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Abstract: Whole-exome sequencing (WES) was used to explore pathogenic variants present in a Zhuang family with
coronary artery disease (CAD). The 11 Zhuang family members enrolled in this study include three generations of
direct relatives with a history of CAD. All members currently live in Guangxi Zhuang Autonomous Region (China),
in which all members were also born. Clinical and biochemical tests were performed on the members who were
divided into the CAD group (four members), the high-risk CAD group (four members), or normal control group (three
members). Whole-exome sequencing was performed on two randomly selected CAD members and one control
member in order to screen for candidate genes. All members of the family were genetically verified using Sanger
sequencing. Bioinformatics analysis performed on WES data led to the discovery of five candidate genes. Having
been confirmed using Sanger sequencing, two pathogenic mutations, PPP2R3A (¢.721G; p.Glu241Lys>A) and TMX3
(c.1035 + 38delA), were found in four members of the CAD group and two members of the high-risk group. These
variants were not detected in the three control group members. PPP2R3A and TMX3 may be new pathogenic muta-
tions associated with CAD in the Zhuang population of Guangxi province.

Keywords: Coronary artery disease, pedigree, PPP2R3A, TMX3, whole-exome sequencing, Zhuang ethnic group

Introduction

Coronary artery disease (CAD) is a complex,
multi-gene disease, caused by genetic as well
as environmental factors, and commonly leads
to death [1, 2]. Traditional environmental risk
factors for CAD include smoking, obesity, diabe-
tes, hypertension, and hyperlipidemia. With in-
depth study of the pathogenesis of CAD, genet-
ic factors have in recent years been found to
play an important role in development of this
condition. Studies have shown that genetic fac-
tors account for the onset of approximately
40%-60% of CAD cases [3, 4]. At present, CAD-
related genes are mainly identified through
genome-wide association analysis. More than
60 susceptibility loci have been found [5], with
most being discovered by studying population
distribution and through big data analysis. How-
ever, this approach lacks supportive research
from pedigrees of families with a history of
CAD. Since the occurrence of CAD shows signi-
ficant familial aggregation, family history is of
high predictive value for genetic susceptibility

studies [6]. Some advantages to performing
WES include low cost, high efficiency, and high
sensitivity to common and rare mutations. Fur-
thermore, this method has become an impor-
tant guideline for detecting disease-causing
mutations [7].

The prevalence of CAD varies in different eth-
nic groups [8], and is related to gene polymor-
phisms [9]. Compared to Caucasians, Blacks
have a higher prevalence of CAD and unstable
angina [10], and their risk of developing cardio-
vascular and cerebrovascular stroke is two to
four times higher than that of Caucasians. The
interleukin-6 (IL-6) C-572G gene is associated
with the occurrence and development of CAD.
This variant is differentially distributed across
race groups and regions [11]. It has been re-
ported that the 572C/G locus of the IL-6 gene
is similar in Chinese and Japanese populations,
but different from populations based in Europe
and the United States [12]. China is a multi-
ethnic country composed of Han Chinese and
55 ethnic minority populations. Living mostly in



PPP2R3A and TMX3 in coronary artery disease

Table 1. PCR primers for five candidate genes

well as agarose gel electrophoresis. WES

Positive amplification Reverse amplification

Gene ) .
primer sequence primer sequence

was performed by the Beijing Genomics
Institute on > 2 pg of DNA from two CAD

RNF25  TGCCGTTCCTGTTCCTGC GAGCGTCACCAAGCCAGA
TMX3 TCAACCTTAGCCAACAGC AGATGAATTGCGTATCCT
CCR5 GGTGGAACAAGATGGATT GACACCGAAGCAGAGTTT
PPP2R3A CCCATCCTTTGGTTTACT CATTATTCCCAGACTGCA
MRPL42 CCCCTCAACTGGAACAT CCTGAGAATGAGAACCCT

patients (II-6, lI-15) and one control mem-
ber (l-1). The whole-exome test work flow
included randomly dividing DNA into small
fragments for genomic DNA library con-
struction and target area capture, which
was followed by sequencing with a

the Guangxi Zhuang Autonomous Region, the
Zhuang are the most populous ethnic minority
in China with more than 16 million people be-
longing to this group. In the sixth National de-
mographic census, the number of Zhuang peo-
ple living in Guangxi totaled 14.4 million. In this
study, the clinical and biochemical tests of
members of a Zhuang family with CAD history
were analyzed. It is the first, to our knowledge,
to describe the presence of CAD-related genes
in members of the Guangxi Zhuang population.
WES and Sanger sequencing were used to ex-
plore the pathogenic variants in this Zhuang
family, which provides a basis for the further
study of CAD pathogenesis.

