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INTRODUCTION 

Pterygium is a common ocular surface disease character-
ized by overgrowth of abnormal conjunctiva onto the
cornea. Pterygium was considered as a degenerative dis-
order of conjunctiva, a relatively benign condition. But re-
cently, tumorlike characteristics of pterygium were report-
ed. Pterygium can exhibit abnormal histologic features
ranging from mild dysplasia to carcinoma in situ (1). In ad-
dition, pterygium has an invasion capability, and a high re-
currence rate despite the many treatment options, includ-
ing a wide excision of the lesion, administration of
adjuvant radiotherapy, and antimitotic chemotherapy
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PURPOSE. Pterygium is a proliferative, inflammatory, and invasive ocular surface disease associated
with excessive ultraviolet radiation exposure and has several tumor-like characteristics. Cyclooxy-
genase-2 (COX-2) is an inducible enzyme and recently increased expression of the enzyme was
found in many cancers and premalign lesions. This study was conducted to identify the COX-2 ex-
pression in pterygium tissues.
METHODS. Immunohistochemical staining using a primary antibody for COX-2 was performed on 30
specimens with primary pterygium (20 pterygium without recurrence and 10 pterygium which re-
curred during a 12-month follow-up), 11 specimens with recurrent pterygium, and 8 specimens of
conjunctival tumor. As a control we used 10 specimens of normal conjunctiva. Extent and intensi-
ty of cytoplasmic and membranous staining in epithelial cells were evaluated.
RESULTS. Higher expression of COX-2 was detected in conjunctival tumor (87.5%) specimens and
recurrent pterygium specimens (72.7%) compared to the both normal conjunctiva (30%) and pri-
mary pterygium without recurrence (30%). COX-2 expression in primary pterygium tissues with re-
currence (60%) was not different from primary pterygium without recurrence (p=0.114) and recur-
rent pterygium (p=0.537). However, recurrent pterygium tissues were found to express higher COX-
2 than primary pterygium without recurrence (p=0.022).
CONCLUSIONS. COX-2 expression is increased in recurrent pterygium tissues and COX-2 expression
may be a marker for the prediction of recurrence. (Eur J Ophthalmol 2007; 17: 879-84)
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which resembles the tumor treatment (2-4). Although the
most widely accepted recognized etiologic factor is
chronic ultraviolet (UV) radiation exposure (5, 6), patho-
genesis of pterygium is not clearly understood. Data have
provided evidence implicating a genetic component, anti-
apoptotic mechanisms, cytokines, growth factors, extra-
cellular matrix remodeling, immunologic mechanisms, and
viral infections in the pterygium pathogenesis (7). Recent-
ly, Chiang et al (8) reported that cyclooxygenase-2 exists
in primary pterygium tissues and this may play a role in
pterygium formation.
Cyclooxygenase (COX) enzymes convert arachidonic acid
to prostaglandins (PG). Human cells contain at least two
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isoforms of COX. COX-1 is considered to be a house-
keeping gene, and constitutively expressed in most tis-
sues. In contrast, COX-2 is undetectable in most normal
tissues (9) and is induced by cytokines, growth factors,
oncogenes, tumor promoters, UV radiation, and there-
fore contributes to the synthesis of PG in inflamed and
malignant tissues (10, 11). Recent reports explain that
COX-2 expression is associated with many aspects of
tumorigenesis such as transformation, cell growth and
apoptosis, tumor angiogenesis, invasiveness and
metastasis, and modulation of immune response (9, 12). 
Because of the tumorlike characteristics of pterygium,
this study was designed to investigate COX-2 expres-
sion in primary and recurrent pterygium tissues.

MATERIALS AND METHODS

This study was conducted by the ophthalmology and
pathology departments of Mersin University Hospital.
The research adhered to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from
all the patients before the tissues were collected. Ptery-
gium specimens were collected from 30 patients with
primary pterygium and 11 patients with recurrent ptery-
gium. Patients with primary pterygium were followed at
least 12 months. Normal conjunctival tissues were ex-
cised during extracapsular cataract surgery from 10 pa-
tients without pterygium. All specimens were fixed in
formalin and embedded in paraffin by standard meth-
ods. Also, eight paraffin-embedded limbal tumor tissues
(six with conjunctival intraepithelial neoplasm and two
with squamous cell carcinoma) were retrieved from the
pathology archive of Mersin University.
Tissues were divided into five groups. Normal conjunc-
tival tissues composed Group 1. Group 2 included 20
primary pterygium tissues from 20 patients who did not
have recurrence. Group 3 included 10 primary ptery-
gium tissues from 10 patients who had pterygium recur-
rence during 12 months follow-up. Group 4 included 11
recurrent pterygium tissues of 11 different patients from
group 3. Group 5 included samples of limbal tumor tis-
sues.
All patients with pterygium had corneal extension of at
least 3 mm and graded as intermediate (T2) or fleshy
(T3) pterygium according to the previously described
system based on the assessment of pterygium translu-
cency (13). None of the patients in Group 1 had any in-

