Am J Transl Res 2022;14(5):3303-3310
www.ajtr.org /ISSN:1943-8141/AJTR0142383

Original Article

Correlation of ApoE gene polymorphism

with acute myocardial infarction and aspirin
resistance after percutaneous coronary intervention

Luoging Wang*, Chen Shao'*, Cuimin Han?, Peng Li*, Feixiang Wang?, Yilian Wang?, Junping Li?

1Department of Cardiovascular Medicine, Lianyungang Second People’s Hospital Affiliated to Bengbu Medical
College, Lianyungang 222006, Jiangsu, China; ?Department of Electrocardiogram, Lianyungang Second People’s
Hospital Affiliated to Bengbu Medical College, Lianyungang 222006, Jiangsu, China. “Equal contributors.

Received February 16, 2022; Accepted March 31, 2022; Epub May 15, 2022; Published May 30, 2022

Abstract: Objective: To determine the correlation of Apolipoprotein E (ApoE) gene polymorphism with acute myocar-
dial infarction (AMI) and aspirin (APC) resistance after percutaneous coronary intervention (PCl). Methods: In this
randomized controlled trial (The Second People’s Hospital of Lianyungang Ethics Committee No.L1719), a total of
120 AMI patients admitted to the Second People’s Hospital of Lianyungang from January 2019 to June 2020 were
enrolled into the research group (Res group) and 120 healthy individuals during the same time period into the con-
trol group (Con group). ApoE gene polymorphism was detected by gene microarray and analyzed statistically. The
occurrence of APC resistance after PCl was recorded, and the relationship between ApoE gene polymorphism and
APC resistance was analyzed. Results: The Res group showed a significantly lower level of €3/€3 gene and signifi-
cantly higher levels of €3/€4 and €4/¢€4 genes than the Con group (all P<0.05), but no notable difference was found
in the distribution of ApoE €2 between the two groups (P>0.05). ApoE €3 carriers were the main carriers in both
groups. However, the Res group showed a lower frequency of ApoE €3 and a higher frequency of ApoE €4 compared
to the Con group (both P<0.05), and patients with more severe AMI had a significantly higher frequency of ApoE €4
genotype (P<0.05). According to logistic regression analysis, carrying ApoE €4 allele (¢3/¢4, e4/e4) was a risk factor
for AMI (P<0.05). Additionally, patients with APC resistance had a significantly higher frequency of ApoE ¢4 allele
than those without it (P<0.05). A higher frequency of ApoE €4 allele was also a risk factor of APC resistance in AMI
patients after PCI, and its adjusted risk ratio (OR) was 2.26 times (P<0.05). Moreover, no significant difference was
observed among patients with different ApoE genotypes in the incidence of adverse events (P>0.05). Conclusion:
ApoE gene polymorphism is correlated with AMI and APC resistance after PCl, and ApoE €4 genotype is probably the
risk allele for AMI.
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Introduction there are few preventive measures for AMI in
clinical practice, and AMI is still mainly treated
through timely percutaneous coronary interven-
tion (PCI) after onset, which has some limita-

tions [3].

Cardiovascular disease is a primary cause of
death in middle-aged and elderly people world-
wide, and its incidence is gradually increasing.
According to a survey, on average, 1 out of
every 10 people over 60 years old suffers car-
diovascular disease [1]. Among all cardiovascu-

In response to the growing morbidity and mor-
tality of AMI, efforts must be made to find new

lar diseases, acute myocardial infarction (AMI)
is a frequently seen disease with the character-
istics of sudden attack rate, high mortality, and
disability rate, rapid disease development, and
high recurrence rate. In the United States
alone, over 1.5 million patients die every year
due to AMI on average [2]. At the current stage,

