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Abstract

Backgroud: The associations of scavenger receptor class B type | (SCARBI) rs5888 single
nucleotide polymorphism (SNP) and serum lipid levels are inconsistant among diverse ethnic
populations. The present study was undertaken to detect the association of rs5888 SNP and
serum lipid levels in the Guangxi Mulao and Han populations.

Methods: Genotypes of the SCARBI rs5888 SNP in 801 subjects of Mulao and 807 subjects
of Han Chinese were determined by polymerase chain reaction and restriction fragment
length polymorphism combined with gel electrophoresis, and then confirmed by direct se-
quencing.

Results: Serum apolipoprotein (Apo) B levels and the T allelic frequency were higher in
Mulao than in Han. Serum high-density lipoprotein cholesterol (HDL-C) levels in Mulao were
different among the genotypes, the subjects with TT genotype had lower HDL-C levels than
the subjects with CC or CT genotype in female (P < 0.05). For the Han population, serum
triglyceride (TG), HDL-C, ApoAl, ApoB levels and the ratio of ApoAl to ApoB in males were
different among the genotypes, the T allele carriers had lower serum HDL-C, ApoAl levels
and ApoAl/ApoB ratio and higher serum ApoB levels than the T allele noncarriers (P < 0.05
for all), the subjects with TT genotype had higher serum TG levels than the subjects with CC
or CT genotype. Serum HDL-C levels in Mulao females and serum HDL-C, ApoAl, ApoB
levels and the ApoAl/ApoB ratio in Han males were correlated with genotypes by the multiple
linear regression analysis. Serum lipid parameters were also influenced by geno-
type-environmental interactions in Han but not in Mulao populations.

Conclusions: These results suggest that the rs5888 SNP is associated with serum HDL-C
levels in Mulao females, and TG, HDL-C, ApoAl, ApoB levels and the ApoAl/ApoB ratio in
Han males. The differences in serum ApoB levels between the two ethnic groups might par-
tially attribute to different SCARBI genotype-environmental interactions.

Key words: scavenger receptor class B type 1 gene, single nucleotide polymorphism, lipids,
apolipoproteins
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Introduction

Coronary heart disease (CHD) is the leading
causes of death and disability worldwide [1]. Previous
studies have demonstrated an inverse correlation
between CHD and serum high-density lipoprotein
cholesterol (HDL-C) [2,3]. Plasma HDL-C levels are
important in determining risk for CHD, four prospec-
tive American studies showed a 1-mg/dl increment in
HDL-C levels was associated with a significant CHD
risk decrement of 2% in men and 3% in women [4].
Serum HDL-C levels are influenced by both envi-
ronmental and genetic factors. It has been reported
that variation in plasma HDL-C levels is at least 50%
genetically determined [5]. Many studies have fo-
cused on the associations of variants in candidate
gene with plasma HDL-C levels [6-8].

The scavenger receptor class B type 1 (SCARB1)
was described as the first functionally active HDL
receptor capable of facilitating the selective uptake of
HDL-C, and it is expressed primarily in liver and
steroidogenic tissues [9]. Several previous studies
have demonstrated that SCARBI not only involves in
the regulation of HDL-C levels but also implicates in
the metabolism of non-HDL-C levels in mouse models
[10-17]. The human SCARB1 gene encodes a 509
amino acid protein with a molecular weight of 85 kDa
[13], and located on chromosome 12q24, a region
showing significant linkage to plasma triglyceride
(TG) and HDL-C levels [18]. The associations of vari-
ants in the SCARB1 gene and serum lipid parameters
have been investigated previously in diverse popula-
tions [19-27]. Among these variants in SCARB1 gene,
the single nucleotide polymorphism (SNP) of rs5888 is
quite common, and has been associated with plasma
HDL-C and non-HDL-C concentrations, but with dif-
ferent allele and genotypic frequencies in diverse
ethnic groups [19,20,21,23,24,27].

China is a multi-ethnic country. There are 56
ethnic groups. Han nationality is the largest ethnic
group and Mulao nationality is one of the 55 minori-
ties with population of 207,352 according to the fifth
national census statistics of China in 2000. Ninety
percent of them live in the Luocheng Mulao Auton-
omous County, Guangxi Zhuang Autonomous Re-
gion, People’s Republic of China. The history of this
minority can be traced back to the Jin Dynasty
(AD265-420). A previous study has shown that the
genetic relationship between Mulao nationality and
other minorities in Guangxi was much closer than that
between Mulao and Han or Uighur nationality [28]. In
a recent study, we showed that the rs5888 SNP was
associated with serum lipid levels in the Guangxi Bai
Ku Yao population [29]. To our knowledge, however,

the association of rs5888 SNP in the SCARB1 gene and
serum lipid levels has not been reported previously in
the Mulao population. Therefore, the present study
was to evaluate the association of rs5888 SNP and
several environmental factors with serum lipid levels
in the Guangxi Mulao and Han populations.

