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Ultraviolet (UV) light is one of the major factors im-
plicated in the pathogenesis of pterygium. The mech-
anism by which UV light induces this disease remains
elusive. The aim of this study was to evaluate the
effects of UVB irradiation on the expression of growth
factors in cultured pterygium epithelial cells and to
demonstrate their distribution within pterygium. We
cultured pterygial epithelial cells from pterygium ex-
plants and these cells were exposed to 20 mJ/cm2 of
UVB. Total RNA was extracted at 0, 6, and 12 hours
after irradiation. 32P-labeled cDNA was synthesized
and analyzed using microarray technology to deter-
mine the differential expression of 268 growth factor
and cytokine related genes. Semiquantitative reverse
transcriptase-polymerase chain reaction was used to
corroborate this data. Conditioned media derived
from cells exposed to UVB irradiation was analyzed
for protein expression by enzyme-linked immu-
nosorbent assay. Immunohistochemistry was used to
evaluate the distribution of heparin-binding epider-
mal growth factor-like growth factor (HB-EGF) in
pterygium tissue. Analysis of the hybridization sig-
nals revealed that the genes encoding HB-EGF, fibro-
blast growth factor 3, and cytotoxic trail ligand recep-
tor were consistently elevated at 6 and 12 hours after
UVB treatment. HB-EGF mRNA was elevated 6.8-fold at 6
hours after irradiation and was augmented in culture
supernatants after the same treatment. Furthermore,
HB-EGF reactivity was identified in the epithelium and
vasculature of pterygium by immunohistochemistry.
HB-EGF was present in normal limbal epithelium, al-
though it was not induced in cultured limbal epithe-
lial cells by UV irradiation. HB-EGF is a potent mito-
gen, localized in pterygium tissue, and significantly
induced by UVB in pterygium-derived epithelial cells.
We postulate that this growth factor is a major driving
force in the development of pterygia and a means by
which UV irradiation causes the pathogenesis of
pterygium. (Am J Pathol 2003, 162:567–574)

Pterygia are characterized by the encroachment of a
wing of altered vascular tissue over the cornea. It is a
disorder of epithelial hyperplasia and accompanied fibro-
vascular growth thought to originate at the corneal-con-
junctival junction, where it is proposed that altered limbal
stem cells migrate centripetally to encroach on the cen-
tral cornea.1 The origin of pterygia remains controversial,
and the pathogenesis is poorly understood. Explanations
for the shape and location of pterygia suggest that ultra-
violet (UV) irradiation might be the key initiating event in
the pathogenesis of this disease.

The role of UV light as an etiological agent for pterygia
remains unproven, although there is strong epidemiolog-
ical evidence for UV as a possible causative factor. Sev-
eral studies have demonstrated a significant association
between pterygia and UV exposure.2–4 The UV insolation
theory helps explain the link between pterygia and UV
irradiation.5 Peripheral light focusing of scattered light,
especially light entering the anterior chamber laterally, by
refraction in the anterior chamber results in a 20-fold
concentration of light, including UV intensity, on the lim-
bus; especially on the nasal aspect, where the majority of
pterygia occur.

UV light has long been associated as the etiological
agent for cutaneous malignancies such as melanoma,
basal cell carcinoma, and squamous cell carcinoma. The
mechanism by which UV light achieves this has been
extensively studied and it seems that cytokines and
growth factors play a central role in this process.6–9 The
proteins most commonly implicated in pathological
growth disorders are growth factors.10 Recent work per-
taining to the effects of UV on the skin using microarray
analysis in cultured epidermal keratocytes using a dose
of UVB of 8 mJ/cm2 revealed that there was a peak of
growth factor mRNA production at 4 to 8 hours after UVB
exposure.8 The growth factors up-regulated included five
members of the interleukin (IL)-8 family, transforming
growth factor-�, and heparin-binding epidermal growth
factor-like growth factor (HB-EGF).
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The effect of UV irradiation in the anterior segment of
the eye has been shown to up-regulate IL-1, IL-6, IL-8,
and tumor necrosis factor-� production in the cornea.11

There is evidence to suggest that the pathogenesis of
pterygia centers on UV light-altered limbal epithelial cells.
These altered limbal cells form the pterygium epithelial
cell (PEC) that we have previously isolated and cul-
tured.12 Recently using a similar model we demonstrated
the up-regulation of two potent proinflammatory and an-
giogenic cytokines in UVB-exposed PEC. The increase of
IL-6 and IL-8 was dose- and time course-dependent.13

Although several reports have demonstrated the pres-
ence of growth factors in pterygia,14–18 none have shown
an altered expression of growth factors in response to UV
light. In this study we investigated the role of UVB irradi-
ation in the regulation of growth factor expression in PECs
and in pterygium.