Materials and methods
Pedigree information

The clinical data used to derive the Zhuang
family’s pedigree was obtained from the First
Affiliated Hospital of the Guangxi Medical
University. The members enrolled in the study
live in a remote, mountainous area in Hechi,
Guangxi province. The pedigree spanning three
generations was constructed from immediate
Zhuang family members. No consanguineous
marriages were observed. Of the eight mem-
bers of the family to suffer from CAD, four are
deceased. We surveyed members of the pedi-
gree and collected clinical data. This included
physical examinations of the 11 living members
and extraction of 10 mL of peripheral venous
blood for genomic DNA isolation and bioche-
mical examination. The study was approved by
the Guangxi Medical University First Affiliated
Hospital Ethics Committee.

DNA extraction and whole-exome sequencing

Genomic DNA was extracted from whole blood
using a genomic DNA isolation kit (Tiangen
Biochemical Technology, Beijing, China.). The
concentration and quality of DNA was deter-
mined by a nucleic acid and protein detector, as
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Hiseq2000 sequencer.
Sequencing data analysis

Raw WES data was filtered to remove redun-
dant and incorrect data. The filtered data was
then aligned with the GRCh37/HG19 reference
genome using the Burrows-Wheeler Alignment
tool, which was followed by re-alignment and
calibration using Picard and the Genome Ana-
lysis Tool kit (GATK) to ensure the accuracy of
mutation detection. The sequencing Raw re-
ads, average depth and coverage of sequenc-
ing were calculated. GATK (v3.3.0) Haplotype-
Caller was used to detect genomic variations,
which included SNPs and indels. Variation re-
sults were annotated using SnpEff, with data
analyzed and screened using dbSNP and case-
control data from the 1000 Genomes Project.
Finally, SIFT and Polyphen were used to predict
and screen for harmful mutations.

Validation of candidate genes

Reflective of the pedigree, disease-associated
candidate genes were identified by WES in
family members shown to suffer from CAD.
Candidate gene primers were designed using
Primer 5.0 (Table 1), were synthesized by Bei-
jing Genomics Institute, and verified by Sanger
sequencing. Sanger sequencing was perform-
ed using an ABI 3730XL DNA Sequencer (Ap-
plied Biosystems). The sequencing reaction
solution had a total volume of 5 pL, and the
reaction program included denaturing at 95°C
for 15 s, followed by annealing at 50°C for 5 s
and extension at 60°C for 90 s. The sequenc-
ing reaction was repeated for 35 cycles.

Results
Clinical data and the derivation of the pedigree

The Zhuang CAD family under investigation had
a total of 44 members spanning three genera-
tions (Figure 1). Of these, 11 members agreed
to participate in this study since the age of
the family members varied greatly and some
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Figure 1. Pedigree structure of a family. m and e, CAD affected; o and o, not CAD affected; ¥ and @ , Individuals
reported to have High coronary heart disease factors; +, included in exome sequencing analysis; A, Individuals
reported Members of the pedigree agreeing to participate in this study; P, mutated PPP2R3A allele; T, mutated
TMX3A allele.

Table 2. Clinical characteristics of family members

D Age Gender BP  Smoker BMI CHOL TG HDL LDL FBG
(years) (kg/m2)  (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
1I-2 68 F No No 28.9 4.6 0.83 1.87 2.42 1.37
1I-5 64 F No No 22.22 5.35 1.5 1.21 3.15 3.27
1I-11 56 F No No 31.24 4.81 2.32 0.90 2.63 4.02
11-13 51 M Yes Yes 27.34 5.05 0.66 1.83 2.60 2.55
1I-15 49 M Yes Yes 27.74 2.84 1.09 0.87 1.29 4.26
1I-18 46 F No No 20.5 7.23 0.82 1.50 5.05 1.07
-3 44 F No No 19.11 4.88 1.61 1.10 2.83 3.23
-4 41 F Yes No 32.05 8.04 1.18 1.15 5.91 3.63
-5 37 M No No 25.95 5.27 0.86 1.76 2.88 3.67
1-13 28 M No No 23.46 713 3.47 0.92 4.30 3.04
11I-16 22 F No No 18.73 3.89 0.71 0.91 2.28 4.5

