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Abstract

Background: Polymorphisms in the apolipoprotein E (apoE) gene may modulate lipoprotein metabolism
and influence plasma lipid levels. Thus, polymorphisms in the apoE gene have been associated with an
increased relative risk of coronary artery disease (CAD).
Objective: To determine whether or not the apoE gene increases the risk of heart blood stasis syndrome
(HBSS) in premature coronary heart disease (PCHD) pedigrees.
Methods: Twenty-eight core pedigrees with PCHD and HBSS were collected. The apoEε2/ε3/ε4 genotype
was measured using a PCR-RFLP technique. HHRR and TDT were used with core pedigrees based on
the result that the apoE polymorphism was linked with PCHD.
Results: According to HHRR, the apoE ε4 allele may be associated with PCHD with HBSS (P<0.05).
According to the TDT test, the susceptibility loci of CHD with HBSS may be linked to the apoE ε4 allele
(P<0.01).
Conclusions: The apoE ε4 gene polymorphism in PCHD and HBSS pedigrees associated with coronary
heart disease, and coronary heart disease susceptibility loci may be linked with apoE ε4 alleles, which
indicates that the apoE gene may be linked to the susceptibility location of HBSS in CHD within the
Hunan han nation population.
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Introduction
In recent years there has been a trend for younger age at onset
of coronary heart disease (CHD), which is termed premature
coronary heart disease (PCHD) [1]. It is known that CHD is a
multifactorial disease; specifically, CHD is a polygenic disease
affected by environmental and genetic factors [2]. The
occurrence and development of CHD is related to a variety of
susceptibility gene polymorphisms, especially the
apolipoprotein E (apoE) gene polymorphism. The theory of
traditional Chinese medicine holds that the underlying
pathogenesis of CHD involves blood stasis, which is the most
common syndrome in patients with CHD [3] and PCHD.
Therefore, in order to provide evidence for clinical prevention
and treatment of coronary heart disease, whether or not the
apoE gene polymorphism is one of the genetic and molecular
biological markers in PCHD stasis pedigrees within the Hunan
han nation population is worthy of further study.

Materials and Methods

Objective of the study
A clinical epidemiologic study was conducted with a focus on
coronary syndromes between October 2007 and December
2013 in the Changsha region, A total of 2356 people with CHD
who met the WHO diagnostic criteria [4] and some people who
had additional genetic studies and provided informed consent
were enrolled.

Finally, 50 families were prepared by screening, including 40
cases of PCHD family and 10 cased of health control family.
The total number of the PCHD family members were 131
cases, including male 67 cases, female 64 cases. Among them,
according to the standard of syndrome differentiation and
typing of group standards: there were 25 families with 81 cases
of PCHD with blood stasis syndrome, age (53.01 ± 11.05)
years old, male 43 cases, female 38 cases, especially the core
pedigrees of 18 families with 54 cases; and there were 15
families with 50 cases of PCHD with non-blood stasis
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syndrome, aged (56.70 ± 9.15) years old, male 24 cases,
female 26 cases, especially the core pedigrees of 10 families
with 30 cases.

The total number of the health control family members were 46
cases, aged (55.48 ± 10.20) years old, male 21 cases, female 25
cases. There were no significant differences in gender and age
gender and age in three groups. The premature coronary blood
stasis pedigree was defined as follows: proband (males<55
years of age and females<65 years of age) with PCHD and
blood stasis; and a first-degree family member (parents,
siblings, and offspring) with premature coronary blood stasis.

PCHD was diagnosed according to patient age, clinical
symptoms, signs, history, and ECG changes on the basis of the
1979 WHO ischemic heart disease, angina, and myocardial
infarction diagnostic criteria. The Chinese medical syndrome
differentiation standards of CHD were according to the
syndrome differentiation classification standards of The
People's Republic of China, pharmaceutical industry standards,
and the TCM syndrome diagnosis standards. Healthy control
family group of random individuals: Hunan Han healthy
families randomly selected with proof of good health based
onlaboratory and physical examinations.

Inclusion criteria
Subjects were required to meet the above criteria, and could
meet the following conditions:

• The subjects of this detection were the family.
• The family had at least 2 members who had been diagnosed

with premature coronary artery disease. Subjects were not
limited to gender.

