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INTRODUCTION 

The pterygium has been described as an abnormal
mass of fibrovascular tissue that extends from the con-
junctiva onto the cornea (1). The growth of pterygium
has been closely associated with the presence of vas-
cular growth factors (1-3), but the precise etiology re-
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PURPOSE. Pterygium is an invasive and highly vascularized growth, thought to arise from activated
and proliferating limbal epithelial stem cells. Epidemiologic studies have found the increase of ac-
tive angiogenic and epithelial growth factors in pterygia, and implicated that these molecules could
be involved directly or indirectly in the pathogenesis of pterygia as causative factors. The aim of
this study was to investigate the association of polymorphisms of transforming growth factor (TGF)
and vascular endothelial growth factor (VEGF) with pterygium. 
METHODS. A total of 133 pterygium patients and 105 volunteers without pterygium were enrolled in
this study. Polymerase chain reaction based restriction fragment length polymorphism analysis was
used to resolve the TGF-β1-509 and VEGF-460 genotypes. 
RESULTS. There was no significant difference in the allele frequency or genotype of TGF-β1-509 or
VEGF-460 between total pterygium and the control group. No interaction between TGF-β1-509 and
VEGF-460 was found either.
CONCLUSIONS. These results indicate that TGF-β1-509 and VEGF-460 polymorphisms were not high-
ly associated with the pathology of pterygium. However, it may still be worthwhile to continue to
search for angiogenic gene polymorphisms in order to predict the development of pterygium. (Eur
J Ophthalmol 2008; 18: 21-6)
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mains to be determined. A variety of growth factors
have been reported to occur in pterygium tissue (3-5),
and also immunologic phenomena might play a role (6).
Excised pterygia contained lymphocytic infiltration,
mainly T cells, which have been reported to produce
various angiogenic factors (1). Pterygium fibroblasts ex-
press potent angiogenic factors such as basic fibroblast
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growth factor (b-FGF), platelet derived growth factor
(PDGF), vascular endothelial growth factor (VEGF),
transforming growth factor beta (TGF-β), and tumor
necrosis factor α (TNF-α) (1, 2).
TGF-β is a multifunctional cytokine involved in pro- and anti-
inflammatory pathways and is expressed in several cell types.
TGF-β has three isoforms, TGF-β1, TGF-β2, and TGF-β3, of
which TGF-β1 is the predominant isoform found in blood. The
TGF-β1 gene is expressed in endothelial, hematopoietic, and
connective-tissue (7). The functional impact of the TGF-β1
gene polymorphism as well as the TGF-β1 level might con-
tribute to pathogenesis of inflammatory diseases.
VEGF has been shown to play a role in normal and patho-
logic angiogenesis, including connective tissue growth
factor secretion (8) and corneal neovascularization (9).
The role of VEGF in angiogenesis or pterygium is under
investigation. There is increasing evidence for an expres-
sion of VEGF in various vascular tissues in healthy human
adults that normally do not show angiogenesis, such as
healthy corneas (10). It is reported that pterygial tissues
contain increased VEGF levels (11).
The role of TGF-β1 and VEGF polymorphisms in the de-
velopment of pterygium remains unclear. In this study, us-
ing the PCR-RFLP polymorphism method, we aimed at
evaluating whether TGF-β1 or VEGF polymorphisms were
useful markers for predicting susceptibility to pterygium,
and whether the two genes had any interaction on ptery-
gium risk. This is the first survey in this respect.

PATIENTS AND METHODS

Patients

A total of 133 pterygium patients (70 male and 63 fe-
male) were enrolled in the study with ages ranging from
35 to 90 years (mean, 65.3 years). A total of 105 volun-
teers aged 50 years or more without pterygium were en-
rolled as the control group. There were 65 men and 40
women in the control group (ages ranged from 50 to 83
years with an average of 64.5 years). Both pterygium
and control groups were outpatients in our eye depart-
ment and had similar general ocular disease, e.g., senile
cataract, dry eye, presbyopia. This study was carried
out with approval from the Human Study Committee of
the China Medical University Hospital. Informed con-
sent was obtained from all individuals who participated
in this study.

