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The intention of our retrospective study was to determine
whether vascular endothelial growth factor (VEGF) genetic poly-
morphisms are associated with risk for proliferative retinopathy
of prematurity (ROP), a condition that is characterized by ab-
normal retinal neovascularization and can lead to retinal detach-
ment and result in blindness. We enrolled 86 very low birth
weight infants (birth weight �1500 g) who had been treated with
cryo/laser therapy because of the risk for proliferative ROP
(treated group). Their VEGF T�460C and G�405C genotypes
were determined from dried blood samples and were compared
with VEGF genotypes of 115 VLBW infants who were not
treated with cryo/laser therapy (untreated group). We found that
the allele frequency of VEGF �405C was higher in the treated
group than in the untreated group (0.30 versus 0.41; p � 0.05).
The likelihood of being treated for ROP was higher in heterozy-
gous and homozygous carriers of VEGF �405C alleles [odds

ratios adjusted for risk factors of ROP (95% CI): 2.00 (1.02–
3.92; p � 0.04) and 3.37 (1.17–9.65; p � 0.007), respectively].
VEGF �460TT/�405CC haplotype was more prevalent in the
treated patients than in the untreated patients (13 of 86 versus 1
of 115; p � 0.001), and the association remained significant (p �
0.01) even after the adjustment for risk factors of ROP (gesta-
tional age, supplemental oxygen therapy, and gender). These
findings suggest that the VEGF genotype may be associated with
risk for proliferative ROP in VLBW infants. (Pediatr Res 57:
396–398, 2005)
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ROP, retinopathy of prematurity
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Retinopathy of prematurity (ROP) is a retinal vascular disease of
neonates who are born prematurely. Whereas milder forms of
ROP evolve in the majority of extremely preterm neonates
(�90%), the more severe (i.e. proliferative) form of ROP affects
5% of infants (1). ROP is characterized by the abnormal devel-
opment of the vessels in the back of the eye and can cause retinal
detachment and result in permanent blindness.

The first phase of ROP is due to the sudden postnatal increase
of tissue oxygen tension. As a result, the normal in utero devel-
opment of retinal vasculature ceases, even with some loss of the
developed vessels. The second phase develops at approximately

the 34th postconceptional week. It is hypoxia driven and charac-
terized by retinal neovascularization (2).

The presence of vascular endothelial growth factor (VEGF) is
necessary for normal in utero retinal angiogenesis. During the first
phase of ROP, the retinal synthesis of VEGF decreases; during the
second phase, the inadequate retinal oxygenation triggers abnor-
mal angiogenesis and acts as a survival factor for newly formed
abnormal retinal vessels (3,4). The importance of VEGF in the
development of ROP is supported by a number of experimental
and clinical data. Increased VEGF synthesis and high levels were
observed in hypoxic retina (5,6), whereas in other experiments,
the inhibition of VEGF prevented retinal ischemia-associated
neovascularization (7,8).

The VEGF gene is highly polymorphic, with registered poly-
morphic loci numbering �70 (NCBI, gene accession nos.
AF095785 and AF437895). Of those, the significance of several
polymorphisms has been suggested in different disorders. Recent
studies revealed that haplotypes of single-nucleotide polymor-
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phisms (SNPs) at site �460 (T�460C) and �405 (G�405C) are
associated with diabetic retinopathy (9,10), possibly through their
effect on the inducibility of VEGF synthesis (11,12). Assuming
that VEGF plays a central role in abnormal retinal angiogenesis
both in diabetic retinopathy and in ROP, we tested whether these
VEGF SNPs are associated with the risk for proliferative ROP of
very low birth weight (VLBW) infants.

METHODS

Patients. Each patient had been born with VLBW (birth weight �1500 g)
between 2000 and 2003. They were treated at the participating neonatal
intensive care unit centers: the Ágost Schöpf-Mérei Institute of Obstetrics, the
1st Department of Gynecology and Obstetrics, and the 2nd Department of
Gynecology and Obstetrics, Semmelweis University, Budapest. At the begin-
ning of therapy at the neonatal intensive care unit, informed consent of the
parents was obtained to collect dried blood samples from their infants for
diagnostic and scientific purposes. An Independent University Ethical Com-
mittee approved our retrospective study (license no. 13/2003).

