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Purpose: Following the recent discovery of an abnormal expression g&®gene in the epithelium in pterygium, some
researchers felt that pterygium is a tumor rather than a degenerative disease. Ultraviolet (UV) radiation has been reported
to be associated with pterygium formation, however the mechanism whereby UV induces uncontrolled proliferation in
pterygial cells is unclear. Because cyclooxygenase 2 (COX 2) was reported to exist and play an important role in UV-
related cutaneous carcinogenesis, it is logical to suspect that COX 2 existed in pterygium. This study was designed to
investigate the expression of COX 2 in pterygium.

Methods: Immunohistochemical staining using a monoclonal antibody to COX 2 was performed on 90 pterygial speci-
mens, 40 normal conjunctiva, and 5 normal limbus.

Results: In the pterygium group, 75 (83.3%) specimens stained positive for COX 2. The staining was limited to the
cytoplasm of the epithelial layer and predominantly over the basal epithelial layer. No substantial staining was visible in
the subepithelial fibrovascular layers. All specimens were negative in the normal conjunctiva and limbus group.
Conclusions: The present study showed COX 2 existed in pterygium. Given the role of COX 2 in cutaneous tumor
carcinogenesis, we suggest COX 2 may also play a role in pterygium formation. This study could be used as the basis for
future surveys of the causal relationship between COX 2 and pterygium as well as the effect of COX 2 inhibitor in
preventing primary or recurrent pterygium.

Pterygium has long been considered to be a chronic deeed expressed, it provides further evidence of UV-related un-
generative condition. However, after overexpression of the p5&ntrolled cell proliferation.
protein was found in the epithelium of pterygium, some re-  To investigate whether COX 2 is present in pterygium,
searchers began to feel that pterygium was an ultraviolet (UVive set out to evaluate COX 2 expression in pterygium. In this
related tumor rather than a degenerative disease [1-5]. study, COX 2 protein was studied immunohistochemically in

The mechanism by which UV light induces uncontrolledboth pterygium and normal conjunctiva and limbus.
proliferation in pterygial cells is under investigation, but still
remains unclear. The noxious effects of UV irradiation are METHODS
moderated either directly by the UV phototoxic effect or indi- Informed consent was obtained from all individuals who par-
rectly by the formation of radical oxygen species (ROS) [6,7]ticipated in this study. Primary pterygium samples were har-
ROS are harmful to cells, because they injure cellular prosested from 90 patients undergoing pterygium surgery. These
teins, lipids, and DNA in a process known as oxidative stressere 51 males and 39 females, with an age range of 50-83
[6,7]. Moreover, ROS can induce cyclooxygenase 2 (COX 2years and an average age of 64.2 years. Normal conjunctiva
formation via activation of the NF-kB signaling pathway [8]. samples were collected from medial conjunctiva of 22 patients
Both ROS and COX 2 were found to play the most importanéand superior conjunctiva of 18 patients without pterygium and
role in UV-related cutaneous carcinogenesis [6-11]. pinguecula when they underwent cataract or vitreoretinal sur-

If pterygium is a UV-related uncontrolled cell prolifera- gery. Five normal limbal specimens were collected from re-
tion, it is logical to assume that ROS and COX 2 may be founsidual sclerocorneal rims in penetrating keratoplasty. The con-
in pterygium. Our previous research identified ROS and oxitrol group contained 26 males and 19 females, with an age
dative stress in pterygium [12]; however, there is no repontange of 55-81 years and a mean of 68.3 years. This study was
about the presence of COX 2 in pterygium. If COX 2 is in-carried out with approval from the Human Study Committee
of the China Medical University Hospital and National Cheng
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deparaffinized in xylene, rehydrated with alcohol, and washeihg to a biology study approved by the CSMUH Institutional

in phosphate-buffered saline. This buffer was used for all suliReview Board. The histological diagnosis and clinic patho-
sequent washes. Sections for COX 2 detection were heatedagical staging were according to the WHO classification. The
a microwave oven twice for 5 min in citrate buffer (pH 6.0).results were scored for the percentage of positive staining:
Mouse anti-COX 2 monoclonal antibody (at a dilution ofscore 0, no positive staining; score +, from 1% to 10%; score
1:200; Alexis Biochemicals, San Diego, CA) was used as the+, from 11% - 50%; score +++, more than 50% positive cells.
primary antibody The incubation time was 60 min at roomin this study, scores +, ++, and +++ were considered to be a
temperature followed by a conventional streptavidin peroxipositive immunostaining, and score 0 was seen as a negative
dase method (LSAB Kit K675; DAKO, Glostrup, Denmark). immunostaining.