diagnosis and treatment. The molecular study
of pathogenic mechanisms is the topic of cur-
rent research [4]. Apolipoprotein E (ApoE), a gly-
coprotein composed of 299 amino acids, is
mainly implicated in the transportation, stor-
age, utilization, and excretion of lipoproteins
[B]. It is usually found in chylomicrons (CM),
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high density lipoprotein (HDL), low density lipo-
protein (LDL) and very low-density lipoprotein
(VLDL) [6]. ApoE alleles can be classified into
three categories, €2, €3, and g4. Correspond-
ence of each allele to the main isomer gener-
ates three homozygotes (€2/2, €3/3, €4/4) and
three heterozygotes (€2/3, €2/4, €3/4) [7].
ApoE can regulate the secretion of inflammato-
ry mediators and resist oxidative stress, with
antioxidant and anti-inflammatory effects, and
has different anti-inflammatory abilities based
on different alleles [8]. As we all know, mecha-
nisms including oxidative stress, infammatory
reaction, and charge structure remodelling are
strongly related to the occurrence and persis-
tence of AMI, which can greatly accelerate the
processes of vascular endothelium and myo-
cardial cell injury, myocardial fibrosis, and myo-
cardial ischemia and induce AMI [9]. Kritharides
et al. [10] pointed out that ApoE was strongly
associated with myocardial aortic stenosis, and
Zhu et al. [11] found that ApoE gene therapy
might be a breakthrough in the future therapy
of atherosclerosis. Accordingly, based on the
correlations of ApoE with the above mecha-
nisms, we infer that the ApoE gene polymor-
phism has crucial effects on the development
of AMI. Additionally, aspirin (APC), the common-
ly used antithrombotic drug in AMI after PCI,
often gives an obvious decrease in the inhibi-
tion rate of platelet aggregation due to individu-
al differences of patients, that is, APC resis-
tance, which seriously lowers the rehabilitation
chances of patients after PCI [12]. However,
Kraus et al. [13] have discovered the ability of
APC to alleviate early atherosclerosis in ApoE
knockout mice, suggesting that ApoE has a
strong association with APC resistance in AMI
patients.

Accordingly, this study probed the clinical value
of the ApoE gene in AMI by analyzing the asso-
ciation of ApoE gene polymorphisms with AMI
and APC resistance after PCI.

Materials and methods
Research objects

In this randomized controlled trial (The Second
People’s Hospital of Lianyungang Ethics Com-
mittee No. L1719), totally 120 AMI patients
admitted to the Second People’s Hospital of
Lianyungang from January 2019 to June 2020
were enrolled into the research group (Res
group) and 120 healthy individuals during the
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same time period into the control group (Con
group). The former group consisted of 63 males
and 57 females (mean age: 74.26+8.27 years
old), and the latter group consisted of 59 males
and 61 females (mean age: 64.53+11.90 years
old). All participants provided their informed
consent in written form.

Inclusion and exclusion criteria

The inclusion criteria: Patients diagnosed with
AMI in our hospital; patients whose complete
medical records and blood samples could be
acquired; patients >18 years old; patients who
had not received APC before admission; pa-
tients with no recent history of surgery and
active bleeding; and those who received PCI
after admission. Exclusion criteria: Patients
with left ventricular dysfunction; pulmonary
heart disease; rheumatic heart disease; dilated
cardiomyopathy; hypertrophic cardiomyopathy;
viral myocarditis; history of cardiac surgery;
secondary hypertension; hyperthyroidism; elec-
trolyte disorder; malignant tumour or liver or
kidney insufficiency; patients with severe infec-
tion, tuberculosis, metabolic syndrome or dis-
eases that may give rise to abnormal inflamma-
tory mediators or blood lipid metabolism.

Recording of clinical baseline data

The data about age, gender, height, weight,
body mass index (BMI), smoking history, hyper-
tension history, and diabetes history were
acquired, and left atrial diameter (LAD) and
left ventricular ejection fraction (LVEF) were
obtained by echocardiography. AMI classifica-
tion: A spontaneous AMI from thrombosis in
one or more coronary arteries caused by pri-
mary coronary events such as atherosclerotic
plaque rupture, ulcer, fissure, or dissection is
type 1 AMI. Secondary AMI caused by decre-
ased myocardial oxygen supply or increased
oxygen consumption rather than non-coronary
artery disease, is type Il AMI.

Methods

Detection of ApoE gene polymorphism: Fasting
morning peripheral venous blood (2 mL) was
sampled from each participant, followed by
anticoagulation with EDTA. The sampled blood
was kept in a refrigerator (4°C). The cells were
extracted by the protease salting-out method.
The genomic DNA of leukocytes was extracted
with a whole blood genomic DNA extraction kit
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Table 1. Clinical baseline data

