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Abstract: Objective: This study was to analyze the acylation-stimulating protein (ASP) (301T>C) and C5a-like  
receptor 2 (C5L2) (698C>T) gene polymorphisms in Han and Hui populations, and investigate their association  
with coronary heart disease (CHD). Methods: 245 Han CHD patients and 110 Hui CHD patients from Shandong, 
Jinan, China were included in this study. Biochemical analysis was performed to assess the blood sugar and lip-
id levels in these patients, and the TaqMan genotyping assay was used to determine the genotype distribution. 
Results: Our results showed that the C allele frequency in the ASP (301T>C) polymorphism in the Hui population 
was significantly higher than normal controls, while no significant differences were observed in the Han population, 
which might contribute to the genetic susceptibility of CHD in the Hui population. Moreover, for C5L2 (698C>T) 
gene polymorphism in both Han and Hui populations, the frequencies of the C/T genotype and T allele were sig-
nificantly higher in the CHD patients compared with normal controls. Moreover, there were slight differences in the 
association of ASP and C5L2 gene polymorphisms with blood sugar and lipid levels between Han and Hui popula-
tions. Conclusions: Our results suggest differential ASP and C5L2 genotype distributions between Han and Hui pa-
tients, which might be associated with the different CHD-related genetic susceptibilities in these populations. These  
findings might contribute to a better understanding of the etiology and pathogenesis of CHD in different regions  
and populations.
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Introduction

Epidemiological studies show that the inci-
dence of coronary heart disease (CHD) is asso-
ciated with environmental and genetic factors 
[1]. Sugar and lipid metabolism disorders, such 
as increased triglyceride (TG) and fasting blood 
sugar levels, have been recognized as major 
risk factors for CHD [2, 3]. Therefore, sugar and 
lipid metabolism-related genes might also be 
involved in CHD pathogenesis, such as acyla-
tion-stimulating protein (ASP) and its specific 
receptor, C5a-like receptor 2 (C5L2) [4]. 

ASP, also known as C3a des-Arg, stimulates TG 
synthesis [5] and sugar transportation [6]. ASP 
is the rate-limiting enzyme in the catabolism of 

TG-rich lipoprotein, which could elevate serum 
TG level as a non-competitive inhibitor of lipo-
protein lipase [7]. ASP has also been shown to 
stimulate TG storage in adipose tissues [8]. 
C5L2, a G protein-coupled receptor, is the func-
tional receptor of ASP [9]. Active C5L2 initiates 
downstream signaling transduction pathways, 
including protein kinase C activation and sugar 
transporter translocation [10]. The cascade 
amplification increases sugar transportation 
and fatty acid esterification, leading to the 
accumulation of TG. Therefore, C5L2 activity 
may influence the body’s susceptibility to CHD. 
In recent years, ASP and C5L2 gene polymor-
phisms have been intensively investigated, 
especially concerning their association with 
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gender, age, and other general information 
among these subjects. Prior written and 
informed consent were obtained from every 
patient and the study was approved by the eth-
ics review board of Provincial Hospital affiliated 
to Shandong University. 

Biochemical analysis

Serum concentrations of total cholesterol (TC), 
total triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-C), LDL-C, sugar, and other 
indicators were measured using standard 
methods in the Central Laboratory of Provincial 
Hospital affiliated to Shandong University.

TaqMan genotyping assay 

Three millilitres of fasting venous blood was 
collected in EDTA tubes, and genomic DNA was 
isolated with the RelaxGene Blood DNA System 
(TianGen Biotech, Beijing, China), according to 
the manufacture’s instructions. TaqMan geno-
typing assay was performed using an ABI ViiA7 
machine (Applied Biosystems, Foster City, CA, 
USA) with the Endpoint Genotyping method 
(Figure 1). Briefly, two TaqMan probes were 
used that differed at the polymorphic sites: one 
probe was complementary to the wild-type 
allele (labeled with FAM fluorescence reporter) 
and the other to the variant allele (labeled with 
VIC fluorescence reporter). The reporter dye 
and the quencher dye are covalently linked to 
the wild-type or variant allele TaqMan probes. 
When the probes were intact, fluorescence of 
the reporter dye would be quenched by the 
quencher dye. During the PCR annealing steps, 
TaqMan probes hybridized to targeted polymor-
phic sites. During the extension phase, the 
reporter dye is cleaved by the Taq polymerase, 
resulting in an increased fluorescence of the 
specific reporter dye. The genotyping was deter-
mined by detecting the fluorescence intensity 
of the two different reporter dyes after PCR 

type 2 diabetes and lipid metabolism disor-
ders. However, the relationship between the 
polymorphism of ASP and C5L2 genes and CHD 
has not yet been fully understood.

