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Research on the relativity between gene
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Abstract. - OBJECTIVE: We analyzed the
relationship between Mink-S27 gene polymor-
phism and children with cardiac insufficiency.

PATIENTS AND METHODS: From April 2013
to April 2015, we enrolled 73 cases of children
with cardiac insufficiency for this study, and
all 73 were placed in the observation group.
76 normal cases were selected for the control
group. Restriction fragment length polymor-
phism (RFLP) was used to make polymorphism
analysis of the Mink-S27.

RESULTS: Our results showed no significant
differences in Mink-S27 genotype and allele dis-
tribution in both observation and control groups
(p>0.05). In lesion samples collected from children
with cardiac insufficiency, we detected significant
difference in AA, CC genotype frequency and
allele frequency between the observation group
and the control group (p< 0.05) (X2 = 15.43, p<0.05;
X2 = 16.27, p<0.05). Further studies on samples
obtained from both groups revealed certain dif-
ferences of AA, CC, AC genotype frequency and
allele frequency in the observation group. The pro-
portion of homozygote (AA, CC) in children with
severe cardiac insufficiency was relatively high.

CONCLUSIONS: GNAS2 gene polymorphism
was associated with the prevalence of cardiac
insufficiency in children. And also the patients’
condition was correlated to the frequency of dif-
ferent genotypes and alleles.
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Introduction

Children cardiac insufficiency, also known as
cardiac failure, mainly refers to cardiac muscle’s
inability to pump blood. This condition can influ-
ence the organs, cell metabolism and normal bodily
functions. The results of related studies realized by
scholars like Xiaojin et al' showed that the reason

Corresponding Author: Xinjiang An, MD; e-mail: anxinjian001@163.com

for children cardiac insufficiency and its clinical
manifestation were different from that in adults and
the difference was most evident in infants and chil-
dren. Soylu et al? showed that normal heart function
depended on different factors, such as myocardial
contractility, cardiac preload (capacity of ventric-
ular end diastolic), cardiac afterload (tension after
ventricle spray blood) and the harmony between
heart rate and ventricular systole®. It was shown*
that a single or multiple alterations in any of above-
mentioned factors could lead to heart failure to a
certain degree. Another study® showed that most
children cardiac insufficiency cases were caused by
congenital obstructive valvular and excessive vol-
ume load. Currently, research on children cardiac
insufficiency is mainly focused on children cardiac
structure and dysfunction of related vessels, while
studies reporting on molecular mechanism involved
in children cardwiac insufficiency are rare®.

Goiteinl et al’ showed that genes related to
atrial fibrillation were located in chromosome
10g22-24. Results from another research® demon-
strated that atrial fibrillation genes were located
in chromosome 11pl15.5 and played a crucial role
in ensuring normal function of heart. Xing et al’
observed the effects of potassium transportation
regulated by § subunit in channel protein that were
coded by Mink in chromosome 21. And we know
that potassium played a crucial regulatory role in
myocardium repolarization. Ciofani et al'* showed
that 112A-G polymorphism changes existed in
exon region had some relativity with atrial fibrilla-
tion, while Xuexian'' demonstrated that the Mink
gene expression level in patients with children
cardiac insufficiency was different from that of
normal people. In the same study', the degree of
disease was somehow related to Mink expression.
We designed this work to explore the possible
link between Mink-S27 gene polymorphism and
children cardiac insufficiency. We hoped to offer
some theoretical and experimental foundation for
better understanding of the molecular mechanism
of children cardiac insufficiency.
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Patients and Methods

Patients

From March 2013 to July 2015, 73 children with
cardiac insufficiency who were treated in our hospital
were enrolled in this study. There were 36 males and
37 females, with average age of 5.6 + 3.2 years who
formed the observation group. Meanwhile, 76 healthy
children were enrolled to form the control group. In
the control group we had 38 males and 38 females
(average age = 5.6 = 3.2 years). While all members
of observation group suffered from children cardiac
insufficiency, children in the control group had no
cardiac insufficiency or other illnesses. This study
was approved by the Ethics Committee of Xuzhou
Children’s Hospital. Signed written informed con-
sents were obtained from their guardians.

Methods
Sample collection

We collected 8 ml of venous blood from cases in
the observation and the control groups. After 10 min-
utes centrifugation, we collected the upper serum and
kept it at -80°C. Cells were stored in liquid nitrogen
after freeze-stored liquid handling. All molecular
reagents used in this study were purchased from AX-
YGEN company (AXYGEN, Corning, NY, USA)
and primers used were designed by Primer software,
and synthesized by Shanghai biological engineering
company (Shanghai, China) (Table I).