Exclusion criteria
• Severe hypertension, diabetes, cancer, liver, kidney, and

thyroid disease.
• The following types of heart disease: diabetic

cardiomyopathy; hyperthyroid heart disease; hypertensive
heart disease; pulmonary heart disease; anemia heart
disease; and rheumatic heart disease.

• Hepatitis, tuberculosis, and other infectious diseases.
• Diseases of the nervous system.
• Patients refuse to sign the informed consent or estimation

of compliance is poor.
• In other clinical trials of patients.
• Pregnancy and breastfeeding.

Experimental methods
The subjects were asked to fast for 12 h before blood sampling
(2 ml of venous blood) at 08:00 h as detailed in Molecular
Cloning: A Laboratory Manual [5] for genomic DNA
extraction and testing of DNA purity; DNA genotypes were
identified by PCR-RELP. Primer 1 and 2 were as follows: 5'-
ACA GAA TTC GCC CCG GCC TGG TAC AC-3'; and 5'-
TAA GCT TGG CAC GGC TGT CCA AGG A-3',

respectively. The DNA primers were synthesized by Shanghai
Biological Engineering Company (Shanghai, China). The
reaction parameters were as follows: 95°C denaturation for 5
min; 80°C with the addition of Taq enzyme (2 µ) for 1-5 cycles
at 95°C for 1 min; 72°C for 3 min, denaturing at 95°C for 1
min; 65°C refolding for 1 min; extension at 72°C for 1 min (a
total of 30 cycles); and extension at 72°C for 10 min.
Digestion, polyacrylamide gel electrophoresis, and UV
observations revealed two restriction sites: arg158 → cys158;
and cys112 → arg112 in apoE. Six types of apoE genotypes
existed: ε2 / 2; ε2 / 3; ε2 / 4; ε3 / 3; ε3 / 4; and ε4 / 4, derived
from the ε2, ε3, and ε4 alleles (Figure 1).

Figure 1. apoE gene polymorphism electrophoresis. First lane:
ApoE-PCR product; Eighth lane: SD011 marker; Second lane: ε2/4;
Third lane:ε3/4; Fourth lane:ε2/3; Fifth lane: ε3/3; Fourth lane:
ε4/4; Seventh lane: incompletely digested.

Ethics and informed consent
The details of the study were explained to the subjects and the
study was approved by the Hunan University of Traditional
Chinese Medicine Ethics Committee.

Statistical analysis
Statistical analyses were performed with SPSS 16.0. The
genotype and gene frequency distribution were compared by a
χ2 test. In core pedigrees, genetic association analysis
associated with alleles and disease were analyzed by haplotype
relative risk and a transmission disequilibrium test, and a χ2

test was used to demonstrate differences in the rate of
distribution.

Results

Comparison on the general data
In three groups of subjects, the basic data were collected and
compared. As shown in Table 1, the three groups in age,
gender, height, weight, body mass index (BMI) had no
significant difference in constitution, there was no significant
difference between the groups (all P>0.05). PCHD blood stasis
pedigree group, non-blood stasis pedigree on systolic blood
pressure were higher than that of the control group
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(P<0.05~0.01). By χ2 test, PCHD blood stasis pedigree group,
non-blood stasis pedigree group compared with the healthy
control group, history of smoking were different (blood stasis
pedigree group OR=6.02, χ2=13.98, 95%CI=2.22~16.35,
P=0.000; non blood stasis pedigree group OR=2.86, χ2=6.55,
95%CI=1.25~6.53, P=0.016).

Comparison on blood glucose and blood lipid
As shown in Table 2, three groups in blood glucose (BG), total
cholesterol (TC), high density lipoprotein cholesterol (HDL-
C), low density lipoprotein cholesterol (LDL-C) had no
significant difference in constitution. There was no significant
difference between the groups (P>0.05). Triglyceride (TG) of
PCHD blood stasis pedigree group was higher than that of the
healthy control group (P<0.05), and had no difference with
non-blood stasis pedigrees group (P>0.05).

Table 1. Comparison on three groups of clinical data.

