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1. Background

Necrotizing enterocolitis (NEC) is a catastrophic gastroin-
testinal disease that is a major mortality in premature ne-
onates who survive the first few days after birth." Although
the underlying pathogenesis of the disease remains unde-
fined, several contributing factors have been identified
such as microbial dysbiosis, formula feeding, and excessive
inflammation.”? Therefore, a unifying concept is proposed
that NEC occurs when damaged immature intestinal
mucosal barrier permits luminal bacteria to translocate
across the epithelial barrier into the lamina propria, trig-
gering a cascade of inflammatory events and progressive
tissue damage.® It is clear that the intestinal microcircu-
lation plays a role in the events above.®?

Vascular endothelial growth factor (VEGF) is an evolu-
tionarily highly conserved glycoprotein that not only con-
trols microvascular development through powerful
vasculogenesis and angiogenesis but also plays an important
role in cell proliferation, migration, survival and perme-
ability.® The loss of one VEGF single allele in mice signifi-
cantly impairs vessel development, leading to severe
growth delay and mortality at midgestation.”’® In contrast,
VEGF expression is elevated in term animals compared to
fetal stages in sheep jejunum, indicating a larger role
during postnatal development.® In fact, VEGF was also
found in biologically high concentrations in human and
mouse milk,'°~ "2 which is known to protect against NEC. In
mouse intestine, diminished VEGF expression was linked
with heightened risk of NEC."?

The VEGF family consists of VEGFA, VEGFB, VEGFC,
VEGFD and placental growth factor (PIGF)."* VEGFA is
mainly involved in angiogenesis, and its gene is located on
chromosome 6p21.3, and its coding region spans over
14 kb."® An association between VEGFA variants and peri-
natal complications, in particular NEC, was described.'®
However, the study was limited by its inability to account
for multiple testing in analysis.’® In the present study, we
investigated the association of VEGFA SNPs (rs699947,
rs833061, rs2010963, rs3025020, rs3025039, and rs6900017)
with the risk of NEC and VEGFA plasma levels in the Chinese
Han population.

2. Materials and methods

2.1. Study subjects

This preliminary study included 30 preterm neonates with
NEC (Bell stage Il, n = 25; Bell stage Ill, n = 5) according to
the modified Bell’s criteria,’” born in the Sixth Affiliated
Hospital, Sun Yat-sen University and the Foshan Women and
Children’s Hospital between August 2014 and December
2016. During this period, another 80 gestational age (GA)-,

birth weight (BW)- and gender-matched preterm neonates
admitted to the neonatal intensive care unit (NICU) without
NEC were recruited as control subjects (Supplementary
Table S1). This study was performed according to the
Declaration of Helsinki and was approved by the Ethics
Committee of the Sixth Affiliated Hospital, Sun Yat-sen
University and the Foshan Women and Children’s Hospital.
Written informed consent was obtained from the parents of
each participant. When the patients were treated for NEC
through bowel rest, decompression, and antibiotic therapy
or direct surgical intervention, 0.5-ml blood samples were
taken and stored in EDTA for total genomic DNA extraction
and plasma preparation. In the control subjects, blood
samples were taken after written informed consent was
obtained.

2.2. Plasma VEGFA measurement

Blood plasma was prepared by centrifugation of anticoag-
ulant blood tubes at 1000 x g for 10 min at 4 °C, and it was
stored in 200-ul aliquots at —80 °C. Samples were tested for
VEGFA using the human VEGFA sandwich enzyme-linked
immunosorbent assay (ELISA; CUSABIO, Wuhan, China).
The assay sensitivity was 25.30 pg/mL, and inter-assay and
intra-assay precision (CV %) were all less than 8%.

