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Abstract 

The present study investigated the correlation among genetic polymorphisms of the proximal 
promoter region of apolipoprotein M (apoM) gene, the polymorphisms in relation to apoM ex-
pressions and the susceptibility to coronary artery diseases (CAD) in a Han Chinese population. 
Four common polymorphic sites, i.e., T-1628G, C-1065A, T-855C and T-778C, were confirmed, 
and a new deletion mutation C-724del was found, in 206 CAD patients and 209 non-CAD patients 
using direct DNA sequencing analyses. Occurrences of alleles T-1628G, T-855C and C-724del 
were significantly higher in CAD patients compared to non-CAD patients. Moreover we examined 
all these polymorphisms in relation to apoM expression by applying luciferase reporter assay. It 
demonstrated that constructs −855C and 724del showed obvious decreased luciferase activities, 
i.e., (0.93±0.15 vs. 2.11±0.15; P=0.012) and (1.13±0.25 vs. 2.11±0.15; P=0.009) respectively, which 
indicates these two polymorphisms could confer decreased apoM expressions. Meanwhile the 
occurrences of these two SNP were also significantly higher in the CAD patients than in non-CAD 
patients. It is therefore reasonable to speculate that down-regulated apoM expressions in relation 
to these polymorphisms may affect HDL and cholesterol metabolism in vivo and further influence 
the susceptibility to CAD, although the underlying mechanisms need further investigation. 
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Introduction 
Coronary artery diseases (CAD) are predicted 

being the most common form of heart diseases 
worldwide [1]. Many factors, including age, gender, 
dyslipidemia, hypertension, diabetes mellitus and 
smoking may contribute to the initiation and progress 
of CAD. Recent years increasing evidence suggests 
that CAD could be also influenced by multi-genetic 
variations in different individuals, which may be 
considered predisposition for the risk factors of CAD 
as well, including the polymorphisms found in the 

genes of angiotensin-converting enzyme (ACE), an-
giotensinogen (AGT), leptin receptor (LEPR) and 
neuropeptide Y receptor Y5 [2, 3]. Some of these genes 
are leading to the clinical translation, and the ad-
vances in genomic research and technology have 
opened new avenues of investigation on the patho-
genesis of CAD [4]. Early detection of individuals 
with the high-risk factors of genetic alterations of 
CAD and proper clinical intervention may prevent or 
delay the vascular events and offer an increased 
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quality of life and life expectancy in CAD patients. 
It is well known that lower serum levels of high 

density lipoproteins (HDL) and higher serum levels of 
low density lipoproteins (LDL) have been assessed as 
the CAD risk factors and they are also used as the 
clinical markers for the preventive therapy in the 
CAD patients. Apolipoproteins, such as apolipopro-
tein (apo) A1 is the major apolipoprotein in HDL and 
apolipoprotein B100, a structure apolipoproein in 
LDL [5, 6]. ApoA1 gene single nucleotide peptide 
alteration T-319C was found to be associated with the 
metabolic syndrome and increase CAD risk [7]. It has 
been reported that apoA5 -1131C allele could be as-
sociated with reduced plasma apoA5 concentration 
and an increase in CAD risk [8, 9]. 

ApoM is one of the latest additions to the 
apolipoprotein family, first identified and character-
ized in 1999 [10]. The apoM gene codes for a 26 kDa 
protein which structurally belongs to the lipocalin 
superfamily. It is located in a highly conserved seg-
ment in the major histocompatibility complex (MHC) 
class III locus on chromosome 6 in humans [11]. 
ApoM is predominantly present in HDL particles, and 
is also found in other lipoprotein subclasses, e.g., tri-
glyceride-rich lipoprotein particles after fat intake in 
human plasma [10, 12]. Wolfrum, et al., have deter-
mined that apoM is critical for the formation of HDL 
particles, notably pre-β-HDL [13]. ApoM polymor-
phisms were identified to be associated with some 
metabolic diseases. In T2D patients, a subset of apoM 
SNPs were associated with disease duration and 
metabolic traits. SNP rs707922, one of the metabolic 
trait-associated SNP, led to the discovery of a novel 
apoM transcript at molecular level and 
SNP-dependent effect on cellular cholesterol content 
[14]. Some studies have investigated promoter vari-
ants of apoM. Allele C of SNP T-778C may increase 
promoter activity and confer the risk susceptibility in 
the development of T1D [15]. Xu, et al. and Jiao, et al. 
have reported that apoM T-855C and T-778C poly-
morphism carries an increased risk for CAD in Chi-
nese populations [16, 17]. Although in our previous 
study T-778C showed no effects on CAD [18]. How-
ever, the mechanism by which mutant apoM alleles 
contribute to CAD susceptibility is unknown yet. One 
conceivable explanation might be speculated in that 
alleles of apoM in the proximal promoter region could 
influence apoM gene expression and further influence 
lipoprotein metabolism in vivo. In the present study, 
we investigated the genetic polymorphisms of the 
proximal promoter region of the apoM gene in CAD 
patients and control subjects chosen from a Han Chi-
nese population. Furthermore we examined SNPs in 
relation to the apoM gene expression as well as the 
susceptibility of CAD. 