Materials and methods

Study population

A total of 801 subjects of Mulao who reside in
Luocheng Mulao Autonomous County, Guangxi
Zhuang Autonomous Region, People’s Republic of
China and 807 subjects of Han Chinese reside in the
same villages were included in the study. The subjects
of Mulao consisted of 379 (47.32%) males and 422
(52.68%) females, ranged in age from 16 to 86 years,
with a mean age of 52.55 £ 14.78 years. The subjects of
Han consisted of 355 (43.99%) males and 452 (56.01%)
females, aged 16-86 years, with a mean age of 51.40 +
15.14 years. All of the subjects were randomly selected
from our previous stratified randomized cluster sam-
ples [30,31]. All study subjects were healthy rural ag-
ricultural workers, and had no evidence of diseases
related to atherosclerosis, CHD and diabetes. None of
them were using lipid-lowering medication. The pre-
sent study was approved by the Ethics Committee of
the First Affiliated Hospital, Guangxi Medical Uni-
versity. Informed consent was obtained from all sub-
jects after they received a full explanation of the study.

Epidemiological survey

The survey was carried out using internationally
standardized methods [32]. Information on de-
mographics, socioeconomic status, and lifestyle fac-
tors was collected with standardized questionnaires.
The alcohol information included questions about the
number of liangs (about 50 g) of rice wine, corn wine,
rum, beer, or liquor consumed during the preceding
12 months. Alcohol consumption was categorized into
groups of grams of alcohol per day: < 25 and > 25.
Smoking status was categorized into groups of ciga-
rettes per day: < 20 and > 20. At the physical exami-
nation, several parameters such as height, weight, and
waist circumference were measured. Sitting blood
pressure was measured using a mercury sphygmo-
manometer on 3 separated intervals after the subjects
had a 5-minute rest, and the average of the three
measurements was used for the level of blood pres-
sure. Body mass index (BMI) was calculated as weight
in kg divided by the square of height in meters

(kg/m?).
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Biochemical analysis

Venous blood samples were obtained from all
subjects after at least 12 hours of fasting. The levels of
serum total cholesterol (TC), TG, HDL-C, and
low-density lipoprotein cholesterol (LDL-C) in sam-
ples were determined by enzymatic methods with
commercially available kits. Serum apolipoprotein
(Apo) Al and ApoB levels were detected by the im-
munoturbidimetric immunoassay using a commercial
kit [30,31].

DNA amplification and genotyping

Genomic DNA was extracted from peripheral
blood leukocytes using the phenol-chloroform meth-
od [29-31]. Genotyping of the SCARB1 rs5888 SNP
was performed using mutagenic primer and re-
striction enzyme for restriction fragment length pol-
ymorphism (RFLP). A pair of primers was designed to
introduce a Hinll restriction site (GACGCC) by
changing a base from A to G. PCR amplification was
performed using 5'-CCTTGTTTCTCTCCCATCCTC
ACTTCCTCGACGC-3' as the forward and
5'-CACCACCCCAGCCCACAGCAGC-3'  (Sangon,
Shanghai, People’s Republic of China) as the reverse
primer pairs. Each 20 pL PCR reaction mixture con-
sisted of 1 pL of genomic DNA, 0.5 pL of each primer
(10 pmol/L), 10 pL of 2 x Tag PCR Mastermix (con-
stituent: 20 mM Tris-HCI, pH 8.3, 100 mM KCl, 3 mM
MgCly, 0.1 U Tag Polymerase/pL, 500 pM dNTP each;
Tiangen, Beijing, People’s Republic of China), and 8
pL of ddH>O (DNase/RNase-free). The PCR condi-
tion comprised initial denaturation at 95°C for 5 min;
33 cycles of denaturation at 95°C for 45 s, annealing at
71.5°C for 30 s, extension at 72°C for 50 s, and a final
extension at 72°C for 8 min. Then 5 pL of amplifica-
tion products were digested at 37°C overnight with 5
U of Hinll restriction enzyme (Fermentas Co. Cana-
da). After restriction enzyme digestion of the ampli-
fied DNA, the fragments were separated by elec-
trophoresis on 3% agarose gels stained with eth-
idium bromide, photographed in ultraviolet light.
Genotypes were scored by an experienced reader
blinded to epidemiological data and serum lipid lev-
els. Six samples (CC, CT and TT genotypes in two;
respectively) detected by the PCR-RFLP were also
confirmed by sequencing.