Genotyping methods

Genomic DNA was prepared from peripheral blood by use
of a DNA Extractor WB kit (Wako, Japan). Polymerase
chain reactions (PCR) were carried out in a total volume of
25 µL containing genomic DNA, 2 to 6 pmol of each
primer, 1X Taq polymerase buffer (1.5 mM MgCl2), and
0.25 units of AmpliTaq DNA polymerase (Perkin Elmer,
Foster City, CA, USA). The primers for TGF-β1-509 were
forward 5’-GGA GAG CAA TTC TTA CAG GTG-3’ and re-
verse 5’-TAG GAG AAG GAG GGT CTG TC-3’. The
primers for VEGF-460 were forward 5’-TGT GCG TGT
GGG GTT GAG CG-3’ and reverse 5’-TAC GTG CGG ACA
GGG CCT GA-3’. PCR amplification was performed in a
programmable thermal cycle GeneAmp PCR System
9700 (Perkin Elmer). Cycling conditions for PCR were set
as follows: one cycle at 94 oC for 5 min, 35 cycles of 
94 oC for 30 s, 60 oC for 30 s, and 72 oC for 30 s (TGF-β1-
509) or 60 s (VEGF-460), and one final cycle for extension
at 72 oC for 10 min. The PCR products were further di-
gested with DdeI (TGF-β1-509) and BstUI (VEGF-460),
and then loaded into a 3% agarose gel containing ethidi-
um bromide for further electrophoresis and analyses.

Statistical analyses

To ensure that the controls used were representative of the
general population and to exclude the possibility of geno-
typing error, deviation of the genotype frequencies of TGF-
β1-509 or VEGF-460 SNP in the control subjects from those
expected under the Hardy-Weinberg equilibrium was as-
sessed using the goodness-of-fit test. On the basis of the
observed frequencies of the selected polymorphisms, we
estimated global haplotype frequencies by using the expec-
tation-maximization algorithm (12). Pearson χ2 test or Fisher
exact test (when the expected number in any cell was less
than five) was used to compare the distribution of the TGF-
β1-509 or VEGF-460 genotypes between cases and con-
trols. Data were recognized as significant when the statisti-
cal p value is less than 0.05.

RESULTS

There were no significant differences between control and
pterygium patient groups in age and sex. The frequency
of the alleles for the TGF-β1-509 and VEGF-460 between
pterygium patient and control groups is shown in Table I.
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The distribution of the TGF-β1-509 and VEGF-460 geno-
types in controls was in Hardy-Weinberg equilibrium. Geno-
types containing the C allele at TGF-β1-509 in pterygium
patient group were of the same proportion compared to the
control group (42.1% and 44.8%, respectively), which
means that the T or C allele at TGF-β1-509 was not signifi-
cantly associated with pterygium risk (p>0.05). Similarly, the
T or C allele at VEGF-460 was not differently distributed in
the pterygium patients and control groups (p>0.05). 
The frequency of the genotypes of TGF-β1-509 and
VEGF-460 polymorphisms in the pterygium patient and
control groups is shown in Table II. The crude odds ratios
(ORs) for heterozygotes, homozygotes, a combination of
hetero- and homozygotes for TGF-β1-509 C-allele were
1.08, 0.94, and 0.98 (95% CI = 0.60–1.94, 0.35–1.60,

0.57–1.71), respectively, using TGF-β1-509 T-allele ho-
mozygotes as the reference group. Thus, neither hetero-
nor homozygous of TGF-β1-509 C-allele seemed to be
high risk genotypes for pterygium (Tab. II). Similarly in the
case of VEGF, the ORs for heterozygotes, homozygotes, a
combination of hetero- and homozygotes for VEGF-460 C-
allele were 1.02, 2.89, and 1.09 (95% CI = 0.61–1.72,
0.58–14.51, 0.65–1.82), respectively, using T-allele homozy-
gotes as the reference group. The data showed that neither
hetero- nor homozygotes of C-allele of VEGF-460 seemed
to be risk or protective genotypes, taking homozygous T-al-
lele as reference, for pterygium (Tab. II).
When investigating the gene–gene interaction, there was
still no significant difference (x=4.15, df=5, p>0.05) be-
tween pterygium patient and control groups (Tab. III).

TABLE I - ALLELE FREQUENCIES FOR TGF-509 AND VEGF-460 POLYMORPHISMS IN THE PTERYGIUM AND CONTROL
GROUPS

Allele Cases (%), n=266 Controls (%), n=210 p value  

TGF-509  0.626   
Allele T 154 (57.9) 116 (55.2)    
Allele C 112 (42.1) 94 (44.8)   

VEGF-460   0.573   
Allele T 189 (71.1) 155 (73.8)    
Allele C 77 (28.9) 55 (26.2)   

TABLE II - ASSOCIATION OF TGF-509 AND VEGF-460 POLYMORPHISMS AND PTERYGIUM RISK

Genotype Cases (%), n=133 Controls (%), n=105 Crude OR (95% CI)  

TGF-509      
T/T 41 (30.8) 32 (30.5) 1.00   
T/C 72 (54.1) 52 (49.5) 1.08 (0.60–1.94)   
C/C 20 (15.1) 21 (20.0) 0.94 (0.35–1.60)  

VEGF-460      
T/T 63 (47.4) 52 (49.5) 1.00    
T/C 63 (47.4) 51 (48.6) 1.02 (0.61–1.72)   
C/C 7 (5.2) 2 (1.9) 2.89 (0.58–14.51)  