Materials and Methods

Donor Ocular Tissue and Cell Culture

PECs

Epithelial cells were cultured from explants of fresh
pterygium tissue (1 to 2 mm2), as previously reported.12

PEC were subsequently expanded in 75-cm2 tissue-cul-
ture flasks (Nunc, Roskilde, Denmark) in Eagle’s minimal
essential medium (EMEM) (Trace Biosciences, Sydney,
Australia) supplemented with 10% fetal bovine serum
(Trace Biosciences) and 100 U/ml of penicillin and 100
mg/ml of streptomycin (Trace Biosciences). Cells were
characterized by morphology and by flow cytometric
analysis that revealed positive cytokeratin immunoreac-
tivity in 98% of these cells, suggesting these cells com-
prised a pure population of epithelial cells.

Limbal Epithelium Cells (LECs)

A specimen of normal human corneal limbus was ob-
tained from a patient undergoing ocular surgery at the
Prince of Wales Hospital, Sydney, Australia. Consent for
tissue donation was obtained from the patient before the
procedure. Fresh tissue was cultured in six-well culture
plates (Nunc). Initial explant culture medium was EpiLife
(Chemicon, Temecula, CA) with growth supplement, Epi-
life Defined Growth Supplement (EDGS) (Chemicon) to
promote epithelial cell growth. Once growth had been
established, the cells were passaged and cultured on
uncoated tissue-culture plastic in EMEM (Trace Bio-
sciences) supplemented with 10% fetal bovine serum
(Trace Biosciences), 100 of U/ml penicillin, and 100
�g/ml of streptomycin. These cells were also character-
ized morphologically and after four passages cells were
characterized using flow cytometry. Using a standard
direct immunofluorescence technique including a fluo-
rescein isothiocyanate-conjugated C-11 anti-pancyto-
keratin antibody (Sigma, St. Louis, MO) flow cytometric
analysis revealed a pure population of cells with positive
cytokeratin immunoreactivity in 93% of these cells. This

also suggests these cells comprised a pure population of
epithelial cells.

UVB Irradiation of Cultured Cells

Epithelial cells were counted and seeded at 1 � 106 cells
per 150 mm � 25-mm culture dish (Corning Glass, Corn-
ing, NY). For each time point analyzed three plates were
used. On reaching semiconfluence cells were washed
three times with 20 ml of phosphate-buffered saline (PBS)
and placed in EMEM under serum-free conditions for 24
hours. This medium was removed and cells were washed
again and irradiated in 9.5 ml of PBS.

The cells were UV irradiated using FL20SE bulbs (Phil-
ips, Sydney, Australia). An IL-1400A UV energy detecting
system (International Light, Newburyport, MA) was used
to achieve a total dose of 20 mJ/cm2. Some cells were
incubated in PBS for an equivalent time but were not
irradiated. After irradiation, cells were placed in fresh
serum-free media and kept at 37°C in a 5% CO2 atmo-
sphere for various periods before harvesting total RNA.
At specific time intervals cells were washed with PBS and
placed in a denaturing solution (Clontech, Palo Alto, CA)
for RNA isolation using a standard procedure according
to the Atlas Pure Total RNA Labeling System User Manual
protocol (Clontech).

RNA Isolation, cDNA Probe, and Array
Hybridization

Total RNA was extracted from cells using an Atlas Pure
Total RNA Isolation kit (Clontech). Cell lysates were pro-
cessed precisely as outlined by the manufacturers.
(Available online at www.clontech.com). Briefly, total RNA
was extracted using phenol/chloroform, total RNA was
subsequently treated with 1 U/�L of RNase-free DNase I
(Clontech). RNA yield was evaluated by UV absorbance
at 260 nm. RNA integrity was confirmed by electrophore-
sis through a 0.8% agarose, 2.2 mol/L formaldehyde
gel.19 Total RNA (25 �g per sample) was converted to
32P-labeled cDNA as specified in the Atlas Expression
Array User Manual (Clontech). Each probe was purified
using the gravity column provided.

