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Introduction

Pterygium is a fibrovascular neoformation of  the ocular surface, 
traditionally described as a wing shaped ingrowth of  degenerative 
bulbar conjunctival tissue, over the limbus, onto the cornea [1]. 
It is composed of  epithelium and highly vascular subepithelial 
loose connective tissue. Interestingly, pterygium has a predilection 
for the nasal limbus and affects only humans, possibly owing to 
our unique ocular morphology. It not only affects the cosmetic 
outlook, but also is a potentially blinding disease in the advanced 

stage due to invasion of  the visual axis [2]. In severe cases, visual 
loss may arise from irregular corneal astigmatism, corneal stromal 
scarring and obscuration of  the visual axis, while ocular irritation 
often occurs as a result of  ocular surface inflammation at the site 
of  the pterygium [3, 4]. Although, a relatively benign lesion, pte-
rygium can be locally invasive exhibiting tumour like characteris-
tics, varying from mild dysplasia to carcinoma in situ [5].
	
Despite its original description dating back to 1000 B.C., pterygi-
um still remains an ophthalmic enigma in terms of  its pathogen-
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esis [6]. Pterygium was originally considered as ‘ophthalmo-helio-
sis’, i.e., a condition related to increased exposure to sunshine [7, 
8]. Ever since, several factors including male sex, outdoor occu-
pation and advanced age have been associated with the increased 
incidence of  pterygium [9]. Exposure to sunlight, particularly 
reflected ultraviolet (UV) component of  sunlight has been pro-
posed to be the primary causative agent, involving genetic muta-
tions in pterygium cells, leading to subsequent pterygium devel-
opment [10-12].

The gene p53 (wild type), located at chromosome 17p13, is a tu-
mour suppressor gene that controls the cell cycle [13, 14]. It is in-
volved in DNA repair and synthesis, cell differentiation and apop-
tosis. Mutations in the p53 gene (mutant type) are said to be the 
most common genetic marker of  human neoplastic growth. The 
p53 gene product, the p53 protein, is a nuclear phosphoprotein 
which binds to the DNA and can be identified by immunohis-
tochemical (IHC) staining, using a specific monoclonal antibody 
[15]. Owing to a short half-life, the p53 protein concentration in 
normal cells is very low, so the cells stain negative [16, 17]. How-
ever, in most neoplastic cells its concentration is higher and hence 
IHC staining for the p53 protein becomes positive [18-20]. Recent 
use of  various molecular genetic analysis techniques have led to 
several theories of  pterygium pathogenesis, making way for new 
therapeutic possibilities [21-26]. Although, there is no consensus 
on the pathogenesis of  pterygium, recent reports suggest that it 
is a proliferative rather than a degenerative disorder, strongly cor-
related with exposure to ultraviolet light [27, 28].
	
Some studies investigating p53 gene expression in pterygium have 
reported incidence of  pterygium p53 positivity ranging between 
7.9% and 100% [29-36]. A few studies have pointed towards a 
higher prevalence of  pterygium in the natives of  high altitude [37-
40]. However, to the best of  our knowledge, a study investigating 
the altitudinal variation in p53 gene expression in pterygium has 
not been reported yet. Such a study could clarify whether or not 
altitude has any role in the pathogenesis or worsening of  pterygi-
um. India, one of  the countries lying in the pterygium belt (i.e. 40° 
north and south of  the equator), has areas of  relatively high pte-
rygium prevalence [41-43]. Dehradun (30° 19′ N latitude, altitude 
640 m), being well connected to the hills of  Uttarakhand, Him-
achal Pradesh and plains of  Western Uttar Pradesh, is a place well 
suited to conduct a study of  this type. This study was conducted 
with the aim to evaluate and compare the p53 gene expression in 
pterygium amongst the natives of  high and low altitudes.