of postoperative adverse

Research group

Control group

events (including cardiovas-

(n=120) (n=120) t/x*  Pvalue cular events such as angina
Gender 0.267 0.606 pectoris, myocardial infarc-
Male 63 (52.50) 59 (49.17) tloq, myocardial enzyme I|n-
heritance, and postoperative
Female 57 (47.50) 61 (50.83) .
bleeding) was recorded.
Age 74.26+8.27 64.53+11.90 7.355 <0.001
Height (cm) 165.66+7.35 164.24+9.74 1.275 0.204 Statistical analyses
Weight (kg) 69.22+12.14 70.35+9.99 0.787 0.432
Body mass index 24.98+3.64 25.85+3.77 1819 0.070 SPSS 21.0 was used for sta-
Smoking 0194 0.660 tistical analyses. Comparison
+
Yes 33(2750) 30 (25.00) of measured data (xts) was
conducted using the inde-
No 87 (72.50) 90 (75.00)
_ _ pendent-samples T test, and
Type 2 diabetes mellitus 0.303 0.582 data not in a normal distribu-
Yes 8 (6.67) 6 (5.00) tion were analyzed by a non-
No 112 (93.33) 114 (95.00) parametric test. Comparison
Hypertension 8185 0.004 of counted data (%) was per-
Yes 34 (28.33) 16 (13.33) formed using the x? test. By
No 86 (71.67) 104 (86.67) logistic regression analysis,
LAD (mm) 41.96+10.92 36.66+4.77 4.872 <0.001 the associations of ApoE gen-
LVEF (mm) 53.05+0.77 58.85:9.29 3981 <0001  OtypewithAMIand APC resis-

Note: LAD, left atrial diameter; LVEF, left ventricular ejection fraction.

(Invitrogen, USA, K182104A), and the genotyp-
ic distribution of ApoE gene was detected by
PCR-RFLP. PCR premix, primers (F: 5-AACA-
ACTGACCCCGGTGGCG-3, R: 5-ATGGCGCTGA-
GGCCGCGCTC-3) and deionized water were
added to genomic DNA for amplification in PCR
instrument (Invitrogen, USA, VeritiPro PCR)
(reaction conditions: 50°C for 2 min, followed
by 45 cycles of 95°C for 15 min, 94°C for 30 s,
and 65°C for 45 s) to acquire PCR products.
After restriction endonuclease reaction and
agarose gel electrophoresis, the digested prod-
ucts were visualized by a gel imager (Nanjing
Shiyan Instrument Co., Ltd., K8500), and the
polymorphic sites of ApoE gene were interpret-
ed according to the images.

APC resistance determination: After PCI,
patients with AMI were given oral aspirin
(ORIGINAL PHARMACOLABO Corporation, State
Food and Drug Administration (SFDA) approval
no.: H20065051). The dose was 300 mg/time,
once a day, in the first day, and it was adjusted
to 100 mg/time the second day and lasted for
4 weeks. Arachidonic acid (AA) was given to
induce platelet aggregation, and AA-induced
platelet aggregation rate >220% was deemed as
APC resistance. Additionally, the patients were
followed up for 3 months, and the incidence
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tance were determined, and
the confounding risk factors
were adjusted step by step.
Risk prediction intensity was presented as
odds ratio (OR) and 95% Cl. P<0.05 was
deemed a significant difference.

Results
Comparison of clinical baseline data

The Res group and the Con group had no nota-
ble difference in gender, height, weight or body
mass index (BMI) (all P>0.05), but had differ-
ences in age, hypertension history, LAD, and
LVEF (all P<0.05, Table 1).

ApoE microarray test results

Six genotypes, €2/¢€2, €2/¢3, €2/¢4, €3/€3, €3/
€4, and €4/¢4, were detected.

Analysis of ApoE gene polymorphism

The Res group showed a significantly lower
level of €3/€3 gene and significantly higher lev-
els of €3/e4 and e4/e4 genes than the Con
group (all P<0.05, Table 2).

Distribution of ApoE allele

No significant difference was found in the distri-
bution of ApoE €2 between the two groups
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Table 2. Analysis of ApoE gene polymorphism

Research group Control group

(n=120) (n=120) X Palue
€2/€2 2 (1.67) 1(0.83) 0.338 0.561
€2/e3 16 (13.33) 15 (12.50) 0.037 0.847
€2/e4 4(3.33) 3(2.50) 0.147 0.701
€3/e3 62 (51.67) 88 (73.33) 12.020 <0.001
€3/¢e4 31(25.83) 13 (10.83) 9.017 0.003
ed/ed 5(4.17) 0 (0.00) 5.106 0.024
Note: ApoE, Apolipoprotein E.
Table 3. Distribution of ApoE allele
R rch gri ntrol gri
esfriizcg))oup Co(rf=o12go(;up X Pvalue
€2 18 (15.00) 16 (13.33) 0.137 0.711
€3 66 (55.00) 91 (75.83) 11.510 <0.001
e4 36 (30.00) 13 (10.83) 13.570 <0.001

Note: ApoE, Apolipoprotein E.

Table 4. Association of ApoE genotype with the severity of AMI

Research group Control group

(n=120) (n=120) X Pvalue
Type 1 AMI €2 4(3.33) 6(5.00) 1.230 0.541
£3 26(21.67)  37(30.83)
e4 9 (7.50) 7 (5.83)
Type 2 AMI €2 14 (11.67) 10(8.33) 15.400 <0.001
£3 40(33.33) 54 (45.00)
£4 27 (22.50) 6 (5.00)

Note: ApoE, Apolipoprotein E; AMI, acute myocardial infarction.

