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ABSTRACT: The aim of the study was to assess the association
between bronchopulmonary dysplasia (BPD) and polymorphisms of
genes coding for vascular endothelial growth factor (VEGF), trans-
forming growth factor (TGF-�1), insulin-like growth factor (IGF-1),
and 5,10-methylenetetrahydrofolate reductase (MTHFR). A sample
of 181 newborns with mean gestational age of 28 wk was prospec-
tively evaluated. Molecular analysis of TGF-�1 �800G�A,
�509C�T, 10T�C, 25G�C, VEGF �460T�C and 405G�C and
MTHFR 677C�T polymorphisms were performed and the number
of CA repeats in the promoter region of IGF-1 gene was assessed.
The frequency of all TGF-�1, IGF-1, and MTHFR polymorphisms,
as well as the frequency of VEGF 405G�C polymorphism was
similar in all groups. The newborns with �460TT and �460CT
genotypes were significantly overrepresented in the BPD groups
compared with the no BPD group. Multivariate analysis revealed that
carrying T allele increased the risk of BPD by 9% (95%CI: 2–14%)
above the baseline risk established for given gestational age, length
of oxygen therapy, and sex. Based on our data from a single center,
we propose that VEGF �460T�C polymorphism may influence the
risk of BPD. (Pediatr Res 64: 682–688, 2008)

An increase in survival of extremely preterm infants has been
associated with an increased incidence of bronchopulmo-

nary dysplasia (BPD) (1), which has become a major clinical
challenge because of its serious health consequences. Surviv-
ing infants with BPD are at higher risk for recurrent respira-
tory infections, bronchial hyperreactivity, repeated hospital-
izations, and neurodevelopmental abnormalities (1,2).

The current consensus is that BPD is a complex disease: the
interaction of a susceptible host with a multitude of external
risk factors underlies its pathogenesis. It is still unclear why
BPD progresses to severe disease in one group of very low
birth weight (VLBW) infants but regresses spontaneously in
other infants with similar clinical characteristics. This differ-
ence in BPD development may result from differences in
reactions to inflammatory stimuli and varied ability to tolerate
oxidative stress and inflammation. Genetic foundations for the
development of BPD are implicated in twin studies, which
reveal highly significant concordance rates for BPD: 3.69-fold
in monozygotic and 1.4-fold in dizygotic twins (3).

The criteria for selection of BPD candidate genes in the
present study were their potential involvement in angiogenesis

and alveolarization regulating mechanisms, as well as their
involvement in free radical elimination.

The first factor worth examining is vascular endothelial
growth factor (VEGF). VEGF is a relatively specific endothe-
lial cell mitogen that regulates endothelial cell differentiation
and angiogenesis, and plays a central role in vascular repair.
VEGF has multiple roles in vascular development and main-
tenance and is essential for the formation of embryonic vas-
culature (4,5). The absence of VEGF results in impaired fetal
lung microvascular development. The VEGF gene is also a
good candidate because there are a considerable number of
known polymorphisms (6,7), some of which are associated
with altered VEGF production (6,8–10). Awata et al. (9) has
shown (in vivo) that VEGF serum levels are significantly higher
in �405CC carriers than in those with other genotypes of the
same polymorphism. This finding is consistent with data pre-
sented by Lambrechts et al. (10) (in vitro). The authors found
that the �405G allele reduces internal ribosome entry site
mediated VEGF expression and also reduces translation of the
large L-VEGF isoform. Watson et al. (7) observed a signifi-
cant correlation between lipopolysaccharide-stimulated pe-
ripheral blood mononuclear cell VEGF protein production and
the genotype for the �405 polymorphism (�405G carriers
showed higher VEGF production). This information has been
confirmed by Stevens et al. (8).

As interstitial fibrosis in the lungs plays a key role in the
pathogenesis of BPD, transforming growth factor-� (TGF-�)
seems to be another likely candidate for selection. Recent data
have shown that TGF-� is involved in adult pulmonary fibro-
sis and inhibition of branching morphogenesis in embryonic
lung development. Animal models have revealed that overex-
pression of TGF-�1 induces pathology that closely resembles
that seen in human neonates with BPD (11).

IGF (IGF-1) is also involved in growth and injury repair
processes in many organs, including the lungs. IGF-1 expres-
sion is altered by inflammatory cytokines and oxidants. How-
ever, the correlation between abnormal lung growth and mat-
uration and the local production of IGF-1 has been poorly
explored in humans (12,13).

