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Abstract As a transcription factor mainly expressed in
cardiovascular system, T-box 20 (TBX20) plays an
important role in embryonic cardiovascular system devel-
opment and adult heart function. Previous studies have
identified associations of two SNPs in the T-box DNA-
binding domain of TBX20 with congenital heart disease
(CHD) in two Caucasian families, but the associations of
TBX20 mutations underlying the more common popula-
tions with CHD remain to be uncovered. In this study, 25
unrelated Chinese Han neonates with CHD and 25 healthy
children as controls were investigated for TBX20 muta-
tions. SNP genotyping was performed by PCR-DNA
sequencing. The selected SNPs were well genotyped and
SNP 153999941 was found to be strongly associated with
CHD (p = 0.007). The minor allele of rs3999941 showed a
high-risk factor for CHD (OR 4.24; 95 % CI 1.41-12.71).
Besides, we found a new SNP site located at the 657th
nucleotide of the exon 5 of TBX20 gene which may also be
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associated with CHD, c.657A>C. The frequency was sig-
nificantly different between two groups (p = 0.011), the
minor allele of SNP ¢.657A>C also showed a risk factor
for CHD (OR 2.56; 95 % CI 1.02-6.46). These findings
suggested that the TC genotype of SNP 1rs3999941 and AC
genotype of the new SNP ¢.657A>C in the TBX20 gene
may be risk factors for CHD and thus screening of these
SNPs may have some implications in the prevention and
treatment of CHD in Han Chinese children.

Keywords Congenital - Heart disease - T-box20 - Single
nucleotide polymorphisms - Genotype - Allelic gene

Introduction

Congenital heart disease (CHD) refers to a group of struc-
tural and functional heart abnormalities, including septal
defects, valve defects, and lesions affecting the outflow tract.
It is the most common defect with a postnatal incidence of
0.8 % [32] and an approximately much higher prenatal
incidence [17, 18, 33, 34]. It has been increasingly recog-
nized that CHD is a complex disease which may be caused by
both environmental and genetic factors [36]. Approximately,
5-8 % of CHD is due to chromosomal abnormalities, and
3 % to classical genetic defects with a high recurrence risk in
first-degree family members [8—10, 16, 20].

T-box (TBX) factors belong to an evolutionary con-
served family of transcriptional regulators with diverse
roles in development [25]. Their regulatory functions are
integral in the patterning, recruitment, specification, dif-
ferentiation, and growth processes underlying heart for-
mation [2, 11, 14]. Mutations in T-box genes are associated
with congenital heart defects. TBX20 is an ancient member
of the T-box superfamily related to TBX1. Previous studies
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revealed mutations of 7BX20 gene in familial secundum
atrial septal defects ASDs [15]. Kirk et al. found that
TBX20 mutations were associated with diverse cardiac
pathologies, including defects of septation and valvulo-
genesis and cardiomyopathy [22]. Posch et al. described a
novel mutation in TBX20 associated with familial ASD
spanning three generations of kindred [27].

Nevertheless, the vast majority of studies on the rela-
tionship between TBX20 and CHD were conducted on
white subjects in the Western [12, 13, 28, 29], little is
known in this regard on the Chinese populations. There-
fore, this study was conducted to investigate the mutations
of TBX20 gene in Han Chinese neonates with CHD. The
work may lead to a better understanding of the genetic
susceptibility to CHD in the Han Chinese population,
which may assist in the prenatal diagnosis and facilitate the
prevention and treatment of CHD.

Materials and Methods
Ethical Statement

This study was approved by the Ethics Committee of the
Second Hospital of Tianjin Medical University and con-
formed to the Declaration of Helsinki. Written informed
consent was obtained from the parents of every participant.