In this study, ASP and C5L2 gene polymor-
phisms in Han and Hui populations from 
Shandong, Jinan, China were analyzed and 
compared, and their association with CHD  
was also investigated. Our findings might con-
tribute to the understanding of etiology and 
pathogenesis of CHD in different regions and 
populations.

Materials and methods

Patients

This study included 245 Han CHD patients (125 
males and 120 females), and 110 Hui CHD 
patients (58 males and 52 females), who were 
admitted to Provincial Hospital affiliated to 
Shandong University from Jan 2010 to Dec 
2013. These patients were 25-80 years old, 
and at least one of the following inclusion crite-
ria should be met: (1) at least one coronary 
diameter stenosis of ≥ 50%, demonstrated by 
coronary angiography; (2) diagnosis of acute 
myocardial infarction (with clinical symptoms of 
ischemic chest pain and/or discomfort; dynam-
ic evolution of ECG indicative of acute myocar-
dial infarction, i.e., ST-segment elevation or 
emerging left bundle-branch block; cardiac tro-
ponin T (cTnT) or creatine kinase (CK-MB) levels 
higher than two times the normal upper limit, 
with dynamic changes); (3) diagnosis of old 
myocardial infarction (with a previous history of 
acute myocardial infarction; pathological Q 
waves in ECG; regional myocardial loss con-
firmed by echocardiography or cardiac ECT). On 
the other hand, patients with (1) liver and/or 
kidney dysfunction; (2) concurrent infection, 
cancers, or immune system disorders; (3) cere-
brovascular diseases; (4) coagulation dysfunc-

tion; or (5) peripheral vascular 
diseases were excluded from 
the study. Another 250 Han 
(127 males and 123 females) 
and 150 Hui (80 males and 
70 females) subjects with nor-
mal coronary angiography 
and CT angiography, as well 
as normal results from ECG, 
echocardiography, and cardi-
ac ECT, were used as normal 
control subjects. There were 
no significant differences in 

Figure 1. TaqMan genotyping assay. Two TaqMan probes with different poly-
morphic sites were labeled with different reporter dyes (FAM and VIC). Only 
the hybridized probe would be cleaved by the Taq polymerase during PCR 
extension phase. After PCR, the genotyping was determined by measuring 
the intensity distribution of the two different dyes.
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(Figure 2). Polymerase chain reaction (PCR) 
was carried out with 80-100 ng genomic DNA in 
a 10 μL reaction system. TaqMan-PCR program 
consisted of an initial denaturation step at 
95°C for 10 min, and then 35 cycles of 95°C for 
10 s, 60°C for 30 s, and 72°C for 1 min, fol-
lowed by a final cooling step at 40°C for 30 s. 

Statistical analysis

Data were expressed as mean ± SD. SPSS16.0 
software was used for statistical analysis. 

Hardy-Weinberg equilibrium was assessed by 
X2 analysis. Continuous variables were com-
pared using the t-test and analysis of variance. 
Analysis of covariance was used for the com-
parison of blood sugar and lipid levels between 
different genotypes. P < 0.05 was considered 
statistically significant.

Results

Participant characteristics

General characteristics of CHD patients and 
normal control subjects were shown in Table 1. 
Significant differences in the following vari-
ables were observed between CHD patients 
and normal control subjects: waistline body 
mass index (BMI), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), as well as 
serum concentrations of TC, LDL-C, TG, FBG, 
ASP, and C3 (all P < 0.05). On the other hand, 
there were no significant differences in serum 
HDL-C level between CHD patients and normal 
control subjects. In the following sections,  
genotype distributions and allele frequencies 
of the polymorphic sites in ASP and C5L2 genes 
in these Han and Hui populations were ana-
lyzed and compared.