2. Materials and methods 
2.1 Subjects 

Two hundred and six patients (41 females and 
165 males, mean age 61.86 ± 9.20 years old) who had 
obtained coronary angiography and were diagnosed 
with CAD according to the results of angiography (a 
lesion was classed as being significant when stenosis 
was more than 50%) [19], were subjected in the pre-
sent study. Subjects with a history of hematologic, 
neoplastic, renal, hepatic or thyroid diseases were 
excluded. Patients with congenital heart disease, car-
diomyopathy, valvular diseases, or autoimmune dis-
eases were also excluded. 209 age- and gen-
der-matched patients (52 females and 157 males, 
mean age 60.39 ± 9.06 years old) were selected as the 
control group in the present study. All control sub-
jects were confirmed free from coronary artery disease 
by either angiography or clinical symptom together 
with ECG examinations. All CAD patients and control 
subjects were from the third affiliated hospital of 
Soochow University and were informed by written 
consent when they interview in the study.  

2.2 Amplifying DNA of apoM proximal 
promoter region by real-time PCR and 
amplicons sequencing 

DNA was extracted from a 250μl peripheral 
blood sample of each subject with a commercial DNA 
extract Kit (Shenerg Biocolor, Shanghai, China). The 
SNP ID number and detail sequence information of 
apoM is publicly available (http://www.ncbi.nlm.nih
.gov/SNP). Up to now there are twenty-three SNPs 
being reported publicly (Table 1). According to the 
sequence (GenBank accession nos. EU030444.1) two 
pairs of primers were designed as follows: forward 
primer 1: AGCCTGGTCTTGCAGACTTG; reverse 
primer 1: CAAATAGGTTGTCCTTGGATAGC; 
forward primer 2: AATCTATCGAGGAAGATCCAT
CTCT; reverse primer 2: AACCCAAACCTGGATTA
CTTAGTG. All specific primers were synthesized by 
Sangon Biotech Company (Shanghai, China). Taq 
DNA polymerase, 4×dNTPs, 10×polymerase chain 
reaction (PCR) buffer, and MgCl2 were purchased 
from Shenerg Biocolor (Shanghai, China). In brief, 
PCR was performed as follows: 40 to 80 ng of genomic 
DNA template, 2.5μl of 10×PCR buffer, 1.5mM MgCl2, 
0.5μl of 4×dNTPs, 1.25 U Taq DNA polymerase, 10 
pmol of each primer in a final reaction volume of 25μl. 
Thermal cycling was performed in a 
LightCycler 366 (Roche, Swaziland). The cycling 
program consisted of 1 min of initial denaturation at 
95°C, followed by 40 cycles at 95°C for 0s 
(temperature transition rate 20°C/s), 61°C for 10s 
(temperature transition rate 20°C/s), and 72°C for 10s 



Int. J. Med. Sci. 2014, Vol. 11 

 
http://www.medsci.org 

367 

(temperature transition rate 20°C/s). The PCR 
products of apoM proximal promoter region were 
directly sequenced on an automatic sequencer from 
Applied Biosystems (model 3730, Invitrogen, 
Shanghai, China). 