Study Subjects

During the period from September 2011 to February 2012,
25 unrelated Chinese neonates with CHD (13 boys and 12
girls; age range, 4 h to 28 days; median age, 14.5 days)
were recruited as case subjects from the Second Hospital of
Tianjin Medical University. 25 unrelated healthy neonates
(14 boys, 11 girls; age range, 12 h to 28 days; median age,
14.1 days) were recruited randomly from the neonatology
department of the Second Hospital of Tianjin Medical
University as control subjects. The diagnosis of CHD in all
subjects was performed based on clinical symptoms and
examination results from echocardiography and cardiac
catheterization. Neonates who had a family history of CHD
or whose patients had any other documented abnormalities/
syndromes such as Noonan, DiGeorge, HolteOram, Mar-
fan, Alagille, and Char syndrome were excluded from this
study. All patients and control subjects were from the
Chinese Han population. The basic demographics of CHD
patients were presented in Table S1.

SNP Selection

SNP genotype data for TBX20 gene were obtained by
retrieving the dbSNP database, and 16 SNPs were found
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located in the coding regions of TBX20 gene. These SNPs
were reconfirmed and analyzed using online SNPper soft-
ware and 7 SNPs from both databases were obtained: 2 in
the exon 1, 2 in the exon 2, 1 in the exon 3, and 2 in the
exon 5 (Table S2). Considering the exons 2—6 contribute to
the T-box DNA-binding domain, the 2 SNPs in exon 1
were excluded. After comparing the left 5 SNPs with rel-
evant reports in the literature, finally two SNPs: 1s6950175
and rs3999941 in exon 5 of TBX20 were selected as targets.

Mutation Detection

Genomic DNA was isolated from peripheral blood leuko-
cytes using ReadyAmpTM Genomic DNA Purification Sys-
tem (Promega, USA). The exon 5 region of the TBX20 gene
containing the DNA-binding domain and the flanking intron
sequence was amplified by PCR (Forward primer, 5'-
CCTCACTGTAATTTGGCCTG-3'; Reverse primer, 5'-
GCCCTGAAACTCAATAGCTC-3';  product length,
365 bp). The PCR product was purified using the AxyPrep
DNA Gel Extraction kit (Axygen, CA) and sequenced on a
PRISM 3730 sequencer (ABI, Japan). DNA sequences were
recorded and analyzed with the DNA Sequencing Analysis
Software v5.1 (Applied Biosystems, USA).Whenever a
sequence variant was found, the sample was sequenced again
from the opposite direction to confirm the nucleotide change.

Statistical Analysis

Gene and allele frequencies were analyzed by Chi-Square test,
and genotype data on SNPs were subjected to the association
analysis. Odds ratio (OR) and 95 % confidence intervals (CI)
for the relative risk for single locus genotypes were computed
using the online version of SNPStats (http://bioinfo.iconcolo
gia.net/snpstats/start.htm). All the analyses were performed
using SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Differences
were considered significant when p < 0.05.

Results

In the present study, 25 CHD patients (male: 13, female: 12,
median age 14.5 days) and 25 controls (male 14, female 11,

Table 1 The basic characteristics of the cases and controls

Variable Case (N =25) Control (N = 25) p values
from 2
No. (%) No. (%)
Sex
Female 12 48.0 11 44.0
Male 13 50 14 s60 0777
Median age (days) 14.5 14.1
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median age 14.1 days) were recruited. Chi-square tests were
used to assess whether the cases and controls were similar.
As shown in Table 1, the case and control populations were
well matched in terms of sex and age distributions.

By retrieving SNP data from dbSNP database and
reconfirmed with SNPper, two SNPs, rs6950175: c¢
(765C—A, 1le255Ile) and 1s3999941: ¢ (766T—C,
Phe256Leu) were selected. They are both in exon 5 of TBX
20 gene, and the exon is 159 bp in length (from nucleotide
655 to 813), and the corresponding DNA and amino acid
sequences are shown in Figure S1.

Detection of Amplification Products

PCR was performed and the amplicons were analyzed by
2 % agarose electrophoresis. As shown in Fig. 1, each
amplicon was unique and appeared at the expected size of
365 bp, indicating that the primers and PCR conditions
were adequate, and the products were qualified for DNA
sequencing.

Genotype Assignment

Sequence alignment was performed between the results we
obtained and the sequence posted in the NCBI database.
The sequences of exon 5 in TBX20 gene of each subjects
sequenced were perfectly matched with the sequence pos-
ted in the NCBI database.