Signals were developed with 3, 3'-diaminobenzidine for 5 min

and counter-stained with hematoxylin. Negative controls were RESULTS

obtained by leaving out primary antibody. COX 2 protein ex-There were 51 males and 39 females in the pterygium group
pression in colon cancer tissue was used as positive contr¢hge ranges from 50 to 83 years with an average of 64.2 years),
Sections of paraffin-embedded colon cancer samples weend 26 males and 19 females in the control group (age
collected from the Chung Shan Medical University Hospitarange=55-81 years, mean=68.3 years).

(CSMUH) after obtaining written informed consent accord-

Figure 1. Immunohistochemical analysis of COX 2
protein expression in pterygiurA.: This panel shows
negative expression. Positive immunostaining of
scores +, ++, and +++ were showerBirnC, andD.

E: COX 2 protein expression in colon cancer tissue
was used as a positive control. COX 2 immunostaining
showed a brown reaction product, and COX 2 immu-
noreactive protein was seen predominantly over the
basal epithelial layer. No substantial staining was vis-
ible in the subepithelial fibrovascular layers. COX 2
staining was evident in cytoplasm and membrane of
the epithelial layer.
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In the pterygium group, the scores were as follows: 13/oreover, the aforedescribed findings regarding the effects
(16.7%) specimens were negative, 12 (13.3%) were +, 34f COX 2 in cutaneous tumor formation have also been re-
(34.4%) were ++, and 32 (35.6%) were +++. Seventy-fiveported in pterygium, including disruption of apoptosis [3,18],
(83.3%) specimens were positive for COX 2 staining (Figurdimbal epithelial proliferation [19], abnormal p53 gene expres-
1). The COX 2 staining was shown in cytoplasm and memsion [1-5], and upregulation of basic fibroblast growth factor
brane of the epithelial layer and predominantly over the bas§20], vascular endothelial growth factor, and nitric oxide
epithelial layer. No substantial staining was visible in the subsynthases [21]. Hence, we suggest that COX 2 may play a
epithelial fibrovascular layers. Goblet cells were intermingledsimilar role in pterygium formation as that found in cutaneous
in 10 of 90 pterygial specimens, and all were positive for COXumorigenesis. Karim et al. [22] discovered COX 2 positive
2 immunoreaction. There were no significant differences inmmunostaining in the cytoplasm and membranes in 96% (28
sex and age between COX 2 positive and negative groups. &f 29 retinoblastoma patients) and in both differentiated and
the normal conjunctiva and limbus groups, all specimens wenendifferentiated retinoblastomas, but not in normal portions.

negative for COX 2 staining (Figure 2). In our study, the similar staining pattern was also found. COX
2 had a positive immunoreaction in cytoplasm and membrane
DISCUSSION of pterygical tissues but not in normal conjunctiva and lim-

There are two distinct forms of cyclooxygenase: COX 1 andus. This may provide an indirect evidence that pterygium
COX 2. COX 1 is constitutively expressed in most tissuesmnay be a tumor.

whereas COX 2 is inducible by a variety of tumor-promoting  In cutaneous tumorigenesis, the mechanism involving
agents, e.g. UV light [8-11,13]. A model has been propose@0OX 2 induced by UV irradiation was proposed to be via the
regarding the role of COX 2 in UV-related skin cancer: (1) itgeneration of ROS, so there was a pathway of UV- ROS-COX
may serve to enhance prostaglandin E 2 production, whichin cutaneous tumor [11]. In our previous survey, there was
may function as a mitogen in an initiated cell population; (2plso oxidative DNA damage in pterygium, and lack of glu-

it may inhibit apoptosis and thus promote retention of UV4athione S-transferase M1, one of the antioxidant defense en-
induced “sunburn cells,” which are normally discarded by theymes, which was found to be associated with early onset
epidermis as apoptotic cells; (3) it may alter the ability of thepterygium [12,23]. Hence, oxidative stress exists in pterygium.
cells to attach to substrate and thus enhance their propensidyr present study provides further evidence that there may be
to exhibit tumorigenic growth; and (4) it may enhance the fora similar pathway of UV-ROS-COX 2 in pterygium.