Table 1. Available apoM SNPs in proximal promoter region 
(http://www.ncbi.nlm.nih.gov/SNP) 

 SNP Allele Region 
1 rs79177639 G-1904A Promoter 
2 rs12525463  G-1886A Promoter 
3 rs6921907 C-1692T Promoter 
4 rs12525471 C-1687A Promoter 
5 rs34260741 A-1647- Promoter 
6 rs1266078  G-1628T Promoter 
7 rs58368425  C-1590G Promoter 
8 rs9267528 C-1530T Promoter 
9 rs114106481 G-1529A Promoter 
10 rs115826764 G-1323A Promoter 
11 rs55880811 T-1140C Promoter 
12 rs114288601 C-1134A Promoter 
13 rs805297 C-1065A Promoter 
14 rs77322555 A-1041C Promoter 
15 rs4947251  A-1009G Promoter 
16 rs9404941 T-885C Promoter 
17 rs805296 T-778C Promoter 
18 rs74485832 G-723- Promoter 
19 rs62395806  G-599A Promoter 
20 rs76611345  C-597A Promoter 
21 rs115239580 G-358T Promoter 
22 rs73398248  C-319A Promoter 
23 rs114269338 G-255A Promoter 

2.3 Construction of plasmid containing apoM 
promoter region 

The fragment of apoM promoter region, -2165 to 
-29, was amplified with primers containing restriction 
endonuclease sites. This fragment contains one of the 
four SNPs which were detectable in our study, 
C-1065A, T-855C, T-778C and C-724-, respectively. 
The primers used to amplify the promoter region 
were as follows: 5'- ggggtaccGTGGCG-
CAATCACAACTC-3' (forward) and 5'-ccaagct 
GACCCTTTCACCTGCTAATG-3' (reverse). To facil-
itate plasmid construction, two endonuclease sites, 
KpnI and HindIII were inserted to both ends of the 
amplicon (Underlined sequences). PCR was per-
formed as follows: 40 to 80 ng of genomic DNA tem-

plate, 2.5μl of 10× PCR buffer, 1.5mM MgCl2, 0.5μl of 
4× dNTPs, 1.25U Taq DNA polymerase, and 10pmol 
of each primer in a final reaction volume of 25μl. The 
PCR cycle was as follows: 1 min of initial denaturation 
at 95°C, followed by 40 cycles at 95°C for 10s, 60°C for 
90s and 72°C for 2min. The amplified fragment was 
digested with KpnI and HindIII, and then cloned into 
the luciferase expression vector pGL3 (Promega) with 
T4 ligase. 

2.4 Site-directed mutagenesis 
Four polymorphic sites were obtained by using 

the Site-Directed Mutagenesis Kit (Tiandz, Inc). The 
primers for mutation were showed in Table 2. The 
PCR cycle was as follows: 1 min of initial denaturation 
at 95°C, followed by 15 cycles at 95°C for 40s, 58°C for 
30s and 68°C for 25min. Products were extended in 
68°C for 2min and stored at 4°C. All plasmids used in 
this study were verified by sequencing, and orienta-
tions were confirmed being correct.  

2.5 Luciferase reporter assay 
293HEK was cultured in the RPMI1640 supple-

mented with 10% fetal bovine serum (Gibco). Cul-
tured cells (1×106/well) were plated in 6-well plates 
and transfected with 1μg of pGL3-pApoM constructs 
by using Lipofectin 2000. At the same time 0.2μg of 
pRL-TK vectors (Promega) were transfected as the 
internal control. After 12hrs, the transfected cells were 
incubated with RPMI1640 containing 10% fetal bovine 
serum. All transfected cells were then washed once 
with PBS (pH 7.4) and lysed. Luciferase activities 
were performed using the Dual-Glo Luciferase Assay 
System (Promega) according to manufacturer’s pro-
tocol. The pGL3-control and pGL3-Basic (without 
promoter) vectors (Promega) were used as positive 
and negative controls, respectively. Luciferase activity 
was measured using a Lumat LB 9507 luminometer 
(EG &G Berthhold, Bad Wildbad, Germany). The ac-
tivity of firefly luciferase was normalized to that of 
renilla luciferase. Each experiment was performed in 
triplicates. The results were represented graphically 
as a ratio of pGL3-Basic vector activity to controls. 