The studied SNPs were successfully genotyped. The
association of both the SNP genotypes and allelotypes with
the risk of CHD was analyzed. For SNP rs6950175, a
homozygous C/C genotype was detected in both the
patients and control subjects as shown in Fig. 2. No
mutations were detected in any of the participants.

SNP 153999941 was detected in both groups of subjects,
which presented as homozygous T/T and heterozygous T/C
(doublet position) genotypes (Fig. 3). The frequency of T/C
genotype of rs3999941 was significantly higher in CHD
patients compared with healthy control subjects (3> = 9.93,
p = 0.002), and the odds ratio (OR) for the TC genotype was

400 bp
<— 300 bp

Fig. 1 Analysis of amplicons by agarose electrophoresis. M, DM500
DNA ladder marker (Kangwei biotech); /—4 case group; 5—8 control

group

7.11 (Table 2). The minor allele (C) of rs3999941 was
present at a much higher frequency in the case group than in
the control group (}(2 = 7.29, p = 0.007), and the odds ratio
(OR) for the C allelotype was 4.24 (Table 3).

A new SNP, c.657A>C was detected in the subjects and
presented as homozygous A/A and heterozygous A/C
genotypes (Fig. 4). The frequency of A/C genotype of
¢.657A>C was significantly higher in CHD patients com-
pared with healthy control subjects (y* = 6.52,
p = 0.011), and the odds ratio (OR) for the AC genotype
was 4.57 (Table 2). The minor allele (C) of c.657A>C
showed a significantly higher frequency in newborns with
CHD compared with control subjects (> = 4.11,
p = 0.043), and the OR for the C allelotype was 2.56
(Table 3).
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Fig. 2 Sequencing results of rs6950175 (c.765C>A) sites of coding
region SNPs in TBX20 genes. Subjects in cases and controls all
showed C/C-type homozygous genes. a Positive and negative
sequencing results of DNA sample from subject 2 of case group
with VSD + ASD + PDA. b Subject 6 of case group with VSD.
¢ Subject D6 of control group. Upper positive sequencing result;
below negative sequencing result
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Discussion

Previous animal studies have identified and characterized a
number of T-box genes involved in embryonic cardiogen-
esis [4, 5, 35]. TBX20 is an ancient member of the T-box
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Fig. 3 Sequencing results of rs3999941(c.766T>C) sites of coding
region SNPs in TBX20 genes. a Positive and negative sequencing
results of DNA sample from subject 4 of case group with TOF.
b Subject 23 of case group with ASD + VSD. ¢ Subject 6 of control
group. Upper positive sequencing result; below negative sequencing
result
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Table 2 Association between SNP genotypes and the risk of CHD

superfamily related to TBX1, whose gene located on
chromosome 7q14.2 or 7p14-15 and has 8 exons, encoding
a 289-888 amino acid protein with a T-box DNA-binding
domain. As a transcription factor, it plays pivotal roles in
cardiac orphogenesis and maintenance of normal heart
function in human adults [1, 3, 6, 30]. TBX20 was also
regarded as a disease gene of human atrial septal defects
(ASDs) [15, 26]. The expression of TBX20 has been
demonstrated to be up-regulated during the development of
Tetralogy of Fallot in humans [13]. Previous studies on the
association of the TBX20 gene with CHD have mostly
focused on Europeans. Due to the different genetic back-
grounds and epidemic trends, those results have limited
significance on CHD prediction and prevention among the
Chinese Han population. From the present study, we have
obtained a better understanding about the TBX20 gene
polymorphism and genetic background among the Chinese
Han population.