Materials and Methods

This study was a prospective randomised interventional study 
conducted at our tertiary care referral centre in Dehradun, for a 
period of  21 months (from November 2014 to August 2016), af-
ter approval from the Institutional Research and Ethics Commit-
tee. It was in accordance to the tenets of  Declaration of  Helsinki. 
A total of  60 eyes (60 patients) were analyzed during this study. 
Out of  these, 20 eyes (20 pterygia) were excluded on the grounds 
of  missing epithelium or insufficiency of  specimen for IHC anal-
ysis. Eventually, a total of  40 eyes (40 pterygia and 10 normal 
conjunctival samples) of  pterygium patients, aged between 18 to 
75 years, admitted in the inpatient department of  ophthalmology 
were included in this study, after taking prior written informed 
consent. Patients with any ocular infection, recurrent pterygium, 

pseudo-pterygium, benign or malignant tumour of  eye, ocular 
trauma or burns and any previous ocular or adnexal surgery were 
excluded from the study. 
	
The patients admitted indoors for surgical excision were random-
ly selected for the study following a thorough clinical evaluation, 
including a detailed history and examination. Ocular examination 
included best corrected visual acuity, intra-ocular pressure mea-
surement, ocular movements, slit-lamp biomicroscopy (Zeiss SL 
120, USA) and fundus examination. Vitals were recorded and rou-
tine laboratory investigations, including complete blood counts, 
random blood sugar, bleeding time, clotting time and activated 
partial thromboplastin time were done for each patient. The pa-
tients born and living at an altitude of  1500 m or higher were con-
sidered as natives of  high altitude, whereas, those born and living 
at altitudes lower than 1500 m were considered as inhabitants of  
low altitude [44]. The native altitude data for each patient was cal-
culated using Bhuvan, a Geo-platform software by Indian Space 
Research Organisation (ISRO). The annual UV index data (from 
January 2015 to December 2015) for the native place of  each pa-
tient was also recorded, sourced from World Weather Online, as 
it was not available with the State Meteorological Department.
	
At diagnosis, the grading of  pterygium was done, based upon its 
size [45]. Pterygium extending less than 2 mm onto the cornea 
was considered as grade I, that extending up to 4 mm as grade 
II, while the one extending more than 4 mm onto the cornea and 
involving the visual axis was regarded as grade III. Henceforth, 
the patients were posted for surgery. Pterygium excision with 
free conjunctival autografting was the standard surgical proce-
dure. The tissue specimens surgically excised from patients' eyes 
were categorized into three study groups, viz.; group A, B and C. 
Group A included 20 pterygia excised from patients of  high alti-
tude, while Group B included 20 pterygia excised from patients 
of  low altitude. Group C consisted of  10 normal conjunctival 
samples (5 each from both the groups, A and B), surgically excised 
from the supero-temporal limbus of  the same eye undergoing 
pterygium surgery, serving as the control.

Surgical Technique

Part preparation and draping was done under strict aseptic mea-
sures. Castroviejo wire speculum was used to retract the eyelids. 
A small radial incision was made at limbal conjunctiva adjacent 
to the neck of  the pterygium using crescent keratome and Lim's 
forceps. Dissection of  the head from body was done followed 
by its dissection from corneal surface using traction and blunt 
dissection. Fibrovascular body of  pterygium was then dissected 
neatly from the adjoining conjunctiva down to bare sclera, re-
moving any loose Tenon's layer but leaving the episcleral vessels 
intact. Size of  the graft required was estimated using Castroviejo 
calipers. The limbal-conjunctival autograft was taken from the su-
pero-temporal quadrant and placed over the scleral bed using non 
toothed forceps and either sutured or left in place for 10 minutes 
to allow firm adherence of  the graft securing it in situ ("sutureless 
technique"). Operated eye was then patched tightly after instilling 
topical moxifloxacin (0.5%). Postoperatively, topical moxifloxacin 
(0.5%) and difluprednate (0.05%) were given 4 times a day and 
tapered after 2 weeks. After pterygium excision, the excised tissue 
was stored and transported in 10% formalin for immunohisto-
chemical examination of  p53 (using DO-7 antibody, which can 
detect mutant p53 under non-denaturing conditions).
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Immunohistochemistry

