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Coronary heart disease (CHD) is a disease resulting from the interaction between genetic variations and 
environmental factors.  Zinc finger homeobox 3 (ZFHX3) is a transcription factor and contains a poly-
glutamine tract in a compositionally biased region that is encoded by exon 9, containing a cluster of CAG 
and CAA triplets followed by the polymorphic CAA repeats: (CAG)2(CAA)2(CAG)3CAACAG(CAA)nGCA.  

Thus, nine successive glutamine residues precede the poly-glutamine tract, encoded by the polymorphic 
CAA repeats.  The aim of this study was to investigate the association of the CAA repeat polymorphism in 
exon 9 of the ZFHX3 gene with the risk of CHD in a Chinese population.  The CAA repeat polymorphism 
was determined by polymerase chain reaction followed by DNA sequencing in 321 CHD patients.  
Genotype frequencies were compared using the non-parametric mood median test.  Four alleles of 
CAG(CAA)10GCA, CAG(CAA)8GCA, CAG(CAA)9GCA, and CAG(CAA)11GCA were found in Chinese CHD 
patients in exon 9 of the ZFHX3 gene.  The CAG(CAA)10GCA was a major allele (95.95%), and the 
CAG(CAA)8GCA was a minor allele (3.58%).  The CAG(CAA)9GCA and CAG(CAA)11GCA were rare alleles 
(0.31% and 0.16%).  The CAG(CAA)10GCA allele encodes a poly-glutamine tract of 19 residues.  
Importantly, the CHD patients homozygous for the CAG(CAA)10GCA allele had a higher risk of CHD, 
compared to the heterozygous patients carrying a CAG(CAA)8GCA allele.  Moreover, the CAG(CAA)10GCA 
allele was significantly associated with hypertension, diabetes mellitus, or dyslipidemia (P < 0.05).  Thus, 
the CAA repeat polymorphism in exon 9 of the ZFHX3 gene contributes to the CHD susceptibility in the 
Chinese population.
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Introduction
Coronary heart disease (CHD) is a leading cause of 

morbidity and mortality in the world.  It has been well 
established that genetic and environmental factors, such as 
CHD family history, hypertension, diabetes mellitus, dys-
lipidemia, poor diet, advanced age, and smoking habit, are 
associated with an increased risk of CHD (Lusk et al. 
2014).  Among these factors, hypertension, diabetes melli-
tus, and dyslipidemia are known to have a major influence.  
Although the exact genetic mechanism is unclear, genetic 
variations are estimated to account for about 30~60% of the 
CHD risk (Miller et al. 2014).  Zinc finger homeobox 3 
(ZFHX3) is a transcriptional repressor of 3,703 amino acids 
containing one ATPase A-motif, two DEAH box-like 
sequences, four homeodomains, and 23 zinc finger motifs 
involved in transcriptional regulation (Fig. 1) (Dong et al. 
2010).  ZFHX3 inhibits the enhancer of the alpha-fetopro-

tein (AFP) gene by binding to its AT-rich core sequence, 
and it also regulates myoblasts differentiation through the 
binding to the AT-rich sequence of MYF6 promoter (Li et 
al. 2013).  The ZFHX3 contains a polymorphic poly-gluta-
mine tract that is encoded by a trinucleotide CAA repeat in 
a compositionally biased region (Benjamin et al. 2009).  
The compositionally biased region is a stretch in protein 
sequences made from mainly a distinct subset of amino acid 
residues.  Such a region is frequently linked to a structural 
role.  The ZFHX3 contains 15 compositionally biased 
regions.  The ZFHX3 gene is located on chromosome 
16q22.3, spanning at least 265 kb of genomic DNA with 10 
exons (Fig. 2), and the size of a predicted cDNA is around 
16 kb (Jiang et al. 2014).  Alternative splicing is involved in 
the generation of the two ZFHX3 isoforms, and the splicing 
variant is associated with neuronal differentiation (Jung et 
al. 2005).  Genetic variants in the ZFHX3 gene are associ-
ated with atrial fibrillation in individuals of European 
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ancestry and in a Chinese Han population (Li et al. 2011).  
There was still no research data on the relation between the 
CAA repeat polymorphism encoding a polyglutamine tract 
in the fourth compositionally biased region of the ZFHX3 
and CHD.

Here, we aimed to reveal the relationship between the 
CAA repeat polymorphism and CHD in a Chinese popula-
tion.  We subsequently found that the CAG(CAA)10GCA 
allele was a risk factor for CHD in the Chinese population.