The treated group consisted of infants (n � 128) who underwent cryother-
apy/photocoagulation because of the high risk for proliferative ROP (Table 1).
The risk for proliferative ROP was assessed, and therapy was based on the
recommendations of two of three consulting neonatal ophthalmologists, in line
with the guidelines of the 2nd Department of Ophthalmology, Semmelweis
University. The maximal stage of ROP was based on an international classi-
fication system (13). Dried blood samples were available for 92 infants,
including 80 single infants and 6 pairs of twins. Of the twins, only one sibling
with the more severe maximal stage of ROP was enrolled, bringing the number
of treated patients in the study to 86. The stage of ROP in this group was 2 with
plus symptoms (2-plus) in 19 of the infants, 3 in 52 of the infants, 4 in 6 of the
infants, and 5 in 9 of the infants.

For the control (untreated) group, we enrolled 145 VLBW single infants who
had not undergone cryotherapy/photocoagulation (Table 1). These infants were
randomly selected from institutional registries. Dried blood samples were available
for 75 infants with ROP stages 0–1 and 40 infants with maximal ROP stage 2.

Gestational age and birth weight were the same for treated and untreated
infants; however, the boy:girl ratio tended to be higher in the treated group than
in the untreated group (p � 0.12; Table 1).

Genotyping. DNA was extracted from filter papers with an extracting agent
(Chelex; BioRad, Germany) according to the manufacturers’ instructions.
VEGF T�460C SNP was determined by real-time PCR quantification using
fluorescence resonance energy transfer hybridization probes on a Light Cycler
system (Roche Diagnostics, Mannheim, Germany). Primers and probes were as
follows: forward primer 5'-AGACGGCAGTCACTAG-3', and reverse primer
5'-AATATTGAAGGGGGCAG-3'; one probe (5'-AGCGGGGAGAAGGC-
CAGGG-3') was labeled at the 5' end with the Light Cycler Red 640 fluoro-
phore, and the other one (5'-TGTGGGGTTGAGGGCGTT-3') was labeled at
the 3' end with fluorescein (Tibmolbiol, Berlin, Germany).

VEGF gene G�405C SNP was detected with a restriction fragment length
polymorphism method by BsmF I digestion (New England Biolabs, Beverley,
MA) of the 197-bp length PCR product, amplified by the following primers:
forward 5'-CCGACGGCTTGGGGAGATTG-3' and reverse 5'-CGGCGGTCAC-
CCCCAAAAG-3'. The condition of PCRs was as follows: 30 s at 94°C (dena-
turing), 60 s at 60°C (annealing), and 30 s at 72°C (extension) for 40 cycles. PCR
products were separated on 3% agarose gels and visualized under UV illumination.

Data analysis. Hardy-Weinberg equilibrium of VEGF �406 and �405
SNPs was calculated using Harlequin-software (http://anthropologie.unige.ch/
arlequin/). For statistical analysis, �2 test was used to compare allelic and
genotype frequencies in infants with treated and with nontreated ROP. Logistic
regression analysis was used for the analysis of the association between VEGF
genotype and haplotype and need for cryotherapy/photocoagulation. The as-
sociation was adjusted for gender, length of supplemental oxygen therapy, and
gestational age, all proven risk factors of ROP (1).

RESULTS

The prevalence of VEGF �460C and �405C alleles in untreated
infants was similar to healthy reference values in adults, according
to other publications (11,12). Both genotypes were in Hardy-
Weinberg equilibrium, irrespectively of ROP treatment.

The prevalence of VEGF �460C allele did not differ in infants
with treated and in those with nontreated ROP (Table 1). The
prevalence of VEGF �405C allele was higher in treated than in
untreated infants (p � 0.05). The heterozygous and homozygous
carrier state of VEGF �405C alleles presented an independent risk

Table 1. VEGF genetic polymorphisms in preterm infants who were treated with cryotherapy/photocoagulation because of risk for severe
ROP

Infants who were not treated with
cryotherapy/photocoagulation

Infants who were treated with
cryotherapy/photocoagulation

Patients [n (boys/girls)] 115 (60/55) 86 (55/31)
ROP stage (no. of patients)

0–1 75
2 40
2� 19
3 52
4 6
5 9

Gestational age at birth (wk) 29.2 � 2.9 28.5 � 2.0
Birth weight (g) 1200 � 270 1160 � 300
Days on supplemental oxygen therapy 7 (0–47) 15 (0–92)
VEGF T460C genotype

Prevalence of �460C allele 0.47 0.41
Prevalence of VEGF T�460C genotype (%)