Atlas human cytokine/receptor cDNA expression array
membranes containing 268 cytokine- and growth-related
cDNAs were treated as specified by the manufacturer.
Briefly, array membranes were prepared by performing a
2-minute wash with deionized H2O. Prehybridization us-
ing 5 ml of prewarmed ExpressHyb (Clontech) containing
0.5 mg of heat-denatured sheared salmon testes DNA
was performed at 68°C for 30 minutes. cDNA probe
(1.0 � 106 dpm of each) was prepared and hybridized
with the array membrane at 68°C for 16 hours with con-
tinuous agitation. Membranes were washed four times
with 200 ml of 2� standard saline citrate (1� standard
saline citrate: 0.15 mol/L NaCl and 0.015 mol/L sodium
citrate), 1% sodium dodecyl sulfate at 68°C for 30 min-
utes, and once with 200 ml of 2� standard saline citrate
at room temperature then analyzed in a phosphorimager.
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Phosphorimager results were analyzed using AtlasIm-
age 2.01 software (Clontech). This software automatically
averages the two hybridization signals for a particular
gene and compares this intensity to the same gene in the
control array. A threefold difference in signal intensity
between the test and control membranes was considered
to represent a significant difference in gene expression
after UVB exposure. To avoid any bias introduced by
possible differential cDNA amounts loaded onto respec-
tive membranes the signal intensities were normalized
with the AtlasImage 2.01 software (Clontech). The
method used was the global normalization–median
method on this double-spotted array. This method uses
the median gene value of signal intensity over back-
ground for each array to calculate a normalization coef-
ficient. A complete listing of genes included in the Atlas
human cytokine/receptor cDNA expression array can be
obtained at the Clontech web site (http://www.clontech.
com/atlas/genelists/index.html).

Enzyme-Linked Immunosorbent Assay

For detection of soluble HB-EGF protein, 8 � 105 cells
(both PECs and LECs) were cultured in triplicate on
150 � 25-mm culture dishes (Corning Glass). Once cells
reached semiconfluence (80 to 90%) they were washed
three times with 10 ml of PBS and placed in serum-free
EMEM for 24 hours. The cells were exposed to UVB as
outlined above. After irradiation cells were placed in 6 ml
of serum-free EMEM and supernatants sampled at 0, 12,
24, 48, and 72 hours after irradiation.

Conditioned media and media alone was clarified by
centrifugation and concentrated to 300 �l using Cen-
triplus-10 concentrators (Amicon, Beverly, MA). In paral-
lel 100 �l of a capture goat anti-human HB-EGF antibody
(final concentration 1 �l/ml; R&D Systems, Minneapolis,
MN) was placed in 96-well Immulon-4 plates (Dynatech,
Chantilly, VA) and allowed to incubate overnight at room
temperature. Plates were washed three times with PBS-
Tween-20, and 300 �l of blocking buffer (PBS containing
1% bovine serum albumin, 5% sucrose, and 0.05%
NaN3) was added and the plate incubated for 1 hour at
room temperature. Each plate was washed a further three
times and serial dilutions of human recombinant HB-EGF
(R&D Systems) 0.05 to 3.2 ng/ml or concentrated PEC
and LEC cell supernatants were added (100 �l/well) and
incubated for 2 hours at room temperature. After washing
the wells three times in PBS-Tween-20, 100 �l/well of 5
�g/ml of biotinylated goat anti-human HB-EGF antibody
(R&D Systems) was added and the plate incubated for 2
hours at room temperature. Wells were washed three
times and 100 �l/well of 1:1000 streptavidin-horseradish
peroxidase (DAKO, Carpinteria, CA) in PBS was added
and incubated for 20 minutes at room temperature. The
plates were washed four times and developed with 40
�g/ml of 2,2�-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid) CABTS substrate (Sigma). The absorbance was
read at 405 nm using a Spectramax Plus microplate
reader (Molecular Devices, Sunnyvale, CA). The stan-
dard curve was linear between 0.05 and 3.2 ng/ml of

HB-EGF. Absorbance values were converted to pg/ml
values on the basis of the linear regression transformation
of the standard curve.