Methods
Subjects

A total of 321 hospitalized CHD patients were recruited during 
December 2011 to August 2013 from Department of Cardiology, 
Shenzhen Baoan Hospital, Southern Medical University.  All CHD 
patients were diagnosed according to ischemic heart disease diagnos-
tic criteria issued by WHO in 1979 or the presence of stenosis of 
more than 50% luminal diameter in at least one significant coronary 
artery on coronary angiography (Patel et al. 2014).  Patients with cor-
onary artery bypass surgery were also considered as CHD cases.  All 
these CHD patients were unrelated Chinese Han people.  Baseline 
clinical characteristics of CHD patients enrolled in this study are 
summarized in Table 1.  This study was approved by the ethics com-
mittee of Shenzhen Baoan Hospital, Southern Medical University, 
and was kept in accordance with the Helsinki Declaration of 1975, as 
revised in 1983.  Informed written consent was obtained from all 
CHD patients.

Polymorphism analysis
Genomic DNA was extracted from peripheral blood lympho-

cytes using a phenol-chloroform extraction method after proteinase K 
digestion for all CHD patients (Miller et al.  1988), and it was quanti-
fied using a spectrophotometer.  An absorbance ratio of 1.8 : 2.0 or 
greater was considered acceptable and the final DNA solution was 
stored at −70°C.  The sequences encoding the fourth compositionally 
biased region of the ZFHX3 was amplified by polymerase chain reac-
tion (PCR) using the following primers: 5′-ctctttggcgtttcttgctg-3′ (for-

Fig. 1.  Schematic diagram of the ZFHX3 protein.
 The ZFHX3 protein has three types of domain: zinc finger region, homeodomain, and compositionally biased region.

Fig. 2.  Diagrammatic representation of the ZFHX3 gene.

Table 1. Baseline clinical characteristics of CHD patients 
(n = 321).

Characteristics

Gender (male/female) 257/64
Age  58.8 ± 13.9
Systolic blood pressure (mmHg) 130.3 ± 24.7
Diastolic blood pressure (mmHg)  75.6 ± 16.6
Body mass index 25.3 ± 3.1
Fasting plasma glucose (mmol/L)  7.7 ± 2.7
Total cholesterol (mmol/L)  4.8 ± 1.3
Triglycerides (mmol/L)  1.6 ± 1.2
Smoking (past or current) 42.4%
Drinking  8.4%
Hypertension (past history) 48.3%
Diabetes mellitus (past history) 26.2%
Dyslipidemia (past history) 63.9%
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ward) and 5′-cctgaagagccagaagcaga-3′ (reverse) (Fig. 2).  PCR was 
performed using 100 ng of genomic DNA in 50 µl reactions contain-
ing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 2.5 mM MgCl2, 200 µM 
of each dNTP, 2 U Taq polymerase, and 0.5 µM each primer.  
Following denaturation at 94°C for 5 minutes, amplification was per-
formed using 30 cycles at 94°C for 50 seconds, annealing for 45 sec-
onds at 61°C, and 72°C for 50 seconds.  Amplification products were 
visualized on 2% agarose gel.  Amplified PCR fragments were sub-
jected to bidirectional direct and cycle sequencing after purification.  
Direct sequencing was performed using the BigDyeTM Terminator on 
ABI3730 Genetic Analyzer.  Cycle sequencing was performed using 
Stratagene’s RoboCycler Gradient 96 temperature cycler with Hot 
Top Assembly.

Statistical analysis
Statistical analysis was performed using SPSS Statistics 13.0 

for Windows.  Allele frequencies were compared using the non-para-
metric mood median test.  Differences among categorical variables 
were analyzed using Pearson’s chi-square test.  A P value < 0.05 was 
considered statistically significant.

Results
Four alleles of CAG(CAA)10GCA, CAG(CAA)8GCA, 

CAG(CAA)9GCA, and CAG(CAA)11GCA were found in 
exon 9 of the ZFHX3 gene encoding the fourth composi-

tionally biased region in CHD patients (Fig. 3).  The 
CAG(CAA)10GCA was a major allele, and most patients 
were homozygous for this allele (Table 2).  The 
CAG(CAA)8GCA was a minor al lele,  while the 
CAG(CAA)9GCA and CAG(CAA)11GCA were rare alleles.  
Thus, minor and rare alleles were identified in a heterozy-
gous state in 26 CHD patients (Table 2).  The frequency of 
each allele is shown in Table 3 for CHD patients.