TT 24 31
TC 53 55
CC 23 14

VEGF G�405C genotype
Prevalence of �405C allele 0.30 0.41*
Prevalence of VEGF G�405C genotype (%)

GG 48 35
GC 46 48
CC 6 17†

Birth weight and gestational age are presented as mean � SD; length of supplemental oxygen therapy is indicated as median (range).
* OR, Adjusted for gender, length of oxygen supplementation, and gestational age (95% CI) for VEGF �405C carriers: 2.00 (1.02–3.92); p � 0.045.
† Adjusted OR (95% CI): 3.37 (1.17–9.65); p � 0.011.
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factor [adjusted odds ratios (OR) (95% CI): 2.00 (1.02–3.92; p �
0.045) and 3.37 (1.17 -9.65; p � 0.011), respectively; Table 1].

The results of haplotype analysis are summarized in Table 2.
VEGF �460TT/�405CC haplotype was associated with in-
creased likelihood of treatment against proliferative ROP even
after the adjustment of the association on gestational age,
supplemental oxygen therapy, and gender [OR (95% CI): 16.2
(1.96–134); p � 0.01]. To the contrary, VEGF �460TT/
�405GG decreased the likelihood, although the strength of
association just met the level of significance [adjusted OR
(95% CI): 0.25 (0.06–1.10); p � 0.067; Table 2].

DISCUSSION

Our results suggest that the VEGF G�405C genotype of
VLBW infants is associated with the risk for ROP requiring
cryotherapy/photocoagulation. Whereas carriers of �460TT/
�405CC haplotype may be at increased risk for proliferating
ROP, �460TT/�405GG haplotype seems to be preventive
against the disease. The association between VEGF haplotype
and ROP is probably independent of gender, supplemental
oxygen therapy, and gestational age, which are verified risk
factors for the disease (2). At the evaluation of these findings,
however, one should take into account the relatively small size
of the enrolled populations, which limits the conclusions that
can be drawn from the results of our study.

Similar to our findings, Awata et al. (9) and Stevens et al. (12) also
found that the risk for diabetic retinopathy is associated with some
haplotypes of VEGF T�460C and VEGF G�405C SNPs. Our results
confirm the association of VEGF genotypes in VLBW infants with
risk for ROP requiring cryotherapy/photocoagulation.

It is tempting to speculate that the association between
VEGF genotype and ROP risk is the result of increased VEGF
production. Awata et al. (9) measured the highest VEGF serum
levels in patients who are homozygous for VEGF �405C alleles.
Watson et al. (11), however, saw the opposite results while
investigating lipopolysaccharide-induced leukocytes, demonstrat-
ing the highest VEGF levels in individuals with �405GG geno-
type. This apparent inconsistency between studies may be caused
in part by different methods and experimental models.

It is also conceivable that the observed association is not directly
related to VEGF production capacity. The VEGF gene is located near
the MHC region on chromosome 6. The genes of several proteins that
are possibly implicated in retinopathy [e.g. heat shock protein 70 (14),
tumor necrosis factor-� (15)] are also located here. Therefore, it is
possible that the observed association between treated ROP and
VEGF gene genotype is the result of linkage disequilibrium with
other neighboring, still undefined gene mutations.

In conclusion, we observed a high prevalence of VEGF
�405C allele and VEGF �460TT/�405CC haplotype in VLBW
infants who were treated with cryotherapy/photocoagulation
because of risk for proliferative ROP. These findings suggest
that testing of these VEGF SNPs would provide valuable
information for the risk assessment of ROP.
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Table 2. Most prevalent haplotypes of VEGF T�460C and G�405C
polymorphisms in infants with and without proliferative retinopathy

(ROP and control group, respectively)

VEGF T�460C/G�405C haplotype

Infants who
were not treated

with
cryotherapy/

photocoagulation
(%; n � 115)

Infants who
were treated

with
cryotherapy/

photocoagulation
(%; n � 86)

�460CC/�405GG 12 13
�460CC/�405GC 8 1
�460CC/�405CC 3 0
�460TC/�405GG 24 17
�460TC/�405GC 26 35
�460TC/�405CC 3 2
�460TT/�405GG 11* 5
�460TT/�405GC 12 12
�460TT/�405CC 1 15†

* Adjusted OR (95% CI): 0.25 (0.06–1.10); p � 0.067.
† Adjusted OR (95% CI): 16.2 (1.96–134); p � 0.01.
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