BMI: 18.5-23.9, CHOL 3.1-5.2, TG 0.56-1.70, HDL 1.16-1.42, LDL 2.7-3.13, FBG 3.9-6.1. M: male, F: female, BP: blood pres-
sure, BMI: body mass index, CHOL: cholesterol, TG: triglycerides, HDL: high-density lipoprotein, LDL: low-density lipoprotein,

FBG: fasting blood sugar.

members lived outside of the Hechi area. The
detailed clinical data and biochemical test
results are shown in Table 2. The 11 enrolled
members were divided into three groups: the
CAD group, the high-risk CAD group, and the
healthy control group. For this study, CAD diag-
nosis was based on WHO diagnostic criteria
for CAD [13], which include: a stenosis rate of
vascular diameter of coronary angiography left
main artery, left anterior descending artery, left
circumflex artery, right coronary artery or its
main branch >50%. Criteria for the high-risk
CAD group included no clinical symptoms of
CAD, but the presentation of more than one
CAD risk factor. The healthy control group had
no clinical symptoms or CAD risk factors, and
also showed normal biochemical test results.
A total of four members (36.4%) had already
been diagnosed with CAD. Three of these cases
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(-6, 1-11, and 1I-15) were confirmed by coro-
nary angiography and the insertion of two or
more stents. One member (1I-13) had angina,
presented with CAD risk factors (hypertension,
obesity, and smoking habits), and was thus clin-
ical diagnosed with CAD. Four members (lI-18,
-4, 11I-5, IlI-13) presented with different risk
factors for CAD, including hypertension, hyperli-
pemia, obesity, while the remaining three mem-
bers (II-2, 11I-3, 11I-16) lacked a diagnosis of CAD,
did not have any related risk factors, and were
put in the normal control group.

Whole-exome sequencing data analysis

WES yielded an average of over 8 G of data
per sample. The average target depth of se-
quencing was approximately 70.40x. The aver-
age 10x target area coverage was 95.92%.
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Table 3. Five candidate genes

Gene Chromosome Mutation site Function mutation SIFT Polyphen-2
RNF25 Chr2 c.419A>G Missense mutation 0.01 (D) 0.998 (D)
CCR5 Chr3 ¢.316G>A Missense mutation 0 (D) 0.971 (D)
PPP2R3A Chr3 Cc.721G>A Missense mutation 0 (D) 0.994 (D)
MRPL42 Chr12 c.364C>T Missense mutation 0 (D) 0.995 (D)
TMX3 Chr18 ¢.1035 + 38delA Intron mutations
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Figure 2. Sequence chromatograms of PPP2R3A and TMX3. The top and bottom panels, respectively, show chro-

matograms of wild-type and mutated sequences.

Candidate genes for CAD were filtered by 1)
selecting the genes discovered in the CAD
group that were not present in the control
group; 2) excluding synonymous mutations and
selecting those with a minor allele frequency <
0.01% from the 1000 Genomes Project data-
base; and 3) testing amino acid function of the
identified mutations using SIFT and PolyPhen-2.
This strategy identified a total of 588 prelimi-
nary SNP and 428 indel mutations. Mutations
that in both programs were predicted to have
harmful consequences were selected as SNPs
of interest. A total of four SNP and one indel
mutations were found (Table 3).

Validation of candidate genes

The candidate genes were re-validated by PCR
and confirmed via Sanger sequencing. Two pa-
thogenic genes PPP2R3A (c.721G; p.Glu241-
Lys>A) and TMX3 (c.1035 + 38delA), were
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found (Figure 2). The ¢.721G>A (p.Glu241Lys)
variant is located in the PPP2R3A gene on chro-
mosome 3, and results in a missense mutation
from a glutamic acid codon (CAG) to a lysine
codon (AAG). This gene variant was found in
four CAD patients and one high risk CAD me-
mber (II-18). The ¢.1035 + 38delA mutation is
located in the TMX3 gene on chromosome 18.A
cytidine deletion at loci 454 results in the oc-
currence of this mutation. This mutation was
not found in the dbSNP database and is there-
fore considered to be a new SNP site. The TMX3
gene variant was found in four CAD patients
and two high risk CAD members. Neither of the
two pathogenic gene variants was found in the
three control members.

