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Abstract: Objective: To investigate the correlation between the distribution of Apo lipoprotein E (ApoE) gene polymor-
phism and the severity of chronic heart failure (CHF) secondary to non-ischemic cardiomyopathy (NICM). Methods:
One hundred and twenty patients with CHF due to NICM and one hundred and eighty patients with CHF due to isch-
emic cardiomyopathy (ICM) treated in our hospital from January 2013 to December 2016 were selected as NICM
group and ICM group, respectively. The genomic DNA of the two groups was extracted for the genotyping of € locus
of ApoE gene by PCR-RFLP. The left ventricular end-diastolic diameter (LVEDD) and left ventricular ejection fraction
(LVEF) were measured by color Doppler ultrasonography. Results: In NICM group, the €4/4 and €3/4 genotypes and
the frequency of allele €4 were significantly higher than those in ICM group (P < 0.05); €2/3 and €2/4 genotypes
and frequency of allele €2 were significantly lower than ICM group (P < 0.05); but there was no significant difference
between both group in €2/2 and €3/3 genotypes and €3 frequency (P > 0.05). Logistic regression analysis showed
that €4/4 genotype and allele €4 were the influencing factors of CHF secondary to NICM (P < 0.05). Patients in
the NICM group showed different genotypes and different features in both LVEF and LVEDD, the order of which is:
LVEDD (e4/4) > LVEDD (€3/4) > LVEDD (¢3/3) > LVEDD (¢2/4) > LVEDD (e2/3) > LVEDD (€2/2) (P < 0.05); LVEF
(e4/4) < LVEF (¢3/4) < LVEF (€3/3) < LVEF (€2/4) < LVEF (¢2/3) < LVEF (¢2/2) (all P < 0.05). Conclusion: ApoE gene
polymorphism is closely related to CHF secondary to NICM, and CHF is more severe in NICM patients with €4/4 type
ApoE gene.
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Introduction observed, the patients have already developed
to a serious chronic cardiac dysfunction [1, 5].
However, recent studies have reported that

there are significant differences in the degree

Non-ischemic cardiomyopathy (NICM) is car-
diomyopathy that caused by non-coronary ar-

tery disease and myocardial ischemia, which
mainly involves dilated cardiomyopathy, hyper-
trophic cardiomyopathy and so forth. Recently,
the incidence of NICM has significantly in-
creased up to 15% [1, 2]. Moreover, NICM can
easy to induce cardiac dysfunction and malig-
nant arrhythmia, therefore, it is one of the main
causes for heart failure and sudden death [3,
4]. Unlike ischemic heart disease, it’s difficult
for most NICM patients to draw attention to
occult attack. Once clinical manifestations are

cardiomyopathy and process of chronic heart
failure (CHF) in patients with NICM, and the
researchers have found that the distribution of
gene polymorphism is closely related, among
which ApoE gene polymorphism is the most
concerned, especially ApoE € polymorphism in
exon 4 [6]. Moreover, studies have indicated
that ApoE gene has obvious variability, and the
population is mainly characterized by exon 4
polymorphism, which is the missense mutation
of ApoE € gene [7]. The synthesis of ApoE in the
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body is controlled by three alleles at the same
locus, namely €2, €3 and €4, so the polymor-
phism of ApoE gene is composed of three
homozygous (€2/2, €3/3, €4/4) and three het-
erozygous (€2/3, €3/4, €2/4). Therefore, some
researchers believe that the accumulation of
small phenotypic effect induced by ApoE gene
polymorphism complicates the role of NICM in
the occurrence and development of CHF, how-
ever, their specific correlation is still unclear [8].

Therefore, this study analyzed the incidence
of CHF secondary to NICM and ApoE ¢ geno-
typing in Chinese Han patients in our hospital,
so as to analyze the correlation between the
pathogenesis of CHF secondary to NICM and
ApoE ¢ gene polymorphism and to explore the
relationship between ApoE & gene polymor-
phism and the degree of heart failure.

Materials and methods
Subjects

All the patients in the study were the Han
Chinese, no sibship between each other, and
they all voluntarily signed the informed con-
sent. The study was approved by the Ethics
Committee of our hospital.

A total of 120 patients (67 males and 53
females, aged 44-68 years with average age
of 58.9+12.8 years) with CHF secondary to
NICM hospitalized and treated in our hospital
from January 2013 to December 2016 were
selected as NICM group. Inclusion criteria: All
patients were in line with the NICM diagnostic
criteria of Recommendations on diagnosis and
treatment of cardiomyopathies which promul-
gated by the Chinese Society of Cardiology in
2007 [9]; patients with complete clinical data;
patients underwent cardiac color Doppler ultra-
sonography. Exclusion criteria: Patients with
serious sustained rapid ventricular arrhythmia,
pericardial disease or congenital heart disea-
se; patients suffered from severe lung, liver,
kidney and other vital organ dysfunctions or
systemic diseases.