Table 5. Association of ApoE with AMI

Uncorrected model Corrected model

OR 95% Cl P value OR 95% Cl P value
€2 0.874 0.424-1.24 0.642 0.744 0.624-1.341 0.451
€3 1 - - 1 - -

¢4 1429 1.142-1.984 0.003 1.524 1.084-1.763 <0.001

Note: ApoE, Apolipoprotein E; AMI, acute myocardial infarction.

ApoE €3 genotypes (P>0.05), but
were different in ApoE €4 geno-
type, among which the frequency
of ApoE €4 genotype was signifi-
cantly higher in patients with more
severe AMI (P<0.05, Table 4).

Correlation of ApoE with AMI

Logistic regression analysis was
performed to show an association
of ApoE alleles with AMI. According
to the results, ApoE €2 and ApoE
€3 genotypes were not significant-
ly related with AMI (P>0.05).
According to logistic regression
analysis before and after adjust-
ment of related risk factors, carry-
ing an ApoE €4 allele (€3/¢4, €4/
e4) was a risk factor for AMI
(P<0.05, Table 5).

Association of ApoE gene poly-
morphism with APC resistance

Among the 120 AMI patients, 37
patients developed APC resis-
tance, and the detection rate was
30.83%. According to comparison
of the ApoE gene polymorphism
between APC-resistant patients
and non-APC-resistant patients,
there was no difference in the gen-
otypes of €2/¢€2, €2/¢3, €2/¢4, €3/
€3, €4/e4 and the alleles of ApoE
€2 and ApoE €3 (P>0.05), but
there was a significantly higher
frequency of ApoE €4 allele in
APC-resistant patients than in
non-APC-resistant patients (Table
6). Logistic regression analysis
revealed that before and after the
correction, the ApoE €2 and ApoE
€3 alleles were not associated

(P>0.05), and ApoE €3 carriers were the prima-
ry carriers in both groups. However, the Res
group showed a lower frequency of ApoE €3
and a higher frequency of ApoE €4 than the Con
group (both P<0.05, Table 3).

Correlation of ApoE genotype with severity of
AMI

Patients with different severities of AMI were
not different in the distribution of ApoE €2 and
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with APC resistance (all P>0.05), while the ApoE
€4 allele was also a risk factor for APC resis-
tance in AMI patients after PCI (P<0.05), with
adjusted risk ratio (OR) of 1.897 times (Table
7).

Association of ApoE with adverse events after
PCI

Three months after PCl, 41 patients suffered
adverse events, showing a total incidence of

Am J Transl Res 2022;14(5):3303-3310
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Table 6. Association of ApoE gene polymorphisms with APC

ants of the protein and adjusts

resistance lipid metabolism through various
APC resistance No APC resistance > pualue :;’Sagjét?eus pla-ylﬂila.crumal role in

(n=37) (n=83) pair, inhibition of platelet

Genotype a_ggregati(_)n_and immune _regul_a-
£2/e2 1(2.70) 1(1.20) 0350 0554  uom anditis correlated with dis-
eases including atherosclerosis

€2/€e3 5(13.51) 11 (13.25) 0.002 0.969 and high lipoproteinemia [16, 17].
€2/¢e4 1(2.70) 3(3.61) 0066 0.797 ApoE impacts the secretion of in-
€3/e3 18 (48.65) 44 (53.01) 0.195 0.659 flammatory mediators and resists
€3/e4 9(24.32) 22 (26.51) 0.064 0.801 oxidative stress, but the ApoE €4
ed/el 3(8.11) 2 (2.41) 2.081 0.149 allele can activate the nuclear
Allele frequency transcription factor NF-kB which is
€2 4(27.03) 14 (16.87)  0.736 0.391 pro-inflammatory, giving rise to
£3 16 (43.24) 50(60.24) 2987 0084  INFa TGF-BL, MCP-1, hs-CRP,
£4 17 (45.95) 19 (22.89)  6.477 0.011 IL-1, IL-6, and the expression of

Note: ApoE, Apolipoprotein E; APC, aspirin.

