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Abstract: Pterygium is one of the most common ocular surface diseases, and characterized by 
inflammatory infiltrates, proliferation, fibrosis, angiogenesis, and extracellular matrix breakdown. 
We investigated the association of polymorphisms in the RHO genes RHOA, RHOB, RHOC, RHOD, 
and RND3 (RHOE). The results of this study demonstrate for the first time the association of RHO 
genes with the pterygium. We displayed that the RHO gene polymorphisms were significantly 
associated with pterygium in the Turkish population. 

Keywords: polymorphism; pterygium; Rho proteins 
 

1. Introduction 

Pterygium, one of the most common eye disorders, is the growth of subepithelial fibrovascular 
tissue starting from the bulbar conjunctiva onto the cornea [1]. It is characterized by an altered basal 
epithelial cell proliferation, vascularization, and invasion of the adjacent corneal epithelium. 
Independent risk factors include age, male sex, rural life, and exposure to sun or ultraviolet (UV) 
light [2]. The pathogenesis of this disease remains unclear, but evidences suggest that UV light is a 
major contributor in the formation of pterygia [3]. Genetic and environmental factors are important 
in the etiology of pterygium. Genetic factors are thought to have a role in the development of 
pterygium, but the most of the molecular mechanisms leading to pterygium are still unknown. 
Pterygium formation impairs vision, limits eye movements, and can cause eye irritation, foreign 
body sensation, and dryness. Currently, surgery is the only effective treatment for pterygium, but 
recurrences are common [4]. Rho proteins are members of the Ras superfamily of small GTPases that 
play critical roles in many cellular processes including actin dynamics, vesicular trafficking, gene 
transcription, cytoskeletal reorganization, cell-cycle progression, differentiation, adhesion, and 
migration [5]. These proteins also contribute to pathological processes such as cancer cell migration, 
invasion, metastasis, fibrosis, inflammation, angiogenesis, and wound repair. Rho proteins consist of 
a family of 20 intracellular signaling molecules including RhoA, RhoB, RhoC, RhoD, and RhoE [6]. 
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Involvement of the genetic variants of RHO genes in pterygium development has not been examined 
yet. Therefore, the purpose of the present study was to investigate possible associations between 
RHO gene polymorphisms and pterygium in a Turkish population. 

2. Experimental Procedure 

A total of 379 patients, diagnosed as pterygium at the Ophthalmology Clinic of the Gaziantep 
University Hospital and 324 unrelated healthy controls, were included to this study. Routine 
ophthalmologic evaluations were performed on all subjects. A control group of age- and 
sex-matched individuals was chosen randomly from a sample of patients admitted to the 
ophthalmology outpatient department for routine ophthalmic examinations, refractive errors, 
blepharitis, conjunctivitis, burning, itching, presbyopia, or senile cataracts. This study was approved 
by the local Ethics Committee. Peripheral venous blood samples (5 mL) were obtained and collected 
in sterile siliconized vacutainer tubes with 2 mg/mL disodium ethylenediaminetetraacetic acid. 
Genomic DNA was extracted from whole peripheral blood samples with salting-out method and 
stored at −20 °C until analysis [7]. Genomic DNAs were analyzed in all patients and controls using 
the dynamic array system (Fluidigm, South San Francisco, CA, USA) as previously described [8]. A 
96.96 dynamic array on the BioMark HD system (Fluidigm, South San Francisco, CA, USA) was used 
for detection of polymorphism. The Digital PCR Analysis software (Fluidigm, South San Francisco, 
CA, USA) was used to process the data after the reaction. In the present study, 15 single nucleotide 
polymorphisms (SNP) were assayed. For calculation of the significance of differences in allele 
frequencies, the Chi-square test (with Yate’s correction) or Fisher’s exact test was used. A statistical 
comparison of two groups was performed with unpaired Student t-test. The original significance 
level was set at a p value of 0.05. Bonferroni correction for multiple testing was used for 
polymorphism studies, and a P value of <0.0033 (0.05/15) was considered statistically significant. 