Revere Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total RNA from cultured PECs and LECs was extracted
as above. RT-PCR was used to amplify a 750-bp HB-EGF
complementary DNA (cDNA) fragment from these cell
lines that corresponded to bases 282 to 1035 of the
published human HB-EGF cDNA sequence.20 RT-PCR
was also performed to amplify the signal for GAPDH to
standardize for equal loading in all lanes. Primer pairs
were custom-designed (Life Technologies Inc., Gaithers-
burg, MD). The forward HB-EGF primer (24-mer) se-
quence was 5�-GGT GCT GAA GCT CTT TCT GGC
TGC-3� and the reverse HB-EGF primer (25-mer) was
5�-ATT ATG GGA GGC CCA ATC CTA GAC G-3�.21 The
forward GAPDH primer sequence was 5�-TGA TGA CAT
CAA GAA GGT GGT GAA-3� and the reverse GAPDH
primer was 5�-TCC TTG GAG GCC ATG TGG GCC AT-3�.
Amplification was performed using the Preamplification
System for First-Strand cDNA (Life Technologies, Inc.)
using a Perkin Elmer Cetus DNA thermal cycler accord-
ing to the manufacturer’s instructions (Perkin Elmer,
Branchburg, NJ). Total RNA (1 �g per 12 �l of reaction
volume) was reverse-transcribed into cDNA using ran-
dom primers. A 2-minute hot start at 95°C was performed.
Denaturation was performed at 95°C for 30 seconds.
Annealing temperature was 55°C for 30 seconds and
extension was performed at 72°C for 30 seconds. The
reaction was terminated with a 2-minute extension at
72°C. The signal was amplified for 31 cycles of PCR. PCR
products were separated by electrophoresis in a 1.2%
agarose gel (FMC, Rockland, ME) containing 50 ng/ml of
ethidium bromide. PCR products were identified in rela-
tion to a 100-bp to 1500-bp ladder (Promega, Madison,
WI). To verify that the amplified products were from
mRNA and not genomic DNA contamination, reverse
transcriptase was omitted from the reaction, resulting in
no products after PCR amplification.

Immunohistochemical Analysis

Formalin-fixed, paraffin-embedded pterygia (n � 5), nor-
mal limbus (n � 2), and normal conjunctiva (n � 2) were
cut (4 �m thick) and processed for immunohistochemis-
try as previously described.22 After blocking specimens
in swine serum, a goat anti-human HB-EGF antibody
(R&D Systems) was added to each section overnight at
4°C. Sections were extensively washed in 0.05 mol/L of
Tris-buffered saline (pH 7.6) before the addition of sec-
ondary swine anti-goat antibody complexed with horse-
radish peroxidase (DAKO) and the immunoreactivity was
revealed by adding 3-amino-9-ethylcarbazole (Sigma).
Control reactions were achieved by omitting the primary
antibody. Sections were counterstained with hematoxylin.
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Statistical Analysis—Enzyme-Linked
Immunosorbent Assay

The enzyme-linked immunosorbent assay data pre-
sented are means � SEM for triplicate values. Two sam-
ple t-tests were performed to determine significant differ-
ences among control versus treatment groups.

Results

cDNA Microarray Analysis in UVB-Irradiated
PECs

We used a powerful and relatively novel approach to
determine the effect of UVB exposure on differential gene
expression in cultured PECs. The identity of individual

genes corresponding to the spot pairs can be deter-
mined at http://www.clontech.com.

Analysis of the hybridization signals (Figure 1) re-
vealed that nine genes were up-regulated and 36 genes
were down-regulated within 6 hours after UVB treatment.
Twelve hours after irradiation 7 genes were significantly
induced and 42 were down-regulated. Among these
prominent inducible genes were both growth factors and
growth factor receptors (Tables 1 and 2). Of the genes
that were up-regulated by UVB irradiation there were only
three consistently elevated at 6 and 12 hours after irradi-
ation. These genes encode for HB-EGF, fibroblast growth
factor-3, and cytotoxic ligand TRAIL receptor.

RT-PCR

RT-PCR was used to semiquantitate and confirm the
array data. Total RNA was extracted from LECs and PECs
after UVB treatment. Although both cell lines constitu-
tively expressed HB-EGF this growth factor was signifi-
cantly induced in a time course-dependent manner in
pterygium-derived epithelial cells (Figure 2A, lanes 3 to
6). Maximal induction occurred 6 hours after UVB (6.8-
fold) (Figure 2A, lane 4) after the expression was normal-
ized to GAPDH (Figure 2, B and D). In contrast, there was
no significant modulation of HB-EGF mRNA expression in
LEC throughout the same time course (Figure 2C, lanes 2
to 6).