Table 7. Association of ApoE gene polymorphism with APC

resistance

inflammatory mediators [18-20],
resulting in myocardial electrical
remodelling [21], structural remod-
elling, and atrial arrhythmia. As a
crucial factor in fibrosis, ApoE

Uncorrected model

Corrected model

gives rise to TGF-B1 expression

and thus induces myocardial fibro-

OR 95% ClI P value OR 95% Cl P value
€2 0.475 0.042-1.74 0.424 0.734 0.414-3.841 0.614
€3 1 - - 1 -

€4 3.741 1.554-3.614 0.018

1.897 1.124-3.551 <0.001

sis. TGF-B1 infiltration can be
found in muscle biopsies along
- with an increase in angiotensin Il
(Angll) [22, 23]. Myocardial fibrosis

Note: ApoE, Apolipoprotein E; APC, aspirin.

Table 8. Association of ApoE with adverse events after PCI

is also one crucial cause of AMI,
which also preliminarily indicates
the potential correlation between
ApoE and AMI to some extent.

Adverse events No adverse events

When the function of cardiovascu-

occurred (n=41)  occurred (n=79) Pvalue lar endothelial cells is damaged,
€2 5(12.20) 9(11.39) 0.017 0.897 the active substances in blood
€3 21 (51.22) 45 (56.96) 0.360 0.549 vessels will be secreted abnormal-
e4 15 (36.59) 21 (26.58) 1.286  0.257 ly, which will increase the impact

Note: ApoE, Apolipoprotein E; PCI, percutaneous coronary intervention.

34.17%. Among them, 24 patients suffered car-
diovascular events and 17 patients had bleed-
ing events. However, no significant difference
was observed in the incidence of adverse
events among patients with different ApoE gen-
otypes (P>0.05, Table 8).

Discussion

Acute myocardial infarction (AMI) is the most
threatening cardiovascular disease.l Its patho-
genesis is still under investigation, but coronary
atherosclerosis is the most crucial cause [14].
The pathogenic molecular mechanisms will
give us breakthroughs for the future prevention
and therapy of AMI [15]. ApoE encodes 6 vari-
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of blood flow on the blood vessel
wall, and lead to the decline and
damage to endothelial function
and promote atherosclerosis [24]. WisniewskKi
et al. [25] have pointed out that the abnormal
expression of the ApoE gene is likely to result in
endothelial injury, infiltration of lipid inflamma-
tory cells, and peroxidation and further results
in atherosclerosis, which once again verifies
the strong association of ApoE with AMI.

Our study revealed no significant difference
between the two groups in gender, height, BMI,
or smoking, which indicates that the general
population would not face a higher incidence of
AMI because of these factors. However, the two
groups were significantly different in age, hyper-
tension, LAD and LVEF, suggesting that elderly
people with hypertension, larger LAD, and lower

Am J Transl Res 2022;14(5):3303-3310
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LVEF may face a greater risk of AMI. At the cur-
rent stage, reportedly, the increase of LAD and
decrease of LVEF can cause different degrees
of myocardial electrical remodelling, structural
remodelling and fibrosis, and these pathogenic
factors are also the key to coronary atheroscle-
rosis [26]. For patients with hypertension, con-
tinuous pressure increase will result in endo-
thelial cell injury and increased release of endo-
thelin, and further give rise to the expression of
hs-CRP, TNF-at and interleukin, and promote the
infiltration of inflammatory factors to destroy
the normal atrial structure [27]. The correlation
of ApoE with inflammation has been reported
before [28, 29], and our results also support
the hypothesis about the correlation of AMI
with ApoE. Subsequently, we detected six geno-
types of ApoE, namely, €2/€2, €2/€3, €3/¢3,
€3/e4 and e€4/¢4. Among them, the frequency
of €3/e3 genotype is the highest in both groups,
which is basically consistent with prior research
on the genotype distribution of ApoE [30]. We
also found a significantly higher frequency of
ApoE €4 gene in the Res group than in the Con
group, which may be correlated with the strong
pro-inflammatory impact of ApoE €4 allele [31].
Additionally, analysis of the distribution fre-
quency of ApoE alleles and the severity of AMI
in our study revealed a higher frequency of
ApoE €4 in patients with more severe disease,
which was similar to the research results of Lin
et al., and might be associated with a higher
degree of atrial fibrillation, inflammation, and
endothelial damage [32]. However, other alleles
besides ApoE €4 may exert anti-inflammatory
effects. For example, Angelopoulou et al. [33]
have pointed out that ApoE €2 might be corre-
lated with a reduced risk of atrial fibrillation.
However, in our study, no significant difference
was found in ApoE €2 and ApoE €3 between
AMI patients with different disease degrees,
but this may need further confirmation with a
larger sample size. Correlation analysis of ApoE
with AMI revealed that carrying ApoE €4 allele
was a risk factor for AMI, which further illustrat-
ed the significance of the ApoE €4 gene for AMI,
and also revealed the possibility of adopting
the ApoE ¢4 gene for future prevention and
treatment of AMI.