flammatory signs or symptoms.
Paraffin tissue blocks were cut at 4 µm thickness, sec-
tions were deparaffinized in xylene and alcohols, and
placed for 30 minutes in 5% H2O2 to block endogenous
peroxidase. To reveal masked antigens, slides were
placed in boiling 10 mM citrate buffer (pH 6.0) and in
the pressure cooker for 15 minutes. After removing the
container from the cooker and cooling for 20 minutes,
slides were placed in phosphate-buffered saline (pH
7.6). Sections were then treated with Ultra V Block
(LabVision, Cat. No: TA-125-UB) for 5 minutes to pre-
vent background staining and incubated for 1 hour with
the primary antibodies for COX-2 (COX-2 [SP21] Ab at
1:100 dilution, Neomarkers, LabVision, Cat. No: RM-
9121-R7). Slides were rinsed in phosphate-buffered
saline for 10 minutes and incubated with biotinylated-
linked antibody (LabVision, Cat. No: TA-125-BN) for 30
minutes and with labeling reagent peroxidase conjugat-
ed streptavidin for 30 minutes (LabVision, Cat. No: TA-
125-HR). After rinsing, the peroxidase label was demon-
strated using 3-amino-9-ethyl carbazole (LabVision,
Cat. No: TA-015-HA) for 10 minutes and counterstained
with Mayer hematoxylin. 3-Amino-9-ethyl carbazole
produces a red end product. A negative control was run
using the same technique but omitting the primary anti-
body and adding the streptavidin-biotin complex. A
known colon adenocarcinoma tissue was used as posi-
tive control for COX- 2.
The stained specimens were independently evaluated
by two blinded pathologists using light microscopes
without information of patients. For COX-2 assessment
in epithelial cells, extent and intensity of cytoplasmic
and membranous staining were scored according to the
previously described criteria by Putti et al (14). The per-
centage of stained epithelial cells was graded as fol-
lows: 0 (0%), 1 (1–25%), 2 (26–50%), 3 (51–75%), and 4
(76–100%). The intensity of staining was graded as fol-
lows: 0 (negative), 1(weak), 2 (moderate), and 3 (strong).
The final staining score (FSS) for COX-2 was obtained
by multiplying the extent and intensity scores for each
specimen. In this study FSS of ≥3 is defined as positive
staining or high expression and <3 as negative staining
or weak expression of the COX-2 (Fig. 1).
For statistical analysis we used the chi-square test and
frequency of the COX-2 positive stained specimens in
groups were compared. A p value of less than 0.05 is
considered significant. The statistical tests were per-
formed using SPSS for Windows version 11.5.
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RESULTS

In this study 6 of 10 normal conjunctiva and 4 of 20 pri-
mary pterygium tissues without recurrence had no stain-
ing, but all specimens in the other three groups were
stained with COX-2 antibody. However, a total of 19 spec-
imens in groups had negative staining (FSS < 3) (Tab. I).
The number and the percentages of the COX-2 positive
stained specimens (FSS ≥ 3) in groups can be seen in
Table I. COX-2 positive staining was the same and the
lowest in Groups 1 and 2. Recurrent pterygium and con-
junctival tumor groups were also similar (p=0.435) and ex-
press the highest COX-2. However, recurrent pterygium

and conjunctival tumor groups expressed higher COX-2
than normal conjunctiva and primary pterygium tissues
without recurrence (p=0.022 and p=0.006, respectively).
Analyses of COX-2 positive staining in pterygium groups
showed that Group 3 was an intermediate group between
Groups 2 and 4 and they were not different from Group 3
(p=0.114 and p=0.537, respectively).

DISCUSSION

Both isoforms of COX (constitutive COX-1 and inducible
COX-2) catalyze the production of prostanoids from