We also showed that CHD patients who are homozy-
gous for the CAG(CAA)10GCA allele were more likely to 
develop hypertension, diabetes mellitus, or dyslipidemia 
compared to the heterozygous patients carrying the 
CAG(CAA)10GCA and CAG(CAA)8GCA alleles (Table 4).  
Thus, the CAG(CAA)10GCA allele was significantly associ-
ated with hypertension, diabetes mellitus, or dyslipidemia 
in the Chinese CHD patients (P < 0.05).  In this study, how-
ever, we were unable to analyze whether either 
CAG(CAA)11GCA or CAG(CAA)9GCA allele is associated 
with hypertension, diabetes mellitus, or dyslipidemia 
because of low allele frequencies and inadequate subject 
numbers.

Discussion
Trinucleotide repeats belong to a family of microsatel-

Fig. 3.  The CAG(CAA)nGCA polymorphism encoding the fourth compositionally biased region in the ZFHX3 gene in CHD 
patients.
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lite sequences, also known as short tandem repeats.  
Tandem repeats of different trinucleotide motifs are present 
in the human transcriptome, and their functions may depend 
on the structures they form (Malgowska et al. 2014).  Some 
AT-rich trinucleotide repeat types, such as CAA and CTT, 
are particularly underrepresented in exons, whereas GC-rich 
repeats (CGG and CCG) are highly overrepresented, imply-
ing that trinucleotide repeat sequences have a functional 
significance (Naumann et al. 2014).  A survey of the human 
genome reference sequence revealed that it harbors more 
than 32,000 tracts of trinucleotide repeat sequences com-
posed of six or more repeated units (Axford et al. 2013).  In 
human exons, which account for less than 3% of the 
genomic sequence, there are as many as 1,030 trinucleotide-
repeat tracts (Slean et al. 2013).  Polymorphic trinucleotide 
repeats are better tolerated than dinucleotide and tetranucle-
otide repeats in translated sequences because their length 
variation does not change the open reading frame (Panigrahi 
et al. 2012).  About 60% of exonic trinucleotide repeats are 
primarily translated to a poly-Gln, poly-Ala, poly-Glu, or 
poly-Leu tract (Kozlowski et al. 2010).  A study showed 
that the amino acid-coding property of trinucleotide repeats 
is not the only feature for which these sequences are 
selected in exons (Sobczak et al. 2010).  The other proper-
ties of trinucleotide repeat sequences that manifest them-
selves on the levels of DNA, RNA, or both may also con-
tribute to the functional importance of these sequences and 
their prevalence in exons (Sobczak et al. 2010).  These 
properties of trinucleotide repeats may include their ability 

to form higher order structures in single-stranded DNA and 
transcripts (Liu et al. 2012).  Higher order structures may 
play an important regulatory role in numerous cellular pro-
cesses, such as DNA replication repair and at various steps 
of gene expression ranging from transcription to mRNA 
decay (Gannon et al. 2012).

The ZFHX3 gene, also called AT motif-binding factor 
1 (ATBF1), was first described as a transcription factor that 
inhibits the human AFP gene expression in the liver (Sun et 
al. 2012).  It has been reported to be a tumor suppressor 
gene in multiple cancers (Sun et al. 2014).  The ZFHX3 is a 
DNA-binding protein that contains multiple homeodomains 
and zinc finger motifs (Dong et al. 2012).  The ZFHX3 gene 
has been associated with growth and differentiation regula-
tion of several tissues, such as neuron and skeletal muscle 
(Jung et al. 2005).  Although the function of the ZFHX3 
gene in cardiac tissue is unknown, it was expressed in 
mouse hearts (Dong et al. 2011).  The ZFHX3 gene variants 
are associated with atrial fibrillation in a Chinese Han popu-
lation (Sun et al. 2014).

CHD is the most common form of cardiovascular dis-
ease with high morbidity and mortality.  In this study, we 
identified the polymorphic CAA repeat, CAG(CAA)nGCA, 
in exon 9 of the ZFHX3 gene that encodes the fourth com-
positionally biased region in CHD patients and healthy sub-
jects in a Chinese population.  The CAG(CAA)nGCA poly-
morphism in the ZFHX3 gene here described has not been 
reported previously.  The CAA repeat polymorphism 
encodes a poly-Gln tract (17-20 Gln residues) in the 

Table 2.  The CAG(CAA)nGCA genotype in CHD patients.

