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Abstract: Objective: We discussed the correlation between SNP loci (rs198389 and rs198388) in brain natriuretic
peptide gene (NPPB) and susceptibility to congenital heart diseases (CHD). Method: Multiplex SNaPshot technique
was adopted for profiling of SNP genotypes at loci rs198389 and rs198388 in NPPB gene among 150 cases of
CHDand 150 normal controls. Results: The distribution frequency of 3 genotypes (AA, AG and GG) at locus rs198389
was 40.7%, 36.0% and 23.3% in CHD group, respectively, showing significant differences compared with the normal
controls (P<0.001). Gallele was associated with higher risk of CHD (OR=2.48, 95% Cl=1.77-3.48). The distribution
frequency of CC, CTand TT genotypes at locus rs198388 was 60.7%, 17.3% and 22.0% in CHD group, respectively,
also showing significant differences compared with the normal controls (P<0.001). C allele could increase the risk
of CHD (OR=1.92, 95% CI=1.48-2.48). Conclusion: SNP loci rs198389 and rs198388 in NPPB gene were correlated
with genetic susceptibility to CHD.
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Introduction

Congenital heart disease (CHD) is a defect in
the structure of heart and great vessels that is
present at birth due to developmental abnor-
malities at fetal stage. CHD is divided into vari-
ous types, most of which have a high mortality
rate. As the most common birth defect, CHD
has an incidence of about 0.8% in China with
new annual cases amounting to over 130 thou-
sand [1, 2]. Except for a few CHD cases pre-
senting with single gene mutation and chromo-
somal aberrations, CHD is largely a polygenic
disease involving multiple genes under heredi-
tary and environmental influences [3, 4]. NPPB
consisting of 32 amino acids is a neurohor-
mone synthesized and secreted by ventricular
muscles and can serve as an indicator of ven-
tricular functions [5]. Single nucleotide poly-
morphism (SNP) is a DNA sequence variation

caused by the changes of bases of a single
nucleotide. Human genome contains about 3
million SNP, and SNP occurs for every 1000
bases. SNP is another important genetic mark-
er besides microsatellites with the highest den-
sity in human genome. Studies show that the
polymorphism of NPPB gene is closely related
to diabetes, hypertension, myocardial infarc-
tion and heart failure. So NPPB is now consid-
ered one candidate gene for the genetic sus-
ceptibility to cardiovascular diseases [6, 7].

We aimed to study the correlation between SNP
loci rs198389 and rs198388 in NPPB gene
and susceptibility to CHD among China’s Han
people. By highlighting the loci correlated with
susceptibility to CHD, we can hope to provide
an objective and reliable basis for the diagnosis
of CHD during early screening, treatment and
prevention of high-risk groups.
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Table 1. Characteristics of participants in the
case and control groups

Characteristics CHD group Control group P

Age (year) 34.4+11.2 35.1+11.4 0.448
Gender (M/F) 98/52 94/56 0.753
Height (m) 1.68+0.13 1.67+0.11 0.475
Weight (Kg) 63.4+18.2 64.3+x17.3 0.201
BMI (kg/m?) 23.2+6.3 23.616.6 0.282

Materials and methods
Materials

The case group consisted of 150 CHD patients
treated at Department of Cardiology at our hos-
pital from October 2003 to December 2014. All
recruited cases met to the diagnostic criteria
for CHD. As control subjects, 150 normal cases
which were matched for age, gender and exami-
nation time were selected. The two groups did
not show significant differences in gender, age
and general conditions (Table 1). The recruited
cases had nokinship with each other. Informed
content was signed and general information
inquiry form was filled before blood sampling. 2
ml of fasting peripheral blood was collected
into the tube containing citrate as anticoagu-
lant and preserved at -70°C prior to genome
DNA extraction.

Polymorphism detection of NPPB gene using
multiplex SNaPshot technique

Genome DNA extraction: Genome DNA was
extracted and purified using TIANamp Blood
DNA Kit (Tiangen).