Diagnostic criteria

The normal values of serum TC, TG, HDL-C,
LDL-C, ApoAl, ApoB levels, and the ratio of ApoAl to
ApoB in our Clinical Science Experiment Center were
3.10-5.17, 0.56-1.70, 0.91-1.81, 2.70-3.20 mmol/L,
1.00-1.78, 0.63-1.14 g/L, and 1.00-2.50; respectively
[29,30]. Hypertension was diagnosed according to the

criteria.  of 1999 World Health Organiza-
tion-International Society of Hypertension Guidelines
for the management of hypertension [33]. Normal
weight, overweight and obesity were defined as a BMI
< 24,24-28,and > 28 kg/m?; respectively [34].

Statistical analyses

All statistical analyses were carried out using the
statistical software package SPSS 13.0 (SPSS Inc.,
Chicago, Illinois). Qualitative variables were ex-
pressed as raw count and percentage. Mean * stand-
ard deviation was used for the presentation of quan-
titative variables. Genotypic and allelic frequencies
were calculated by direct counting, and the standard
goodness-of-fit test was used to test the Har-
dy-Weinberg equilibrium. A chi-square analysis was
used to evaluate the difference in genotype distribu-
tion and sex ratio between the groups. The difference
in general characteristics between Mulao and Han
was tested by the Student’s unpaired t-test. The asso-
ciation of genotypes and serum lipid parameters was
tested by analysis of covariance (ANCOVA). Sex, age,
BMI, blood pressure, alcohol consumption, cigarette
smoking were adjusted for the statistical analysis. In
order to evaluate the association of serum lipid levels
with genotypes (CC =1, CT =2, TT =3; or CC =1,
CT/TT = 2; or CC/CT = 1, TT = 2), multiple linear
regression analysis with stepwise modeling was also
performed. The genotype-environmental interactions
on serum lipid levels were tested using the factorial
design covariance analysis. A two-tailed P value less
than 0.05 was considered statistically significant.

Results

General characteristics and serum lipid levels

Table 1 shows the general characteristics and
serum lipid parameters of the study populations. As
compared with the Han population, Mulao has lower
BMI, and higher serum ApoB levels and the percent-
ages of subjects who consumed alcohol. The levels of
age, height, weight, blood pressure, serum TC, TG,
HDL-C, LDL-C, ApoAl, the ratio of ApoAl to ApoB;
the percentages of subjects who smoked cigarette; and
the ratio of male to female were not different between
the two ethnic groups (P > 0.05 for all).

Results of electrophoresis, genotyping and
sequencing

After the genomic DNA of the samples was am-
plified by PCR, the products of 218 bp nucleotide se-
quences imaged by 3.0% agarose gel electrophoresis
could be found in all samples (lanes 1 and 2; Figure 1).
The genotypes were called according the presence or
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absence of a restriction site when a C to T transversion
at amino acid 350 of the SCARBI gene. The presence
of the cutting site indicates the C allele, while its ab-
sence indicates the T allele (cannot be cut). Thus, the
TT genotype is homozygote for the absence of the site
(band at 218 bp), CT genotype is heterozygote for the
absence and presence of the site (bands at 218-, 187-
and 31-bp), and CC genotype is homozygote for the
presence of the site (bands at 187- and 31-bp; Figure
1). The 31 bp fragment was invisible in the gel owing
to its fast migration speed. The genotypes of CC, CT
and TT detected by the PCR-RFLP were also con-
firmed by sequencing (Figure 2); respectively.

M12 34567 8 910

500 v+
400 v

300 w+

350 we
200 MWW ww

150
100

50

Figure 1. Genotyping of rs5888 SNP in the SCARBI gene. Lane
M, 50 bp marker ladder; lanes | and 2, PCR products (218 bp);
lanes 3 and 4, TT genotype (218 bp); lanes 7 and 8, CT genotype
(218-, 187-and 31-bp); and lanes 5, 6, 9 and 10, CC genotype (187-
and 31-bp). The 31 bp fragment was invisible in the gel owing to its
fast migration speed.

TCACTT CCTCGACGCCGACCCGGTT CTGGCA

A

TCACTTCCTCGA CGC?GF«CCCGGTTCTGGCA

TCACTT CCT CGA CGC'TI‘G.F\CCCGGTTCTGGCA

Cc

Figure 2. A part of the nucleotide sequence of rs5888 SNP in the
SCARBI gene. (A) CC genotype; (B) CT genotype; (C) TT gen-
otype.

