissues examined. The immunopositive
cells were counted by two authors (SK and MO) independently
and then adjusted. Positive-staining cells were noted by their
labelling index as a percentage (%) in each specimen, and the
measurements were averaged. The results of both molecules in
pterygium tissues are presented as the mean (standard
deviation of the mean).

RESULTS
Normal cornea and conjunctiva
Corneal epithelium consisted of squamous epithelium without
goblet cells (fig 1A). In normal bulbar conjunctiva, the
epithelium consisted of several layers with round nuclei
(fig 1D). A few goblet cells were intermingled in the surface.
Immunoreactivity for E-cadherin was not detected in normal
corneal (fig 1B) nor conjunctival (fig 1E) epithelia. In contrast,
all corneal and conjunctival epithelial cells showed a weak
homogeneous immunoreaction for b-catenin on the cell
membrane (fig 1C, F), whereas the expression was not detected
in Bowman’s layer and the stoma. Tables 2 and 3 summarise
the number of immunopositive cells for E-cadhein and b-
catenin, respectively.

Pterygium head
In the pterygium head, the thickness was relatively marked
compared with the body, and normal conjunctival and corneal
epithelia (fig 2A). The epithelium consisted of squamous
metaplasia including goblet cells in the superficial layer
(fig 2A, arrow). Dilated vessels and fibroblasts were found in
the stroma. E-cadherin (fig 2B) as well as b-catenin (fig 2C)
was heterogeneously expressed in a variety of epithelial cells
with a membranous and cytoplasmic pattern (table 3). Several
epithelial cells (19.7%) exhibited intense nuclear/cytoplasmic
immunoreactivity for b-catenin (fig 2C, arrowheads, table 3).
Immunoreactivity of b-catenin, but not E-cadherin, was

detected in only a few stromal cells, which were less marked
than in epithelial cells.

Pterygium body
In the pterygium body, the epithelium consisted of a few layers
with round cells including goblet cells (fig 2D). The thickness
was relatively thin compared to layers of the head. Irregular
degenerated elastic fibres were located in the stroma. Several
epithelial cells showed immunoreactivity for E-cadherin (fig 2E)
and b-catenin (fig 2F), with a predominantly cytoplasmic
pattern, while the immunoreaction was less marked than that
in the head (table 3).

DISCUSSION
We demonstrated that E-cadherin was expressed in a variety of
epithelial cells in the pterygium head compared to the body,
and was absent in the normal cornea and conjunctiva. This
suggests that E-cadherin is concentrated in the pterygium head
as a pathologic state of the conjunctiva. In contrast, all corneal
epithelial cells showed immunoreactivity for b-catenin on the
cell membrane. In fact, E-cadherin, an intercellular adhesion
molecule, is usually concentrated in an adhesion belt,8 and
forms a complex with b-catenin. These findings indicate that
the upregulation of E-cadherin in the pterygium head plays a
potential role in adhesion to the globe.

Normal conjunctival as well as corneal epithelial cells showed
a weak homogeneous immunoreaction for b-catenin on the cell
membrane. This suggests that normal corneal and conjunctival
epithelia are in an unstimulated condition.11 In contrast, several
epithelial cells exhibited heterogeneous intense nuclear/cyto-
plasmic immunoreactivity for b-catenin in the pterygium head.
The immunolocalisation indicates that b-catenin is accumu-
lated in the cytoplasm and is translocated to the nucleus, which
is consistent with the stimulated condition.11 We recently
demonstrated that proliferation activity is high in the pter-
ygium head compared to the body, which is possibly associated
with cyclin D1, a G1 cyclin involved in cell cycle progression.4

The nuclear translocation of b-catenin is correlated with
disassembly of the E-cadherin adhesion complex, which leads
to an increasing expression of cyclin D1, a b-catenin-T-cell-
specific transcription factor/lymphoid enhancer-binding factor
1 target gene.12 Taken together, epithelial proliferation in the
pterygium head might be regulated by a downstream pathway
in activated b-catenin signalling.

The mechanism involved in the activation of b-catenin has
recently been indicated, which possibly contributes to the
pathogenesis of human diseases. Li et al demonstrated that
transforming growth factor (TGF)-b stimulated cyclin D1
expression through the activation of b-catenin signalling.13 In
primary pterygia, it has been confirmed that TGF-b is expressed
immunohistochemically, whereas the expression is less marked
in the normal conjunctiva than in the pterygium.14 This
suggests that specific growth factors play a pivotal role in

Table 2 The number of E-cadherin-immunopositive cells in
normal human corneal, conjunctival and pterygium
epithelial cells

Total Membrane Cytoplasm

Normal cornea 0 0 0
Normal conjunctiva 0 0 0
Pterygium head 84.0 27.3 (24.8) 56.7 (22.4)
Pterygium body 63.4 16.5 (4.6) 46.9 (20.8)

Table 3 The number of b-catenin-immunopositive cells in
normal human corneal, conjunctival and pterygium
epithelial cells

Total Membrane Cytoplasm
Nucleus/
cytoplasm

Normal cornea 100 100 0 0
Normal
conjunctiva

100 100 0 0

Pterygium head 80.4 26.7 (11.8) 34.0 (20.0) 19.7 (14.7)
Pterygium body 68.8 32.1 (21.1) 28.2 (9.6) 8.5 (5.6)
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pterygium epithelial proliferation as upstream activators of b-
catenin signalling.

We recently reported that KL-6, correlated with the sugar
moiety of MUC-1,15 was characteristically expressed in pterygium
epithelia.6 MUC-1 is a membrane-associated mucin known to

interfere with both cell–cell and cell–matrix adhesions. The
cytoplasmic tail of MUC1 binds b-catenin, and interaction with
the E-cadherin complex leads to the disruption of cell adhesion,
which could support cell detachment and migration.16 These
findings suggest that the E-cadherin/b-catenin complex in

Figure 1 H&E staining (A, D) and immunodetection of E-cadherin (B, E) and b-catenin (C, F) in the normal human cornea (A–C) and bulbar conjunctiva (D–F).
Corneal epithelium is comprised of squamous epithelium without goblet cells (A). In the normal bulbar conjunctiva, the epithelium consists of several layers with
round nuclei (D). Immunoreactivity for E-cadherin is not detected in normal corneal (B) and conjunctival (E) epithelia. All corneal (C) and conjunctival (F) epithelial
cells show a homogeneously weak immunopositive reaction for b-catenin on the cell membrane, whereas expression is not detected in Bowman’s layer and the
stroma. Bar = 50 mm.

Figure 2 H&E staining (A, D) and immunodetection of E-cadherin (B, E) and b-catenin (C, F) in the human pterygium head (A–C) and body (D–F). In the
pterygium head, thickness is relatively marked compared with the body (A, D). The head epithelium consists of squamous metaplasia with several goblet cells
(A, arrow) in the superficial layer. E-cadherin (B) as well as b-catenin (C) is predominantly expressed in a variety of epithelial cells with circumferential
cytoplasmic and apical membrane patterns. Several epithelial cells show dense nuclear and cytoplasmic immunoreactivity for b-catenin (C, arrowheads). In
the pterygium body, the epithelium consists of a few layers with round cells including goblet cells (D). The thickness was relatively thin compared to the head.
Immunoreactivity for E-cadherin (E) and b-catenin (F) is detected in the epithelium, but not in the stroma, with an apical membrane pattern. Bar = 50 mm.
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pterygium epithelia is directly involved via MUC-1, which
subsequently contributes to migration to the cornea.
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