As BPD is still classified as a free radical disease, the
second possible group of candidate genes is of those coding
for molecules involved in free radical elimination. One of the
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systems acting as free radical scavengers is the homocysteine-
methionine metabolic complex. The activity of the system
strongly depends on remethylation of homocysteine to methi-
onine. 5,10-Methylenetetrahydrofolate reductase (5,10-
MTHFR) is an enzyme, which catalyzes the reduction of
5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate,
the major methyl group donor for the conversion of homocys-
teine to methionine. In individuals homozygous for the
677C�T polymorphism, specific 5,10-MTHFR enzyme activ-
ity is reduced to approximately one third. In addition, the
5,10-MTHFR enzyme is more unstable than the normal iso-
form. In consequence, the plasma homocysteine level almost
doubles. There is now firm evidence that an elevated plasma
homocysteine level is an independent risk factor for many
diseases, including cardiovascular diseases (vascular throm-
bosis, myocardial infarctions, strokes), neurodegenerative dis-
eases (Alzheimer and Parkinson disease), neural tube defects,
and carcinomas (particularly colon carcinoma). We chose the
5,10-MTHFR gene as a candidate gene for BPD, because
numerous studies have demonstrated the correlation between
hyperhomocysteinemia and increased production of reactive
oxygen species and oxidant stress (14–16).

The main objective of the study was to assess genetic risk
factors for BPD development by analyzing its association
with polymorphisms of the following candidate genes:
VEGF, TGF-�1, IGF-1, and 5,10-MTHFR.

METHODS

Patients. A prospective study was conducted in the Neonatal Intensive
Care Unit of the Polish-American Children’s Hospital between May 21, 2003
and October 31, 2006. The entry criteria were: 1) preterm birth at 24–32 wk
gestational age; 2) birthweight �1500 g (VLBW); and 3) a need for mechan-
ical ventilation or noninvasive respiratory support (nasal continuous positive
airway pressure—nCPAP) during the first 3 d of life. Children with major
congenital defects were excluded from the study.

Detailed perinatal history (birth weight, gestational age, Apgar score at 1,
and 5 min after birth) and history of treatment in the referral hospital
(mechanical ventilation, oxygen therapy, surfactant treatment, diagnoses)
were taken on admission. Gestational age assessment was performed by two
physicians based on the Ballard scale. A discrepancy of 3 wk or more between
the two assessments excluded the newborn from the study. The study had
been approved by the Ethics Committee of Jagiellonian University, Faculty of
Medicine.

Laboratory evaluation. After obtaining informed consent from the parents,
one blood sample (0.3 mL) was collected from each patient. Subsequently,
DNA was extracted from the peripheral leukocytes by means of a QIAamp DNA
Blood Mini Kit (QIAGEN). Appropriate DNA fragments of the 5,10-MTHFR
gene (GenBank accession number NM005957), TGF-�1 gene (GenBank acces-
sion number �05839), VEGF gene (GenBank accession number M63971), and
IGF-1 gene (GenBank accession number AY260957) were amplified using PCR
and analyzed using either PCR-RFLP, DHPLC (denaturing HPLC), or direct
sequencing. Table 1 presents details on the techniques used.

After interim analysis (May 2004), VEGF, TGF-�1, and IGF-1 serum
concentrations were additionally measured in the 2nd and 4th week of life to
assess the functional role of the gene polymorphisms. Blood samples were
drawn (0.4 mL), centrifuged, and the serum frozen at �70°C until the time of
testing. Growth factor concentrations were measured using commercially
available kits based on the ELISA method (R&D System, Minneapolis, USA).
The measurements were performed according to instructions provided by the
manufacturer. The samples were coded by a person not involved in the
clinical part of the study and the assays were anonymous.