Specimens were received in 10% formalin and grossing was 
done as per the protocol of  histopathology laboratory. All the 
formalin fixed tissues were processed in automatic tissue proces-
sor (Shandon Citadel 2000, UK). Paraffin embedded blocks were 
made from the processed tissue using Embedding station (Leica 
EG1150 H+C, Germany). Sections of  2-4 microns were made 
using Microtome (Shandon Finesse 325, UK), taken on Poly-L 
lysine coated slides and subjected to IHC using primary p53 anti-
bodies (DO-7, 1/50 Dako, Carpinteria, CA, USA). Sections were 
incubated with the secondary biotinylated antibody and avidin-bi-
otin peroxidise complexes for 30 minutes. Reaction products were 
revealed with diaminobenzidine as the chromogen and sections 
were counterstained with Harris’s hematoxylin to enhance nuclear 
detection. Finally, the slides were mounted with DPX mountant 
and then microscopic examination was done under 40X power 
(Nikon Eclipse E200, China). Sections of  p53 positive colon car-
cinoma tissue were used as positive control, whereas duplicate 
sections having primary antibody substituted with phosphate buf-
fer saline were used as negative control. Nuclear positivity of  p53 
was seen as dark brown colour over bluish background. 
	
For microscopic examination, each slide was seen under low pow-
er and the entire section was screened to find the region with 
maximum number of  p53 positive cells. Percentage of  cells that 
were p53 positive was calculated by counting at least 1000 cells. 
A specimen with less than 5% p53 positive cells was considered 
as p53 negative. The report for each specimen, confirmed by 
an expert consultant histopathologist, was noted on the patient 
pro-forma.

Statistical Analysis

The statistical analysis was done using SPSS (Statistical Package 
for Social Sciences) for Windows 18.0 software. The p53 indi-
ces were analyzed as categorical variables using Fisher’s exact test. 
Level of  significance (α) was set at 5%. Hence, a p-value < 0.05 
was accepted as statistically significant.

Results

Out of  the total 40 patients under study, 14 (35%) patients were 
males and 26 (65%) of  them were females (Table 1). The inci-
dence of  pterygium was significantly higher in females compared 
to males overall (p-value = 0.007) and in group A (p-value = 
0.001), but marginally higher in group B (p-value = 0.52). There 
was no significant difference in gender distribution between 
group A and group B (p-value = 0.32), and between all cases and 
controls (p-value = 1).
	
The overall mean age of  all pterygium patients was 42.70 ± 16.38 
years (range = 18-75 years; standard deviation {SD} = 16.38). In 
group A, it was 49.45 ± 16.43 years, in group B it was 35.95 ± 
13.59 years, whereas, in group C the mean age was 39.50 ± 8.22 
years (Table 1). There was no significant difference in mean ages 
between group A and group B (p-value = 0.99), and between all 
cases and controls (p-value = 0.80). 
	
The difference between mean native altitude of  group A (1768.60 
± 211.20 m) and group B (384.85 ± 101.16 m) patients was sta-
tistically significant (p-value = 0.0001). The difference in annual 
mean UV index for group A (5.44 ± 0.18) and group B (6.32 ± 
0.45) was statistically significant (p-value = 0.0001) as well (Table 
1).
	
All 40 cases were primary nasal pterygium, out of  which 5 (12.5%) 
were classified as grade I, 28 (70%) were grade II and 7 (17.5%) 
were classified as grade III pterygium (Table 2). Grade I pteryg-
ium was seen only in group B and not in group A (p-value = 
0.01). The incidence of  grade II (p-value = 0.49) and grade III 
pterygium (p-value = 0.21) was insignificantly higher in group A 
compared to group B.
	
On IHC, abnormal or mutant p53 positive cells were seen in the 
pterygium epithelium, predominantly in the basal layers (Figure 
1). Overall, 29 (72.5%) pterygia stained positive for abnormal 
p53 expression while 11 (27.5%) pterygia stained negative for the 

Table 1. Demographic Profile of  Patients.