Enzyme-Linked Immunosorbent Assay

Cell supernatants were concentrated and assayed for
HB-EGF by enzyme-linked immunosorbent assay. Cul-
ture medium alone served as a control and contained no

Figure 1. Microarrays for PEC. Nonirradiated PEC (A), 6 hours after UV
exposure (B), and 12 hours after UV exposure (C). The differential gene
expression for HB-EGF is highlighted by arrows.

Table 1. Genes Up-Regulated in PECs 6 Hours after UVB
Exposure Compared to Nonirradiated PECs

Ratio Protein/gene

4.67 Transforming growth factor beta receptor III
precursor (TGF beta receptor III)

4.43 Endothelin 2 (ET2)
4.29 Heparin-binding EGF-like growth factor (HB-EGF)
3.63 Stromal cell-derived factor 1 receptor (SDF1

receptor)
3.54 G-protein-coupled receptor HM74
3.52 Cytotoxic ligand TRAIL receptor
3.15 Fibroblast growth factor 3 (FGF3)
3.15 Endothelin receptor type A (EDNRA; ETA)
3.03 Wnt-13

Table 2. Genes Up-Regulated in PECs 12 Hours after UVB
Exposure Compared to Nonirradiated PECs

Ratio Protein/gene

4.67 Fibroblast growth factor 3 (FGF3)
3.62 Transforming growth factor-beta 3 (TGF-beta3)
3.52 Heparin-binding EGF-like growth factor (HB-EGF)
3.42 Small inducible cytokine A1 (SCYA1)
3.33 Cytotoxic ligand TRAIL receptor
3.26 Frizzled 5
3.07 Leukemia inhibitory factor precursor (LIF)
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detectable HB-EGF. Likewise no detectable HB-EGF was
found in LEC supernatants. However, 43 � 2.2 pg/ml of
HB-EGF was detected in culture medium from nonirradi-
ated PECs, which was significantly increased to 120 �
27.3 pg/ml (P � 0.05) 48 hours after UVB treatment.

Immunohistochemistry

HB-EGF was expressed by the epithelium in all pterygia
specimens analyzed (Figure 3; A, C, and E). HB-EGF was
also associated with endothelial cells in pterygia. HB-
EGF was detected in the epithelium of limbus (Figure
3G), predominately in the superficial layers of the epithe-
lium; however this staining was not as intense as that
exhibited by pterygia. In contrast, little or no reactivity
was detected in normal conjunctiva (Figure 3H).

Discussion

This is the first study to evaluate the production of growth
factors and cytokines in pterygium-derived epithelial
cells after UV exposure using microarray analysis. Of the
three factors that were consistently up-regulated by UVB
irradiation two were growth factors. We focused our in-
vestigation on HB-EGF because of the recently docu-
mented presence of the receptor for this molecule in
pterygium tissue23,24 and the known physiological and
pathophysiological actions of this protein in other tissues.
HB-EGF was first identified as a 20- to 22-kd soluble
glycoprotein that is structurally a member of the EGF
family of growth factors.20 The heparin-binding domain
modulates the biological activity of this protein. Like other
members of the EGF family, HB-EGF is synthesized as a
transmembrane protein (proHB-EGF) and is cleaved at
the plasma membrane to yield a soluble HB-EGF of 75 to
86 amino acids.20,25 HB-EGF is a potent mitogen for
fibroblasts, smooth muscle cells, and keratinocytes, as
well as being an inducer of cell migration.26–29 HB-EGF

has a potential role in physiological wound healing.30 As
proHB-EGF has a growth inhibitory effect,31,32 the pro-
cessing of proHB-EGF means switching to the opposite
activity with respect to growth. HB-EGF is present in
normal skin and has been detected in skin cancers de-
rived from the basal epithelial cell layer, including basal
and squamous cell carcinomas of the skin as well as
other malignancies.33–36

Metalloproteases (MMP) are implicated in the cleav-
age of proHB-EGF and metalloprotease inhibitors (TIMP)
prevent this process.37 The presence of MMP and TIMP
in pterygium is well documented.38–42

The interaction between HB-EGF, MMP, and TIMP in
pterygia is likely to result in the liberation of the soluble
form of HB-EGF from pterygium epithelium. Given the
mitogenic effects of HB-EGF and its ability to stimulate
cell migration it is a likely candidate to promote the cel-
lular growth and migration that is a characteristic factor of
this lesion.