Outcome variables. Scheduled examinations were performed on all pa-
tients. The procedures of oxygen therapy in the examined group were
consistent throughout the study with the goal of maintaining Hb saturation
between 88 and 96%. BPD severity was graded according to criteria proposed
by Jobe and Bancalari (17). Four cohorts of children were identified based on
examination at age 36 wk post conception or on discharge. Mild BPD was

defined as a need for supplemental oxygen for � or � 28 d, but not at 36 wk’
postmenstrual age (PMA) or discharge. Moderate BPD was defined as a need
for supplemental oxygen for � or � 28 d plus treatment with �30% oxygen
at 36 wk’ PMA. And, severe BPD as a need for supplemental oxygen for �
or � 28 d plus � or � 30% oxygen supplementation and/or positive pressure
at 36 wk’ PMA. Infants treated with oxygen �21% and/or positive pressure
for nonrespiratory disease (e.g., central apnea or diaphragmatic paralysis)
were not included in the BPD group unless they also developed parenchymal
lung disease and exhibited clinical features of respiratory distress. Treatment
with oxygen �21% and/or positive pressure at 36-wk PMA due to an “acute”
event was not a criterion for BPD. The evaluation of oxygen requirement was
performed by a staff member blinded to biochemical and molecular studies
results.

Statistical methods. Comparison between the groups was performed using
t test, Kruskal–Wallis test, or Fisher’s exact test, as appropriate. Next,
different factors (gestational age, length of oxygen therapy, PDA, surfactant
treatment, length of parenteral nutrition, intraventricular hemorrhage) associ-
ated with BPD in univariate analyses were entered as covariates for logistic
regression analysis. Logistic regression was used to estimate odds ratios for
developing BPD, depending on VEGF �460C�T genotype, and controlling
for confounding variables. Statistical significance was defined at the two sided
p � 0.05 level. Data were analyzed using SAS Software (2006 by SAS
Institute Inc., Cary, NC).

If a study tests more than one hypothesis, the probability of finding at least
one test to be statistically significant due to chance, and to incorrectly declare
a difference to be valid (type I error) increases. Our study evaluated eight
different SNPs. Had no correction been applied, the multiple testing would
have increased the probability of type I error to 0.3366 (33.66%). Correction
for the multiple tests was therefore performed using Sidak’s adjustment for
correlated variables. First, a matrix of the correlations between the different
SNPs was generated, and the mean correlation computed.

An online calculator, found at: http://www.kursus.kvl.dk/shares/vetgen/_
Popgen/genetik/applets/kitest.htm, was used to test for deviation from the
Hardy-Weinberg equilibrium in samples of no BPD (control) and BPD
patients.

Sample size estimations were difficult to perform with only limited infor-
mation on the polymorphism frequencies in the studied population of preterm
babies, and on the exact nature of their clinical effect.

Sample size estimations were based on the assumption that the frequency
of common alleles ranged between 50–90%. The inclusion criteria were
established in such a way as to ensure approximately 50% prevalence of BPD
in the studied population, with the aim of obtaining a similar number of cases
and controls (i.e., a case–control ratio of 1). We calculated that if the
frequency of common alleles differed by 15% in the BPD group, we would
have an 80% chance of detecting this difference (with probability of type I
error; two-sided test � � 0.05) with 90 infants in each group (total 180
infants). Sample size calculation was performed using PS Power and Sample
Size Calculations software (Version 2.1.30, February 2003, http://
www.mc.vanderbilt.edu/prevmed/ps/index.htm).

RESULTS

One hundred eighty-one newborns were included in the study
(90 boys and 91 girls). The study population was homogenous; it
included only whites, all children were born of Polish parents.
The mean birth weight was 1054 g (SD: 233), and the mean
gestational age was 28.1 wk (SD: 2.39). The majority of
pregnancies terminated with abrupt deliveries. Only 64 (35%)
mothers received antenatal steroids. A considerable percent-
age of neonates (41%) were born by vaginal delivery. As
many as 148 (82%) newborns required mechanical ventilation
during the first 3 d of life. Mechanical ventilation lasted 20 d
(median) and oxygen therapy lasted 41 d (median). Sixty-
seven (37%) newborns received surfactant treatment.

During the follow-up period, BPD was diagnosed in 118
(65%) infants, including 58 (32%) children with mild disease,
23 (13%) with moderate and 37 (20%) with severe BPD.
Sixty-three babies served as a control group (no BPD).

Groups were similar regarding the use of antenatal steroids,
sex, Apgar score, and mode of delivery. The infants in the BPD
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group were of lower birthweight and gestational age. As shown
in Table 2, more infants in the BPD group received surfactant
treatment, had persistent ductus arteriosus, intraventricular hem-
orrhage, and necrotizing enterocolitis (grade II or III according
to Bell’s classification) (all p � 0.05). Moreover, infants in the
BPD group received more days of ventilation, oxygen, paren-
teral nutrition, and/or postnatal steroids (all p � 0.05).