Patient Data Group A 
(High Altitude)

Group B
(Low Altitude)

Group C
(Control) Overall

Total Number 20 20 10 40
Male (%) 5 (25) 9 (45) 4 (40) 14 (35)

Female (%)
p-value

15 (75)
0.001

11 (55)
0.52

6 (60)
0.38

26 (65)
0.007

Mean Age
SD

Range

49.45
16.43
23-75

35.95
13.59
18-70

39.50
8.22

30-50

42.70
16.38
18-75

Mean Altitude
SD

1768.60
211.20

384.85
101.16

UV index
SD

5.44
0.18

6.32
0.45

Mean age and range depicted above is in years. SD stands for the standard deviation. Mean altitude represents the mean of  native 
altitude data of  all patients from the respective group and it is measured in metres. UV index represents the mean of  native annual 

ultraviolet index data of  all patients from each group.
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same (Fisher's two tailed p-value = 0.0001). In group A, 15 (75%) 
pterygia stained positive for mutant p53, while 5 (25%) stained 
negative (p-value = 0.0002). In group B, 14 (70%) pterygia were 
positive for abnormal p53 expression, whereas 6 (30%) pterygia 
were tested negative for it (p-value = 0.0003). All the controls 
stained negative for p53 (mutant) expression (Table 3). Although, 
the p53 gene expression in pterygia was marginally higher in 
group A compared to group B, but it was statistically insignificant 
(p-value = 1.0).
	
Quantitative analysis of  p53 gene immunoreactivity (positivity) 
was done for each pterygium specimen by IHC (Table 3). The 
overall mean p53 (mutant) positivity among all pterygia was 31.03 
± 18.19% (SD = 18.19). In group A, the mean p53 positivity was 
31 ± 18.34%, while in group B it was 31.07 ± 18.72%. There 
was no significant difference in the mean p53 immunoreactivity 
between group A and group B (p-value = 0.53).

Discussion

In this study we found that the incidence of  pterygium, especially 
in natives of  high altitude (hilly regions), was higher in females 
as compared to males. The longer duration of  daytime outdoor 
work in females than males in these hilly regions might proba-
bly explain the higher incidence of  pterygium in females. Similar 
findings have been reported in the past [37, 46, 47]. In contrast, 
some studies have claimed a higher incidence in males [11, 48-50]. 
The mean age of  the pterygium patients in our study was over 
forty years which conforms to the findings reported by previous 
studies [48-51]. No significant difference was found in the gender 
distribution or mean age between the two study groups. All the 
patients included in this study were found to have primary nasal 
pterygium. Majority of  the pterygia were grade II and III. Smaller 
(grade I) pterygia were only seen in patients belonging to plain 

areas. 
	
On immunohistochemical examination, we found the mutant 
p53 positive cells in the epithelium of  72.5% of  all the pterygium 
specimens, while all the normal conjunctiva specimens were p53 
negative. Although, the incidence of  abnormal p53 gene expres-
sion in pterygium was found to be marginally higher in the pa-
tients of  high (75%) versus low altitude (70%), but the difference 
was not statistically significant (p-value = 1). Quantitatively, the 
overall mean mutant p53 positivity for pterygium specimens was 
31.03 ± 18.19%. The difference in the mean mutant p53 immu-
noreactivity between the pterygia excised from the two groups 
was also found to be statistically insignificant (p-value = 0.53). 
	
The prevalence of  p53 expression varies among tumour types, 
reportedly ranging from 0 to 60% in cancers of  other organs viz., 
56% in lung carcinoma, 50% in colonic carcinoma, 44% in skin 
tumours, etc. [52]. Besides, there are reports of  abnormal p53 
expression in approximately 7% of  benign tumours, like benign 
phylloides tumour of  the breast and benign breast biopsy spec-
imens as well [53, 54]. This study demonstrates abnormal p53 
expression in pterygium cells too, as observed in the above men-
tioned benign tumours.
	
