






Cadherins have been postulated to be responsible for the
occurrence of contact inhibition of cell growth [9]. Altered

expression of E-cadherin may result in the loss of contact
inhibition and abnormal cell proliferation, hence

Figure 1. Representative immunostaining results for E-cadherin associated protein expression. A: The first antibody replaced with IgG was
used as the negative control. B: The representative positive β-catenin immunostaining in conjunctival tissue was used as the positive control.
C: E-cadherin protein expression detected in the membrane (400×). D: β-Catenin protein expression detected in the membrane (400×). In
addition, aberrant localization of β-catenin was also detected in the cytoplasm/nuclei (E) and nucleus (F) (400×).
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tumorigenesis takes place [26,27]. In this study, reduced
expression of the E-cadherin expression was observed by
immunohistochemistry (IHC) staining. Previous reports
indicated that the nuclear β-catenin associated with TCF/LEF
proteins will activate the target genes, such as cyclin D1 and
c-myc [19,20,28], leading to cellular proliferation and
division [19,20,28,29]. The nuclear β-catenin involved in the
progression of proliferation has been found in several types
of cancers [30]. In pterygia, a previous report has indicated
that the E-cadherin, as well as β-catenin, was heterogeneously
expressed in the cell membrane and cytoplasm of pterygia. In
addition, β-catenin immunoreactivity were also showed
intense nuclear in several epithelial cells [31]. The results
were similar with our finding. As shown in Figure 1, we not
only found reduced protein but also aberrant protein
localization of the β-catenin protein in pterygium.
Additionally, the frequency of aberrant localization of β-
catenin in the E-cadherin negative groups was significantly
higher than in the positive groups. Therefore, we recognize
that the changes in E-cadherin signaling pathway protein
expression and localization are involved in pterygium cell
proliferation.

Aberrant promoter hypermethylation of the tumor
suppressor genes inactivates the gene function, and the
resultant gene silencing plays an important role in the
pathogenesis of most, if not all, types of human cancer [32].
In addition, the hypermethylation may act to freeze
inactivated genes in the “off” position. However, the
mechanisms involved in hypermethylating DNA loci remain
unclear. The global cytosine methylation patterns in mammals
appear to be established by a complex interplay of at least
three independently encoded DNA methyltransferases
(DNMTs), including DNMT1, DNMT3a and DNMT3b [33,
34]. Our previous study showed that 29.5% of pterygial
specimens tested positive for DNMT3b protein expression

[35]. In the present study, MS-PCR was performed to analyze
promoter hypermethylation of E-cadherin (CDH1). Fifty-one
per cent of the pterygia without E-cadherin protein expression
were associated with promoter hypermethylation. In addition,
13.9% of the pterygia with E-cadherin protein expression
were associated with CDH1 promoter hypermethylation
(p<0.0001, Table 2). Therefore, decreased expression of E-
cadherin protein might be related to promoter
hypermethylation.

A previous report indicated that Snail and Slug,
repressors of E-cadherin transcription, inhibit the expression
of E-cadherin [36]. The downstream cascade, including
cytoplasmic accumulation and nuclear translocation of β-
catenin, therefore results in epithelial mesenchymal transition
(EMT) and cell proliferation of pterygium epithelial cells.
Although the signaling pathways involving EMT after ligand
activation are complex, the downregulation of E-cadherin
plays a crucial role in pterygial pathogenesis [37]. Previous
reports showed that Histone deacetylation is associated with
transcriptional silencing of E-cadherin in colorectal cancer
and ovarian cell lines [38,39]. Hence, factors, such as gene
mutations, genomic deletions, Histone deacetylation, or
polymorphisms causing inactivation of E-cadherin should be
further investigated.

In conclusion, our study is the first to provide evidence
to show that the promoter hypermethylation of E-cadherin
may be involved in the reduction of E-cadherin protein
expression in pterygium. Additionally, we also provided
evidence for the detection of aberrant protein localization of
β-catenin in pterygium. These data provide evidence that
changes in E-cadherin signaling may contribute to pterygium
cell proliferation.

TABLE 2. RELATIONSHIP BETWEEN E-CADHERIN GENE PROMOTER HYPERMETHYLATION AND PROTEIN EXPRESSION IN PTERYGIUM.

  Protein  

E-cadherin Total Negative N (%) Positive N (%) p value
Promoter methylation
Negative 88 20 (22.7) 68 (77.3)  
Positive 32 21 (65.6) 11 (34.4) <0.0001

TABLE 3. RELATIONSHIP OF E-CADHERIN PROTEIN EXPRESSION AND β-CATENIN PROTEIN LOCALIZATION IN PTERYGIUM.

 E-cadherin  
β-catenin Negative (n=41; %) Positive (n=79; %) p value
Negative (n=62) 18 (43.9) 44 (55.7)  
Positive
Membrane (n=33) 3 (7.4) 30 (38.0)  
Nuclei/Cytoplasm 20 (48.7) 5 (6.3) <0.0001
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