PCR reaction systerm

We extracted DNA samples using AXYGEN
Genomic extraction kit, and amplified the Mink-S27
gene. PCR reaction system (50 ul) was set up as
following: ddH20 37.6 pl, 5 pl of 10X Buffer, 4 pl
of ANTP (250 umol/l), 1.2 pl of F (0.5 mmol/l), 1.2
ul of R (0.5 mmol/l), 1 ul of DNA and 1 pl of LA.
Reaction procedure was: 95°C for 5 min, 95°C for
30 s, 62°C for 30s, 72°C for 30 s set for 30 cycles
and 72°C for 10 min followed by 4°C. Amplified
Mink-S27 gene was identified using 1 % agarose gel
and observed it with gel imaging instrument.

Identification of differences in genotype

To identify the link between the different gene
mutations and children cardiac insufficiency, we
added 2.5 pl of Pml1 restriction endonuclease along

Table I. Mink-S27 exon primer sequence.

with 5 pl of 10X buffer and 1 pl of 37.5 distilled
water on 5 pul PCR products. The reaction was
incubated in water bath for 1 h at 37°C. Then, we
added 1 ul of 6X buffer on 5 ul digestion product
and conducted electrophoresis for 1 h in 1% non-de-
formation polyacrylamide gel (100 V, 40 mA) and
observed the gel using the gel imaging system >,

Conversion and sequencing of the product

To verify the possible link between gene mu-
tations and cardiac insufficiency in children, we
sequenced PCR products obtained after conver-
sion. We connected the PCR products through
digestion with T19 Simple carrier and then con-
ducted transformation. After transformation we
screened the colonies and selected PCR product
including wild-type, heterozygous and homozy-
gous mutation and samples were sequences and
analyzed (Shanghai Public Health)".

Classification of children cardiac insufficiency

According to the Ninth Revision about Standards
of children cardiac insufficiency, proposed by the
American Heart Association (NYHA) in 1994, we
divided cases into 4 classes: (i) Level I: physical ac-
tivities were not restricted, normal physical activities
did not lead to excessive fatigue, palpitations, and
breathing difficulties and other symptoms. (ii) Level
II (mild): physical activities were limited, no detect-
able symptoms after the rest, normal physical labor
could lead to fatigue, palpitations, and breathing diffi-
culties and other symptom. (iii) Level III (moderate):
physical activities were greatly restricted, patient felt
comfortable after a rest, mild physical labor could
lead to heart disease symptoms, such as palpitations
and dyspnea, (iv) Level IV (severe): Complete loss of
physical ability, heart failure, angina and other symp-
toms after the break; slight physical labor could cause
breathing difficulties and other symptoms.

Statistical Analysis

We used SPAA20.0 software for statistical
analysis. Data were expressed as X + s. Alleles
and distribution of genotype frequency expressed
by the relevant technical data. Allele frequency
= (number of homozygote X 2 + number of het-
erozygote) x 2-1 x n-1. p < 0.05 was considered
statistically significant.

Primer name

PCR product length

F GTGACGCCCTTTCTGACCA
R CCCCTCACCCCTTACAACAACG

494bp
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Results

Mink-S27 gene PCR-RFLP electrophoresis
and sequencing results

Because GNAS2-G / G genotype could be
incised by Pmll restriction enzyme, the electro-
phoresis results showed 2 bands, one at 185bp
and the other at 309bp. Mink-S27 genotype could
not be incised by Pmll restriction enzyme, so
PCR product contained only one band at 494bp.
After digestion with Pmll restriction enzyme,
Mink-S27 genotype showed three bands: 494bp,
185bp and 309bp (Figure 1). PCR digestion re-
sults were consistent with the sequencing results.

Frequencies comparison
of genotype and alleles

We conducted statistical tests to compare fre-
quency of Alleles A, C as well as genotype AA,
CC in both groups. Results showed that signifi-

Table Il. Comparison of genotype and alleles frequencies.

Figure 1. A, Mink-S27 gene PCR electrophoresis result; B,
Mink-S27 gene PCR-RFLP results.

cant differences existed between the two groups
(X7 =16.31, p <0.05; X* = 16.08, p < 0.05).