3. Results 

The mean age and gender of the patients (50.9 ± 12.4 years, 51.5% female) and control (52.1 ± 
14.7 years, 51.9% female) groups were similar (p > 0.05). Table 1 shows the distributions of genotypes 
and alleles between the case and control groups. There were marked associations for the genotype 
frequencies of the RHOA gene rs6784820 polymorphism between the patients and the control group. 
Both genotype and allele frequencies of RHOB gene rs2602160, rs62121967, rs11541350 SNPs, RHOC 
gene rs2306937 and rs11102522 SNPs, RHOD gene rs61891303 and rs7112925 SNPs, and RND3 
(RHOE) gene rs13418763 and rs1441982 SNPs were significantly associated with pterygium. There 
were no marked associations with the other 5 RHO polymorphisms (RhoA gene rs2177268, rs2878298 
SNPs, RhoC gene rs2999156 SNP, RhoD gene rs3923203 SNP, RhoE gene rs1528428 SNP) studied 
(Table 1, p > 0.0033). 

Table 1. Genotype and allele distributions of RHO gene polymorphisms in pterygium patients and 
control groups. 

Gene 
Genotype/Allele Controls n * Pterygium  n * p 

SNP 
RHOA TT/TA/AA 165/118/28 

311 
210/139/30 

379 
0.7834 

rs2177268 T/A 448/174 559/199 0.5122 
RHOA AA/AG/GG 55/205/51 

311 
34/284/61 

379 
0.0024 

rs6784820 A/G 315/307 352/406 0.1333 
RHOA TT/TC/CC 121/154/36 

311 
153/185/38 

376 
0.7864 

rs2878298 T/C 396/226 491/261 0.5681 
RHOB AA/AG/GG 115/123/72 

310 
199/142/25 

366 
<0.0001 

rs2602160 A/G 353/267 540/192 <0.0001 
RHOB GG/GT/TT 311/0/13 

324 
379/0/0 

379 
<0.0001 

rs62121967 G/T 622/26 758/0 <0.0001 
RHOB CC/CA/AA 307/12/0 319 377/0/0 377 <0.0001 

rs11541350 C/A 626/12  754/0  <0.0001 
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RHOC GG/GC/CC 95/146/62 
303 

101/203/74 
378 

0.3135 
rs2999156 G/C 336/270 405/351 0.5252 

RHOC GG/GA/AA 135/128/49 
312 

238/130/10 
378 

<0.0001 
rs2306937 G/A 398/226 606/150 <0.0001 

RHOC TT/TC/CC 165/109/39 
313 

255/105/19 
379 

<0.0001 
rs11102522 T/C 439/187 615/143 <0.0001 

RHOD GG/GC/CC 96/158/45 
299 

127/191/59 
377 

0.8527 
rs3923203 G/C 350/248 445/382 0.0861 

RHOD CC/CT/TT 215/92/1 
308 

371/6/0 
377 

<0.0001 
rs61891303 C/T 522/94 748/6 <0.0001 

RHOD TT/TC/CC 43/233/34 
310 

108/237/32 
377 

<0.0001 
rs7112925 T/C 319/301 453/301 0.0016 

RND3 (RHOE) AA/AC/CC 153/130/29 
312 

182/153/44 
379 

0.6143 
rs1528428 A/C 436/188 517/241 0.5434 

RND3 (RHOE) CC/CT/TT 303/0/0 
303 

286/90/1 
377 

<0.0001 
rs13418763 C/T 606/0 662/92 <0.0001 

RND3 (RHOE) CC/CT/TT 134/132/37 
303 

242/118/18 
378 

<0.0001 
rs1441982 C/T 400/206 602/154 <0.0001 

* Numbers may not add up to total numbers in some cells in the table because of missing values on 
the BioMark dynamic array system. SNP, single-nucleotide polymorphism. 

4. Discussion 

This is the first study to examine the association of the RHO gene polymorphisms with the risk 
of developing pterygium. In this case-control study, we showed that the RHO gene polymorphisms 
were significantly associated with pterygium in the Turkish population. Therefore, RHO gene 
variants could be a risk factor for developing pterygium, and may increase susceptibility to 
pterygium in Turkish patients. 
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