The allele frequencies of all studied polymorphisms re-
mained within the Hardy-Weinberg equilibrium (detailed data
on request). The allele frequencies of all TGF-�1, IGF-1, and
5,10-MTHFR gene polymorphisms were similar in all groups
(detailed data on request). The frequency of the VEGF

405G�C polymorphism was also similar in all groups. The
carriers of the polymorphic allele �460 T were significantly
overrepresented in all the groups of BPD newborns compared
with the control group (48.7 versus 35.7%; OR: 1.71: 95%
CI:1.1–2.7) (Table 3). Moreover, this carrier state was an
independent risk factor (Table 4). Multivariate analysis
showed that carrying the T allele increased the risk of BPD by
about 9% (95%CI: 2–14%) from the baseline risk (as esti-
mated by gestational age, length of oxygen therapy and sex—
Figs. 1–2). The risk of BPD was lowest in the babies homozy-
gous for the �460 C allele (adjusted OR: 0.147: 95% CI:
0.03–0.86, adjusted for multiple testing p � 0.048). The

Table 1. Techniques used to evaluate gene polymorphisms

Genetic polymorphism Sequences of the primers
Annealing

temperature (°C)
Genotyping method used

(restriction enzyme)

677C�T, 5,10-methylene-tetrahydrofolate
reductase gene

Forward: CTGACCTGAAGCACTTGAAGG 58°C PCR-RFLP (HinfI)
Reverse: AGTGATGCCCATGTCGGT

�800G�A, TGF-�1 gene Forward: TCTACAGTGGGGCCGACC 60°C PCR-RFLP (TaiI)
Reverse: AGAAAGGACAGAAGCGGTGC

�509C�T, TGF-�1 gene Forward: GCACCGCTTCTGTCCTTTCT 60°C PCR-RFLP (Eco57I)
Reverse: GAGGGTGTCAGTGGGAGGAG

10T�C, TGF-�1 gene Forward: TCCGGGCTGCGGCTGGAG 64°C PCR-RFLP (AluI)
Reverse: GGCCGCGGATGGCCTCGA

25G�C, TGF-�1 gene Forward: GGCCCTCCTACCTTTTGCC 62°C PCR-RFLP (FauI)
Reverse: GCTTGGACAGGATCTGGCC

405G�C, VEGF gene Forward: TGCCATTCCCCACTTGAATC 60°C PCR-RFLP (BsmFI)
Reverse: GAAGCGAGAACAGCCCAGAA

�460T�C, VEGF gene Forward: TGGAGCGAGCAGCGTCTTCG 56°C Direct sequencing
Reverse: CAGGGCCTGAGAGCCGTTCC

CA promoter tandem repeat
polymorphism, IGF1 gene

Forward: GCTAGCCAGCTGGTGTTATT 58°C DHPLC fragment length screening,
direct sequencingReverse: CTAGGCTGCCTGTCACTGTC

PCR-RFLP, polymerase chain reaction–restriction fragment length polymorphism; DHPLC, denaturing high performance liquid chromatography.

Table 2. Baseline characteristics of study participants*

No BPD group (n � 63) BPD group (n � 118) p

Birth weight, mean (SD) 1189 g (195) 982 g (251) �0.001†
Gestational age, mean (SD) 29.7 wk (1.69) 27.3 wk (2.29) �0.001†
Female 37 (59) 54 (46) 0.12‡
Vaginal delivery 27 (43) 47 (40) 0.75‡
5th min. Apgar score, Me; (25th–75th percentile) 6 (5–7) 6 (4–7) 0.11§
Prenatal corticosteroids 18 (29) 46 (39) 0.19‡
Mechanical ventilation at the time of inclusion

into the study
40 (63) 114 (97) �0.001§

Length of mechanical ventilation (d), Me;
(25th–75th percentile)

5 (0–11) 28 (20–46) �0.001§

Length of oxygen therapy (d), Me; (25th–75th
percentile)

10 (3–17) 50 (33–68) �0.001§

Surfactant replacement therapy 9 (14) 53 (45) �0.001‡
Patent ductus arteriosus 5 (8) 33 (28) 0.0019‡
Ureaplasma urealythicum (number of

positive/number of tested)
7/33 (21) 26/99 (26) 0.64‡

Postnatal corticosteroids 3 (5) 64 (54) �0.001‡
Length of postnatal corticosteroids treatment (d), Me;