mation of DNA adducts or decrease their repair [14,15]. Also, COX 2 is one of the key enzymes in the synthesis of pros-
COX 2 was reported to be a key enzyme for inflammatoryaglandins. There is evidence to indicate that COX 2-induced
cytokine-induced angiogenesis, and the upregulation of vagrostaglandin synthesis contributes to UV-induced cutaneous
cular endothelial growth factor, basic fibroblast growth factumorigenesis [9,10]. Hence, nonsteroidal antiinflammatory
tor, and nitric oxide synthases, which are associated with tuhugs (NSAIDs) are effective in skin cancer prevention [9,10].
mor formation [16,17]. If this relationship also exists in pterygium formation, COX 2

In our series, 83.3% of pterygial specimens had COX thibitors and NSAIDs may be alternatives to mitomycin C,
expression while normal conjunctiva and limbus specimenghich has been widely used in pterygium but with several
had no COX 2 expression, indicating COX 2 indeed only exsight-threatening complications [24,25]. Further studies are
isted in pterygium and not in normal conjunctiva and limbushecessary to evaluate the role of prostaglandins in pterygium
formation and the effect of COX 2 inhibitors and NSAIDs in
preventing primary and recurrent pterygium.

In conclusion, the present study shows that there is high
expression of COX 2 in pterygium. Given the role of COX 2
in cutaneous tumorigenesis, we suggest that COX 2 may play
arole in pterygium formation. This could serve as the basis of
future surveys of the causal relationship between COX 2 and
pterygium, the pathway of UV-ROS-COX 2- PGE 2 in ptery-
gium, and the effect of COX 2 inhibitors and NSAIDs in pre-
venting primary or recurrent pterygium.

REFERENCES

1. Tan DT, Lim AS, Goh HS, Smith DR. Abnormal expression of the
p53 tumor suppressor gene in the conjunctiva of patients with
pterygium. Am J Ophthalmol 1997; 123:404-5.

2. Dushku N, Reid TW. P53 expression in altered limbal basal cells
of pingueculae, pterygia, and limbal tumors. Curr Eye Res 1997;
16:1179-92.

Figure 2. Normal conjunctiva showing negative immunostaining for3. Tan DT, Tang WY, Liu YP, Goh HS, Smith DR. Apoptosis and

COX 2. No substantial staining is visible in the epithelium and sub-  apoptosis related gene expression in normal conjunctiva and

epithelial fibrovascular layer of the normal conjunctiva. pterygium. Br J Ophthalmol 2000; 84:212-6.

637




Molecular Vision 2007; 13:635-8 <http://www.molvis.org/molvis/v13/a69/>

4. Dushku N, Hatcher SL, Albert DM, Reid TW. p53 expression and
relation to human papillomavirus infection in pingueculae, ptery-
gia, and limbal tumors. Arch Ophthalmol 1999; 117:1593-9. 16
5. Weinstein O, Rosenthal G, Zirkin H, Monos T, Lifshitz T, Argov
S. Overexpression of p53 tumor suppressor gene in pterygia.
Eye 2002; 16:619-21.

6. Kerb R, Brockmoller J, Reum T, Roots I. Deficiency of glutathionel?.

S-transferases T1 and M1 as heritable factors of increased cuta-
neous UV sensitivity. J Invest Dermatol 1997; 108:229-32.

7. Halliwell B, Gutteridge JMC. Oxidative stress and antioxidant
protection: some special cases. In: Halliwell B, Gutteridge JMC,

editors. Free Radicals in Biology and Medicine. 3rd ed. Ox-18.

ford: Clarendon Press; 1999. p. 530-533.

