
786REV ASSOC MED BRAS 2019; 65(6):786-790

The study of copy number variations in the 
regions of PRKAB2 and PPM1K among congenital 
heart defects patients

Han-Quan Dong1

 Yue-Xin Du2

1. Department of Pneumology, Tianjin Children’s Hospital, Tianjin,  300074–China
2. Department of Child Healthcare, Tianjin Municipal Women and Children health care center, Tianjin, 300070, China

http://dx.doi.org/10.1590/1806-9282.65.6.786

DATE OF SUBMISSION: 01-Aug-2018 
DATE OF ACCEPTANCE: 27-Aug-2018
CORRESPONDING AUTHOR: Han-Quan Dong  
Department of Pneumology, Tianjin Children’s Hospital, Tel:+86 22 87787721 – Fax:+86 22 87787721
No. 225 Machangdao Street, Hexi District, Tianjin 300074, China 
E-mail: duyuexin_dn@sina.com

INTRODUCTION

There are many forms of variation included in the 
human genome. In 2006, copy number variations 
were defined for a series of discoveries previously 
made as a DNA segment of 1 kb or larger, which pre-
sented variable copy numbers, in comparison with 
a reference genome. 1 Copy number variations have 
been reported to influence gene expression by alter-
ing gene dosage and through the effect of its posi-
tion. 2 Several diseases have been shown to be caused 
by the duplication of specific genes. Hence, in this 
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OBJECTIVE: This study was to assess the genetic association of copy number variations in two genes (PRKAB2 and PPM1K) located in 
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results indicate the same molecular population genetics exist in these two genes with different ethnicity. This shows that these two 
genes are possibly specific pf tetralogy of Fallot candidates. 
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study, we analyzed the copy number variations of 
genes PRKAB2 and PPM1K within ventricular septal 
defect and tetralogy of Fallot patients. 

Ventricular septal defect is the 2nd most common 
type of congenital heart defect (32%) and character-
ized as a defect in the septum between the right and 
left ventricle; while the tetralogy of Fallot is relatively 
rare, and is defined as the combination of a misposi-
tioned aorta that overrides both ventricles, ventricu-
lar septal defect, pulmonary stenosis, and right ven-
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jin Children’s hospital into this study. Informed con-
sent was obtained from their parents or guardians. 
This study protocol conforms to the ethical guide-
lines of the 1975 Declaration of Helsinki.

The clinical assessment performed in patients 
included anthropometric measurement, physical ex-
amination for dysmorphism and malformation, and 
radiological evaluation. These patients also under-
went chest X-ray examination, electrocardiogram, 
and ultrasonic echocardiogram.

Quantitative Real-Time PCR Analysis
Blood samples from congenital heart defect pa-

tients and controls were collected and stored at 
-20°C. Genomic DNA was extracted from peripheral 
blood leukocytes using standard methods (QIAamp 
DNA Mini Kit, Qiagen, Hilden, Germany).

The exon regions of the PRKAB2 and PPM1K genes 
were used for real-time primer design. The primer se-
quences of these candidate genes were designed on 
the basis of the sequence data obtained from the NCBI 
database (http://www.ncbi.nlm.nih/org), using Primer 
Express software 3.0 (Applied Biosystems) (Table 1). 

Those regions were amplified in all 200 patients 
and 100 congenital heart defect-free control individ-
uals using real-time quantitative polymerase chain 
reaction (qPCR) with a set of gene-specific primers. 10

The gDNA was used as a template in real-time 
qPCR reactions with SYBR® Green PCR Master Mix 
(Takara Biotechnology [Dalian] Co. Ltd.), which was 
performed using a 7000 real-time PCR system (Ap-
plied Biosystems, USA). 11,12 The quantification of 
these target sequences was normalized to an assay 
from chromosome 21, C2, and the relative copy num-
ber (RCN) was determined on the basis of the com-
parative ΔΔCt method, with a normal control DNA 
as the calibrator. These experiments were repeated 
three times. An approximately 0.5-fold RCN and ap-
proximately 1.5-fold RCN were used for deletion and 
duplication, respectively. 