In addition, PCl is a preferred option for the
therapy of AMI at the current stage, and postop-
erative anti-thrombosis is the focus of therapy.
As one common antiplatelet drug after PCI, APC
can substantially reduce stent thrombosis and
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adverse vascular events [34]. However, APC
resistance gives rise to a huge risk for adverse
prognosis. Therefore, it is of value to identify
the risk of APC resistance early to realize tar-
geted medication guidance after PCI. Our study
has revealed a notable increase in the frequen-
cy of ApoE €4 allele in patients with APC resis-
tance and the related risk value of 1.25, which
implied that carriers of ApoE €4 might face a
higher risk of APC resistance. At the current
stage, although no direct evidence has been
found to verify the association of ApoE gene
polymorphism with APC resistance, some stud-
ies believe that a high plasma LDL-C level is
one risk factor for APC resistance after PCI.
This is because blood of patients with hyperlip-
idemia is in a hypercoagulable state, and vas-
cular endothelial function and the fibrinolytic
system are easily damaged, which can affect
the platelet membrane structure and reduce
the anti-platelet effect [35]. ApoE €4 carriers
often have a significantly higher plasma LDL-C
than non-carriers, so perhaps its mechanism of
action is just as described in the above.
However, this study revealed no difference in
the incidence of adverse vascular events and
bleeding events in patients with AMI in ApoE
€2/3/4 types after PCl within 3 months of fol-
low-up. This result suggests that the ApoE gene
polymorphism is not enough to directly increase
this risk of adverse vascular events after PClI,
but the result might also be accidental because
our limited sample size. In a follow-up study, we
can expand the sample size for analysis to fur-
ther provide the basis for the prevention and
control of patients’ later adverse cardiovascu-
lar events.

Limitations

The shortcomings of this study lie in the limited
sample size, the lack of large-scale and multi-
regional sampling and detection, and our inabil-
ity to fully monitor the transportation and
detection process of all blood samples, which
may lead to non-human errors. In future clinical
studies, we will aim to expand the sample size,
further explore the role of ApoE2 in atrial
arrhythmia, and improve and refine multi-area
population studies and long-term follow-up of
patients.

Conclusions

The mechanism of AMI caused by ApoE gene
polymorphisms is still under exploration, but

Am J Transl Res 2022;14(5):3303-3310
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according to prior research and our research
results, AMI is under the influence of the of
ApoE gene polymorphism, among which ApoE
€4 allele is the primary risk allele for AMI. In
addition, ApoE €4 carriers are more likely to
have APC resistance after PCI, which is of pro-
found value for early clinical evaluation.

Acknowledgements

This work was supported byHigh-level Health
Personnel “Six One Project” Top Talent Sci-
entific Research Project of Jiangsu Province
(No: LGY2017065), “Six Talent Peak” High-
Level Talent Selection and Training Project of
Jiangsu Province (No: WSN-247), Science and
Technology Project of Jiangsu Province (No:
SH1618).

This study was approved by the institutional
review board ethical committee (The Second
People’s Hospital of Lianyungang Ethics
Committee No. L1719). All participants provid-
ed written informed consent.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yilian Wang, De-
partment of Cardiovascular Medicine, Lianyungang
Second People’'s Hospital Affiliated to Bengbu
Medical College, Lianyungang 222006, lJiangsu,
China. Tel: +86-15905130985; E-mail: Wang-
yilian2021@163.com; Dr. Junping Li, Department of
Electrocardiogram, Lianyungang Second People’s
Hospital Affiliated to Bengbu Medical College,
Lianyungang 222006, lJiangsu, China. Tel: +86-
0518-85775003; E-mail: lijunpinglana@163.com

References

[1] Flora GD and Nayak MK. A brief review of car-
diovascular diseases, associated risk factors
and current treatment regimes. Curr Pharm
Des 2019; 25: 4063-4084.

[2] Gulati R, Behfar A, Narula J, Kanwar A, Lerman
A, Cooper L and Singh M. Acute myocardial in-
farction in young individuals. Mayo Clin Proc
2020; 95: 136-156.

[3] Shah AH, Puri R and Kalra A. Management of
cardiogenic shock complicating acute myocar-
dial infarction: a review. Clin Cardiol 2019; 42:
484-493.