2.3. VEGFA genotyping

We selected polymorphisms in the VEGFA gene with a minor
allele frequency (MAF) of >5% in the Chinese Han popula-
tion. DNA was extracted from whole blood using the Flex-
iGene DNA Kit (Qiagen, Hilden, Germany). The selected
SNPs included the following: rs699947, rs833061, rs2010963,
rs3025020, rs3025039, and rs6900017, which were geno-
typed using the SEQUENOM MassARRAY platform (CapitalBio,
Beijing, China). The PCR primers for the six selected SNPs
are listed in Supplementary Table S2. The genotyping call
rate was 100% for the six SNPs.

2.4, Statistical analysis

Statistical analyses were performed using the SHEsis soft-
ware platform18 and SPSS v. 20.0 (SPSS Inc., Chicago, IL,
USA). Continuous variables were summarized as the
mean + standard deviation (SD) or as the median (inter-
quartile range), and the statistical analysis was performed
by unpaired student’s t-test, Mann—Whitney U-test, or one-
way analysis of variance (ANOVA). Categorical variables,
expressed as percentages or ratio, were compared using
Pearson’s %’ test. Allele frequencies, genotype fre-
quencies, and departure from Hardy—Weinberg Equilibrium
(HWE) for each SNP between the NEC and control groups
were compared by y? test. The Haploview software
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package (v. 4.2) and SHEsis software analysis were used to
evaluate linkage disequilibrium (LD) and haplotype con-
struction.'® ' Odds ratios (OR) and 95% confidence intervals
(95% Cl) were calculated by logistic regression analysis. All
statistical tests were two-tailed, and a value of P < 0.05
was considered statistically significant.

3. Results

3.1. VEGFA allele and genotype analysis

Basic information of the six tested SNPs is shown in Table 1.
In both NEC patients and control group, all tested SNPs
conformed to Hardy—Weinberg equilibrium (P > 0.05).
Among the six analyzed SNPs, there existed two loci
exhibited an association with NEC. The minor allele fre-
quencies (MAF) of rs699947 and rs833061 were significantly
higher in patients than in control group (P = 0.021 and
0.037, respectively).

Significant differences in the distribution of rs699947
and rs833061 genotypes were seen between NEC patients
and control group (Table 2). We observed the alleles ‘A’ of
rs699947 and ‘C’ of rs833061 increased the NEC risk. In the

codominant model, the genotypes ‘C/A’ of rs699947 and
‘T/C’ of rs833061 increased NEC risk by 3.21- and 3.04-fold,
respectively; in the dominant model, the genotypes
‘C/A—A/N  of rs699947 and ‘T/C—C/C’ of rs833061
increased the same NEC risk by 3.29-fold; in the additive
model, the alleles ‘A’ of rs699947 and ‘C’ of rs833061
increased NEC risk by 2.09- and 2.20-fold, respectively.

3.2. LD and haplotype analyses

Next, we analyzed the LD and frequency of each haplotype.
Limited LD was found between the six VEGFA variants
tested, and one block was identified; the block (1.1 kb)
contained rs699947 and rs833061 (D’ = 0.896, r> = 0.786)
(Fig. 1). Among the four possible haplotypes, two were
identified with frequencies of >0.05 in both patients and
control subjects and the haplotype ‘A-C’ was found to in-
crease risk of NEC by 1.93-fold (Table 3).

3.3. VEGFA plasma levels

Since the concentrations of plasma VEGFA were reduced
in NEC patients compared to that in control group

Table 1  Basic information of candidate VEGFA SNPs in NEC patients and control subjects.
SNP Allele Control NEC P OR (95% Cl)
1° 2 MAF HWE P MAF HWE P

rs699947 A c 0.300 0.670 0.467 0.261 0.021 2.04 (1.11-3.76)
rs833061 c T 0.300 0.670 0.483 0.461 0.011 2.18 (1.19—4.01)
rs2010963 C G 0.319 0.947 0.300 0.794 0.617 0.92 (0.48—1.75)
rs3025020 T c 0.350 0.376 0.300 0.019 0.485 1.26 (0.66—2.38)
rs3025039 T c 0.350 0.058 0.300 0.334 0.659 1.20 (0.53-2.72)
rs6900017 T C 0.150 0.468 0.100 0.543 0.547 0.73 (0.26—2.04)

NEC, necrotizing enterocolitis; Cl, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism.