Through X°-test and frequencies comparison
between the control group and the observation
group, as well as genotype and allele, we found
that our results complied with Hardy-Weinberg’s
law of equilibrium (Table II).

Genotype frequency and allele frequency of
different patients in observation group
Patients in the observation group were divid-
ed into three types: sinus arrhythmia, ectopic
beats patients, ectopic patients and patients with
abnormal conduction. We conducted statistical
tests on genes (AA, CC) frequency and allele
(A, C) frequency of above three types. The re-
sult showed that, significant differences existed
between the genotype and allele frequency in
the patients in the observation group, who had
different degrees of the disease (X? = 15.43, p <

Group N Genotype frequency (%) )G P
AA CcC AC

Control group 76 38 (50.0) 23 (30.3) 15 (19.7) 15.43 0.000

Observation group 73 21 (28.8) 19 (26) 33 (45.2)

Group N Allele frequency (%) X? P

A C
Control group 152 105 (69) 47 (3D 16.27 0.000
Observation group 146 113 (77.4) 33 (22.6)
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Table Ill. Comparison of frequency distribution of alleles.

Group N Genotype frequency (%) X2 P  H-W balance
AA CcC AC
Cardiac insufficiency 17 5 6 6 15.43 P<0.05 0.142
type |
Cardiac insufficiency 18 4 9 5
type II
Cardiac insufficiency 20 10 8 2
type 111
Cardiac insufficiency 18 9 7 2
type IV
Group N Allele frequency (%) ) G P  H-\¥ balance
A C
Cardiac insufficiency 34 16 (47) 18 (53) 16.27 P<0.05 0.164
type [
Cardiac insufficiency 36 13 (36) 23 (64)
type II
Cardiac insufficiency 40 22 (55) 8 (45)
type 111
Cardiac insufficiency 36 20 (55.6) 16 (44.4)
type IV

0.05; X? = 16.27, p < 0.05). Through X?-test and
comparison of frequencies between the control
group and the observation group, as well as
genotype and allele, we found that it also com-
plied with Hardy-Weinberg’s law of equilibrium
(Table I11).

Discussion

As a harmful disease to healthy growth of
children, in recent years, children cardiac insuffi-
ciency’s incidences in China are growing. It was
shown that the number of children suffering from
this condition were about 320 thousand cases
in 2014, which accounted for 1.2% of the total
number of newborns®. Therefore, diagnosis and
treatment of this condition has become the focus
of attention in clinical research.

Results obtained from a prior study'® showed that
the cause of disease, among other factors, was main-
ly myocardial systolic and diastolic dysfunction,
cardiac overload. Another related work!” showed
that the cause of the disease was very complex and
could be resulted from infection, imbalance of water
and electrolyte, cardiac arrhythmia and many other
factors, such as emotional volatility and excessive
exercise. Despite much progress in recent years, the
molecular mechanism of heart failure in children re-
mains unclear. Lai et al'® showed that Mink-21 gene
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mainly codes KCNQI protein. However, Radicke et
al'® reported that KCNQI mainly transported and
metabolized potassium. In our study, potassium and
calcium played an important role in maintaining the
normal heart function.

According to our data, B subunit and KCNQI
constitute the slow delayed rectifier potassium
channel together (Iks current complete ion chan-
nels). There are two potassium channel in atrial
tissue, Ikr and Iks. They are both composed of four
subunit encoded by the genes: KCNQI encodes o
subunit of lks, KCNH2 (HERG gene) and mink
gene related peptide -1 (MiRP-1) constitute the o
subunit together in Ikr channel, and KCNE1 gene
(Mink) and KCNE2 gene encodes 3 subunit in two
channels respectively. Mink gene was expressed at
the mRNA level and protein level in atrial tissue.
In regards to distribution of Mink-S27 genotype
and allele, we found that there was no significant
difference between the control and the observa-
tion groups (p<0.05). However further research
showed that frequency of AA, CC genotypes and
allele of patients with children cardiac insuffi-
ciency were significantly different from that in
the control group (p<0.05). Moreover, further in-
vestigations on patients in the observation group
showed that the frequency of AA, CC genotypes
and alleles were different among patients. In se-
vere patients the homozygous (AA, CC) ratio was
relatively high.
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Conclusions

We observed a correlation not only between
GNAS2 gene polymorphism and the prevalence
of cardiac insufficiency in children but also be-
tween the patients’ condition and the frequency
of different genotypes and alleles.
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