(25th–75th percentile)
0 (0–0) 9 (0–16) �0.001§

Parenteral nutrition (d), Me; (25th–75th percentile) 15 (12–19) 22 (18–22) 0.001§
Necrotizing enterocolitis (Bell’s stage II and III) 0 (0) 11 (9) 0.0087‡
Sepsis gram negative 4 (6) 9 (7) 0.98‡
Sepsis gram positive 26 (41) 47 (40) 0.92‡
Intraventricular hemorrhage 6 (10) 34 (29) 0.0024‡

* Expressed as a number (percentage) of patients unless otherwise indicated.
† t-student test.
‡ Fisher’s exact test.
§ Kruskal–Wallis test.
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observed serum concentrations of VEGF in patients with
different 405G�C and �460T�C genotypes are presented in
Table 5. VEGF serum concentrations in patients ascribed to
different groups according to the 405G�C genotype were
similar. VEGF serum concentrations in children with different
�460T�C genotypes were not statistically different.

DISCUSSION

Identification of genetic predisposing factors to diseases
such as BPD could help in the development of new treatments
and might allow for targeting of this treatment on a “high-
risk” subgroup, reducing unnecessary exposure to potentially
harmful therapies. The use of postnatal steroids is a good
example of such treatment. It is well known that short-term
steroid therapy in 2- to 3-wk-old neonates with a high risk of
severe BPD may improve respiratory condition, without in-
creasing the risk of cerebral palsy. However, it is still difficult
to predict which neonate will develop to severe BPD.

Searching for BPD risk factors, we conducted a prospective
study of 181 VLBW newborns. This was a prospective study,
which is extremely important considering the definition of
BPD adopted by the study. It deserves attention that the NICU

where the study was conducted admits a highly selective
group of newborns from primary and secondary level centers
who require intensive care. Thus, the study focused on a
high-risk population for BPD development (Table 2). The
specific character of the studied population might have influ-
enced the results obtained; namely, it was biased toward a
statistically significant difference. The prevalence of BPD in
the study group may also lead to difficulties in generalizing the
results and implementing them into everyday practice.

Figure 1. A, Probability of bronchopulmonary dysplasia among patients
with VEGF genotypes �460CC and �460CT/TT—correlation with gesta-
tional age. B, Probability of severe bronchopulmonary dysplasia among—
patients with VEGF genotypes �460CC and �460CT/TT—correlation with
gestational age. ‚ TT or CT genotypes; F CC genotype.

Table 3. Genotype distributions and allele frequencies for the studied VEGF gene polymorphisms

405G�C

no BPD BPD

BPD

Mild Moderate Severe

Polymorphism
G/G (%) 35 (56) 63 (53) 31 (54) 15 (65) 17 (46)
G/C (%) 19 (30) 40 (34) 21 (36) 5 (22) 14 (38)
C/C (%) 9 (14) 15 (13) 6 (10) 3 (13) 6 (16)
p* 0.86

Allele frequency
G 70.6 70.3 71.6 76.1 64.9
C 29.4 29.7 28.4 23.9 35.1
Odds ratio (95% CI)* 0.98 (0.61–1.58)

�460T�C

Polymorphism
T/T (%) 12 (19) 28 (24) 14 (24) 5 (22) 9 (24)
T/C (%) 21 (33) 59 (50) 28 (48) 12 (52) 19 (52)
C/C (%) 30 (48) 31 (26) 16 (28) 6 (26) 9 (24)
p† 0.013

Allele frequency
T 35.7 48.7 48.3 47.8 50
C 64.3 51.3 51.7 52.2 50
Odds ratio (95% CI)† 1.71 (1.10–2.70)

* p value for chi2 and odds ratio carried out on 450G versus 450C for any BPD versus control group.
† p value for chi2 and odds ratio carried out on �460T versus �460C for any BPD versus control group.
95% CI–95% confidence interval.