Genotypic and allelic frequencies

The genotypic and allelic frequencies of SCARB1
rs5888 SNP are shown in Table 2. The frequency of C
and T alleles was 71.0% and 29.0% in Mulao, and
73.9% and 26.1% in Han; respectively. The frequency
of CC, CT and TT genotypes was 49.3%, 43.5% and
7.2% in Mulao, and 55.2%, 37.4% and 7.4% in Han;
respectively. The genotypic frenquency was different
between Mulao and Han (P < 0.05), the allelic fre-
quency was also borderline different between Mulao
and Han (P = 0.074). There were no significant dif-
ferences in genotypic and allelic frenquencies between
males and females in both ethnic groups.

Genotypes and serum lipid levels

As shown in Tables 3 and 4, the levels of serum
HDL-C in Mulao was different among the three gen-
otypes (P < 0.05), the subjects with TT genotype had
lower serum HDL-C levels than the subjects with CT
or CC genotype in females but not in males. For the
Han population, the levels of TG, HDL-C, ApoAl,
ApoB and the ratio of ApoAl to ApoB in males were
different among the genotypes, the T allele carriers
had lower serum HDL-C, ApoAl levels and the ratio
of ApoAl to ApoB, and higher serum ApoB levels
than the T allele noncarriers. The subjects with TT
genotype had higher serum TG levels than the sub-
jects with CC or CT genotype. Multiple linear regres-
sion analysis showed that serum HDL-C and ApoAl
levels were correlated with genotypes in the com-
bined populations of Mulao and Han (P < 0.05, Table
5). The levels of serum HDL-C and ApoAl in Han
and serum HDL-C level in Mulao were correlated
with genotypes. Subgroup analysis showed that the
levels of HDL-C in Mulao females and Han males
were correlated with genotypes (P < 0.05 for each),
serum ApoAl, ApoB levels and the ratio of ApoAl
to ApoB in Han males were correlated with geno-

types.

Genotype-environmental interactions on se-
rum lipid parameters

As shown in Tables 6 and 7, the interaction of
genotypes and alcohol consumption on serum TC, TG
and ApoB levels in the Han population was detected.
The interaction of genotypes and cigarette smoking on
serum TC levels was also detected in the Han popu-
lation. No significant interaction was detected be-
tween genotype and alcohol consumption or cigarette
smoking on serum lipid levels in the Mulao popula-
tion.
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Table 1. Comparison of general characteristics and serum lipid levels between Mulao and Han populations.

Parameter Mulao Han Chinese t(3) P
Number 801 807 - -
Male/female 379/ 422 355/ 452 1.792 0.181
Age (years) 52.55+14.78 51.40£15.14 1.537 0.125
Height (cm) 155.60+8.02 155.10+7.85 1.265 0.206
Weight (kg) 53.27+9.33 54.11+9.36 -1.809 0.071
Body mass index (kg/m?) 21.9443.07 22.43+3.12 -3.196 0.001
Systolic blood pressure (mmHg) 130.08+21.57 129.354+19.11 0.720 0.472
Diastolic blood pressure (mmHg) 81.26+11.55 81.91+11.24 -1.148 0.251
Pulse pressure (mmHg) 48.82+16.19 47.44+14.27 1.818 0.069
Cigarette smoking [n (%)]

Nonsmoker 591 (73.8) 579(71.8)

< 20 cigarettes/day 73 (9.1) 96 (11.9) 3.372 0.185
> 20 cigarettes/day 137 (17.1) 131 (16.3)

Alcohol consumption [n (%)]

Nondrinker 592 (73.9) 630 (78.1)

<25g/day 73 (9.1) 95 (11.8) 17.417 <0.001
>25 g/day 136 (17.0) 82(10.2)

Total cholesterol (mmol/L) 5.07+1.30 4.9841.04 1.681 0.093
Triglyceride (mmol/L) 1.09 (0.80) 1.07 (0.90) -0.447 0.655
HDL-C (mmol/L) 1.750.45 1.7440.53 0.331 0.756
LDL-C (mmol/L) 2.95+0.89 2.87+0.85 1.891 0.059
Apolipoprotein (Apo) AI (g/L) 1.330.40 1.35+0.27 -0.978 0.328
ApoB (g/L) 0.99+0.57 0.85+0.20 6.431 <0.001
ApoAl/ApoB 1.60+0.97 1.66+0.52 -1.537 0.125

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. The value of triglyceride was presented as median (interquartile

range). The difference between the two ethnic groups was determined by the Wilcoxon-Mann-Whitney test.

Table 2. Comparison of the genotypic and allelic frequencies of the rs5888 SNP between Mulao and Han populations.