tricular hypertrophy. Both congenital heart defects, 
ventricular septal defect and tetralogy of Fallot have 
a prevalence of 0.16% and 0.05% in births, respective-
ly.3,4 AMP-activated protein kinase, a central cellular 
energy regulator, has recently emerged as a primary 
candidate for its role in metabolic dysfunction. 5 The 
amp-activated protein kinase is highly conserved and 
consists of a α-catalytic subunit and β and γ regula-
tory subunits. PRKAB2 (AMPKB2), the gene that en-
codes the β2 regulatory subunit, is located in 1q21.2. 
Northern blot analysis revealed that AMP-activated 
protein kinase-beta-2 is expressed as a 7.5-kb mRNA 
in a variety of human tissues, with the highest levels 
in skeletal and cardiac muscles. 6 Studies of AMP-ac-
tivated protein kinase in correlation with type-2 dia-
betes have been the main research focus, concerning 
PRKAB2. 7 Another newly discovered gene, PPM1K 
(also called PP2Cm) (a mitochondrial matrix-tar-
geted protein phosphatase 2C family member), 
demonstrated that it was essential for cell survival 
and healthy development and that it was highly con-
served among vertebrates, with the highest expres-
sion levels detected in the heart and brain. As a new 
member of the Ser/Thr protein phosphatase from the 
PP2C family, the gene encodes a 372-amino-acid pro-
tein. The knockdown of PP2Cm resulted in cell death 
associated with loss of mitochondrial membrane po-
tential in cultured cardiac myocytes and induction of 
hepatocyte apoptosis in vivo. 8 

We hypothesize copy number variations that cov-
er the region of PRKAB2 and PPM1K alter the dos-
age of genes involved in cardiac development and ac-
count for the isolated tetralogy of Fallot. In addition, 
we seek to unravel the problem of whether both copy 
number variations are relevant, particularly with te-
tralogy of Fallot. Hence, we performed replication 
experiments in Chinese ventricular septal defect pa-
tients. Both gene PRKAB2 and PPM1K were selected 
in this study, according to the previous report of de 
novo copy number variations 9, to perform this repli-
cation in Chinese tetralogy of Fallot and ventricular 
septal defect patients. 

METHODS
Study subjects

A total of 200 nonsyndromic congenital heart de-
fect patients (100 tetralogy of Fallot patients and 100 
ventricular septal defect patients) and 100 congenital 
heart defect-free controls were recruited from Tian-

TABLE 1. LIST OF Q-REAL-TIME-PCR PRIMERS

Candidate 
Gene-Primer ID

Primer sequence

PRKAB2-F 5’- GCCAAAGCTCACTGTTGTTGGTTA -3’
PRKAB2-R 5’- GACAGACACAGAGCTGCACTCATTC -3’
PPM1K-F 5’- GAGGAACCAAAGGGAGGCAACT -3’
PPM1K-R 5’- TCCTTTGCCTGTTGGTTTGGA -3’
C2-F 5’-CAATTCAGGTCAGGTGATAACTCAGTAA-3’
C2-R 5’-GCCAGGTTTAGAATGTTTGTCTAAGTC-3’
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RESULTS
Real-Time quantitative PCR analysis
The present study included 100 ventricular septal 

defects and 100 tetralogy of Fallot patients. In order 
to aim directly at each gene region, specific primers 
were designed in the exon regions of those genes, 
in which the amplification segment of the PRKAB2 
gene was at the 8th exon, while that of the PPM1K 
gene was at the 7th exon. Both segments were in the 
3’UTR regions. 

PRKAB2, located at 1q21.1, which has been pre-
viously implicated in congenital heart defects 13, has 
been found to have copy number variations in the 
same region in the present study. According to the 
Greenway et al.9 study, there were four duplications 
and one deletion in five subjects with tetralogy of Fal-
lot, and the shared segment spans a small interval 
on chromosome 1q21.1. The present study found a 
deletion at the 8th exon of the PRKAB2 gene in one 
tetralogy of Fallot patient, while no duplication or 
deletion was found in all ventricular septal defect pa-
tients (Figure 1a).

Copy number variations at 4q22.1 in tetralogy of 
Fallot patients have been reported in a previous study 
9, and the region is where the PPM1K gene located. 
Combined with the results of our experiment, a cor-
relation between tetralogy of Fallot and the PPM1K 
gene is strongly suggested. Meanwhile, all patients 
with ventricular septal defects were duplicated in the 
same region of this gene (Figure 1b).

In order to confirm the copy number variations 
found in the present study, real-time qPCR was per-
formed at least three times to get rid of human-made 
handling errors.

As expected, there were no deletions or duplica-
tions detected in all 100 congenital heart defect-free 
controls according to the qPCR result.

DISCUSSION

At the 1q21.1 region, according to real-time qPCR 
results, deletions were found at the PRKAB2 gene re-
gion in one tetralogy of Fallot patient. Since more re-
cent copy number variations at this locus were iden-
tified in subjects with neurocognitive, psychiatric, 
and developmental phenotypes, 14-20 we confirm that 
tetralogy of Fallot subjects with 1q21.1 copy number 
variation identified in the present study had normal 
cognition, social behavior, and neurologic function. 