Such significantly high incidence of  mutant p53 positivity (72.5%) 
in pterygium specimens suggests a definitive role of  p53 gene in 
pterygium pathogenesis. The results thus obtained support the 
theory that pterygium is a proliferative disorder rather than the 
historical notion of  it being a degenerative condition. Our results 
are in concordance to some of  the recent studies done with re-
spect to p53 gene expression in pterygium. Abnormal p53 ex-
pression in ophthalmic pterygium tissue was first demonstrated 
by Tan D et al., who found that 3 (37.5%) out of  8 pterygium 
specimens were positive for abnormal p53 expression on IHC 

Figure 1. Immunohistochemical Staining with DO-7 showing a section of  p53 negative (cells with bluish nuclei) pterygium 
specimen (on the left) at 40X; and a section of  p53 positive (cells with brown nuclei) pterygium specimen (on the right) at 

40X.

 
 

Table 2. Incidence of  Different Grades of  Pterygium.

Pterygium 
Grade

Group A
(High Altitude)

Group B
(Low Altitude) p-value Overall

Grade I (%) 0 (0) 5 (25) 0.01 5 (12.5)
Grade II (%) 15 (75) 13 (65) 0.49 28 (70)
Grade III (%) 5 (25) 2 (10) 0.21 7 (17.5)

Pterygium grades are based upon the visible size of  pterygium mass. Grade I extending up to 2 mm, grade II from 2 to 4 mm, and 
grade III extending beyond 4mm over the cornea [45]. Figures in parenthesis represent the percentage.
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and concluded that pterygium is a growth disorder [29]. Tan D 
et al., in another study, concluded that pterygium development is 
a result of  disruption of  the normal process of  apoptosis occur-
ring in the conjunctiva, involving p53 gene mutation [32]. Ueda 
Y et al., performed IHC in pterygium specimens, for p53, p21 
and proliferating cell nuclear antigen [34]. They found mutant p53 
positivity in pterygia and suggested that the mutation in gene p53 
was due to ultraviolet sunlight. They also proposed that mutant 
p53 positive pterygia can develop into limbal tumors. Weinstein 
O et al., demonstrated abnormal p53 gene expression in 7 (54%) 
out of  13 pterygia on IHC staining and suggested that pterygium 
could be a result of  uncontrolled cell proliferation rather than 
being a degenerative lesion [55].
	
Reisman D et al., found that in pterygium tissue the p53 gene 
undergoes mutation by monoallelic deletion [56]. Tsai Y et al., 
observed p53 gene mutations in pterygium epithelium and found 
no correlation between mutations and p53 protein levels as seen 
on IHC [57]. Pelit A et al., observed p53 immunoreactivity in 
pterygium specimens; suggested pterygium could be a result of  
uncontrolled cell proliferation and found no correlation between 
p53 immunoreactivity and ultraviolet irradiation [58]. Liang K et 
al., found high levels of  p53 and other cell proliferation mark-
ers and low levels of  apoptotic biomarkers in pterygium [59]. 
They proposed that both cell proliferation and apoptosis have 
an important role in pterygium pathogenesis. Ljubojević V et al., 
demonstrated p53 positivity in 15 (44%) out of  34 pterygia exam-
ined by IHC [60]. They found no effect of  age and gender on p53 
expression, but did find an association between Ki-67 expression 
and p53 positivity. Like others, they too concluded that pterygium 
is a growth disorder rather than just a degenerative lesion. 
	
In the current study, we observed much higher abnormal (mutant) 
p53 positivity (72.5%) in pterygium specimens than that reported 
previously by Tan D et al., (37.5%), Weinstein O et al., (54%) and 
Ljubojević V et al., (44%). The possible reasons for this may be 
the smaller sample size, different geographical or environmen-
tal factors, and the exclusion of  high altitude population in these 
studies compared to the current study.
	