TABLE III - DISTRIBUTION OF COMBINATION OF TGF-509 AND VEGF-460 POLYMORPHISMS IN THE PTERYGIUM AND
CONTROL GROUPS

Genotype Cases (%) Controls (%) p value   

TGF/VEGF >0.05   
TT/TT 14 (10.5) 17 (16.2)    
TT/TC or CC 27 (20.3) 15 (14.3)    
TC/TT 39 (29.3) 26 (24.8)    
TC/TC or CC 33 (24.8) 26 (24.8)    
CC/TT 10 (7.5) 9 (8.6)    
CC/TC or CC 10 (7.5) 12 (11.4)   
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DISCUSSION

In this paper, TGF-β1, which is thought to play an important role
in bone turnover (13), was firstly investigated its role in ptery-
gium development. Pterygia represent an invasive and highly
vascularized growth, thought to arise from activated and prolif-
erating limbal epithelial stem cells (14). Although the pathogene-
sis is poorly understood, the formation and progression of
pterygia are known to depend on neovascularization (5, 15). In
this context, the homeostasis between angiogenic stimulators
and angiogenic inhibitors may control the overall angiogenesis
(16). Very likely, the development of pterygia is the result of an
unbalanced angiogenic stimulator-to-inhibitor ratio. In this study,
the two proteins important to the angiogenic effects of ptery-
gium development, TGF-β1 and VEGF, were investigated. 
It has been reported that TGF-β can enhance epithelial-to-
mesenchymal transition, downregulate cellular adhesion
molecules, augment expression of metalloproteases, in-
crease tumor cell motility and tumor angiogenesis, and
cause local and systemic immunosuppression, leading tu-
mors to an invasive and metastatic status (17-19). The T al-
lele at -509 of TGF-β1 was associated with an elevated TGF-
β1 level (20). The TGF-β1 gene may be a candidate locus for
susceptibility to numerous diseases. Recently, TGF-β1 gene
polymorphisms have been reported to be associated with in-
creased risk of several human diseases, including en-
dometriosis (21), breast cancer (22), cervical carcinoma (23),
systemic sclerosis (24), rheumatoid arthritis (25), and diabetic
retinopathy (26). In contrast, some literature reported that
there was no obvious association of the TGF-β1 gene poly-
morphisms with other diseases, such as melanoma (27),
Alzheimer disease (28), tuberculosis (29), and periodontitis
(30). In this study, there was no difference between individu-
als with pterygium and normal control groups in their TGF-
β1-509 allele frequencies and genotypes (Tabs. I and II). 
VEGF, a homodimeric, heavily glycosylated, 46–48 kDa pro-
tein, is an important mediator of angiogenesis during em-
bryogenesis, tissue remodeling, and wound healing, as well
as in malignant and other inflammatory diseases of the adult
(31). In the eye, VEGF protein has been detected in normal
vascularized tissues: the conjunctiva, iris, retina, and the
choroid–retinal pigment epithelium complex (32). Recently,
mounting evidence has shown that VEGF is notably in-
creased in pterygia, and the suggestion is that VEGF could
be involved directly or indirectly in the pathogenesis of
pterygia (5, 11). A study in type 1 and 2 diabetics demon-
strated an association of the -460 C-allele with retinopathy
(33). A haplotype analysis of the polymorphic human VEGF

promoter has shown that one or both of +405 and –460
polymorphisms is of functional importance (34). In this
study, although there was no significant difference in the
VEGF T-460C allele frequency or genotype between ptery-
gium patient and control groups (Tabs. I and II), we cannot
exclude the involvement of VEGF polymorphisms in ptery-
gium. A nonsignificant 2.89-fold pterygium risk was associ-
ated with –460 CC homozygotes (Tab. II).
There was no obvious association of TGF-β1-509 or VEGF-
460 with pterygium in this study; however, not only the rela-
tionship between other TGF-β1 or VEGF polymorphisms
and pterygium can be analyzed, but also the association of
the polymorphisms in other genes can be investigated. Fur-
thermore, we can estimate the gene– environment interac-
tion in addition to gene–gene interaction with a larger popu-
lation. Since individual ultraviolet exposure and other
environmental factors known to be related to pterygium are
difficult to be evaluated by questionnaires only, some func-
tional assays are needed so that a comprehensive under-
standing of the development of pterygium can be accessed.
For instance, it is found that there is an association between
GSTM1 null and early onset of pterygium (35), and a
GSTM1-antioxidant capacity assay model can provide more
direct evidence for a causal relationship between GSTM and
early onset pterygium.
In conclusion, pterygium seemed not to be associated
with TGF-β1-509 or VEGF-460, and searching for other
biomarkers will be useful for screening prediction and
gene therapy of pterygium.
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