Primer design and synthesis: Primers for PCR
amplification and extension were designed
using Sequenom Assay Design 3.1 software
for SNP loci rs198389 and rs198388 in NPPB
gene. Three primers were designed for each
SNP, and two were used for the amplification
of the target fragment with length of 200-500
bp and Tm of about 60 degrees. The other was
designed in the upstream or downstream from
the target SNP loci for the extension of ddNTP
(Table 2). The primers were synthesized by
Shanghai Invitrogen Biotechnology Co., Ltd
(Shanghai, China).

PCR ampilification: The 15 ul PCR reaction sys-
tem consisted of the following: 10x buffer 1.5
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ul, dNTP mix (10 mmol/L) 0.3 ul, MgCI?>* = (25
mmol/L) 0.9 ul, Tag DNA polymerase 0.1 ul,
PCR primers; DNA template (20 mg/L) 1 ul,
DNA template (20 mg/L) 1 ul.

Multiplex PCR procedures: Denaturation at
95°C for 15 min, 94°C for 40 s, annealing at
63°C for 1 min, temperature reduction of 0.5°C
for each cycle; extension at 72°C for 1.5 min,
15 cycles; denaturation at 94°C for 40 s,
annealing at 56°C for 40 s, extension at 72°C
for 1.5 min, 25 cycles; final extension at 72°C
for 8 min.

Purification of PCR products: 5 U SAP’ and
2UExol were added into 15 ul PCR products
and oscillated. The enzymes were deactivated
by preservation at 37°C for 1 h then at 75°C for
15 min. The purified products were preserved
at4°Cfor 24 h or at-20°C for a longer period of
time.

SNaPshot analysis: The reaction system con-
sisted of purified PCR products, SNaPshot
primers (0.2 umol/L) and SNaPshot fluorescent
mixture.

SNaPshot procedures: Denaturation at 96°C
for 10 s, 96°C for 10 s, annealing at 53°C for
5 s, extension at 60°C for 30 s, 25 cycles;
final extension at 60°C for 30 s. SNaPshot
PCR products were purified by these proced-
ures.

Sequencing: The purified SNaPshot products
were diluted by 20 times. The reaction system
consisted of Hi-Di Formamide 8.6 ul, GeneScan-
120LIZ Size Standard 0.9 ul and SNaPshot
product 0.5 ul. After denaturation at 95°C for 5
min, the system was rapidly cooled for 4 min.
Capillary electrophoresis was carried out using
AI3l 3730XL DNA sequencer, with the addition
of LIZ-12 as internal reference into each sam-
ple. The length of the extended fragment was
accurately determined, and the sequencing
results were analyzed by using GeneMapper-
software 4.0.

Statistical analysis
The correlation between polymorphism of
NPPB gene and susceptibility to CHD was

analyzed by calculating the distribution fre-
quency of SNP genotypes in CHD group and
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Table 2. The primer sequences of the two loci in BNP gene

Locus Primer 1 Primer 2

Primer 3

Rs198388 5-GAG AATGCTCTGAAATGTTAATT-3’ 5'-TAGCTGAGACCTGAAAGCAATAATC-3’ 5T TAATATETEAAGCACTTGAGG-3’

Rs198389 5’-GTCTCCCGCTTCTTCCTTTCC-3’

5’-CAGGAAGGAAAGCGCCAACCTA-3’

5 -TTTTTTTTAAATGTCCAGGTGTCC-3’

Cc C G G T T CA £

sided, and P<0.05 was con-
sidered as statistically signi-
ficant.

Results

Sequencing of SNP loci in
NPPB gene

After processing with Gene-
Mapper 4.0 software, the
genotyping results of SNP loci
rs98389 and RS198388 are
shown in Figure 1.

Correlation between poly-
morphism of NPPB gene and
susceptibility to CHD

As shown in Table 3, the dis-
tribution frequency of AA, AG
and GG genotypes of locus
rs198389 was 40.7%, 36.0%
and 23.3% in CHD group,
respectively. Significant differ-
ences were noted from the
controls (73.4%, 15.3% and
11.3%, P<0.001). The distri-
bution frequency of A and G

A C [_V_M
S R alleles in CHD group was

rs198388

control group. Whether the distribution fre-
quency of SNP genotypes and alleles was rep-
resentative of the population was examined by
Hardy-Weinberg equilibrium test. The statistical
processes were performed using SPSS13.0
software. The differences in distribution fre-
quency of SNP genotypes between the two
groups were compared by X2 test. Binary logis-
tic regression was performed for different
genetic models to identify the hereditary mode
of the target loci. Odds ratio (OR) was calculat-
ed for different genotypes. All tests were two-
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rs198389

Figure 1. Sequence results of NPPB gene polymorphism.