Situation PCHD stasis
groups

(n=81)

PCHD non-stasis
groups

(n=50)

Healthy control
pedigree group

(n=46)

age 53.01 ± 11.05 56.70 ± 9.15 55.48 ± 10.20

gender 47/36 24/26 21/25

Height (cm) 161.25 ± 7.28 159.32 ± 6.56 158.69 ± 7.08

weight (kg) 61.72 ± 10.61 58.79 ± 8.45 58.58 ± 8.11

BMI (kg/m2) 25.37 ± 2.32 24.76 ± 2.48 23.28 ± 3.02

SBP (mmHg) 137.87 ± 22.71* 141.29 ± 20.35** 127.63 ± 20.50

DBP (mmHg) 80.20 ± 11.15 78.90 ± 12.37 77.26 ± 10.49

smoking 18 12 6

Note: Compared with the healthy control group: *P<0.05; **P<0.01.

Hardy-Weinberg equilibrium test of the apoE
genotype distributed in the core pedigrees
ApoE gene polymorphism analysis showed that 3 alleles were
detected in 28 PCHD patients and their parents, and the
differences between the apoE gene frequency distribution of
patients or parents observed and predicted were not significant
(P>0.05; Table 3), which were in accordance with the Hardy-
Weinberg equilibrium. It was shown that the samples were
from a larger and random mating equilibrium population.

Table 2. Comparison on three groups of blood glucose, blood lipid (x̅ ± s, mmol/L).

Detection index n BG TC TG HDL-C LDL-C

PCHD stasis groups 81 5.87 ± 1.80 4.80 ± 0.73 1.68 ± 0.96* 1.31 ± 0.42 2.73 ± 0.74

PCHD non-stasis groups 50 5.58 ± 1.45 5.05 ± 0.78 1.85 ± 1.19* 1.32 ± 0.43 2.89 ± 0.80

Healthy control pedigree group 46 5.69 ± 1.83 4.40 ± 0.75 1.42 ± 0.78 1.63 ± 0.25 3.09 ± 0.73

Note: Compared with the healthy control group: *P<0.05.

Table 3. Genetic goodness of fit test of apoE genotype in core pedigrees.

Item E2/2 E2/3 E2/4 E3/3 E3/4 E4/4 Total

Actual (a) Parent group 0 5 6 30 13 2 56

Patient group 0 4 2 19 3 0 28

Pre-logarithmic frequency (c) Parent group 0.54 5.66 3.26 27.16 15.02 2.36 56

Patient group 0.32 4.82 0.74 18.08 4.02 0.22 28

(a-c)2/c Parent group 0.54 0.08 2.30 0.30 0.27 0.05 3.54

Patient group 0.32 0.14 2.14 0.05 0.26 0.22 3.13

Note: tested by χ2, P>0.05

ApoE gene polymorphism distribution comparison in
the core pedigrees
According to the Hardy-Weinberg equilibriumcalculating each
gene prediction was basically the same by the χ2 test (P>0.05).
PCHD pedigree groups (including pedigree groups with stasis

and non-stasis pedigree groups) in both genotype distribution
and allele frequencies were not significantly different (P>0.05;
Table 4). The PCHD and healthy control pedigree groups were
significantly different with respect to the frequencies of the ε2
andε4 alleles (P<0.05; Table 4).

Table 4. Number and frequency distribution of apoE genotype and allele in CHD core pedigrees.
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Category Genotype Allele

E2/3 E2/4 E3/3 E3/4 E4/4 ε2 ε3 ε4

PCHD

Pedigree groups

Parent
group

5

(8.93)

6

(10.71)

30

(53.57)

13

(23.21)

2

(3.58)

11

(9.82)

78

(69.64)

23

(20.54)

Patient
group

4

(14.29)

2

(7.14)

19

(67.86)

3

(10.71)

0

(0.00)

6

(10.71)

45

(80.36)

5

(8.93)

PCHD

stasis pedigree
groups

Parent
group

2

(5.56)

4

(11.11)

20

(55.56)

9

(25.00)

1

(2.78)

6

(8.33)

51

(70.83)

15

(20.83)

Patient
group

2

(11.11)

1

(5.56)

12

(66.67)

3

(16.67)

0

(0.00)

3

(8.33)

29

(80.56)

4

(11.11)

PCHD non-

stasis pedigree
groups

Parent
group

3

(15.00)

2

(10.00)

10

(50.00)

4

(20.00)

1

(5.00)

5

(12.50)

27

(67.50)

8

(20.00)

Patient
group

2

(20.00)

1

(10.00)

7

(70.00)

0

(0.00)

0

(0.00)

3

(15.00)

16

(80.00)

1

(5.00)

Healthy control
pedigree group

Parent
group

8

(40.00)

1

(5.00)

9

(45.00)

