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INTRODUCTION

Retinopathy of prematurity (ROP) is the chief pro-
liferative vascular disorder leading to visual im-
pairment or complete vision loss in premature neo-
nates as a result of incomplete and abnormal retinal 
vascular development (1). The main pathology in 
ROP is abnormal angiogenesis. During angiogen-

esis extracellular proteinases and their inhibitors 
play important roles in the regulation of endotheli-
al cell matrix (ECM) remodeling. The restructuring 
of ECM by secretion of proteolytic enzymes is one 
of the well-characterized steps of the angiogenic 
program (2) and interconnected with neonatal dis-
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eases such as respiratory distress syndrome (RDS) 
(3), brochopulmonary dysplasia (BPD) (4), as well 
as ROP(5) by responses to tissue injury (6). 

Despite decades of researches on the pathogenesis 
of ROP, we still lack adequate knowledge to pre-
dict in which infants ROP will regress spontane-
ously or progress in spite of reasonable treatment. 
Because of differences in individual responses to 
the treatment, various genetic factors have been 
looked into to understand the etiology of ROP (7). 
The alterations in the regulation or expression of 
the responsible genes might contribute to a genet-
ically determined susceptibility to ROP as shown 
in the monozygotic twin studies (8).  Plasminogen 
activator inhibitor (PAI) is a serine protease in-
hibitor (serpins) (9) and play a central role in ret-
inal angiogenesis. Intravitreal injection of human 
recombinant PAI-1 significantly reduced retinal 
neovascularization in ROP rat model and found 
to inhibit pathologic angiogenesis (10). The PAI-1 
gene contains a common 4G/5G insertion/deletion 
polymorphism that plays an important role in the 
regulation of PAI-1 gene expression (9).

The aim of this study was to investigate the gene 
polymorphism of PAI-1 4G/5G as an important 
risk factor of tissue remodeling and angiogenesis 
within ROP pathophysiology. To our knowledge, 
this study is the first report investigating the asso-
ciation between PAI-1 4G/5G polymorphisms and 
ROP in premature infants.

MATERIAL and METHODS

Patients and controls

The study was performed at the Neonatal Intensive 
Care Unit (NICU) of the both Trabzon Women’s 
and Children’s Hospital and Karadeniz Technical 
University Children’s Hospital, Trabzon, Turkey, 
between June 2010 and June 2011. To investigate 
the genotype distribution of PAI -1 4G/5G gene 
polymorphism, 73 preterm infants with ROP and 
101 controls were enrolled in the study. Our study 

group included neonates with a birth weight of 
less than 1.500 g or gestational age of 32 weeks or 
less and/or selected neonates with a birth weight 
between 1.500 g and 2.000 g or gestational age 
of more than 32 weeks with an unstable clinical 
course, including those requiring cardio-respirato-
ry support. Infants were submitted to fundus ex-
amination using indirect ophthalmoscopy. Before 
ocular examination, 2.5% phenylephrine and 0.5% 
cyclopentolate drops were administered for pupil 
dilatation. The first screening examination was 
conducted on all infants when their chronological 
age was 4-6 weeks. When premature retinopathy 
was not detected, they were re-evaluated within 
2-week intervals until the retinal vascularization 
was complete. Serial eye examinations were per-
formed according to a standard schedule suggested 
by the American Academy of Ophthalmology, the 
American Academy of Pediatrics, and the Ameri-
can Association for Pediatric Ophthalmology and 
Strabismus. ROP stages were determined accord-
ing to the International Premature Retinopathy 
Classification Committee. Stages of retinopathy 
of prematurity are defined by vessel appearance 
at the interface between the vascular and avascu-
lar retinal areas. This interface resembles a line 
for stage 1, a three-dimensional ridge for stage 2, 
and a ridge with neovascularization extending into 
the vitreous gel for stage 3 (Plus disease — as in 
stage 3+ — indicates that two or more quadrants 
of the eye have dilated veins and tortuous arteries 
near the optic disk). The neovascularization can 
progress to form fibrous bands that cause partial 
retinal detachment (stage 4), and ultimately, to-
tal retinal detachment (stage 5). When ROP was 
diagnosed, patients were examined every week 
starting from the beginning of the disease until it 
regressed. Control groups were defined as prema-
ture neonates with no diagnosis of ROP. Neonates 
with congenital anomalies were excluded. All blood 
samples for hematological testing were obtained 
from a peripheral vein during lifetime before any 
blood product transfusion. 
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RESULTS

Of 174 infants included in the study, 73 (41.9%) 
were infants with ROP and 101 (%58.1) were con-
trols with gestational age ranging between 26 and 
35 weeks. The mean birth weight was 1322±431 
g and 1414±313 g in infants with ROP and con-
trol group, respectively. The mean gestational age 
was 29.4±0.8 weeks and 30±1.4 weeks, respective-
ly and the difference was statistically significant 
(p<0.01). There was no statistical difference be-
tween two groups with respect to percentages of 
males, infants undergoing cesarean section, mean 
birth weight, or percentage of infants who were 
born with premature rupture of membranes, chori-
oamnionit and preeclampsia, except their 5th min-
ute Apgar score (Table 1). 