Table 2. Primers for the site-directed mutagenesis of apoM promoter 

SNP  5’-3’ 
C-1065A Sense TTATAGCAAATATATACTTTGGAATTACCATGTGCAAGTCTTTGCT 
 Anti-sense AGCAAAGACTTGCACATGGTAATTCCAAAGTATATATTTGCTATAA 
T-855C Sense CTCGACATCCCAGGCCCAAGCAATCCTCCCT 
 Anti-sense AGGGAGGATTGCTTGGGCCTGGGATGTCGAG 
T-778C Sense ACCACATCGGCTAATTTTTGTACTTTTTGTAGAGACAGAGTTTTG 
 Anti-sense CAAAACTCTGTCTCTACAAAAAGTACAAAAATTAGCCGATGTGGT 
C-724- Sense GTTTTGAACTCCTGGGTCAAGCCATCCGCCCA 
 Anti-sense TGGGCGGATGGCTTGACCCAGGAGTTCAAAAC 
The mutant sites were marked in bold and underlined. 
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2.6 Statistical analysis 
Results are expressed as means±SD. Compari-

sons of the general characteristics in two groups be-
tween different genotypes were statistically evaluated 
by the unpaired t-test (Prism software, version 4; 
GraphPad Inc., La Jolla, CA, USA). Significance was 
established at a P value less than 0.05. Binary logistic 
regression analyses were performed by the SPSS sta-
tistical package (version 10.0, SPSS Inc., Chicago, IL, 
USA). Genotype distributions were tested for the 
Hardy-Weinberg equilibrium using a chi square test. 
Allele frequencies, genotype frequencies, odds ratios 
(ORs) and 95% confidence intervals (CIs) were esti-
mated by the Chi-squared analyses. Estimates of 
linkage disequilibrium (LD) between SNPs were de-
termined by calculating pair-wise D’ and r2 statistics 
in unrelated individuals using the SHEsis 
software[20]. Power calculations were performed by 
PS software (power and sample size calculations, 
version 3.0.43). Results from luciferase analyses were 
analyzed by Student’s t-test for two-group compari-
son. 

3. Results 
3.1 General characteristics of CAD and 
non-CAD patients 

Mean age of CAD patients and non CAD pa-
tients were 61.86 ± 9.20 years old and 60.39 ± 9.06 
years old, respectively. The age and gender were 
matched in the CAD patients and the non-CAD pa-
tients (Table 3). The CAD patients had higher serum 
triglyceride (TG) levels (2.43 ± 2.10 mmol/L; P= 0.000) 
and higher serum cholesterol (TC) levels (5.11 ± 1.06 
mmol/L; P= 0.009) compared to the non-CAD pa-
tients. Lower HDL-C and higher fasting blood glucose 
(FBG) were also seen in the CAD patients (Table 3). 

3.2 Allele frequencies and genotype 
distributions of apoM promoter in CAD and 
non-CAD patients 

As shown in Table 4, four common polymorphic 

sites, i.e., T-1628G, C-1065A, T-855C and T-778C, were 
confirmed, and a new deletion mutation in site -724C 
was found in the present study. Figure 1 shown three 
genotypes detected from subjects caused by -724 de-
letion mutation. Figure 1A and 1C represent the ho-
mozygote CC and homozygous deletion, respectively. 
Heterozygote appears as a series of double peaks fol-
lowing the point of deletion (red arrows) (Figure 1B). 
Genotype distributions of the five SNPs in these two 
populations followed Hardy-Weinberg equilibrium 
(HWE, P＞0.05). The allelic frequencies and genotype 
distributions of these five polymorphisms in CAD 
and non-CAD patients were summarized in Table 4. 
T-778C and C-1065A showed no statistical significant 
difference in allele frequencies and genotype distri-
butions between CAD and non-CAD patients. While 
occurrences of alleles of T-1628G, T-855C and 
C-724del were statistically significantly higher in the 
CAD patients than in non-CAD patients. In SNP 
T-1628G (rs1266078), the frequency of G allele was 
19.20% in CAD patients vs. 12.7% in non-CAD con-
trols (P=0.011). In CAD patients, 159 patients (76.1%) 
had the T/T genotype, 47 patients (22.5%) had the 
T/G genotype and three patients (1.4%) had the G/G 
genotype. The genotype distribution of rs1266078 was 
statistically significant different between CAD pa-
tients and non-CAD patients (OR = 1.711, P= 0.012). 
The minor C allele frequency of SNP T-885C in the 
CAD group was significantly higher than that in the 
control group (22.8% vs. 15.6%, P=0.008), indicating 
that T-885C was associated with a high risk for CAD 
(OR= 1.711, P= 0.009). In SNP C-724del, the frequency 
of del C allele was 8.0% in CAD patients and only 
4.1% in non-CAD controls (P=0.017). The genotype 
distribution was also significantly different between 
CAD and non-CAD patients (OR = 1.904, P= 0.023). 
And the power calculation showed that the study had 
75.9% and 66.9% power to detect the differences of 
T-855C and C-724del between case and control sub-
jects at a significance level of 0.05, respectively. 