Genotype distributions and allele frequencies 
of polymorphic sites in ASP and C5L2 genes in 
CHD patients and normal controls

Genotype and allele distributions of the ASP 
(301T>C) and C5L2 (698C>T) gene polymorphic 

Figure 2. Typical results for the Endpoint Genotyping 
analysis. The blue, red, and green fluorescence indi-
cated the homozygous X/X, heterozygous X/Y, and 
homozygous Y/Y genotypes, respectively. 

Table 1. Characteristics of the participants
CHD patients Normal controls

Waistline, cm 96.41±6.78* 83.45±4.58
BMI, kg/m2 28.01±2.31* 24.04±2.46
SBP, mmHg 157.96±11.73* 125.02±6.92
DBP, mmHg 89.07±9.46* 78.32±6.15
TC, mmol/L 5.14±1.17* 4.43±0.89
HDL-C, mmol/L 1.31±0.34 1.45±0.67
LDL-C, mmol/L 2.73±1.18* 2.14±0.59
TG, mmol/L 1.97±0.99* 1.33±0.77
FBG, mmol/L 6.34±0.67* 5.18±0.52
ASP, µg/L 5.97±1.33* 4.89±1.13
C3, µg/ml 707.6±215.7* 589.4±115.6
Abbreviations: BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; TC, total choles-
terol; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; TG, total triglyceride; 
FBG, fasting blood glucose; ASP, acylation-stimulating 
protein. Note: Compared with the control group, *P < 
0.05.
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sites in the study population were shown in 
Tables 2 and 3, respectively. Genotype distribu-
tion of ASP (301T>C) did not exhibit significant 
difference from the Hardy-Weinberg equilibri-
um expectations in both populations (X2 = 
0.885, P = 0.35 for Han population, and X2 = 
0.077, P = 0.78 for Hui population, respective-
ly). Moreover, genotype distribution of C5L2 
(698C>T) did not show significant difference 
from the Hardy-Weinberg equilibrium expecta-
tions in both populations, either (X2 = 0.873, P 
= 0.35 for Han population, and X2 = 1.449, P = 
0.23 for Hui population, respectively). 

As shown in Table 2, in Han subjects, the geno-
type frequencies of C/C, C/T, and T/T in ASP 
(301T>C) polymorphism were 6.1%, 35.9%, and 
58.0%, respectively, in the CHD group, while 
the genotype frequencies were 7.2%, 32.8%, 
and 60.0%, respectively, in the control group (P 
> 0.05). Moreover, the C allele frequencies in 
Han CHD patients and normal controls were 
24.1% and 23.6%, respectively (P > 0.05). On 
the other hand, in the Hui population, the geno-
type frequencies of C/C, C/T, and T/T in ASP 
(301T>C) polymorphism were 13.6%, 40.0%, 
and 46.4%, respectively, which was significant-
ly different from their normal control counter-
parts (C/C, C/T, and T/T frequencies of 10.0%, 
36.0%, and 54.0%, respectively) (P < 0.05). The 
C allele frequency in the CHD group (25.5%) 
was significantly lower than the normal controls 
(27.3%) (P < 0.05).

For C5L2 (698C>T) gene polymorphism, as 
shown in Table 3, in the Han population, the 
genotype frequencies of C/C and C/T were 
85.7% and 14.3%, respectively, in the CHD 
patients, while the genotype frequencies were 
94.0% and 6.0%, respectively, in the control 
group (P < 0.05). Furthermore, the C allele fre-
quencies in Han CHD patients was 92.8%, 
which was significantly lower than the normal 
controls (97.0%) (P < 0.05). In addition, for 
C5L2 (698C>T) gene polymorphism in the Hui 
population, the genotype frequencies of C/C 
and C/T were 83.6% and 16.4%, respectively, 
in the CHD group, which was significantly differ-
ent from the Hui control group (the C/C and C/T 
genotype frequencies of 96.0% and 4.0%, 
respectively) (P < 0.05). Furthermore, the C 
allele frequencies for C5L2 (698C>T) gene poly-
morphism in Hui CHD patients was 91.8%, 
which was significantly lower than the control 
group (98.0%) (P < 0.05). Taken together, these 
results suggest that the C allele frequency in 
ASP (301T>C) polymorphism in the Hui popula-
tion is significantly higher than normal controls, 
while no significant differences were observed 
in the Han population, which might contribute 
to the genetic susceptibility of CHD in the Hui 
population. Moreover, for C5L2 (698C>T) gene 
polymorphism in both Han and Hui populations, 
the frequencies of CT genotype and T allele are 
significantly higher in the CHD patients com-
pared with normal controls.