Several theories have been put forth with regards to pterygium 
development viz., autosomal inheritance, role of  UV radiations, 
pterygium with dry eye, pterygium association with oxidative 
stress and molecular genetic alterations [7, 8, 14, 21-23]. The ad-

vent of  polymerase chain reaction (PCR) has enabled formulation 
of  a few new theories of  pterygium pathogenesis viz., the role 
of  mutated limbal stem cells, growth factors and cytokines and 
viral (Human Papilloma Virus) involvement [61-64]. Although 
surgical excision of  pterygium tissue with bare sclera technique 
or conjunctival flap autografting remains the primary mode of  
treatment in pterygium, recent molecular understanding of  its 
pathogenesis has led to new therapeutic advances [65-70]. Use of  
antimetabolites like mitomycin C, beta irradiation and anti-vascu-
lar endothelial growth factors (anti-VEGF) like bevacizumab as 
adjuvant therapy have been reported to reduce recurrence rates 
post surgery [71-78].
 	
Our study strongly suggests that molecular genetic alteration in 
the p53 gene has a significant role in pterygium pathogenesis. 
Since in this study, we found a high incidence (72.5%) of  mutant 
p53 positivity in pterygium epithelium, this might imply that it 
contains transformed cells and there is failure in the regulation 
and control of  the cell cycle in pterygium cells. As we have ob-
served the presence of  mutant p53 immunoreactivity in pterygi-
um, especially in the basal epithelial layers, the possibility of  UV 
radiation induced mutation or transformation of  pterygium cells 
cannot be ruled out. Several studies have suggested a positive cor-
relation in this regard [13, 34, 55]. UV radiation is well known 
as a risk factor for various skin malignancies like squamous cell 
carcinoma, through its effect on the genetic material [13].
	
However, we found no significant altitudinal variation in the 
mutant p53 expression in pterygium in our study. We observed 
marginally higher pterygium p53 positivity in the higher altitude 
group compared to the lower altitude group, despite statistically 
significant difference in the mean altitudes and the mean annual 
UV indices of  the two study groups. This might suggest that p53 
mutations also possibly be caused by some other mechanisms be-
sides the UV radiation induced damage. Similar findings were re-
ported by Pelit A et al., [58]. Other possible cause(s) of  p53 gene 
mutation in pterygium may be hereditary or viral presence [7, 23, 
79]. Further research investigating the possible mechanism(s) of  
p53 mutation in pterygium cells, other than the proposed UV me-
diated genetic alteration, is required. 
	
It is well known that pterygium is a lesion with limited local in-
vasion and inability to send metastases. However, its cells being 
mutant p53 positive, display genetic characteristics of  a tumour, 

Table 3. The p53 Gene Expression in Pterygium.

IHC Overall Group A
(High Altitude)

Group B
(Low Altitude)

Group C
(Control)

p53 positive (%) 29 (72.5) 15 (75) 14 (70) 0 (0)
p53 negative (%) 11 (27.5) 5 (25) 6 (30) 10 (100)

p-value
(α = 5%)

0.0001
(significant)

0.0002
(significant)

0.0003
(significant)

Mean p53 positivity
SD

31.03
18.19

31.00
18.34

31.07
18.72

IHC stands for immunohistochemistry, done using DO-7 anti p53 antibody (which detects mutant p53 under non-denaturing condi-
tions). Mean p53 positivity represents the mean of  quantitative p53 positivity (in percentage) of  pterygium specimens for the respec-

tive group. SD stands for standard deviation. Level of  significance (α) was taken as 5% for this study. Two-tailed p-value was calculated 
using Fisher's exact test.
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which might suggest pterygium to be a benign neoplastic tumour. 
Whether or not pterygium is pre-malignant, still remains a mat-
ter of  debate. Most histological studies have ruled out pterygium 
premalignancy in the past, but a few recent studies have demon-
strated histological features suggesting it to be premalignant [80-
82]. Although, classically regarded as a histologically benign le-
sion, the tumour like characteristics such as limited local invasion 
and an alarmingly high rate of  abnormal p53 expression along 
with significant mean mutant p53 positivity in pterygium speci-
mens certainly warrants further research in form of  prospective 
randomised multicentric studies in this region, in order to clarify 
whether or not pterygium is premalignant.
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