AMPKbeta2 in the N-terminal region may play 
a role in isoform-specific AMP-activated protein ki-
nase activity, 6 and it was proven that AMPKB2 was 
highly expressed in the skeletal muscle, with low 
expression in the liver. AMP-activated protein kinase 
beta subunit contains a functional glycogen binding 
domain, and the mutation of glycogen binding res-
idues may completely abolish beta-GBD binding to 
glycogen.21 This suggests that this gene is associated 
with diabetes. AMPKbeta2 was also expressed in the 
heart, along with its other subunits. However, no dis-
ease-causing mutations were found in PRKAB2 in in-
herited cardiomyopathies. In another study, AMPK-
beta2 was shown to be regulated by the p53 protein, 
which may be signaled to reduce the fidelity of cell 
growth and division, and responds by initiating cell 
cycle arrest, senescence, or apoptosis. 22

Several SNPs at the 4q22.1 region have been re-
ported and associated with bone mineral density (hip 

FIGURE 1 DELETION AND DUPLICATION OF COPY NUMBER VARIATIONS SHOWN IN GENES PRKAB2 AND PPM1K IN 
TETRALOGY OF FALLOT PATIENTS, RESPECTIVELY. 
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and spine) (MEPE), serum uric acid, serum urate 
(ABCG2) and conduct disorder (interaction) (PPM1K). 
23-25 However, there were no other previously report-
ed studies on disease-candidate copy number varia-
tions in this region, except for the study of Greenway 
et al.9. 

PPM1K is a mitochondrial protein phosphatase 
that plays an important role in normal development 
and cell survival and was discovered to specifically 
bind the branched-chain-alpha-ketoacid dehydroge-
nase (BCKD) complex and induce the dephosphory-
lation of Ser293 in the presence of BCKD substrates. 
PPM1K inactivation in developing zebrafish embryos 
caused abnormal cardiac, neural development, as 
well as heart failure. 8 PPM1K-deficient mice exhib-
ited catabolic defects similar to human maple syrup 
urine disease. 26

Previous studies have discovered that copy num-
ber variation research has focused on neurological 
diseases such as Parkinson’s and Alzheimer. 27, 28 In 
recent years, copy number variations were found to 
be more related with congenital disabilities. 29, 30 As 
one of the most common types of congenital disabil-
ity, the pathological mechanism of congenital heart 
defects has also been said to be associated with copy 
number variations.  

The less severe subtype ventricular septal defect 
is mainly due to the defect in the ventricular septum, 

which consists of the inferior muscular and superior 
membranous portion, while the ventricular septum 
is extensively innervated with conducting cardiomy-
ocytes. In contrast, the tetralogy of Fallot involves 
four heart malformations presented together, which 
are pulmonary stenosis, overriding aorta, ventricular 
septal defect, and right ventricular hypertrophy. The 
first condition includes the narrowing of the right 
ventricular outflow tract, in which the PRKAB2 gene 
was found to be significantly expressed. This may be 
the explanation for why copy number variations that 
overlap the PRKAB2 region were not found in the 
ventricular septal defect, but only found in tetralogy 
of Fallot patients. 

In conclusion, we replicated the disease-associ-
ated genes of PRKAB2 and PPM1K with tetralogy of 
Fallot in a Chinese Han population and verified that 
there was no correlation between those two genes 
and ventricular septal defect. These results indicate 
the same molecular population genetics in these two 
genes of different ethnicity. This shows that these 
two genes may be specific of tetralogy of Fallot can-
didates.
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RESUMO 

OBJETIVO: Este estudo teve como objetivo avaliar a associação genética do número de cópias em dois genes (PRKAB2 e PPM1K) loca-
lizados em duas regiões (tetralogia de Fallot e comunicação interventricular) em uma população chinesa da etnia Han. 
METODOLOGIA: Um total de 200 pacientes com doença cardíaca congênita (100 pacientes com tetralogia de Fallot e 100 com comu-
nicação interventricular) e 100 indivíduos livres de defeitos cardíacos congênitos foram recrutados, e uma análise quantitativa de PCR 
em tempo real foi utilizada para replicar a associação de duas variações de número de cópia de defeitos cardíacos congênitos, em uma 
população chinesa da etnia Han. 
RESULTADOS: Uma supressão em PRKAB2 e duplicação em PPM1K foram encontradas em dois pacientes com tetralogia de Fallot, 
respectivamente; todas essas regiões estavam duplicadas nos pacientes com comunicação interventricular e nos 100 indivíduos livres 
de defeitos cardíacos congênitos. 
CONCLUSÃO: Nós replicado a variações no número de cópias de genes candidatos de doença PRKAB2 e PPM1K com tetralogia de Fallot 
em uma população chinesa da etnia Han; em pacientes com comunicação interventricular, não foram encontradas mutações nesses 
dois genes. Estes resultados indicam que a mesma genética de população molecular existe nestes dois genes em diferentes etnias. Isso 
mostra que esses dois genes são possivelmente candidatos a genes específicos de tetralogia de Fallot.
PALAVRAS-CHAVE: Tetralogia de Fallot. Defeitos do septo, ventricular. Variação genética. Mapeamento cromossômico.
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