Fig. 1 - Immunohistochemical staining with the primary COX-2 antibody: negative staining of primary pterygium without recurrence (A), positive
staining of primary pterygium with recurrence (B), recurrent pterygium (C), and conjunctival tumor tissue (D) were seen (original magnification
x200).
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C D
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arachidonic acid. COX-2 induced synthesis of PG is often
implicated in inflammatory diseases such as rheumatoid
arthritis (15), osteoarthritis (16), systemic lupus erythe-
matosus (17), and Graves ophthalmopathy (18). Experi-
mental studies demonstrated that ocular surface tissues
can express COX-2 (19-25). COX-2 is also closely in-
volved in the carcinogenesis process and is overex-
pressed in colon, gastric, esophageal, head and neck,
breast, lung, prostate, and skin cancers (26, 27). COX-2
induced synthesis of PG stimulates cancer cell prolifera-
tion, promotes angiogenesis, inhibits apoptosis, increases
metastatic potential, and modulates immune response.
These functions of COX-2 are mediated by increased fi-
broblast growth factor (FGF), vascular endothelial growth
factor (VEGF), platelet derived growth factor (PDGF), anti-
apoptotic bcl-2 protein, and matrix metalloproteinases
(MMPs). Recently anti-tumor and chemoprotective prop-
erties of COX-2 specific inhibitors have been demonstrat-
ed by epidemiologic studies, clinical trials, and data from
experimental animal models (9, 12, 28).
This study demonstrated that the conjunctival tumors
(Group 5) and recurred pterygium (Group 4) tissues had
the highest COX-2 positive staining. COX-2 expression in
Group 4 was found higher than primary pterygium tissues
involved in Group 2. However it was not different from pri-
mary pterygium tissues of patients who had pterygium re-
currence during 12 months follow-up (Group 3). These re-
sults suggest that COX-2 expression may play a role in
pterygium recurrence. In addition, overexpression of
COX-2 in primary pterygium may be a risk for recurrence
and may be a prediction marker for recurrence, because

of the twofold COX-2 positive staining score of Group 3
despite the insignif icant difference from Group 2
(p=0.114). However, equal COX-2 expression in normal
conjunctiva and primary pterygium (Group 2) tissues
showed that COX-2 could not be alone responsible for
pterygium pathogenesis.
In the most recent study by Chiang et al (8), COX-2 ex-
pression was reported 83.3% in 90 primary pterygium tis-
sues. They also reported no staining in 40 normal con-
junctiva and 5 normal limbus. Although authors stated
that COX-2 may play a role in pterygium formation, they
accepted the staining of at least 1% cells as positive
staining. In the present study, scoring system of staining
includes extent and intensity and pterygium tissues were
divided into three groups according to recurrence. There-
fore our study is different from the report of Chiang et al
and COX-2 expression in primary pterygium tissues
seems underestimated. 
Pterygium pathogenesis is complex and not completely
understood. Presence of anti-apoptotic protein bcl-2, pro-
inflammatory cytokines, growth factors, growth factor re-
ceptors, and MMPs in pterygium tissues were demon-
strated (7). The widely accepted etiologic factor is chronic
UV exposure (5, 6). Chiang et al mentioned the possible
UV-ROS (radical oxygen species)–COX-2 and PGE2 path-
way in the pterygium formation (8). Moreover, COX-2 is
the major enzyme that is responsible for the UVB induced
PG synthesis (11). In skin cancer, UVB irradiation increas-
es both mRNA and protein levels of COX-2 in human ker-
atinocytes (29). Besides the increased COX-2 expression
by chronic UVB exposure in UVB induced premalign le-

TABLE I - NUMBER (%) OF COX-2 STAINING OF SPECIMENS IN GROUPS

Groups Final COX-2 staining   

No staining (FSS = 0) Negative (FSS < 3)  Positive* (FSS ≥ 3)  p*  

Group 1 (n=10) (normal conjunctiva) 6 (60) 1 (10) 3 (30)

Group 2 (n=20) 
(primary pterygium without recurrence) 4 (20) 10 (50) 6 (30) 1.000
Group 3 (n=10) 
(primary pterygium with recurrence) 0 4 (40) 6 (60)† 0.114
Group 4 (n=11) 
(recurrent pterygium) 0 3 (27.3) 8 (72.7) 0.022
Group 5 (n=8) 
(conjunctival tumor) 0 1 (12.5) 7 (87.5) 0.006

*Chi-square test result represents the difference of positive staining in groups from normal conjunctiva.
†Value was not statistically different as compared to other groups
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sions and squamous cell carcinomas, recent studies have
shown increased COX-2 expression in human skin in re-
sponse to acute UVB exposure (26, 30, 31). Dissimilar to
Chiang et al, this special feature can also explain the pos-
itive staining of normal conjunctiva in our study.
Furthermore, specific inhibitors of COX-2 such as cele-
coxib have been shown to decrease carcinogenesis and
to decrease tumor growth with pre-existing UVB induced
tumors (32-37). According to the results of this study, se-
lective COX-2 inhibitors may decrease or limit the ptery-
gium recurrence and also the pterygium growth.
We conclude that COX-2 expression is increased in recur-
rent pterygium tissues. COX-2 expression may play a role
in pterygium recurrence and may be a marker for the pre-
diction of recurrence. Further studies with larger samples

are needed for utilizing COX-2 as a recurrence prediction
marker and prevention of recurrence with selective COX-2
inhibitors.
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