79.3% and 20.7%, respect-
ively, showing significant dif-
ferences compared with the
controls (90.5% and 9.5%).
Compared with A allele, G
allele increased 1.48-fold risk of CHD (OR=2.48,
95% CI=1.77-3.48).

The distribution frequency of TT, TG and GG
genotypes of locus RS198388 was 22.0%,
17.3 and 60.7% in CHD group, respectively. A
significant difference was found between CHD
group and control group (P<0.001). The distri-
bution frequency of C allele and T allele in CHD
group was 34.7% and 65.3%, respectively,
which indicated significant difference from the
control group (P<0.001). C allele had a higher
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Table 3. The distributions of genotypes and alleles frequency of rs198388 and 198389

SNP Group n Genotype

Allele P OR* (95% Cl) OR** (95% Cl)

CcC CT T

C T

Rs198388 Case 150 91(60.7) 26(17.3) 33(22.0) <0.001 208 (34.7) 392(65.3) 0.002 1.92(1.48-2.48) 2.01(1.55-3.01)

Control 150 43(28.7) 44(29.3) 63 (42.0)

130 (21.7) 470(78.3)

SNP Group n Genotype

Allele P OR* (95% Cl) OR** (95% Cl)

GG AG AA

G A

Rs108389 Case 150 35(23.3) 54(36.0) 61(40.7) <0.001 124 (20.7) 476 (79.3) <0.001 2.48 (1.77-3.48) 2.33(1.76-3.54)

Control 150 17 (11.3) 23(15.3) 110 (73.4)

57(9.5) 543 (90.5)

*unadjusted OR; **adjusted OR.

risk of CHD than A allele (OR=1.92, 95%
Cl=1.48-2.48).

Discussion

CHD is the major cause of death among non-
infectious diseases in children. Early diagnosis
of CHD is crucial for improving the prognosis,
survival rate and life quality of patients. It has
been generally recognized that gene polymor-
phism is closely related to CHD. Thus the study
on their correlations provides a solid basis for
understanding the pathogenesis of CHD and
for early diagnosis, genetic intervention and
prognosis evaluation of CHD [8, 9].

Recent researches have established the corre-
lations between SNP of NPPB gene and various
diseases. NEWTON-CHEH et al. investigated
NPPA and NPPB genes among 14473 European
people and found close connections between
the polymorphism of loci rs5068, rs198358
and RS632793 of NPPA-NPPB gene and the
serum levels of ANP and BNP and blood pres-
sure [10, 11]. Chen et al. showed that the poly-
morphism of loci RS198389 and RS198388
of NPPB gene was correlated with serum
NT-proBNP in 164 typel diabetes patients [12].

We performed multiplex SNaPshot technique to
screen genotypes and alleles whose distribu-
tion frequency was representative of the popu-
lation. SNP loci in NPPB gene showing sig-
nificant differences in distribution frequency
between CHD group and control group were
identified along with the fittest genetic model.
OR values for different genotypes were calcu-
lated (95% confidence level), and therefore the
genotypes associated with high risk of CHD
were determined. The case-control design was
adopted for the genotyping of two SNP loci
(rsl98389 and rs198388) in NPPB gene among
150 CHD cases and 150 normal controls. We
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found that G allele increased the risk of CHD;
CC genotype at locus rs198388 increased the
risk of CHD. Thus it was concluded that the
polymorphism of loci rs198389 and rs198388
in NPPB gene was correlated with susceptibility
to CHD among Chinese Han people.

A new light is shed on the molecular mecha-
nism of CHD by investigating the correlation
between polymorphism of NPPB gene and sus-
ceptibility to CHD. SNPs of NPPB gene can be
used as the markers in screening, individual-
ized prevention and diagnosis of CHD. Large-
sample, multi-regional and multi-gene studies
are required for verification.
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