Table 4. Logistic regression with BPD as the outcome variable

Factor OR (95% CI) p

Gestational age (wk) 0.68 (0.46–0.99) 0.048
Oxygen therapy (d) 1.23 (1.14–1.34) �0.0001
Patent ductus arteriosus 1.30 (0.16–10.1) 0.83
Surfactant therapy 2.37 (0.52–10.8) 0.26
Intraventricular hemorrhage 1.09 (0.18–6.63) 0.93
Duration of parenteral nutrition 1.07 (0.98–1.17) 0.13
�460CC VEGF genotype 0.20 (0.05–0.85) 0.03
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The most significant observation in the present study is the
association between the �460T�C VEGF gene polymor-
phism and the risk of BPD. We found that VEGF �460CC
homozygotes have a lower risk than babies with �460TT or
�460TC genotypes. Two VEGF polymorphisms were chosen
in this study because they occur at a relatively high minor
allele frequency in the general population. These single nu-
cleotide polymorphisms also alter VEGF expression. Haplo-
types containing the common polymorphisms at �460C in the
promoter and �405G have a 71% higher basal promoter
activity when compared with the wild-type sequence (8).
Therefore, we can speculate that the most plausible mecha-
nism is that the �460C VEGF allele is a part of a promoter
haplotype with increased activity, either under basal condi-
tions or in response to stimuli such as hypoxia, cytokines or
lipopolysaccharides. To validate this finding we tried to mea-
sure VEGF serum concentrations. The results of VEGF serum
concentrations within different allele carrier groups did not
confirm the potential protective character of this genotype.

Multitesting procedures can increase the probability of type
I error. In our study, the corrected alpha level based on mean
correlation factor 0.13 between different genotypes equaled
0.0083. The unadjusted p value for different VEGF �460
alleles and the risk of BPD was 0.013 (Table 3). Thus,
multiple test correction increased the risk of type I error to
7.8%. However, the unadjusted p value for comparison of
BPD frequency between �460 CC carriers with �460CT or
�460TT carriers equaled 0.005, so the risk of type I error was
lower than 5%.

If the chance of making a type I error, in an individual test
is reduced the chance of making a type II error is increased
that is, finding no statistical difference, when in fact there is
one. As indicated by the data on the allele frequencies of the
�460C�T VEGF gene obtained in the present study, the
estimated power to reveal the difference in allele frequencies
between the BPD and no BPD groups was 80.3%.

However, the observed differences in allele frequencies of
other studied polymorphisms (IGF-1, TGF�-1, and 5,10-
MTHFR) were smaller than those used in our sample size
estimation; therefore, we cannot rule out the possibility of a
type II error in the population studied. It should be noted, that
if a difference does exist, it is lower than 15%, which, in our
opinion, makes it clinically insignificant. Recruiting larger
numbers of infants within a reasonable timeframe from a
single center is very difficult. Hence, replication of our results
in larger, multicenter center studies is necessary.

It is known that alternative splicing may result in at least four
transcripts encoding mature monomeric VEGF containing 121,
165, 189, and 206 amino acid residues (VEGF121, VEGF165,
VEGF189, and VEGF206). VEGF121 and VEGF165 are
diffusible proteins, but VEGF189 and VEGF206 have a
high affinity for heparin and are mostly bound to heparin-
containing proteoglycans in the extracellular matrix. In the
present study, the ELISA Quantikine system was used,
which detects only the VEGF165 form. Such study protocol
raises the question of whether serum concentration reflects
lung VEGF concentration. Moreover, little is known about
the correlation between gene polymorphism and the produc-
tion of all four isoforms.

The frequency of the VEGF �460C allele in the studied
cohort is similar to that found in studies evaluating the asso-
ciation between VEGF encoding gene polymorphisms and the
risk of retinopathy of prematurity (18,19). Shastry et al. (19)
have demonstrated that the frequency of the VEGF �460C
allele is similar in preterm and term newborns. This suggests
little effect of this allele on the incidence of preterm birth.

Ethnicity greatly influences the distribution of gene poly-
morphisms. The first studies describing the role of the 460
T�C polymorphism were conducted on Asians (20,21). Their
results indicated that the frequency of the T allele was about
75%, and the frequency of the C allele was about 25%. Further
studies included other ethnic groups. Most of the studies on
European populations revealed the frequency of the T allele to
range between 45 and 55% (7,18,22,23). Recently published
results obtained from Turkish population show that in this
group the T allele occurs in “merely” 38% (24). Therefore,

Figure 2. A, Probability of bronchopulmonary dysplasia among patients
with VEGF genotypes �460CC and �460CT/TT—correlation with length of
oxygen therapy. B, Probability of severe bronchopulmonary dysplasia among
patients with VEGF genotypes �460CC and �460CT/TT—correlation with
length of oxygen therapy. ‚ TT or CT genotypes; F CC genotype.