Group n Genotype [11 (%)] Allele [n (%)]
CC CT TT C T

Mulao 801 395 (49.3) 348 (43.5) 58 (7.2) 1138 (71.0) 464 (29.0)

Han Chinese 807 445 (55.2) 302 (37.4) 60 (7.4) 1192 (73.9) 422(26.1)

x?2 - 6.243 3.198

P - 0.044 0.074

Mulao

Male 379 191 (50.4) 161 (42.5) 27 (7.1) 543 (71.6) 215 (28.4)

Female 422 204(48.3) 187 (44.3) 31 595 (70.5) 249 (29.5)

X2 - 0.339 0.251

P - 0.844 0.616

Han Chinese

Male 355 193 (54.4) 140 (39.4) 22 (6.2) 526 (74.1) 184 (25.9)

Female 452 252 (55.8) 162 (35.8) 38 (8.4) 666 (73.7) 238 (26.3)

x?2 - 2.062 0.035

P - 0.357 0.852
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Table 3. The genotypes of rs5888 SNP and serum lipid levels in the Mulao population.

Genotype n TC TG HDL-C LDL-C ApoAl ApoB ApoAl/
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (g/L) (g/L) ApoB

Mulao

CC 395 5.06x1.17 1.07 (0.82) 1.7620.402 2.92+0.83 1.340.39 0.99+0.57 1.59+0.69

CT 348 5.12+1.44 1.11 (0.85) 1.7620.502 2.99+0.93 1.3420.40 0.99+0.55 1.59+0.84

TT 58 4.97+1.24 1.11 (0.76) 1.61+0.47 2.9241.01 1.2520.40 0.98+0.65 1.79+2.37

F - 0.416 1.580 3.203 0.483 1.451 0.024 1.148

p - 0.660 0.454 0.041 0.617 0.235 0.976 0.318

CcC 395 5.06+1.17 1.07 (0.82) 1.7620.40 2.92+0.83 1.34+0.39 0.99+0.57 1.59+0.69

CT/TT 406 5.10£1.42 1.11(0.82) 1.74+0.50 2.98+0.94 1.32+0.40 0.99+0.57 1.62+1.18

F - 0.197 -0.556 0.427 0.699 0.367 0.001 0.277

P - 0.657 0.578 0.514 0.403 0.545 0.978 0.599

Male

ccC 191 5.19+1.27 1.16(0.90) 1.74+0.39 2.93+0.82 1.35+0.41 1.03+0.61 1.52+0.66

CT 161 5.22+1.60 1.17 (1.36) 1.76%0.58 2.95+0.86 1.37+0.42 1.07+0.69 1.55+0.71

TT 27 4.99+1.20 0.94 (0.99) 1.67+0.49 2.83+0.87 1.25+0.47 0.99+0.60 1.42+0.63

F - 0.308 3.512 0.444 0.222 0.917 0.286 0.416

P - 0.735 0.173 0.642 0.801 0.401 0.752 0.660

CC 191 5.19+1.27 1.16(0.90) 1.74%0.39 2.93+0.82 1.35+0.41 1.030.61 1.52+0.66

CT/TT 188 5.19+1.55 1.15(1.12) 1.75%0.57 2.93+0.86 1.35+0.43 1.0620.66 1.530.70

F - 0.002 -0.204 0.015 0.000 0.003 0.169 0.035

P - 0.969 0.838 0.901 0.999 0.959 0.681 0.852

Female

ccC 204 4.94+1.07 1.01 (0.67) 1.78+0.40° 2.93+0.83 1.34+0.38 0.96+0.54 1.650.71

CT 187 5.01£1.29¢ 1.04 (0.63) 1.76+0.432 3.01+£0.99 1.31+0.38 0.92+0.42 1.64+0.94

TT 31 4.96+1.29 1.12 (0.69) 1.56%0.44 3.01+1.13 1.24+0.34 0.98+0.70 2.07+3.18

F - 0.200 0.692 3.927 0.455 0.928 0.467 1.950

P - 0.819 0.708 0.020 0.635 0.396 0.627 0.144

CC 204 4.94+1.07 1.01 (0.67) 1.78+0.40 2.93+0.83 1.34+0.38 0.96+0.54 1.650.71

CT/TT 218 5.01+1.28 1.06(0.64) 1.73+0.44 3.01+1.01 1.30+0.37 0.92+0.47 1.70+1.48

F - 0.356 -0.804 1.387 0.912 1.040 0.470 0.226

P - 0.551 0.421 0.240 0.340 0.308 0.494 0.635

TG, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoAl, apolipoprotein Al;
ApoB, apolipoprotein B

a P <0.05, PP <0.01 in comparison with the TT genotype of the same ethnic group

Table 4. The genotypes of rs5888 SNP and serum lipid levels in the Han population.