Table 2. Distribution of genotype and allele frequencies of polymorphic site of ASP in Han and Hui 
populations

Group N
Genotype (N, %)

χ2 P
Allele frequency (N, %)

χ2 P
C/C C/T T/T C T

Han Control 250 18 (7.2) 82 (32.8) 150 (60.0) 0.534 > 0.05 118 (23.6) 382 (76.4) 0.032 > 0.05
CHD 245 15 (6.1) 88 (35.9) 142 (58.0) 118 (24.1) 372 (75.9)

Hui Control 150 15 (10.0) 54 (36.0) 81 (54.0) 0.175 < 0.05 84 (28.0) 216 (72.0) 0.230 < 0.05
CHD 110 15 (13.6) 44 (40.0) 51 (46.4) 74 (33.6) 146 (66.4)

Table 3. Distribution of genotype and allele frequencies of polymorphic site of C5L2 in Han and Hui 
populations

Group N
Genotype (N, %)

χ2 P
Allele frequency (N, %)

χ2 P
C/C C/T C T

Han Control 250 235 (94.0) 15 (6.0) 9.355 < 0.05 485 (97.0) 15 (3.0) 8.857 < 0.05
CHD 245 210 (85.7) 35 (14.3) 455 (92.8) 35 (7.2)

Hui Control 150 144 (96.0) 6 (4.0) 11.578 < 0.05 294 (98.0) 6 (2.0) 11.018 < 0.05
CHD 110 92 (83.6) 18 (16.4) 202 (91.8) 18 (8.2)
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vate downstream signaling pathways, such as 
the activation and translocation of protein 
kinase C and sugar transporters [15, 16]. 

It has been widely confirmed that, the levels of 
ASP are significantly elevated in patients with 
CHD, diabetes, and obesity. A study from Yang 
et al. [17] has shown that, in the Han and Uygur 
populations from Xinjiang, China, ASP (301T>C) 
polymorphism might be associated with the 
pathogenesis of type 2 diabetes and dyslipid-
emia. Moreover, Zheng et al. [18, 19] suggest 
that, in the Han and Uygur populations from 
Xinjiang, China, C5L2 (698C>T) and (901G>A) 
polymorphic sites might be related to the etiolo-
gies of CHD and diabetes. 

In the present study, TaqMan genotyping was 
performed to investigate ASP (301T>C) and 
C5L2 (698C>T) polymorphisms in Han and Hui 

Association of ASP and C5L2 gene polymor-
phisms with blood sugar and lipid levels in Han 
and Hui populations

To further investigate the functional role of ASP 
and C5L2 gene polymorphisms, the blood 
sugar and lipid levels between the different 
genotype carriers in Han and Hui populations 
were assessed. As shown in Tables 4 and 5, in 
the Han population, ASP C/C and C5L2 C/T 
genotypes were both associated with the blood 
sugar level. However, no association was 
observed between these genotypes and blood 
lipid levels. On the other hand, in the Hui popu-
lation, ASP C/C and C5L2 C/T genotypes were 
also associated with the blood sugar level. 
Furthermore, for the blood lipid levels, ASP C/C 
and C5L2 C/T genotypes were associated with 
the blood TG level, while these genotypes were 
not associated with serum concentrations of 

TC, HDL-C, or LDL-C. These results sug-
gest that there are slight differences in 
the association of ASP and C5L2 gene 
polymorphisms with blood sugar and 
lipid levels between Han and Hui 
populations. 

Discussion

ASP was discovered by Cianflones et 
al. [11] in 1989, which was a small 
molecule isolated from human plasma, 
consisting of 76 amino acid residues. 
It is an autocrine hormone derived 
from adipose cells, regulating the stor-
age of adipose, as well as the TG syn-
thesis and sugar transportation. ASP 
promotes postprandial TG clearance 
[12], and plays an important role in 
sugar and lipid metabolism. In fact, the 
biological role of ASP is closely linked 
with its receptor, C5L2. C5L2, a mem-
ber of C5aR (CD88) subfamily, is wide-
ly distributed in most tissues and cells 
throughout the body. C5L2 is abun-
dantly expressed in granulocytes and 
immature dendritic cells, as well as in 
the spleen. It has been confirmed that, 
ASP could bind to C5L2, making it a 
real functional receptor [13]. In addi-
tion, via binding to C5L2, ASP could 
initiate a series of events, including 
phosphorylation, β-arrestin transloca-
tion, and receptor internalization [14]. 
Furthermore, active C5L2 might acti-