 

Table 3. Clinical characteristics of CAD and non-CAD patients 

 CAD patients 
N=206 

Non-CAD patients 
N=209 

P-value 

Male/Female 165/41 157/52 0.965 
Age (means±SD) 61.86 ± 9.20 60.39 ± 9.06 0.125 
TG (mmol/L) 2.43±2.10**  1.76±1.01 0.000 
TC (mmol/L) 5.11±1.06* 4.77±1.22 0.009 
LDL-C (mmol/L) 2.54±1.01 2.70±0.74 0.070 
HDL-C (mmol/L) 1.11±0.23** 1.29±0.32 0.000 
BMI 23.71±1.70 23.45±1.39 0.220 
FBG (mmol/L) 6.64±2.54* 6.05±1.19 0.002 
Notes: Data are means ± SD. *P<0.05, **P<0.01 vs. control group. P-Value <0.05 was shown in bold. 
Abbreviations: CAD, coronary artery disease; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; BMI, Body Mass Index; FBG, fasting blood glucose. 
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Table 4. Allele frequencies and genotype distributions of apoM proximal promoter region in CAD and non-CAD patients 

SNP ID Allele Allele Frequency  
 
 
 

Allele  Genotype 
CAD 
(%) 

Non-CAD 
(%) 

OR 
(95% CI) 

P-value Non-CAD 
(% frequencies) 

CAD 
(% frequencies) 

P-value of HWE Common 
odds 
ratio  

P-value  

11 12 22 11 12 22 Non-CAD CAD 
T-1628G  T 80.8 87.3  1.634 0.011  159 47 3 137 59 10 0.822 0.275 1.711 0.012 
rs1266078 G 19.2 12.7  1.119-2.385   (76.1) (22.5) (1.4) (66.5) (28.6) (4.9)     
C-1065A  C 66.0 69.9  1.193 0.236  100 92 17 87 98 21 0.513 0.386 1.199 0.224 
rs805297 A 34.0 30.1  0.891-1.597   (47.9) (44.0) (8.1) (42.2) (47.6) (10.2)     
T-855C  T 77.2 84.5  1.605 0.008  148 57 4 125 68 3 0.579 0.568 1.711 0.009 
rs9404941 C 22.8 15.6  1.131-2.279   (70.8) (27.3) (1.9) (60.7) (33.0) (6.3)     
T-778C  T 89.6 89.7  1.016 0.944  170 35 4 165 39 2 0.180 0.856 0.974 0.945 
(rs805296 C 10.4 10.3  0.650-1.588   (81.3) (16.8) (1.9) (80.1) (18.9) (1.0)     
C-724del C 92.0 95.9  2.054 0.017  193 15 1 176 27 3 0.246 0.112 1.904 0.023 
 del 8.0 4.1  1.125-3.749   (92.3) (7.2) (0.5) (85.4) (13.1) (1.5)     
P-Value <0.05 was shown in bold. 

 
 
 

 
Fig.1. A new deletion mutation in site -724 in apoM promoter 
gene. ApoM promoter gene was amplified by the polymerase chain 
reaction (PCR) from subjects. The sequence data shows a single cytidine 
deletion at nucleotide -724 (-C724del) resulting three genotypes. Figure 1B 
was a compound heterozygote for this mutation. In heterozygote the 
deletion mutation causes the appearance of a series of double 
peaks starting from the -724 position (in-box). Figure 1A and 1C were the 
sequence data of homozygotes for -724C and -724del, respectively. The 
red arrow presented the -724 mutation site. 