Genotype n TC TG HDL-C LDL-C ApoAl ApoB ApoAl/
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (g/L) (g/L) ApoB

Han Chinese

ccC 445 4.99+1.12 1.02 (0.98) 1.74+0.462 2.86+0.84 1.36+0.28> 0.85+0.19 1.67+0.50

CT 302 4.9740.92 1.10 (0.86) 1.77+0.642 2.88+0.87 1.35+0.26° 0.86+0.21 1.68+0.57

T 60 4.9341.08 1.09 (0.95) 1.59+0.34 2.84+0.77 1.25+0.18 0.85+0.19 1.52+0.36

F - 0.086 1.722 3.141 0.067 4.780 0.541 2.715

P - 0.918 0423 0.044 0.935 0.009 0.582 0.067

CcC 445 4.9941.12 1.02 (0.98) 1.74+0.46 2.86+0.84 1.36+0.28 0.85+0.19 1.67+0.50

CT/TT 362 4.9610.95 1.10(0.86) 1.74+0.60 2.87+0.86 1.34+0.25 0.86+0.21 1.65+0.54

F - 0.099 -1.212 0.010 0.038 1.304 0.865 0.400

P - 0.753 0.225 0.918 0.845 0.254 0.353 0.527

Male

CcC 193 5.09+1.15 1.14 (1.04)2 1.75+0.51° 2.84+0.78 1.41+0.33" 0.88+0.19 1.66+0.48"
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CT

TT

F

P

CcC
CT/TT
F

P
Female
CcC

CT

TT

F

P

CcC
CT/TT
F

P

140
22

193
162

252
162
38

252
200

5.09+0.97
5.34+1.09
0.623
0.537
5.09+1.15
5.12+0.99
0.105
0.746

4.90£1.08
4.89+0.87
4.72+1.02
0.610
0.544
4.90+1.08
4.85+0.90
0.228
0.634

1.16 (1.08)=

1.68 (2.61)
7.939
0.019
1.14 (1.04)
1.30(1.14)
-1.863
0.062

0.97 (0.86)
1.04 (0.74)
1.00 (0.75)
0311
0.856

0.97 (0.86)
1.03(0.73)
-0.064
0.949

1.6620.352
1.46+0.31
5.306
0.005
1.75+0.51
1.64+0.35
6.110
0.014

1.75+0.42
1.85+0.80
1.66+0.35
2212
0.111
1.75+0.42
1.82+0.74
1.502
0.221

2.9940.92
2.94+0.75
1.228
0.294
2.84+0.78
2.98+0.90
2.395
0.123

2.86+0.89
2.81+0.82
2.82+0.79
0.213
0.808
2.86+0.89
2.81+0.81
0.421
0.517

1.35+0.292
1.22+0.18
4.946
0.008
1.41+0.33
1.34+0.28
5.376
0.021

1.32+0.23
1.35+0.24
1.26+0.19
2.454
0.087
1.32+0.23
1.33+0.23
0.277
0.599

0.93+0.22
0.94+0.20
2.668
0.071
0.88+0.19
0.93+0.22
5.305
0.022

0.82+0.19
0.81+0.18
0.79+0.16
0.669
0.513
0.82+0.19
0.81+0.18
0.741
0.390

1.55+0.562
1.34+0.37
5.459
0.005
1.66+0.48
1.53+0.54
7.213
0.008

1.69+0.51
1.77+0.55
1.63+0.32
1.683
0.187
1.69+0.51
1.74+0.52
1.060
0.304

TG, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoAl, apolipoprotein Al;
ApoB, apolipoprotein B

aPp<0.05, PP <0.01 in comparison with the TT genotype of the same ethnic group

Table 5. Correlation between genotypes and serum lipid parameters in the Mulao and Han populations.

Lipid parameter Relative factor Unstandardized Std. error Standardized t p
coefficient coefficient

Mulao and Han

HDL-C Genotype (CC+CT vs TT) -0.158 0.045 -0.084 -3.490 <0.001

ApoAl Genotype (CC+CT vs TT) -0.100 0.031 -0.077 -3.198 0.001

Mulao

HDL-C Genotype (CC+CT vs TT) -0.152 0.059 -0.087 -2.562 0.011

Han

HDL-C Genotype (CC+CT vs TT) -0.177 0.069 -0.088 -2.560 0.011

ApoAl Genotype (CC+CT vs TT) -0.096 0.034 -0.095 -2.835 0.005

Mulao/female

HDL-C Genotype (CC+CT vs TT) -0.210 0.075 -0.133 -2.844 0.005

Han/male

HDL-C Genotype -0.115 0.036 -0.158 -3.216 0.001

ApoAl Genotype -0.068 0.024 -0.136 -2.816 0.005

ApoB Genotype (CC vs CT+TT) 0.054 0.021 0.129 2.549 0.011

ApoAl/ApoB Genotype -0.127 0.041 -0.152 -3.104 0.002

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoAl, apolipoprotein Al;
ApoB, apolipoprotein B

Table 6. The interaction between genotypes and alcohol consumption on serum lipid levels in the Han population.