Table 4. Association of ASP gene polymorphisms with 
blood sugar and lipid levels in Han and Hui populations

Group
Genotype (N, %)

t P
C/C C/T+T/T

Han TG (mmol/L) 2.2±0.6 2.0±0.8 0.9502 > 0.05
TC (mmol/L) 5.2±1.3 5.4±1.1 -2.1477 > 0.05

DHL-C (mmol/L) 1.1±0.5 1.2±0.3 -1.1913 > 0.05
LDL-C (mmol/L) 3.4±1.3 3.5±1.2 -0.3112 > 0.05
FBG (mmol/L) 5.4±1.4 4.8±1.2 1.8571 < 0.05

Hui TG (mmol/L) 2.3±0.4 1.9±0.7 1.6952 < 0.05
TC (mmol/L) 5.3±1.3 5.2±1.2 0.2380 > 0.05

DHL-C (mmol/L) 1.3±0.6 1.3±0.3 0.0000 > 0.05
LDL-C (mmol/L) 3.5±1.2 3.4±1.4 0.2074 > 0.05
FBG (mmol/L) 5.2±1.5 4.7±1.1 1.2670 < 0.05

Table 5. Association of C5L2 gene polymorphisms with 
blood sugar and lipid levels in Han and Hui populations

Group
Genotype (N, %)

t P
C/C C/T

Han TG (mmol/L) 2.3±0.5 2.4±0.8 0.9925 > 0.05
TC (mmol/L) 5.4±1.4 5.1±1.3 1.1852 > 0.05

DHL-C (mmol/L) 1.2±0.8 1.1±0.6 0.7066 > 0.05
LDL-C (mmol/L) 3.5±1.1 3.4±1.4 0.4776 > 0.05
FBG (mmol/L) 5.2±1.1 5.8±1.3 -2.9080 < 0.05

Hui TG (mmol/L) 2.4±0.8 2.0±1.0 1.8594 < 0.05
TC (mmol/L) 5.4±1.5 5.3±1.6 0.2559 > 0.05

DHL-C (mmol/L) 1.1±0.6 1.2±0.4 -0.6769 > 0.05
LDL-C (mmol/L) 3.3±1.4 3.4±1.3 -0.2802 > 0.05
FBG (mmol/L) 5.1±1.4 5.7±1.5 -1.6438 < 0.05



ASP and C5L2 gene polymorphisms in CHD

18784	 Int J Clin Exp Med 2015;8(10):18779-18785

populations from Shandong, Jinan, China. 
According to our results, ASP (301T>C) poly- 
morphic site had been found in the Hui popu- 
lation, and the C allele frequency was signifi-
cantly higher in the CHD group compared with 
the control group, indicating that the C/C geno-
type may be associated with the CHD-related 
genetic susceptibility, as well as the blood 
sugar and TG levels, in this population. However, 
no significant differences were observed in the 
genotype distribution between the Han CHD 
patients and normal control subjects. ASP 
(301T>C) polymorphism was not associated 
with lipid metabolism, but could be involved in 
the sugar metabolism. 

On the other hand, for the C5L2 (698C>T) poly-
morphism, the frequencies of heterozygous 
C/T genotype were higher in the CHD group 
than normal controls, in both Han and Hui pop-
ulations, and the T allele frequencies were also 
higher in the CHD patients, for both Han and 
Hui populations. Moreover, the genotype distri-
bution might be associated with the blood 
sugar and TG levels in the Hui population. 

In conclusion, we first investigated the relation-
ship between the ASP (301T>C) and C5L2 
(698C>T) gene polymorphisms in Han and Hui 
populations from Shandong, Jinan, China. Our 
results indicated differential genotype distribu-
tions of ASP and C5L2 genes between Han and 
Hui populations, which might be associated 
with the CHD-related genetic susceptibilities  
in these populations. These results might  
contribute to a better understanding of the eti-
ology and pathogenesis of CHD in different 
regions and populations. 
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