 

3.3 Correlation between clinical 
characteristics and SNP T-1628G, T-855C and 
C-724del in CAD patients and controls 

Table 5 showed lipid levels of CAD and 
non-CAD patients in relation to the genotypes of SNP 
T-1628G, T-855C and C-724del, respectively. In SNP 
C-724del and T-855C, the mean TC level was lower in 
groups with wide-type homozygotes compared to the 
mutant allele carriers (P=0.000). In CAD group the 
HDL level was lower in the C-724del allele carriers 
than in patients with CC genotype (1.03 ± 0.28 vs. 1.13 
± 0.22 mmol/L; P=0.044).  

3.4 Haplotype analysis  
Using the SHEsis software, we estimated all 

possible haplotypes from the observed genotypes of 
three SNPs, T-1628G, T-855C and C-724del. The link-
age disequilibrium analysis for the three SNPs 
showed no obvious LD between any of two SNPs 
(data not shown). We then compared haplotype fre-
quency of apoM between CAD and controls. Five 
common haplotypes (frequency>3%) derived from 
the three SNPs accounted for about 95% of haplotype 
variations (ORs and P-values for the associations are 
listed in Table 6). Among these five common haplo-
types, the haplotype G-T-C and T-C-Del 
(-1628-855-724) were found to be associated with an 
increased risk of CAD (OR = 2.421 (95% 
CI =1.072~2.503); P=0.022 and OR = 4.376 (95% 
CI =1.529~12.527); P=0.003, respectively). In addition, 
the haplotype T-T-C could decrease the risk of CAD 
(OR=0.531 (95%CI 0.392~0.717), P=0.000). 

3.5 Effects of apoM polymorphisms on gene 
promoter activities  

In order to assess the relationship between the 
promoter polymorphisms and the expression of ap-
oM, luciferase reporter gene assay was used to meas-
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ure the alteration of apoM promoter activity. It 
demonstrated that constructs -855C and -724del 
showed significantly decreased luciferase activities, 
(0.93±0.15 vs. 2.11±0.15; P=0.012) and (1.13±0.25 vs. 

2.11±0.15; P=0.009), respectively. However, the pro-
moter activity had no significant difference between 
wild-type and mutant in -778, -1065 and -1628 sites 
(Fig. 2). 

 

Table 5a. C-724del. Genotype and clinical characteristics of CAD patients and non-diabetic controls 

 CAD patients  Non-CAD patients  P-value 
CC C/- + -/- CC C/- + -/- CC vs. (C/- + -/-) in CAD 

patients 
CC vs. (C/- + -/-) in 
non-CAD patients 

Age (years) 60.2±9.0 62.2±9.4  62.0±9.2 61.2±9.4  0.410 0.655 
TGmmol/L 1.80±1.03 1.32±0.40  2.25±1.58 3.48±3.84  0.072 0.003 
TCmmol/L 4.65±1.14 6.26±1.12  4.95±1.00 6.04±0.90  <0.001 <0.001 
HDLmmol/L 1.30±0.32 1.22±0.24  1.13±0.22 1.03±0.28  0.361 0.044 
LDLmmol/L 2.70±0.75 2.66±0.49  2.54±1.02 2.53±0.97  0.812 0.949 
FBGmmol/L 6.04±1.20 6.12±1.24  6.60±2.42 6.84±2.63  0.810 0.626 
BMI 23.43±1.40 23.67±1.34  23.75±1.69 23.47±1.71  0.523 0.406 

 

Table 5b. T-855C. Genotype and clinical characteristics of CAD patients and non-diabetic controls 

 CAD patients  Non-CAD patients  P-value 
TT TC+CC TT TC+CC TT vs. (TC+CC) 

 in CAD patients 
TT vs. (TC+CC) 
 in non-CAD patients 

Age (years) 59.6±9.0 62.3±9.0  61.9±9.3 61.8±9.1  0.045 0.902 
TGmmol/L 1.70±0.79 1.90±1.40  2.29±1.61 2.64±2.68  0.205 0.252 
TCmmol/L 4.55±1.04 5.33±1.42  4.82±0.96 5.55±1.06  0.000 0.000 
HDLmmol/L 1.30±0.32 1.27±0.30  1.11±0.23 1.13±0.24  0.459 0.386 
LDLmmol/L 2.72±0.76 2.65±0.69  2.54±0.97 2.53±1.08  0.572 0.956 
FBGmmol/L 6.02±1.12 6.13±1.36  6.75±2.32 6.46±2.64  0.542 0.409 
BMI 23.41±1.37 23.53±1.46  23.70±1.67 23.73±1.75  0.583 0.912 