A total of 180 patients (95 males and 85 fe-
males, aged 47-75 years with average age of
61.8+14.5 years) with CHF secondary to isch-
emic cardiomyopathy (ICM) concurrently hospi-
talized and treat in our hospital were selected
as ICM group. Inclusion criteria: The patients
were diagnosed with ICM; patients with com-
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plete clinical data; patients underwent cardiac
color Doppler ultrasonography. Exclusion crite-
ria: patients with serious sustained rapid ven-
tricular arrhythmia, pericardial disease or con-
genital heart disease; patients suffered from
severe lung, liver, kidney and other vital organs
dysfunctions or systemic diseases.

ApPOE € genotyping detection

Genomic DNA extraction: Five-milliliter of fast-
ing venous blood were drawn from the two
groups of patients with EDTA anticoagulant in
the early morning, then the leukocytes were
obtained, and the sample genomic DNA was
extracted by using the blood kit from German
Qiagen company. Subsequently, the extracted
DNA sample was stored in the refrigerator at
-80°C for later detection.

PCR-RFLP genotyping: The ApoE ¢ gene was
genotyped by polymerase chain reaction-re-
striction fragment length polymorphism (PCR-
RFLP) in the study. According to the previous
literature, the primers were designed and syn-
thesized as the followings: the upstream prim-
er, 5-AACAACTGACCCCGGTGGTGGCG-3’; the
downstream primer, 5-ATGGCGCTGAGGCCG-
CGCTC-3’ [10]. The total volume of PCR reac-
tion system was 40 pl, including 10X PCR Buf-
fer 4 pl, MgCl, (50 mmol/L) 1.5 pl, dNTP (10
mmol/L) 1.0 pl, upstream and downstream
primers each 1.0 ul, template DNA 2 ul, Taq
DNA polymerase (5U) 0.4 pl, and ddH,0 29.0
pl. PCR reaction condition: pre-denaturation at
95°C for 3 min, denaturation at 95°C for 30 s,
renaturation at 57°C for 1 min, extension at
70°C for 1 min, 30 cycles, and then extension
at 72°C for 10 min.

ApoE-g gene identification: The above-men-
tioned enzyme-digested products were ob-
served and photographed after polyacrylami-
de gel electrophoresis and ethidium bromide
dyeing. A mixture with PCR amplification prod-
ucts 25 ul, 10X enzyme digestion buffer solu-
tion 3 pl, ddH,0 1 pland Hhal 1 yl was incubate
at37°Cfor3to 5 h.

The size of ApoE alleles were €2 (91, 83, 38),
€3 (91, 48, 38, 35) and €4 (72, 48, 38, 35); the
size of 3 homozygotes of ApoE genotype were
€2/2 (91, 83, 38), €3/3 (91, 48, 35) and ¢4/4
(72, 48, 38, 35); the size of 3 heterozygotes
were €3/2 (91, 83, 48, 38, 35) and €4/2 (91,
83, 72, 48, 38, 35). After the PCR amplification
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Table 1. Basic information

ICM 180 61.8114.5 95:85 19.2+2.7 77 (42.8) 64 (35.6) 55 (30.6)
NICM 120 58.9+12.8 67:53 18.6+3.0 50 (41.7) 44 (36.7) 35 (29.2)
t/X? 1.777 6.735 1.803 6.205 6.412 6.571
P 0.077 0.060 0.072 0.081 0.075 0.068

Table 2. Comparison of genotype frequencies of ApoE € (n, %)

expressed by mean =

Group Cases €2/2  3/3  e4/4  €2/3  £3/4  &2/4 standard deviation; bet-
NICM Group 120 1(0.8) 77 (64.2) 3(2.5) 3(2.5) 34(28.3) 2(1.7) ween-group comparisons
ICMGroup 180 2(1.1) 126(70.0) 1(0.6) 6(3.3) 35(19.4) 10(5.6)  ere conducted by t test;
X2 8045 5236 11445 8363 9.896 10.531 comparison of LVEDD and
P 0055 0061 0001 0041 0012  0.002 LVEF of patients in the
same group with different
genotype was undertaken
0 # by one-way ANOVA. Enumeration data were
- " . expressed by percentage; between-group com-
NIOH group .
g e parisons were conducted by X? test. Influenc-
3 ing factors of CHF were examined by Logistic
e regression analysis. And the difference was
Zw statistically significant when P < 0.05.
é 3
N Results
. # Basic information

/4 «2/3 <3/4

The genotype of ApoE-¢

Figure 1. Comparison of ApoE € genotype frequency
in two groups. "P < 0.05, #*P > 0.05.

products were digested with Hhal enzyme, the
allele frequency and the ApoE €2, €3 and €4 fre-
quencies in the two groups were calculated.