[4] RuizJR, Labayen I, Ortega FB, Moreno LA, Gon-
zalez-Lamuno D, Marti A, Nova E, Fuentes MG,
Redondo-Figuero C, Martinez JA, Sjostrom M

3309

(5]

(6]

(8]

(11]

[12]

(13]

(14]

(16]

and Castillo MJ; AVENA Study Group. Birth
weight and blood lipid levels in Spanish ado-
lescents: influence of selected APOE, APOC3
and PPARgamma2 gene polymorphisms. The
AVENA Study. BMC Med Genet 2008; 9: 98.
Vijayan M, Chinniah R, Ravi PM, Sivanadham
R, Mosses Joseph AK, Vellaiappan NA, Krish-
nan JI and Karuppiah B. MTHFR (C677T) CT
genotype and CT-apoE3/3 genotypic combina-
tion predisposes the risk of ischemic stroke.
Gene 2016; 591: 465-470.

Liu CC, Liu CC, Kanekiyo T, Xu H and Bu G.
Apolipoprotein E and Alzheimer disease: risk,
mechanisms and therapy. Nat Rev Neurol
2013; 9: 106-118.

Baptista R, Rebelo M, Decg-Mota J, Dias P,
Monteiro P, Providencia LA and Silva JM. Apoli-
poprotein E epsilon-4 polymorphism is associ-
ated with younger age at referral to a lipidology
clinic and a poorer response to lipid-lowering
therapy. Lipids Health Dis 2011; 10: 48.
Serrano-Pozo A, Das S and Hyman BT. APOE
and Alzheimer’s disease: advances in genet-
ics, pathophysiology, and therapeutic ap-
proaches. Lancet Neurol 2021; 20: 68-80.
Ridker PM and Silvertown JD. Inflammation, C-
reactive protein, and atherothrombosis. J Peri-
odontol 2008; 79: 1544-1551.

Kritharides L, Nordestgaard BG, Tybjaerg-Han-
sen A, Kamstrup PR and Afzal S. Effect of APOE
epsilon genotype on lipoprotein(a) and the as-
sociated risk of myocardial infarction and aor-
tic valve stenosis. J Clin Endocrinol Metab
2017; 102: 3390-3399.

Zhu H, Xue H, Wang H, Ma Y, Liu J and Chen Y.
The association of apolipoprotein E (APOE)
gene polymorphisms with atherosclerosis sus-
ceptibility: a meta-analysis. Minerva Cardioan-
giol 2016; 64: 47-54.

Guirgis M, Thompson P and Jansen S. Review
of aspirin and clopidogrel resistance in periph-
eral arterial disease. J Vasc Surg 2017; 66:
1576-1586.

Kraus S, Naumov |, Shapira S, Kazanov D,
Aroch |, Afek A, Eisenberg O, George J, Arber N
and Finkelstein A. Aspirin but not meloxicam
attenuates early atherosclerosis in apolipopro-
tein E knockout mice. Isr Med Assoc J 2014,
16: 233-238.

Edupuganti MM and Ganga V. Acute myocardi-
al infarction in pregnancy: current diagnosis
and management approaches. Indian Heart J
2019; 71: 367-374.

Wu X, Reboll MR, Korf-Klingebiel M and Wollert
KC. Angiogenesis after acute myocardial in-
farction. Cardiovasc Res 2021; 117: 1257-
1273.

Zende PD, Bankar MP, Kamble PS and Momin
AA. Apolipoprotein e gene polymorphism and

Am J Transl Res 2022;14(5):3303-3310


mailto:Wangyilian2021@163.com
mailto:Wangyilian2021@163.com

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

3310

ApoE gene polymorphism and acute myocardial infarction

its effect on plasma lipids in arteriosclerosis. J
Clin Diagn Res 2013; 7: 2149-2152.
Lanfranco MF, Ng CA and Rebeck GW. ApoE
lipidation as a therapeutic target in Alzheim-
er's disease. Int J Mol Sci 2020; 21: 6336.
Balu D, Karstens AJ, Loukenas E, Maldonado
Weng J, York JM, Valencia-Olvera AC and LaDu
MJ. The role of APOE in transgenic mouse mod-
els of AD. Neurosci Lett 2019; 707: 134285.
Munoz SS, Garner B and Ooi L. Understanding
the role of ApoE fragments in Alzheimer’s dis-
ease. Neurochem Res 2019; 44: 1297-1305.
Shi Y, Andhey PS, Ising C, Wang K, Snipes LL,
Boyer K, Lawson S, Yamada K, Qin W, Manis M,
Serrano JR, Benitez BA, Schmidt RE, Artyomov
M, Ulrich JD and Holtzman DM. Overexpressing
low-density lipoprotein receptor reduces tau-
associated neurodegeneration in relation to
apoE-linked mechanisms. Neuron 2021; 109:
2413-2426, e24117.