In the present study, we identified two known SNPs,
rs6950175 and rs3999941, and a new SNP, c.657A>C, in
exon 5 of TBX20 in a population of Han Chinese neonates
with a variety of neonatal CHD including atrial septal defect
(ASD), ventricular septal defect (VSD), patent ductus arte-
riosus (PDA), tetralogy of fallot (TOF), and transposition of
great arteries (TGA). SNP rs6950175:¢c.765C>A (Ile2551le)
is a synonymous mutation. The mutation causes changes of
nucleotide 765 of the TBX20 gene from C to A, which does
not lead to change in protein sequence. No polymorphism of
rs6950175 was detected in our study. However, in case of
rs3999941:¢.766T>C, nucleotide 766 changes from T—>C,
which leads to changes in mRNA codon (UUU—-CUU) and
in amino acid 256 (Phe — Leu), the changed protein
sequence may lead to changes of secondary structures and
tertiary structures of TBX20 protein and result in heart
malformations of neonates.

The new SNP, c.657A>C (Ile2191le), is also a synony-
mous mutation which leads to changes of nucleotide 657
from A to C, but amino acid 219 remains isoleucine (Ile). It
was believed that synonymous mutations would have no
effect on the fitness of an organism initially. But now
increasing evidences suggest that synonymous mutations
could have functional consequences. This might be achieved

SNP Genotype Frequency Odds ratio (95 % CI) i p values from y*
Case (%) Control (%)
rs3999941 TT 9 (36) 20 (80) 0.14 (0.04-0.50) 9.93 0.002*
TC 16 (64) 5 (20) 7.11 (1.99-25.47)
c.657A>C AA 7 (28) 16 (64) 0.22 (0.07-0.72) 6.52 0.011*
AC 18 (72) 9 (36) 4.57 (1.38-15.11)

Note that asterisks mean differences between groups were statistically significant
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Table 3 Association between SNP allelotypes and the risk of CHD

SNP Allelotype Frequency Odds ratio (95 % CI) e p values
from Xz
Case (%) Control (%)
13999941 T 34 (68) 45 (90) 0.24 (0.08-0.71) 7.29 0.007%*
C 16 (32) 5 (10) 4.24 (1.41-12.71)
c.657A>C A 32 (64) 41 (82) 0.39 (0.16-0.98) 4.11 0.043*
C 18 (36) 9 (18) 2.56 (1.02-6.46)

Note that asterisks mean differences between groups were statistically significant
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Fig. 4 Sequencing results of c.657A>C sites of coding region SNPs
in TBX20 genes. a Positive and negative sequencing results of DNA
sample from subject 1 of case group with VSD. b Subject 5 of case
group with ASD + VSD. ¢ Subject 5 of control group. Upper positive
sequencing result; below negative sequencing result

by alterative mRNA splicing [7], affecting mRNA stability
[24] and thus protein expression and enzymatic activity,
alteration of methylation pattern [31], or by affecting tertiary
protein structure [21]. Here, we do not know the detailed
mechanism about how the c.657A>C mutation affects the
pathogenesis of CHD, further research needs to be
performed.

According to our results, the variant of SNP rs6950175 in
both CHD patients and control subjects showed homozygous
C/C genotype, which suggested a limited association
between rs6950175 and CHD in Han Chinese neonates. For
rs3999941, ORs for TC genotype and C allele were greater
than 1, suggesting the TC genotype and C allele might
increase the risk of CHD in newborn Han Chinese. In con-
trast, ORs for the TT genotype and T allele were less than 1,
suggesting that the TT genotype might be protective against
CHD development. The newly found SNP ¢.657A>C also
showed high frequency in CHD subjects. ORs for AC
genotype and C allele suggested that the AC genotype and C
allele might be the risk factors of CHD in newborn Han
Chinese. In contrast, ORs for the AA genotype and A allele
were less than 1, suggesting the AA genotype and A allele
protective factors against CHD in Han Chinese population.

As approximately 5-8 % of CHD is caused by genetic
variations, understanding the contributions of different
susceptibility alleles to CHD might highlight new diag-
nostic and management recommendations in the prediction
and prevention of CHD. Once a mother is identified as a
susceptible individual for carrying a CHD baby, preventive
care may be given to minimize the chance of the child to
develop the disease [19, 23]. Overall, our findings provided
new evidences for the association between SNPs of TBX20
gene and CHD in newborn Chinese Han population. Our
results, combined with those of previous reports, may assist
in the prenatal diagnosis and facilitate the prevention and
treatment of CHD.
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