Evaluation of degree of heart failure

Patients in both groups have applied heart
color Doppler on admission, which was operat-
ed and measured by two experienced heart
ultrasound physicians. Every patient’s left ven-
tricular end-diastolic diameter (LVEDD) value
and left ventricular ejection fraction (LVEF)
value were recorded. The average values of
LVEDD and LVEF from the two physicians were
used as the indicators for the evaluation of
severity of patients’ left heart failure.

Statistical methods

The statistical software SPSS 19.0 was used
for statistics analysis. Measurement data were
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The difference of age, sex ratio, disease cour-
se and body mass index (BMI) between the
two groups was not statistically significant
(all P> 0.05, Table 1).

Comparison of genotype frequency and allele
frequency

The genotype frequencies of €4/4 and €3/4
in NICM Group were significantly higher than
those in ICM Group (both P < 0.05), while the
€2/3 and €2/4 genotype frequencies were ob-
viously lower than those in ICM Group (both
P < 0.05). As for the genotype frequencies of
€2/2 and £3/3, the between-group differences
of them had no statistical significance (both
P > 0.05). See Table 2 and Figure 1.

The patients in NICM Group had an apparently
higher allele frequency of €4 and an obvious
lower frequency of €2, compared with those in
ICM Group (both P < 0.05). But no statistical
significance was found in the between-group
comparison of €3 frequency (P > 0.05). See
Table 3 and Figure 2.

Int J Clin Exp Med 2017;10(12):16809-16814



The correlation between ApoE gene polymorphism and CHF secondary to NICM

Table 3. Comparison of allele frequencies of
ApoE € (n, %)

Group Cases €2 €3 el

NICM Group 120 7(2.9) 191(79.6) 42 (17.5)

ICM Group 180 20 (5.6) 293 (81.4) 47 (13.1)
X 9.908 4241 8335
P 0.011  0.094  0.042

GHICM growp
BICH group

The frequence (%o)

20 =
10
===

&2 3 c4
The allelic gene of ApoE-¢

Figure 2. Comparison of ApoE ¢ allele frequency in
two groups. P < 0.05, P > 0.05.

Logistic regression analysis of the risk factors
of CHF secondary to NICM

In the Logistic regression analysis, group was
set as a dependent variable (ICM Group = 0,
NICM Group= 1). ApoE € genotypes (€2/2 = 0,
€3/3=1,e4/4=2,e2/3=3,e3/4=4,¢2/4 =
5) and alleles (€2 =0, €3 =1, ¢4 = 2) were set
as independent variables. The results indicat-
ed that genotype €4/4 and allele €4 were risk
factors of CHF secondary to NICM (both P <
0.05). See Table 4.

Comparison of degree of heart failure

No matter what genotype the NICM patients
had, there were differences in both LVEDD and
LVEF. The order of frequencies was: LVEDD
(e4/4) > LVEDD (¢3/4) > LVEDD (¢3/3) > LVEDD
(€2/4) > LVEDD (€2/3) > LVEDD (e2/2) (P <
0.05); LVEF (€4/4) < LVEF (¢3/4) < LVEF (¢3/3) <
LVEF (e2/4) < LVEF (¢2/3) < LVEF (€2/2) (both P
< 0.05). See Table 5 and Figure 3.

Discussion

The study has reported that about one-third
NICM patients have the genetic basis, mean-
while, the onset of NICM is highly related to
genetic mutation, among which ApoE gene has
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been the biggest concern in clinical study at
present [11]. As ApoE plays an important role
in metabolism of triglyceride and cholesterin in
the body and it participates in the process of
immunoregulation, activation of lipase, neura-
nagenesis and so on, the polymorphism of
ApoE gene is considered to be associated with
the pathogenesis of NICM [12]. Molecular
genetics study suggests that the polymorphi-
sm of ApoE gene influences the level of differ-
entisomers of AopE by inheritance patterns, so
as to have an effect on the occurrence of CHF
secondary to NICM. Previous studies proved
that isomer ApoE4 coded by €2 allele could
improve binding efficiency between ApoE and
its receptor to enhance aerobic oxidation of glu-
cose, inhibit oxidation of free fatty acids and
reduce the use of free fatty acids on cardiac
muscle and then could decrease intracellular
acidosis caused by the accumulation of hydro-
gen ions and lactic acid, protect oxidation of
mitochondria and inhibit cloudy swelling of
mitochondria triggered by calcium ions [13,
14]; while the function of €4 allele was oppo-
site to it [15, 16].