Xiong M, Jiang H, Serrano JR, Gonzales ER,
Wang C, Gratuze M, Hoyle R, Bien-Ly N, Silver-
man AP, Sullivan PM, Watts RJ, Ulrich JD, Zipfel
GJ and Holtzman DM. APOE immunotherapy
reduces cerebral amyloid angiopathy and amy-
loid plagues while improving cerebrovascular
function. Sci Transl Med 2021; 13: eabd7522.
Davis AA, Inman CE, Wargel ZM, Dube U, Free-
berg BM, Galluppi A, Haines JN, Dhavale DD,
Miller R, Choudhury FA, Sullivan PM, Cruchaga
C, Perlmutter JS, Ulrich JD, Benitez BA, Kotz-
bauer PT and Holtzman DM. APOE genotype
regulates pathology and disease progression
in synucleinopathy. Sci Transl Med 2020; 12:
eaay3069.

Tran TTT, Corsini S, Kellingray L, Hegarty C, Le
Gall G, Narbad A, Muller M, Tejera N, O'Toole
PW, Minihane AM and Vauzour D. APOE geno-
type influences the gut microbiome structure
and function in humans and mice: relevance
for Alzheimer’'s disease pathophysiology.
FASEB J 2019; 33: 8221-8231.

Zeymer U, Bueno H, Granger CB, Hochman J,
Huber K, Lettino M, Price S, Schiele F, Tubaro
M, Vranckx P, Zahger D and Thiele H. Acute
Cardiovascular Care Association position
statement for the diagnosis and treatment of
patients with acute myocardial infarction com-
plicated by cardiogenic shock: a document of
the Acute Cardiovascular Care Association of
the European Society of Cardiology. Eur Heart J
Acute Cardiovasc Care 2020; 9: 183-197.
Wisniewski T and Drummond E. APOE-amyloid
interaction: therapeutic targets. Neurobiol Dis
2020; 138: 104784.

[26]

[27]

[28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

Capaccione KM, Leb JS, D’Souza B, Utukuri P
and Salvatore MM. Acute myocardial infarction
secondary to COVID-19 infection: a case report
and review of the literature. Clin Imaging 2021;
72:178-182.

Dzubur A, Gacic E and Mekic M. Comparison of
patients with acute myocardial infarction ac-
cording to age. Med Arch 2019; 73: 23-27.

Shi Y, Manis M, Long J, Wang K, Sullivan PM,
Remolina Serrano J, Hoyle R and Holtzman
DM. Microglia drive APOE-dependent neurode-
generation in a tauopathy mouse model. J Exp
Med 2019; 216: 2546-2561.
Martinez-Martinez AB, Torres-Perez E, Devan-
ney N, Del Moral R, Johnson LA and Arbones-
Mainar JM. Beyond the CNS: the many periph-
eral roles of APOE. Neurobiol Dis 2020; 138:
104809.

Gamache J, Yun Y and Chiba-Falek O. Sex-
dependent effect of APOE on Alzheimer’s
disease and other age-related neurodegenera-
tive disorders. Dis Model Mech 2020; 13:
dmmO045211.

Gong Y and Cun W. The Role of ApoE in HCV
infection and comorbidity. Int J Mol Sci 2019;
20: 2037.

Lin AL, Parikh |, Yanckello LM, White RS, Hartz
AMS, Taylor CE, McCulloch SD, Thalman SW,
Xia M, McCarty K, Ubele M, Head E, Hyder F
and Sanganahalli BG. APOE genotype-depen-
dent pharmacogenetic responses to rapamy-
cin for preventing Alzheimer’s disease. Neuro-
biol Dis 2020; 139: 104834.

Angelopoulou E, Paudel YN, Papageorgiou SG
and Piperi C. APOE genotype and Alzheimer’s
Disease: the influence of lifestyle and environ-
mental factors. ACS Chem Neurosci 2021; 12:
2749-2764.

Zhao Y, Yang S and Wu M. Mechanism of im-
proving aspirin resistance: blood-activating
herbs combined with aspirin in treating athero-
sclerotic cardiovascular diseases. Front Phar-
macol 2021; 12: 7944417.

Ebrahimi P, Farhadi Z, Behzadifar M, Sha-
baninejad H, Abolghasem Gorji H, Taheri Mir-
ghaed M, Salemi M, Amin K, Mohammad-
ibakhsh R, Bragazzi NL and Sohrabi R.
Prevalence rate of laboratory defined aspirin
resistance in cardiovascular disease patients:
a systematic review and meta-analysis. Caspi-
an J Intern Med 2020; 11: 124-134.

Am J Transl Res 2022;14(5):3303-3310