8. Chen W, Tang Q, Gonzales MS, Bowden GT. Role of p38 MARL9.

kinases and ERK in mediating ultraviolet-B induced
cyclooxygenase-2 gene expression in human keratinocytes.
Oncogene 2001; 20:3921-6.
9. Fischer SM. Is cyclooxygenase-2 important in skin carcinogen20
esis? J Environ Pathol Toxicol Oncol 2002; 21:183-91.
Fischer SM, Lo HH, Gordon GB, Seibert K, Kelloff G, Lubet
RA, Conti CJ. Chemopreventive activity of celecoxib, a spe-
cific cyclooxygenase-2 inhibitor, and indomethacin against ul-21
traviolet light-induced skin carcinogenesis. Mol Carcinog 1999;
25:231-40.

10.

11.
diation induces cyclooxygenase-2 expression in keratinocytes.
Br J Dermatol 1999; 140:1017-22.

Tsai YY, Cheng YW, Lee H, Tsai FJ, Tseng SH, Lin CL, Chan@23
KC. Oxidative DNA damage in pterygium. Mol Vis 2005; 11:71-

5

12.

13.
isozymes. J Clin Invest 2001; 107:1491-5.

Buckman SY, Gresham A, Hale P, Hruza G, Anast J, Masferrer J,
Pentland AP. COX-2 expression is induced by UVB exposure

14.

in human skin: implications for the development of skin cancer25.

Carcinogenesis 1998; 19:723-9.

15. Tsujii M, DuBois RN. Alterations in cellular adhesion and

Isoherranen K, Punnonen K, Jansen C, Uotila P. Ultraviolet irra22.

Smith WL, Langenbach R. Why there are two cyclooxygenas24.

©2007 Molecular Vision

apoptosis in epithelial cells overexpressing prostaglandin en-
doperoxide synthase 2. Cell 1995; 83:493-501.

. Kuwano T, Nakao S, Yamamoto H, Tsuneyoshi M, Yamamoto T,

Kuwano M, Ono M. Cyclooxygenase 2 is a key enzyme for
inflammatory cytokine-induced angiogenesis. FASEB J 2004;
18:300-10.

Majima M, Hayashi |, Muramatsu M, Katada J, Yamashina S,
Katori M. Cyclo-oxygenase-2 enhances basic fibroblast growth
factor-induced angiogenesis through induction of vascular en-
dothelial growth factor in rat sponge implants. Br J Pharmacol
2000; 130:641-9.

Sakoonwatanyoo P, Tan DT, Smith DR. Expression of p63 in
pterygium and normal conjunctiva. Cornea 2004; 23:67-70.
Dushku N, John MK, Schultz GS, Reid TW. Pterygia pathogen-
esis: corneal invasion by matrix metalloproteinase expressing
altered limbal epithelial basal cells. Arch Ophthalmol 2001;
119:695-706. Erratum in: Arch Ophthalmol 2002; 120:234-7.

. Kria L, Ohira A, Amemiya T. Immunohistochemical localization

of basic fibroblast growth factor, platelet derived growth factor,
transforming growth factor-beta and tumor necrosis factor-al-
pha in the pterygium. Acta Histochem 1996; 98:195-201.

. Lee DH, Cho HJ, Kim JT, Choi JS, Joo CK. Expression of vascu-

lar endothelial growth factor and inducible nitric oxide synthase
in pterygia. Cornea 2001; 20:738-42.

Karim MM, Hayashi Y, Inoue M, Imai Y, Ito H, Yamamoto M.
Cox-2 expression in retinoblastoma. Am J Ophthalmol 2000;
129:398-401.

. Tsai YY, Lee H, Tseng SH, Cheng YW, Tsai CH, Wu YH, Tsai FJ.

Null type of glutathione S-transferase M1 polymorphism is as-
sociated with early onset pterygium. Mol Vis 2004; 10:458-61.
Rubinfeld RS, Pfister RR, Stein RM, Foster CS, Martin NF,
Stoleru S, Talley AR, Speaker MG. Serious complications of
topical mitomycin-C after pterygium surgery. Ophthalmology
1992; 99:1647-54.

Cano-Parra J, Diaz-Llopis M, Maldonado MJ, Vila E, Menezo
JL. Prospective trial of intraoperative mitomycin C in the treat-
ment of primary pterygium. Br J Ophthalmol 1995; 79:439-41.

The print version of this article was created on 27 Apr 2007. This reflects all typographical corrections and erratécte theagh that
date. Details of any changes may be found in the online version of the article.

638