2 Allele 1 is a minor allele.

Table 2  Associations between the SNP genotypes of VEGFA and the risk of NEC.

SNP Model Genotype Control (n, %) Total NEC (n, %) OR (95% Cl) P
rs699947 Codominant c/c 40 (50%) 7 (23.3%) 1
C/A 32 (40%) 18 (60%) 3.21 (1.20—8.64) 0.018*
A/A 8 (10%) 5 (16.7%) 3.57 (0.90—14.14) 0.14
Dominant c/c 40 (50%) 7 (23.3%) 1
C/A—A/A 40 (50%) 23 (76.7%) 3.29 (1.27-8.52) 0.0099*
Recessive C/C—C/A 72 (90%) 25 (90%) 1
A/A 8 (10%) 5 (10%) 1.80 (0.54—6.01) 0.35
Log-additive — — — 2.09 (1.10—3.95) 0.021*
rs833061 Codominant T/T 40 (50%) 7 (23.3%) 1
T/C 32 (40%) 17 (56.7%) 3.04 (1.12-8.21) 0.025*
c/C 8 (10%) 6 (20%) 4.29 (1.14—-16.18) 0.061
Dominant T/T 40 (50%) 7 (23.3%) 1
T/C—C/C 40 (50%) 23 (76.7%) 3.29 (1.27-8.52) 0.0099*
Recessive T/T-T/C 72 (90%) 24 (80%) 1 0.18
c/c 8 (10%) 6 (20%) 2.25 (0.71-7.14)
Log-additive = = = 2.20 (1.17—4.13) 0.012*

*P < 0.05.
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Table 3 Haplotype association analysis of rs699947 and
rs833061 in VEGFA gene.

Haplotype Frequency x2  P-value OR (95% Cl)
All  Case Control

C-T 0.641 0.477 0.700 4.156 0.042 1.93

A-C 0.327 0.394 0.300 (1.02—3.65)

(Supplementary Table S1), and the genotypes ‘C/A’ and
‘C/A—A/N of rs699947 and the ‘T/C’ and ‘T/C—C/C’ of
rs833061 increased NEC risk (Table 2), we hypothesized that
the above-mentioned genotypes may contribute to
decreased plasma VEGFA levels in patients. In line with our
hypothesis, the plasma VEGFA levels were significantly
lower in both patients and control group with the above-
mentioned genotypes than the ‘C/C’ of rs699947 and
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‘T/T’ of rs833061; significantly, these were lower in pa-
tients than in control group (Fig. 2).

4. Discussion

While the exact pathophysiology of NEC remains elusive,
evidence shows that alternated intestinal microcirculation
may contribute to the pathogenesis of NEC.?%2' VEGFA, as a
key regulator of vascular vasculogenesis and angiogenesis,
plays an important role in the development and mainte-
nance of microvascular networks.® Although a preliminary
study demonstrated that VEGFA variant was associated with
NEC,® the peripheral blood levels of VEGFA in NEC patients
have not previously been examined. Our findings revealed
that NEC patients had significantly reduced levels of pe-
ripheral blood VEGFA; this effect is intensified by a linkage
variants of VEGFA (rs699947 and rs833061), showing that
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Figure 2  Association between VEGFA genotypes and the levels of plasma VEGFA?. NEC, necrotizing enterocolitis; VEGFA, vascular
endothelial growth factor A. ®*Plasma VEGFA determined by ELISA; results expressed as pg/ml. ***P < 0.001. The box shows the
medians (solid bar), interquartile ranges (IQRs) (box), and 95th and 5th percentiles (whiskers).
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VEGFA gene polymorphisms play an important role in the
aetiology of NEC.