Alcohol Lipid CC (n = 445) CT (n=302) TT (n = 60) P for trend P for interaction
Nondrinker 491£1.10 4.93+0.86 4.73£1.03 0423

<25g/d TC 4.96+0.62 5.12+0.93 6.00£0.92 0.002 0.016

225 ¢g/d 5.51+1.52 5.28+1.25 4.91+0.93 0.515

Nondrinker 0.99(0.89) 1.05(0.79) 1.01(0.71) 0.973

<25g/d TG 0.97(1.05) 1.30(0.99) 4.26(6.59) 0.031 0.003
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>25¢/d 1.18(1.34) 1.47(1.97)
Nondrinker 0.83+0.19 0.85+0.20
<25g/d ApoB 0.85+0.13 0.95+0.19
>25¢g/d 0.95+0.22 0.92+0.28

1.68(4.98) 0.182
0.80+0.16 0.349
1.11+0.20 <0.001 0.002
0.82+0.12 0483

TC, total cholesterol; TG, triglyceride; ApoB, apolipoprotein B; The value of triglyceride was presented as median (interquartile range).

Table 7. The interaction between genotypes and cigarette smoking on serum lipid levels in the Han population.

Cigarette smoking Lipid CC(n = 445) CT(n =302) TT(n = 60) P for trend P for interaction

Nonsmoker 4.92+1.03 5.01+0.93 4.67+1.00 0.105

< 20 cigarettes/d TC 4.94+0.82 4.81+0.74 4.60+0.42 0.563 0.007

220 cigarettes/d 5.34+1.53 4.97+1.03 5.82+0.96 0.071

Di . 75.6% and 24.4% in CHB. In several previous studies,
1SCUsSs1ion

The present study shows that serum ApoB levels
were higher in Mulao than in Han. There were no
significant differences in the levels of TC, TG, HDL-C,
LDL-C, ApoAl and the ratio of ApoAl to ApoB be-
tween the two ethnic groups. It is well known that
dyslipidemia is a complex trait caused by both envi-
ronmental and genetic factors. Mulao is a genetic
feature distinctive nationality. The engagements of
Mulao nationality were family-arranged in childhood,
usually with the girl being four or five years older
than the boy. Cousin marriage was very popular.
Engagement and marriage were marked by
bride-wealth payments. Marriage ceremonies were
held when the girl reached puberty. She remained
with her natal family until her first child was born. Till
then she was free to join the young men and women
who came together for responsive singing, flirtations,
and courtships at festival times. Divorce and remar-
riage were permitted, with little restriction. Therefore,
we believe that the hereditary characteristics and
genotypes of some lipid metabolism-related genes in
this population may be different from those in Han
Chinese.

The genotypic and allelic frequencies of the
rs5888 SNP in diverse racial/ethnic groups are dif-
ferent, which can be found on the International
HapMap project (http://hapmap.ncbi.nlm.nih.gov/
cgi-perl/ gbrowse/hapmap24_B36). The frequency of
CC, CT and TT genotypes was 20.7%, 53.4% and
25.9% in CEU (Utah residents with ancestry from
northern and western Europe), 76.3%, 23.7% and 0%
in YRI (Yoruba in Ibadan, Nigeria), 65.9%, 29.5% and
4.5% in JPT (Japanese in Tokyo, Japan), 57.8%, 35.6%
and 6.7% in CHB (Han Chinese in Beijing, China). The
frequency of C and T alleles was 47.4% and 52.6% in
CEU, 88.1% and 11.9% in YRI, 80.7% and 19.3% in JPT,

the C allele frequency of rs5888 SNP was also varied
from 40% to 83 % in diverse ethnic populations [19-27].
In the present study, we showed that there was
significant difference in genotypic frequency of
SCARB1 1rs5888 SNP between the two ethnic
groups. The frequency of CC genotype was lower
in Mulao than in Han. The frequency of C allele was
borderline lower in Mulao than in Han (71.0% vs.
73.9%; P = 0.074). These results suggest that the as-
sociations of the rs5888 SNP in the SCARBI gene and
lipid phenotypes may have a racial/ethnic difference.

