






the cell through apoptosis if the damage cannot be repaired.
This mechanism prevents the accumulation of potentially
oncogenic DNA mutations. Therefore, chronic or multiple
UV-B exposure can lead to p53 mutation and/or allelic loss
[36,37] or a UV-induced defect in p53 activation [20].
Previously, we have observed p53 overexpression in 8-OHdG
immunoreactive pterygia, providing evidence that pterygium
is a tumor-like growth disorder related to faulty apoptosis
[21].

Extensive data has validated the role of UV-B as both a
tumor initiator and promoter probably by its ability to
upregulate COX-2 expression, which converts arachidonic
acid into PGH2 [25]. These products may act as tumor
promoters in UV-initiated tissue or they may enhance
initiation due to their ability to act as oxidants [38].
Subbaramaiah et al. [27] reported that normal p53 suppresses
COX-2 expression, suggesting that loss of p53 function may

TABLE 2. RELATIONSHIP BETWEEN COX-2 AND SURVIVIN.

Group of patients
Survivin
positive

Survivin
negative Total

COX-2 positive 55 8 63
COX-2 negative 15 15 30
Total 70 23 93

Shown is the relationship between COX-2 and survivin. In the
group of pterygia with survivin immunostaining, there were
55 (55/70, 78.6%) samples with COX-2 expression. Survivin
expression was significantly associated with COX-2
positivity (p=0.0002 assessed by Fisher’s exact test).

result in the induction of COX-2 expression. COX-2
stimulates tumor cell proliferation and increases the
invasiveness of malignant cells [39] and enhances
angiogenesis through the production of vascular endothelial
growth factor (VEGF). Finally, a stable overexpression of
COX-2 determines a dramatic resistance to UV-induced
apoptosis [40].

Herein, we have used immunohistochemistry to
demonstrate COX-2 expression in 67.7% of pterygial
specimens in the cytoplasm of keratinocytes localized in the
lower and middle layers of the epithelium whereas no
immunoreactivity was detectable in normal conjunctiva. Our
data are in agreement with Chiang et al. [12], who have
demonstrated COX-2 expression in primary pterygium. The
results support the causal relationship between COX-2 and
pterygium and provide molecular evidence of the effects of
UV radiation in this lesion.

Since 1979 [41], it has been proposed that pterygium
could represent a precancerous condition of the mucosal
epithelium, analogous to cutaneous actinic keratosis for
histologic features [42]. Actinic keratoses are dysplastic
lesions considered to be precursor to squamous cell
carcinomas, which result from chronic exposure to sunlight.
Buckman and co-authors [38] demonstrated the prevalence of
COX-2 not only in UV-induced human squamous cell
carcinoma but also in actinic keratoses.

Aziz et al. [29] have demonstrated that UV-B exposure
leads to a significant activation of survivin, a protein
belonging to the inhibitor of apoptosis (IAP) gene family, in
human epidermal keratinocytes. Survivin is expressed in

Figure 2. Immunohistochemical
staining for COX-2, and survivin in
control sections. Sections from Crohn’s
disease (A) and human cutaneous
malignant melanoma (C) were included
as positive controls. No immunostaining
for COX-2 (E) and survivin (F) in
normal conjunctiva was observed.
Sections incubated without a primary
antibody (inset B) or with an isotype
control antibody (inset D) displayed no
immunoreactivity. Each section was
counterstained with hematoxylin.
Original magnification, A: 200X;
C,E,F: 400X; insets B,D: 400X.
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embryonic or proliferating normal adult tissues and highly
upregulated in almost all types of human malignancy [43].
Survivin overexpression inhibits extrinsic or intrinsic
apoptotic pathways through an inhibition of caspases [44].
Previously, we have demonstrated for the first time an
upregulation of survivin expression and a relationship
between survivin, oxidative stress, and p53 overexpression in
primary pterygia [5]. We then hypothesized that the
cooperation between survivin and UV-induced functional loss
of p53 could be responsible for aberrant inhibition of
apoptosis in pterygium. In the present study, we have
demonstrated a strong significant COX-2 expression in
survivin immunoreactive epithelial cells. This is the first study
to report a significant correlation between COX-2
upregulation and survivin expression in primary pterygium.
Several authors already reported a relationship between
COX-2 and survivin expression in other kinds of malignant
lesions such as ovarian [32], breast [31], and non-small cell
lung cancer [30]. Our results are in agreement with previous
data by Erkanly et al. [45] about the positive correlation of the
two proteins not only in the endometrial carcinoma but also
in a premalignant lesion such as endometrial hyperplasia.
Overall, these data indicate that COX-2 may be involved in
pterygium growth by increasing the activation of the anti-
apoptotic protein, survivin. Moreover, the relationship
between COX-2 and survivin suggest a potential origin of
pterygium through an anti-apoptotic mechanism and confirm
that this lesion may develop toward a neoplastic-like growth
disorder instead of a degenerative condition of the
conjunctiva. These evidences provide useful information
toward the development of novel therapeutic strategies for
pterygium involving the use of COX-2 and survivin inhibitors
alone or in combination, which might contribute to the
treatment of pterygium through the suppression of the anti-
apoptotic effect of survivin and the tumorigenic induction of
COX-2.
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