CAG(CAA)nGCA genotype CHD patients (n)

CAG (CAA)10GCA/CAG (CAA)10GCA 295
CAG (CAA)10GCA/CAG (CAA)8GCA 23
CAG (CAA)10GCA/CAG (CAA)9GCA 2
CAG (CAA)10GCA/CAG (CAA)11GCA 1

Table 3.  Frequency of the CAG(CAA)nGCA allele of the ZFHX3 gene in CHD patients.

CAG(CAA)nGCA allele Poly-Gln Frequency

(CAG)2(CAA)2(CAG)3CAACAG(CAA)10GCA (Gln)19 95.95%
(CAG)2(CAA)2(CAG)3CAACAG(CAA)8GCA (Gln)17  3.58%
(CAG)2(CAA)2(CAG)3CAACAG(CAA)9GCA (Gln)18  0.31%
(CAG)2(CAA)2(CAG)3CAACAG(CAA)11GCA (Gln)20  0.16%

Table 4.  Frequency of the CAG(CAA)nGCA genotype in CHD patients with hypertension, diabetes mellitus, or dyslipidemia.

Genotype CHD with hypertension CHD with diabetes mellitus CHD with dyslipidemia

CAG(CAA)10GCA/ CAG(CAA)10GCA 50.51% (149/295) 27.46% (81/295) 65.42% (193/295)
CAG(CAA)8GCA/ CAG(CAA)10GCA 21.74% (5/23)  8.70% (2/23) 43.48% (10/23)
χ2 7.071 3.894 4.451
P < 0.01 < 0.05 < 0.05



A Polymorphism in the ZFHX3 Gene Is Associated with CHD Risk 265

ZFHX3 protein.  Four alleles of CAG(CAA)10GCA, 
CAG(CAA)8GCA, CAG(CAA)9GCA, and CAG(CAA)11GCA 
were found in exon 9 of the ZFHX3 gene in CHD patients.  
Several lines of evidence point to the critical involvement 
of poly-Gln aggregation in the disease process (Stork et al. 
2005).  Aggregation kinetics of proteins containing a poly-
Gln tract exhibits dependency on repeat length that qualita-
tively mirrors the repeat length dependency of disease risk 
(Sobczak et al. 2010).  The frequency of the CAG(CAA)10GCA 
allele that encodes the ZFHX3 protein containing (Gln)19 

was 95.95% (Table 3).  In a healthy Chinese population, the 
CAG(CAA)10GCA and CAG(CAA)8GCA were wild-type 
alleles, and their frequencies were 96.17% and 3.83% 
(unpublished data).  There was no significant difference in 
two allele frequencies between CHD patients and healthy 
controls.  Among CHD patients, the CAG(CAA)8GCA was 
a minor allele.  The CAG(CAA)9GCA and CAG(CAA)11GCA 

were rare alleles, but statistical analysis was not performed 
for frequency difference between them.  Little is known 
about the physiological functions of the poly-Gln tract in 
the ZFHX3 protein.

In this study, we showed that the CAG(CAA)10GCA 
allele was significantly associated with hypertension, diabe-
tes mellitus, or dyslipidemia compared to the CAG(CAA)8GCA 
allele in CHD patients.  Hypertension, diabetes mellitus, 
and dyslipidemia are major risk factors for CHD (Chen et 
al. 2014); therefore, individuals carrying the CAG(CAA)10GCA 
allele are likely to develop CHD.  Expansion of CAA 
repeats encoding the poly-Gln tract in the fourth composi-
tionally biased region of ZFHX3 may be a risk factor for 
CHD in the Chinese population.  More studies should be 
focused on the functions of the compositionally biased 
region of the ZFHX3.

In summary, four alleles of CAG(CAA)10GCA, 
CAG(CAA)8GCA, CAG(CAA)9GCA, and CAG(CAA)11GCA 

were found in exon 9 of the ZFHX3 gene encoding the 
fourth compositionally biased region in Chinese CHD 
patients.  This study also showed that the CAG(CAA)10GCA 
allele was significantly associated with hypertension, diabe-
tes mellitus, or dyslipidemia in CHD patients, compared to 
the CAG(CAA)8GCA allele.  Thus, expansion of the CAA 
repeats, encoding the poly-Gln tract in the fourth composi-
tionally biased region, in the ZFHX3 gene may be a risk 
factor for CHD in the Chinese population.  Further investi-
gation is needed to clarify the functions of the composition-
ally biased region of ZFHX3.
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