Genotype distributions of PAI-1 4G/5G polymor-
phisms and allele frequency in preterm infants 
with ROP and control groups are shown in Table 
2. There are no differences between the ROP and 
conrtol groups for the proportion of 4G/4G, 4G/5G, 
and 5G/5G genotypes and 4G, 5G allele frequen-
cies (P >0.5). Having PAI-1 4G/4G genotype pol-
ymorphism appears to developed the risk of ROP 
(OR =0.702; 95% CI: 0.300-1.639) less than PAI-1 

DNA extraction and genotyping of the 4G/5G 

polymorphism

We obtained blood samples and genomic DNA with 
informed consent as overseen by the Local Ethical 
Committee of Trabzon Numune Training and Re-
search Hospital. EDTA-blood was collected for DNA 
extracted and genotyping was performed using a 
primer probe set  of  PAI-1 PCR system (Dr. Zey-
danli Life Sciences, Ankara, Turkey) having 5’-3’ 
exonuclease activity. After that, PCR reaction was 
set according to the manufacturer’s instructions.

Statistical methods

Using Statistical Package analyzed the data for 
the Social Sciences (SPSS) 11.5 for Windows (Chi-
cago, Illinois). Values were expressed as mean, 
±SD. Differences between groups were analyzed 
using χ2, Mann-Whitney U, and Kruskal-Wallis 
tests. Unmatched Odds ratio (OR) and 95% con-
fidence intervals (CI) as estimates of the relative 
risk of the allele frequency were calculated in the 
entire study population. The 95% CI were calculat-
ed from a conditional logistic regression algorithm 
using the maximum likelihood method. A p value 
<.0.5 was considered statistically significant.

Table 1  Demographic characteristic of the study group

ROP, retinopathy of prematurity; PROM, premature rupture of the membranes. *Mean.

 Clinical data	 ROP group (n=73)	 Control group (n=101)	 p values
			 

Sex (M/F)	 38/35	 55/46	 .754

Gestational age (weeks ± SD)*	 29.4±0.8	 30±1.4	 <.001

Birth weight (g ± SD)*	 1322±431	 1414±313	 .103

PROM 	 12 (16.4%)	 13 (13%)	 .508

Apgar score <7 (5th minute)	 31 (42.5%)	 14 (14%)	 <.001

Cesarean delivery	 50 (68.5%)	 88 (87.1%)	 .003

Chorioamnionitis	 3 (4.1%)	 0 (0%)	 .041

Preeclampsia	 10 (13.7%)	 8 (9%)	 .318
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although there was no statistically difference be-
tween proportion of 4G/4G, 4G/5G and 5G/5G gen-
otypes and ROP stages (p=6.25) (Table 3) (Figure 
1).

4G/5G polymorphisms (OR =1.064; 95% CI: 0.469-
2.410), though it was not statistically significant. 
The percentages of 4G/4G genotype frequency were 
decreasing as the stages of ROP were increased 

Table 2  Distribution of PAI-1 4G/5G polymorphisms and allele frequency in preterm infants with ROP and control groups

ROP, retinopathy of prematurity; PAI, plasminogen activator inhibitor; OR, odds ratio; CI, confidence interval.

PAI genotype	 ROP group (n=73)	 Control group (n=101)	 OR (95% CI)	 p

PAI-1 4G/4G	 25 (34.2%)	 30 (29.7%)	 0.702 (0.300-1.639)	 >.05

PAI-1 4G/5G	 27 (37.0%)	 49 (48.5%)	 1.064 (0.469-2.410)	 >.05

PAI-1 5G/5G	 21 (28.8%)	 22 (21.8%)	 1	

PAI 4G allel	 77 (52.7%)	 109 (54.0%)	 0.952 (0.621-1.459)	 >0.05

PAI 5G allel	 69 (47.3%)	 93 (46.0%)	 1	

Table 3  Distribution of PAI-1 4G/5G polymorphisms among stages of ROP

ROP, retinopathy of prematurity; PAI, plasminogen activator inhibitor; OR, odds ratio; CI, confidence interval.