Genetic factors modulating liability or severity of NEC
have been widely investigated.?? Similarly to previous
studies suggesting the role of genetic polymorphisms in the
aetiology of NEC, we demonstrated that the minor ‘A’ allele
of rs699947 and ‘C’ allele of rs833061 increased NEC risk in
the Chinese Han population. In the codominant and domi-
nant genetic models, the genotypes ‘C/A’ and ‘C/A—A/A’ of
rs699947 and the ‘T/C’ and ‘T/C—C/C’ of rs833061 were
shown to be more strongly associated with the development
of NEC. This was partially in agreement with Banyasz et al.’s
study of a Hungarian population that demonstrated a sig-
nificant association only between rs699947 (—2578C > A)
and NEC, but no association between rs833061 (—460T > C)
and NEC.'® The discrepancies in the association of these
VEGFA variants with NEC is likely to be attributed to ethnic
differences, and the sample size of each of these studies, as
well as the differences in inclusion and exclusion criteria of
the studied population.

Interestingly, further analysis indicated that the plasma
VEGFA levels were lower in both patients and control group
with the genotypes ‘C/A’ and ‘C/A—A/A’ of rs699947 and
‘T/C’ and ‘T/C—C/C’ of rs833061 than the ‘C/C’ of
rs699947 and ‘T/T’ of rs833061; significantly, these were
lower in patients than in control group. Consistent with this
phenomenon, recent studies have demonstrated that the
levels of VEGFA in intestine are reduced in human and
experimental NEC, which might contribute to NEC patho-
genesis."® Similarly, VEGFA overexpression through plas-
mids administered subcutaneously seems to be a promising
approach in the treatment of experimental NEC.?* Signifi-
cantly, through LD and haplotype analyses, we found that
there existed a high LD between rs699947 and rs833061,
and the haplotype ‘C/A’ increased NEC risk by 1.93-fold.
This was confirmed by the plasma levels of VEGFA, which
were associated with the genetic variants of rs699947 and
rs833061, respectively.

The rs2010963, rs3025020, rs3025039, and rs6900017
SNPs had no association with NEC in the Chinese Han pop-
ulation. In contrast, Banyasz et al.’s study demonstrated
association of rs2010963 with low birth weight (LBW) in-
fants in Hungary.'® The main reason for this discrepancy is
the different compared studied population. Our results
were similar to the findings by Marwa et al., as they did not
find any association between rs2010963, rs13385 and
rs2074613 and preeclampsia in Tunisia.”* Our results were
also different from Kreiner-Moller et al. and Manso et al. as
they demonstrated that rs6900017 was associated with lung
function and stroke, respectively.?>?® Although NEC, lung
function and stroke were all associated with angiogenesis,
the discrepancies in the association of rs6900017 with the
diseases above is likely to be attributed to the differences
of specific diseases.

To the best of our knowledge, this is the first study to
investigate the association of SNPs in the VEGFA gene and
its plasma levels with NEC simultaneously. However, there
are some limitations that must be considered. In the NEC
patients, we were unable to test the association of the
major and minor genotypes of rs699947 and rs833061 with
NEC severity because of the relatively small sample size. In
addition, the 95% Cl ranges for the OR of the association

between rs699947, rs833061 and NEC were quite wide; this
was, in part, owing to the small sample size of patients.
Therefore, further research is needed with increased
sample size for verification.

In conclusion, this study investigated the potential asso-
ciation between VEGFA gene polymorphisms, VEGFA plasma
levels, and the development of NEC in preterm neonates. We
found that the linkage variants of VEGFA (rs699947 and
rs833061) were associated with decreased plasma VEGFA
levels and that they represented a risk factor for NEC. These
findings suggest that testing for the VEGFA rs699947 and
rs833061 SNPS and/or VEGFA blood plasma levels would
provide valuable information for NEC risk assessment.
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