Discussion

By using whole-exome and Sanger sequencing,
this study identified two putative pathogenic
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genes, PPP2R3A and TMX3, in a Zhuang family
living in the Guangxi Zhuang Autonomous Re-
gion with a family history of CAD. These two
variants might be pathogenic mutations spe-
cific to the Zhuang population in the Guangxi
province. The PPP2R3A and TMX3 mutations
were collectively found in six members enroll-
ed in this study. Four members were confirmed
CAD patients by coronary angiography or clini-
cal diagnosis, and the remaining two posse-
ssed multiple high-risk factors for CAD, which
included dyslipidemia and high blood pressure.
No variant was found in control group family
members.

The genetic mechanism of CAD can be explain-
ed by the superposition effects of multiple mi-
nor alleles [14]. It is, however, a complex multi-
gene disease. Studies have reported that the
prevalence of CAD varies in different ethnic
groups, while genome-wide association analy-
sis is the primary tool through which studies
on genes related to CAD are conducted. How-
ever, only 33% of the genes identified using this
method have definitively been shown to relate
to CAD [15, 16]. In addition, this method is
mainly used for independent CAD patients in-
stead of pedigree with CAD history. The use of
WES technology is not restricted by the family
history of the individual(s) under investigation
and is widely applied to mono and polygenic
disease research. Recent studies have there-
fore started to focus on the exploration of CAD-
related gene mutation loci through pedigree
research using WES. For example, Erdmann et
al. [6] found two heterozygous mutations, GU-
CY1A3 and CCT7, in a pedigree that included
32 CAD patients; and Inanloo Rahatloo K et
al. [17] found a pathogenic ST6GALNACS gene
variant in a large Iranian family.

In this study, we found new pathogenic alleles
within the PPP2R3A and TMX3 genes in a
Zhuang family living in the Guangxi Zhuang
Autonomous Region with a family history of
CAD. PPP2R3A is part of the protein phospha-
tase 2A regulatory subunit B, which is a serine/
threonine phosphatase that plays an important
role in regulating growth and division. PP2A is
one of the major phosphatases in the human
heart and regulates membrane excitability and
cardiac contractions by dephosphorylating ion
channel arrays and cardiac proteins [18]. Ph-
osphorylation disorders are associated with
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many cardiovascular diseases, including heart
failure, myocardial infarction, atrial fibrillation,
and sinus node disease [19]. PPP2R3A has two
subunits: PR72 and PR130. PR130 is the larg-
est transcription factor of PPP2R3A and is high-
ly expressed in heart [20]. It has been reported
that calcium released by PR130 and the sarco-
plasmic reticulum act as targets for the ryano-
dine receptor 2. This process is associated with
cardiac excitatory/contractile coupling [18].
These studies have shown that PPP2R3A gene
mutations have some impact on the contrac-
tion of the heart, which may be related to the
presentation of CAD. The TMX3 gene variant is
a new SNP site. TXM3 is a member of the endo-
plasmic reticulum disulfide isomerase (PDI)
family. Previous studies have shown that PDI is
present on the platelet surface, is secreted by
platelet activity, and is related to the formation
of thrombi [21]. Although studies have con-
firmed that TMX3 is also present on the platelet
surface [22], its specific biological function is
not yet clear. It is well-known that platelet ag-
gregation and thrombosis are the main causes
of acute coronary syndrome. Therefore, we be-
lieve that there is a relationship between TMX3
and CAD, which warrants further investigation.

This study also found that among the four
enrolled members with risk factors for CAD,
one carried both the PPP2R3A and TMX3 vari-
ants, one only carried the TMX3 mutation, and
the remaining two carried neither of the two
variants. Although this result is not consistent
with a co-segregation model, it could be as a
result of environment, age and gender. For
example, young patients may not show clinical
symptoms of CAD, while women show clinical
symptoms relatively late due to the protective
effects of estrogen [23]. Nevertheless, we will
conduct long-term follow-ups on these four
members in order to track the relationship
between the two variants and CAD.

The limitations of this study are due to the fact
that 1) the sample size is too small; and 2)
verification was performed within one family
only. More cases occurring in families of the
same ethnic group will be included in future
studies. We will also include a larger group of
independent CAD patients from the Guangxi
Zhuang population to further explore the rela-
tionship between PPP2R3A, TMX3 and CAD in
the Zhuang Chinese population.

Int J Clin Exp Pathol 2018;11(7):3678-3684
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