2

(10.00)

0

(0.00)

9

(22.50)

28

(70.00)

3

(7.5)

Healthy
Group

3

(30.00)

1

(10.00)

6

(60.00)

0

(0.00)

0

(0.00)

4

(20.00)

15

(75.00)

1

(5.00)

Haplotype relative risk analysis
Based on the haplotype HHRR analysis for 28 core pedigrees,
among apoE (2N) alleles of the blood stasis pedigrees, 4 (W)
ε4 gene transferred, 11 (Y) did not deliver, 32 (X) transferred
among 57 non-ε4 genes, and 25 (Z) did not transfer. Typing
coronary blood stasis was associated with apoE ε4 gene
polymorphism (P<0.05; Table 5).

Table 5. apoE gene haplotype relative risk (HHRR) analysis of
premature PCHD pedigree.

Allele Total

ε4 Non-ε4

Delivery W4 X32 N36

Non-delivery Y11 Z25 N36

Total W+Y15 X+Z57 2N72

Note: χ2=4.12, P<0.05

Transmission disequilibrium test analysis
There were 14 pedigrees with stasis meeting with TDT
analysis, in which ε4 alleles from heterozygous parents to
offspring passed 4 times and did not pass 16 times; non-ε4
alleles from heterozygous parents to offspring passed 16 times
and did not pass 4 times. The results suggested that the
susceptibility loci of PCHD with stasis may be associated with
the apoE ε4 allele locus (P<0.01; Table 6).

Table 6. apoE allele transmission disequilibrium (TDT) analysis of
premature PCHD pedigree.

PCHD pedigree Allele TDT χ2-value P-value

Cases of
transfer

Cases of non-
transfer

PCHD

stasis pedigree

ε4 4 16 7.200 0.0077

Non-ε4 16 4

Discussions
According to genetic epidemiology studiesthe incidence of
CHD of the first-degree relative was 2-10 times non-CHD, and
the familial aggregation of CHD existed. CHD in relatives
occurred sooner, and the risk of individuals with CHD was
higher [6,7]. In the past, we [8-11]conducted genetic pedigree
analysis on 54 patients with CHD blood stasis probands and 54
healthy people, which suggested that there is a causal
relationship between children with coronary blood stasis and
parental illness. Studies have shown that coronary blood stasis
syndrome may be a "multi-gene evidence" with a genetic
predisposition.

The main physiologic functions of apoE are important
components of plasma lipoproteins, LDL, some HDL subtypes,
and ligand binding with receptors of LDL and apoE. There are
three major isomers in human apoE (E2, E3, and E4), coded by
three alleles (ε2, ε3, and ε4) of a locus. The different affinities
between the three major isomers and apoE receptors affect
lipid metabolism, and different apoE gene polymorphisms
affected the individual lipid levels [12]. Findings confirmed the
ε4 allele was a risk factor to coronary arteriosclerosis and
CHD, and the difference in the prevalence of CHD in different
regions was associated with the distribution of apoE
phenotype.
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Heidari [13] suggested that the ɛ3/ɛ3 and ɛ3/ɛ4 genotypes were
predisposing factors in Iran. Yin [14] suggests an association
between the apoE ε4 allele and an increased risk of CAD in a
Chinese population based on the present meta-analysis. Zhu et
al. [15] observed that the ε4 allele frequency of patients with
CHD<55 years of age was significantly higher than the
frequency in patients>61 years of age and healthy subjects,
suggesting that the apoε4 allele may be independent and be
susceptible genetic risk factors of premature CHD. Ding et al.
[16] found that the heterozygous genotyping apoE ε4/3 and the
frequencies of the ε4 allele in the early-onset CHD group were
significantly higher than age-matched controls (P<0.05). The
occurrence of early-onset CHD is affected by apoE gene
polymorphisms. Zhang et al. [17] also thought that different
genotypes are associated with CHD through serum lipids.

The current study showed that the association between
premature coronary blood stasis and the apoE ε4 gene
polymorphism based on HHRR analysis and the chain between
the susceptibility locus of premature coronary blood stasis and
the apoE ε4 alleles based on the TDT test were similar with the
results reported above. Thus we believe that the apoE ε4 allele
may be one of the susceptible genetic risk factors for premature
coronary blood stasis, and we can provide new methods and
new ideas for the prevention and treatment of people at high-
risk for premature coronary blood stasis.
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