Foreign scholars confirmed that the frequency
of the €4 allele was significantly increased in
patients with dilated cardiomyopathy among
Caucasian and Asian populations, so they th-
ought that €4 allele was a risk factor for the
onset of dilated cardiomyopathy, conversely, €2
allele had an obvious protective effect on dilat-
ed cardiomyopathy [17-19]. However, there has
been little research on the relationship between
ApoE gene polymorphism and CHF secondary
to NICM so far, and no definite conclusion on
this issue [20, 21]. Therefore, to provide evi-
dence-based basis for clinical prevention and
treatment, this study investigated the relation-
ship between ApoE genotypes and allele fre-
quencies of NICM patients with secondary
CHF through the analysis of ApoE gene poly-
morphism distribution in NICM patients with
secondary CHF among Chinese Han patients in
our hospital.

The results of this study verified that €4/4 and
€3/4 genotypes were predominant genotypes
in patients with CHF secondary to NICM, where-
as €2/3 and €2/4 genotypes were predomin-
ant genotypes in patients with CHF secondary
to ICM; moreover, the frequency of €4 allele
was obvious higher among patients with CHF

Int J Clin Exp Med 2017:10(12):16809-16814
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Table 4. Logistic regression analysis about the risk factors of

secondary chronic heart failure

€3/4 were susceptible genes for
patients with CHF secondary to

NICM, which deserved concern and

Variable B SE \\giﬁ vacx)IEe 95% Cl P further study. In addition, the fre-
Constant -0.002 2.674 12.341 0.796 quency of &3 allele was highest
Genotype amor.1g Ch.ine.se Hanpatients in our
§2/2 0237 0814 7004 1268 (0.883 1.625) 0087  nospital, indicating that €3 allele
€3/3 1.064 0.356 9.036 2.898 (1.967,3.589) 0.066 might play a minor role in the pa-
thologic process of CHF in patients
e4/4 1532 0.625 6.235 4.627 (2.799, 6.437) 0.012 with cardiomyopathy, which consi
€2/3  0.842 1.027 10.364 2.322 (1.724,3.013) 0.095 sted with the previous study [22].
€3/4 1106 0.714 5175 3.021 (2.138,3.958) 0.075
€2/4 1136 0.558 6.029 3.114 (1.902,4.214) 0.059 Logistic regression analysis was
Allele adopted to further prove that €4/4
€2 0.278 0.641 8571 1.321 (0.421,2.054) 0.074 genotype and &4 allele were risk fac-
€3 1127 0.420 7538 3.087 (0.842,4.986) 0.106  tors of CHF secondary to NICM, in
4 1.468 0.622 9.416 4.339 (2.986,5.723) 0.028 the meanwhile, the degree of heart

Table 5. Comparison of degree of heart
failure of patients with NICM in different
genotype

NICM Group
Genotype
LVEDD (mm) LVEF (%)
€2/2 54.1+3.1 51.1+4.3
€3/3 56.7£2.3 35.2+3.3
ed/4 58.6+£3.2 26.8+2.4
€2/3 54.9+2.4 48.6+£3.2
€3/4 57.8+3.3 31.1+£2.7
€2/4 55.61£2.2 42.312.9
F 9.247 10.002
P 0.032 0.011
B x wevamea
1 Y4 M2/

60

50

40

30

20

The degrees of heart failure

LVEF (%)

LVEDD (mm)

Figure 3. Comparison of degree of heart failure of
patients with NICM in different genotype. *P < 0.05.

secondary to NICM, but the frequency of €2
allele was obvious higher among patients with
CHF secondary to NICM. These results suggest-
ed that €4 allele and genotypes of €¢4/4 and
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failure in NICM patients with €4/4
genotype was more serious while
the degree of heart failure in NICM patients
with €2/2 genotype was minor, which was also
confirmed by the analysis of clinical manifesta-
tions. However, due to the complicated patho-
genesis of NICM, the risk factors of CHF sec-
ondary to NICM are also more complex. In other
words, ApoE ¢ genotypes and alleles are only
an important part among various related genes
associated with the onset of NICM.

However, only one gene polymorphism cannot
distinctly explain pathogenesis of CHF second-
ary to NICM. So, whether there are other vital
related gene polymorphisms involved in the
pathogenesis of CHF secondary NICM is worth
further research. At the same time, the sample
size of this study is relatively small, so the con-
clusions of this study need to be confirmed
through further expanding sample size with
multicenter.

In conclusion, ApoE gene polymorphism is
closely related to CHF secondary to NICM,
especially, the degree of CHF would be more
serious when the NICM patients carrying €4/4
ApoE genotype.
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