ROP stage (n)	 4G/4G (n=25)	 4G/5G (n=27)	 5G/5G (n=21)	 p

Stage 1 (18)	 8 (44%)	 7 (38.9%)	 3 (16.7%)	 .374

Stage 2 (29)	 9 (31%)	 11 (37.9%)	 9 (31%)	 .829

Stage 3 (23)	 7 (30.4%)	 9 (39.1%)	 7 (30.4%)	 .897

Stage 4 (3)	 1 (33.3%)	 0 (0%)	 2 (66.7%)	 .257

Figure 1  Percentages of PAI 1 4G/5G gene polymorphisms according to stage of ROP.
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by PAI-1. PAI-1 a member of the serpin super-
family whose primary function is the inhibition of 
plasminogen activator by internalizing uPA/uPAR 
complex and thought to play a role in the regula-
tion of angiogenesis (18,19). Recently, it has been 
speculated that genetic factors may affect in ROP 
development either by changing expressions of 
critical genes who were mentioned above (12, 20, 
21) by acting as accomplice at pathogenesis and it 
is possible that the combined effects of those poly-
morphisms may differ in susceptibility to develop-
ment of severe ROP.  However, scientist has failed 
to show significant association between VEGF, 
IGF-1 or Norrie disease gene polymorphisms with 
ROP, respectively(13). Since the PAI-1 is a critical 
control protein in ECM remodeling and angiogen-
esis in ROP pathogenesis, the absence of associa-
tion between the gene polymorphisms of previous 
candidate genes and ROP might be because of the 
probable diverse expression of PAI gene in the an-
giogenesis cascade of the individuals. 

The 4G/5G polymorphism at 675th basepairs of the 
5’ start site of transcription in the PAI-1 promoter 
has been identified, which relates to the assorted 
circulating PAI-1 concentrations (22). The func-
tional nature of this mutation is that the 5G allele 
binds both to a transcription and to a repressor fac-
tor, whereas the 4G allele only binds the transcrip-
tion factory (23). In vitro experiments have shown 
that the 4G allele produces more PAI-1 RNA than 
the 5G allele and presence of the homozygous 4G 
state was associated with higher PAI-1 level (24, 
25) which could lead to inhibition of pathologic 
angiogenesis (19,26).  We expected inhibition of 
pathologic angiogenesis due to higher PAI levels 
would be leaded by decreased ROP risk in 4G/4G 
homozygote neonates. In our study, we found PAI-
1 4G/4G genotype was less likely to develop ROP 
compared to PAI-1 4G/5G genotype, though it was 
not statistically significant. To our knowledge, our 
study is the first report to investigate the associ-
ation of PAI-1 gene polymorphisms on retinal an-

DISCUSSION

Retinopathy of prematurity remains a significant 
cause of morbidity among preterm infants world-
wide. Even in developed countries screening pro-
grams and interventions aimed to prevent and 
treat the ROP, it still accounts for 3% to 11% of 
blindness in children (11). Therefore, in this study 
we aimed to investigate promising underlying ef-
fect of PAI-1 4G/5G gene polymorphism within 
ROP infants.

Of the numerous risk factors that have been inves-
tigated, gestational age and birth weight remain 
the most important. Taking into account the effect 
of gestational age and the duration of supplemen-
tal oxygen use, the investigators showed that 70% 
of the variance in susceptibility to ROP was the 
result of genetic factors alone (13). In our study, we 
found statistically significant lower mean gesta-
tional age within ROP infants compared to control 
group  in consistent with the literature that it’s 
expected to have a higher risk of developing ROP 
as infants who were born at a lower gestational 
age (14,15) (Table 1). Studies evaluating polymor-
phisms in specific candidate genes, such as vascu-
lar endothelial growth factor (VEGF), have also 
demonstrated an association between sequence 
variations and severity of ROP (12,16). However, 
the literature was lack of study which investigates 
the genetic susceptibility in the pathogenesis of 
ROP in association with PAI-1 gene polymor-
phism. Premature neonates are exposed to higher 
oxygen levels in the early stages of retinal vascular 
development. This hyperoxia down regulates the 
essential angiogenic factors those are necessary 
for the growth of the vasculature. This results in 
a vaso-obliterative phase and has seen in neonates 
born at early gestational ages about 30-32 weeks 
(1,17). The mean gestational age of our ROP group 
was 29.4±0.8 week. 

The activity of urokinase-type plasminogen activa-
tor (uPA) and the surface expression of the uPA/
uPA receptor (uPAR) complex is tightly regulated 
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