 

Table 5c. T-1628G. Genotype and clinical characteristics of CAD patients and non-diabetic controls 

 CAD patients  Non-CAD patients  P-value 
 TT TG+GG TT TG+GG TT vs. (TG+GG) in CAD 

patients 
TT vs. (TG+GG) 
 in non-CAD patients 

Age (years) 60.5±9.0 59.9±9.3  61.4±9.4 62.8±8.7  0.664 0.295 
TGmmol/L 1.81±1.08 1.59±0.71  2.52±2.32 2.24±1.55  0.162 0.355 
TCmmol/L 4.82±1.19 4.62±1.31  5.16±1.07 5.01±1.04  0.307 0.337 
HDLmmol/L 1.31±0.32 1.26±0.30  1.10±0.24 1.15±0.23  0.365 0.154 
LDLmmol/L 2.69±0.76 2.73±0.66  2.52±1.03 2.57±0.98  0.685 0.770 
FBGmmol/L 6.04±1.14 6.07±1.37  6.80±2.71 6.32±1.80  0.895 0.182 
BMI 23.50±1.38 23.28±1.44  23.77±1.75 23.59±1.59  0.329 0.468 
Notes: Data are means ± SD. P-Value <0.05 was shown in bold. 

 

Table 6. Association of apoM promoter haplotypes with CAD 

Haplotype* Haplotype frequency  OR P^ 
-1628-855-724 Cases Controls   (95%CI) 
H1 G C C 0.037 0.016  2.421 (0.954~6.142) 0.055 
H2 G T C 0.148 0.097  1.638 (1.072~2.503) 0.022 
H3 T C C 0.146 0.122  1.242 (0.831~1.856) 0.290 
H4 T C D 0.044 0.011  4.376 (1.529~12.527) 0.003 
H5 T T C 0.589 0.725  0.531 (0.392~0.717) 0.000 
^ P-Value <0.05 is shown in bold.  
* Haplotype are arranged in the order T-1628G, T-855C and C-724del. Haplotype with frequency less than 3% was pooled and not analyzed. 
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Fig.2. Relative luciferase activities regulated by mutations in the 
proximal promoter region of apoM. 293HEK were transfected with 
different pGL3-pAPOM constructs and luciferase activities were measured 
by using the Luciferase Assay System as described in the material and 
methods. Significantly lower luciferase activities were generated by the 
constructs of pGL3-855C and pGL3-724del compared to the wide-type 
(WT). Results are represented as mean ± SD (n = 3 for each group). 
*P<0.05 vs. WT. 

 

4. Discussion 
In the present study we performed genetic asso-

ciation analysis on SNPs in the human apoM pro-
moter gene in 206 CAD patients and 209 healthy con-
trols from a Chinese Han population. Four common 
polymorphic sites, i.e., T-1628G, C-1065A, T-855C and 
T-778C, were confirmed and a new deletion mutation 
C-724del was found in both CAD and non-CAD pa-
tients. It clearly demonstrated that T-1628G, T-855C 
and C-724del polymorphism in the promoter region 
appeared to increase susceptibility to CAD. However, 
T-778C and C-1065A have no significant difference in 
allele frequencies and genotype distributions between 
CAD and non-CAD patients. These results were con-
sistent with our previous findings [18]. Consistently, 
the haplotype analysis showed that the haplotype 
G-T-C and T-C-Del (-1628-855-724) was associated 
with an increased risk for CAD (OR = 2.421 (95% 
CI =1.072~2.503); P=0.022 and OR = 4.376 (95% 
CI =1.529~12.527) in the same population. In addition, 
the haplotype T-T-C could decrease the risk for CAD 
(OR=0.531 (95%CI 0.392~0.717), P=0.000).  