Table 5. VEGF serum concentrations within the groups based on
VEGF allele state

VEGF gene
polymorphism

VEGF serum concentration
at 10th day of life (pg/mL)

VEGF serum concentration
at 30th day of life (pg/mL)

�460T�C
CC (n � 44) 524 (389–691) 467 (309–697)
CT (n � 56) 446 (331–602) 426 (340–545)
TT (n � 28) 398 (263–602) 446 (327–626)
p for ANOVA 0.2 0.8

405G�C
GG (n � 73) 426 (333–545) 461 (361–589)
GC (n � 37) 544 (425–694) 430 (328–565)
CC (n � 18) 398 (191–830) 399 (215–740)
p for ANOVA 0.6 0.9

Data presented as mean (95% confidence interval of mean).
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caution should be exercised when extrapolating our findings to
other populations.

We found that the VEGF genotype was predictive even
after controlling for variables such as gestational age,
length of oxygen therapy, sex, persistent ductus arteriosus,
surfactant treatment, length of parenteral nutrition, and
intraventricular hemorrhage. However, �460CC homozy-
gosity only decreases the risk of BPD. Interestingly, the
effect of this polymorphism and probably the effect of
VEGF in general may occur early in the course of the
disease rather than later.

Our study, which evaluated 181 VLBW infants, has not
confirmed any association between the IGF-1, TGF-�1, or
5,10-MTHFR gene polymorphisms and the risk of BPD.
There are a few possible explanations for our negative results.
We can speculate that metabolic and nutritional changes
during postnatal life have a greater effect on growth factor
levels than gene polymorphism. A good example is the
changes in serum IGF-1 levels observed in VLBW infants.
Hellstrom et al. showed that serum IGF-1 levels in premature
infants may be reduced by poor nutrition, acidosis, hypothy-
roxinemia, and sepsis (14).

The role of genetic factors in the development of BPD is
unclear. Functional polymorphisms in growth factor genes
may alter angiogenesis and alveolarization, and contribute to
the development of BPD. However, few studies have dealt
with this issue. Adcock et al. (25) failed to find any associa-
tion of TNF-� –308, MCP-1 –2518 (Monocyte Chemoattrac-
tant Protein-1), and TGF-�1 � 915 gene polymorphisms with
the risk of BPD. In a small sample, there was a significantly
increased frequency of the SP-A1 (Surfactant Protein) poly-
morphism 6A6 in newborns with BPD (26). Makri et al. (27)
have shown that the frequency of BPD was higher in a group
of preterm infants carrying the genetic variations of polymor-
phism within intron 4 of the surfactant protein B gene com-
pared with preterm infants with the intron 4 wild type. In
another study, after controlling for race and gender, BPD
cases were less likely to be homozygous for the more efficient
Val/Val allele of glutathione S-transferase P1 and more likely
to have the less efficient Ile isoform (28). Recently, Strassberg
failed to find any association of five common polymorphisms
of TNF-� with BPD (29).

Finally, lung injury and the subsequent maladaptive repair
process that leads to the development of BPD are complex,
with numerous factors that interact to determine outcome. It is
very likely that genetic differences other than growth factor
gene polymorphisms play a role in determining the risk of
BPD. Genetic variation in surfactant protein genes may also
influence the severity of respiratory distress syndrome and
subsequent development of BPD (30,31). Polymorphisms in
cytokines and their receptors, bacterial pattern recognition
molecules, surfactant proteins, and heme oxygenase-1 are all
known to alter the course of other pulmonary diseases in
adults and children. The potential role of these factors in the
development of BPD in premature infants should therefore be
examined.

In conclusion, our selection of genes encoding growth
factors (VEGF, TGF-�1, and IGF-1) as well as those involved

in free radical elimination (5,10-MTHFR) as candidate genes
for BPD was based on their potential involvement in angio-
genesis regulating mechanisms. Genetic polymorphisms of
these genes show no significant association with the incidence
of BPD, except the VEGF �460T�C polymorphism. We
found that VEGF �460CC homozygotes are at a lower risk
than babies with �460TT or �460TC genotypes.

The results of phenotype-genotype analysis revealed no
correlation between studied VEGF gene polymorphisms and
VEGF serum concentrations. Further studies are needed to
create bases for genetic screening of newborns and to look for
populations with the high-risk genotype. These bases will
potentially provide the means for better BPD prevention and
treatment.
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