HB-EGF binds to the EGF receptor (EGFR), inducing
phosphorylation and also binds to and stimulates another
EGF receptor family member, HER4.27,28 HB-EGF exerts
its growth-promoting effects through EGFR. Stimulation of
EGFR has been shown to induce a mitogenic response in
many cell types.43 Li and Tseng44 have shown that fibro-
blasts in the conjunctiva, limbus, and cornea all express
EGFR mRNA, but under normal circumstances it is not
abundantly expressed. EGFR-1 is expressed diffusely on
the cell surface of pterygium fibroblasts and is function-
ally active in these cells.24 Fibroblast proliferation within
the subepithelial region is obvious,24 this also suggests
that the proliferative force is highest adjacent to, and
perhaps driven by the pterygium epithelium. EGFR has
been demonstrated in pterygium epithelium and normal
conjunctival epithelium.23 Although there is a high ex-
pression of EGFR in pterygium compared to normal con-
junctival controls, there is also a differential pattern of
EGFR expression within the epithelium. It seems that

Figure 2. RT-PCR analysis for HB-EGF (750 bp) mRNA in UVB stimulated PEC (A) and LEC (C). B and D represent RT-PCR for GAPDH (240 bp) in PEC and LEC,
respectively. Equal amounts of total RNA were reverse-transcribed from both cell types in all lanes. Time points at 0, 2, 6, 12, and 24 hours after irradiation are
represented by lanes 2 to 6, respectively. When no reverse-transcriptase enzyme and no gene-specific primers were included, no PCR product formed (lanes
7 and 8, respectively). A 100-bp ladder (Promega) was run in parallel (lane 1). These results are representative of triplicate experiments in three different cell
lines.
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Figure 3. Expression of HB-EGF in pterygia. Pterygium tissue (A through F), normal limbus (G), and normal conjuntiva (H) were analyzed by immunohisto-
chemistry to determine the expression of HB-EGF. Sections A, C, E, G, and H included the anti-HB-EGF antibody and sections B, D, and F were incubated without
primary antibody and served as controls. All tissue sections were counterstained with hematoxylin. These data are representative of all pterygia examined. Original
magnifications, �600.
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there is EGFR expression throughout the full thickness of
pterygium epithelium compared to a basally located ex-
pression within normal conjunctiva.23 This corresponds
to expression of HB-EGF within pterygia in this study.

HB-EGF is augmented in cutaneous thermal injuries
and the pattern of its epidermal distribution also changes
with this type of insult.45 In normal skin HB-EGF is con-
fined to the basal keratinocytes of the epidermis whereas
there is a more panepithelial distribution after burn inju-
ries. This is a similar pattern to that seen in pterygium and
the possibility exists that HB-EGF may be up-regulated in
response to cell injury after irradiation given the cytopro-
tective actions of HB-EGF in other tissues.46–49

As well as strong staining for HB-EGF in the epithelium
of pterygium, HB-EGF also localizes to the vasculature of
pterygium. HB-EGF is a potent mitogen and migration
factor for vascular smooth muscle cells and promotes
neovascularization in the rabbit cornea.50 HB-EGF seems
to use VEGF as an intermediate to induce mitogenesis of
vascular endothelial cells50 because it is known to be
present in increased amounts in pterygium.14 Pterygium
vasculature also exhibits intense immunoreactivity for
MMP-7,38 which is one of the main contenders postulated
for converting proHB-EGF to HB-EGF.51

Alternate theories of pterygium pathogenesis have fo-
cused on the pterygial fibroblast and the potential for this
cell line to have a transformed phenotype given its ca-
pacity for anchorage-independent growth in culture.52

HB-EGF is a potent growth factor capable of stimulating
altered cell growth and anchorage independence.53

Therefore, HB-EGF may stimulate pterygium fibroblast
proliferation and growth in this disease.

We speculate that the up-regulation of HB-EGF in
PECs after UVB irradiation potentates a role for this
growth factor in the pathogenesis of pterygium. HB-EGF
was detected in the epithelium of pterygium by immuno-
histochemistry and this coupled with the pattern of stain-
ing in normal limbal epithelium strengthens the case for
limbal stem cells being the cell of origin for the pterygial
epithelial cell.5,54
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