 ApoM is a plasma apolipoprotein that is partic-
ularly abundant in HDL particles [12]. The expression 
of ApoM and its concentration in plasma are de-
pendent upon a number of nuclear transcription fac-
tors in vivo and in vitro, such as hepatic nuclear fac-
tor-1α (HNF-1α)[21], liver receptor homolog-1 
(LRH-1)[22], forkhead box A2 (Foxa2)[23], and liver X 
receptor (LXR) [24], all of which contribute to hepatic 
lipid and glucose metabolism. By contrast, neither 
peroxisome proliferators activated receptor-α 
(PPAR-α) agonist (GW7647) nor PPAR-γ agonist 

(GW1929) influences APOM expression in HepG2 
cells, indicating that these factors are not involved in 
regulating hepatic expression of the gene[25]. Certain 
hormones, such as leptin and insulin, are also in-
volved in the regulation of apoM transcription and 
secretion [26]. Lacking apoM led to the disappearance 
of pre-β-HDL in plasma and showed significant de-
creased HDL-C (HDL cholesterol) levels [13, 27]. HDL 
is well known being a protective factor of CAD as-
cribing to its role of the “reverse cholesterol 
transport” [28]. In a recent study, Plomgaard, et al., 
showed that apoM is associated with pre-β-HDL 
formation in type 2 diabetes (T2D) [29], which may 
directly affect plasma HDL levels. Christoffersson, et 
al., [30, 31] demonstrated that apoM+ HDL particles 
showed more efficiency in stimulating cholesterol 
efflux and reducing total levels of intracellular cho-
lesterol than total HDL or apoM- HDL particles. 
ApoM+ HDL was also found to induce endothelial cell 
migration and formation of endothelial adhesion 
junctions by the S1P1 receptor, which suggests that 
apoM has a critical role in the reverse cholesterol 
transport and is also a candidate cardiovascular risk 
factor [31]. Su et al. confirmed that apoM could not be 
an independent risk factor but a biomarker of CAD 
[32]. But Ahnstrom J et al. [33] showed in two inde-
pendent case-control studies with large populations 
that serum concentrations of apoM do not influence 
CAD susceptibility. It is interesting to investigate 
whether apoM is a predictor of cardiovascular dis-
ease. 

 In genetics, a promoter is a region of initiation 
transcription of a particular gene. SNPs in promoter 
region could affect the gene transcription as well as 
protein expression. Moreover we detected the activa-
tion of apoM promoter with different mutants. It 
demonstrated that constructs −855C and -724del 
showed significant decreased luciferase activities 
(P=0.012 and P=0.009, respectively), which indicates 
that these polymorphisms may depress apoM ex-
pression. Our results also showed that polymorphism 
−855C and -724del carriers had significantly higher 
total cholesterol (TC) levels compared to groups with 
wild-type homozygotes. It suggests that these muta-
tions in promoter region could influence HDL me-
tabolism in vivo by down-regulating the expression of 
apoM. Subsequently, the process of reverse choles-
terol transport was interfered resulting in the increase 
of TC level in peripheral blood. 

The present study has several strengths along 
with certain limitations. The case and control groups 
were from a Chinese Han population, which may help 
to eliminate false positive association due to popula-
tion admixture. Moreover, we incorporated a haplo-
type-based analysis across the candidate gene region, 
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which may increase statistic power and reduce the 
problem of multiple testing. Furthermore, the func-
tionality data provides evidence supporting our hy-
pothesis. Limitations, which require further investi-
gation, include a lack of serum samples preventing 
analysis of serum apoM levels. Instead we function-
ally examined activities of the promoter variants by 
the luciferase assay in vitro in order to reveal these 
SNPs in relation to the apoM expressions. Second, the 
total number of the patient and control cases are in-
sufficient at present (<500) with collected continually. 
The results of power calculation performed with 
software PS (Power and sample size program, vision 
3.0.43) showed that the study had 75.9% and 66.9% 
power to detect the differences of T-855C and 
C-724del between case and control subjects at a sig-
nificance level of 0.05. It should be mentioned that the 
observed associations need further replications to 
avoid spurious associations which are common in 
genetic association studies. 

In summary, we report a new polymorphism, 
C-724del, in region of apoM promoter. Additionally, 
we showed that the polymorphism C-724del and 
T-855C have significant associations with CAD in a 
Chinese Han population, and that these two genetic 
variations could impair apoM gene expression. Based 
on the findings above, we therefore speculate that the 
down-regulation of apoM expression could affect 
HDL and total cholesterol metabolism in vivo and 
further influence the susceptibility to CAD, which 
may be important for clarifying the role of apoM in 
vivo, although the detail mechanism remains to be 
elucidated. 
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