Several ethnic distinct populations have previ-
ously reported the association of rs5888 SNP in the
SCARBI gene and serum lipid levels. There are con-
sistent observations of a protective phenotype of the
rs5888 SNP and increased serum HDL-C levels in
some studies [19,21,23] but not in others [20,22,27]. In
our study, however, we found that the TT genotype
was associated with lower serum HDL-C levels in
Mulao females and lower serum HDL-C and ApoAl
levels in Han males, which was opposite to the results
of several provious studies [19,21,23]. The associations
of rs5888 genotypes and serum non-HDL-C were also
found in several provious studies, but the results are
inconsistent. Acton et al. [20] and Osgood et al. [23]
showed that the T allele carriers have significant
lower LDL-C levels in females. In a research on sub-
jects with heterozygous familial hypercholesterole-
mia, however, Tai et al. [27] found that the exon 8
(rs5888) SNP was associated with increased levels of
TC, very-low-density lipoprotein  cholesterol
(VLDL-C), LDL-C and TG. Morabia et al. [21] also
showed that the subjects with TT genotype had higher
levels of TC and LDL-C than the subjects with CC
genotype in females. These deleterious effects were
similar to the results of our present study. We showed
that the levels of TG, ApoB and the ratio of ApoAl to
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ApoB were different among the genotypes in Han
males, the T allele carriers had lower ApoAl/ApoB
ratio and higher ApoB levels than the T allele noncar-
riers. The subjects with TT genotype had higher levels
of serum TG than the subjects with CC or CT geno-
type. But these results were not observed in the Mulao
population.

Studies have shown that mice with attenuated
expression of SCARBI display elevated concentra-
tions of LDL-C as well as HDL-C [11,12,17]. In hu-
man, a novel 11-base pair deletion mutation in the
promoter region of the SCARB1 gene was associated
with increased plasma HDL-C levels in Chinese Tai-
wanese [25]. Furthermore, a recent research reported
that the rs5888 wvariant in the SCARB1 was
significantly associated with reduced SCARBI protein
expression and function in wvitro [35]. Therefore, our
subjects with the rs5888 mutation seem to be similar
to the conditions of mice with attenuated expression
of SCARBI. So it is easy to understand the rs5888 SNP
is associated with higher serum ApoB and TG levels
in our study. However, our results for the association
of rs5888 and serum HDL-C levels differ from what
would be expected on the mice model with attenuated
expression of the SCARBI that showed increased se-
rum HDL-C concentrations. In another large study,
Osgood et al. [23] also did not find consistent results
with the results in mice model. Although they found
that the T allele was associated with increased
HDL-C, the T allele was also associated with de-
creased LDL-C levels, instead of increased LDL-C
levels. The reasons for these contradictory results with
mice model and the diverse results in different popu-
lations are not well known. The possible reasons
might include that the rs5888 SNP does not affect the
amino acid sequence of the protein, and is in linkage
disequilibrium with a functional mutation in the
SCARBI1 gene, or alternatively with another nearby
functional variant at the chromosomal region of
12q24. Furthermore, some studies showed that the
SCARBI1 rs5888 SNP has age-related effects on cho-
lesterol transport lipoproteins [19,21]. In addition,
serum lipid levels were also influenced by many other
lipid-related genes [8], environmental factors [36] and
gene-environmental interactions [37,38]. Therefore,
the diverse results may due to the differences in age,
gene-gene, as well as gene-environmental interac-
tions.

Environmental factors and gene-environmental
interactions have been shown to play an important
role in determining serum lipid levels [36-38]. In the
present study, we also found that serum lipid param-
eters were influenced by the gene-environmental in-
teractions. However, the gene-environmental interac-

tions on serum lipid phenotypes were different be-
tween the Mulao and Han population. In the Han
population, the interaction of genotypes and alcohol
consumption was shown to influence serum TC, TG
amd ApoB levels, and the interaction of genotypes
and cigarette smoking was detected to influence se-
rum TC levels. But no significant interaction between
genotypes and alcohol consumption or cigarette
smoking on serum lipid levels was detected in the
Mulao population. These findings suggest that the
difference in serum ApoB levels between the Mulao
and Han population may partly attributed to the dif-
ferences in SCARBI genotype-environmental interac-
tions.

Conclusion

The present study shows that the T allele fre-
quency of rs5888 SNP and serum ApoB levels were
higher in Mulao than in Han Chinese. The levels of
HDL-C were correlated with genotypes in Mulao fe-
males, the subjects with TT genotype had lower se-
rum HDL-C levels than the subjects with CT or TT
genotype. The levels of TG, HDL-C, ApoAl, ApoB
and ApoAl/ApoB ratio in Han were also correlated
with genotypes in males, the T allele carriers had
lower levels of HDL-C, ApoAl and the ApoAl/ApoB
ratio, and higher levels of ApoB than the subjects with
T allele noncarriers. The subjects with TT genotype
had higher levels of TG than the subjects with CC or
CT genotype. Serum lipid parameters were also in-
fluenced by gene-environmental interactions in the
Han population. These results suggest that the dif-
ferences in serum ApoB levels between the two en-
thnic groups might partially attribute to the differ-
ences in SCARB1 genotype-environmental interac-
tions.
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