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Abstract: Maonan nationality is relatively conservative and isolated minority in China. Little is known about the as-
sociation of breast susceptibility gene 2 (BRCA2) rs9534275 single nucleotide polymorphism (SNP) and serum lipid
levels in this population. The aim of this study was to compare the effect of the BRCA2 rs9534275 SNP and several
environmental factors on serum lipid profiles between the Chinese Maonan and Han populations. Genotypes of
the BRCA2 rs9534275 SNP in 828 individuals of Maonan nationality and 795 participants of Han nationality were
determined by polymerase chain reaction and restriction fragment length polymorphism. The frequencies of TT, GT
and GG genotypes were 35.72%, 44.15% and 20.13% in Han, and 23.30%, 56.28% and 20.42% in Maonan popula-
tions (P < 0.001). The frequency of the G allele was 42.20% in Han and 48.55% in Maonan individuals (P < 0.001).
The G allele carriers had higher low-density lipoprotein cholesterol (LDL-C) and the apolipoprotein (Apo) A1/ApoB
ratio in Han; and higher total cholesterol (TC), LDL-C, ApoB and lower ApoA1/ApoB ratio in Maonan than the G allele
non-carriers. Subgroup analyses indicated that the G allele carriers had higher LDL-C, ApoA1l levels and the ApoAl/
ApoB ratio in Han females; and higher TC, LDL-C, ApoB levels and lower ApoA1/ApoB ratio in both Maonan males
and females (P < 0.05-0.001). Serum lipid parameters in the two ethnic groups were also associated with several
environmental factors. These findings revealed that there might be a racial/ethnic- and/or sex-specific association
between the BRCA2 rs9534275 SNP and serum lipid parameters in some populations.
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Introduction

Over the past several decades, cardiovascular
disease (CVD) has become the leading cause of
mortality, morbidity, disability, functional de-
cline and healthcare costs [1, 2]. The rates
were 271.9 for white males, 352.4 for black
males, 188.1 for white females, and 248.6 for
black females and every 229.6 per 100,000
Americans were died of CVD in 2011 [3]. We
had established risk status measurement of a
standard lipid profile to evaluate risk severity,
just as total cholesterol (TC) [4], triglyceride
(TG) [5], low-density lipoprotein cholesterol
(LDL-C) [6], apolipoprotein (Apo) B [7], high-den-
sity lipoproteins cholesterol (HDL-C) [8], ApoAl
[9] and the ratio of ApoAl to ApoB [10] is rec-
ommended from an integral component of
approaches to cardiovascular risk prediction.
At the same time, the metabolic syndrome give

rise to an ascended risk of cardiometabolic
anomalies and CVD is greatly among the wide-
spread popularity [11]. Previous research
about CVD risk factors as everyone knew that
they are usually differ between men and wo-
men [12], are also affected by age [13] and eth-
nicity [14], and are adjusted by behavioral
choices [15], counting in poor diet [16] and
without exercise lifestyle [17], environmental
factors [18], and personal genetic profile [19,
20]. Even if it is well known and widely accept-
ed that all these risk factors taken individually
are characterized by a significant genetic com-
ponent, there is still a lot of uncertainty in the
true magnitude of risk factor clustering, as well
as on the role of genetic factors in risk factor
clustering in individuals.

Taking an example as twin and family research
that studies have demonstrated that there is a
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significant genetic component to human vari-
ability in CVD risk factors when considered indi-
vidually [21, 22]. In the meantime, studies also
have got a documentory proof that these risks
that we previous spoke of elements are all
exhibited as familial resemblance and signifi-
cant heritability estimates [23]. The target of
genome-wide association studies (GWAS) was
to locate which part can identify common sin-
gle nucleotide polymorphisms (SNPs) and cal-
culate the numbers of the phenotypic variance
is actually found out them [24].

Previously on a few GWAS have proved the
association of several SNPs close to the breast
cancer susceptibility gene 2 (BRCA2; Also
knows as: FAD; FACD; FAD1; GLM3; BRCC2;
FANCD; PNCA2; FANCD1; XRCC11; BROVCA2,
Gene ID: 675, HGNC ID: 1101, synonyms:
“BRCA1/BRCA2-containing complex, subunit
2", BRCC2, FAD, FAD1, XRCC11, locus type:
gene with protein product, chromosomal loca-
tion: 13913.1) has been proved to its mutation
can cause an increased risk for breast cancer
[25]. Women carrying BRCA mutations have
metabolic deregulations in their breast tissue
that may be precursors to malignant trans-
formation, and also lead to exhibit a reduction
of 79% in metabolite level, while both lipid
unsaturation and TG levels increased by 19%.
Besides these, women carrying BRCA2 muta-
tions showed an increased lipid unsaturation
of 21% and the metabolic changes in women
carrying BRCA1 mutations are different from
those in women carrying BRCA2 mutations,
with a 47% increase in cholesterol level record-
ed in those with BRCA2 mutations [26]. The
mechanism was supposed to have a connec-
tion with lipid metabolism [27]. Previous GWAS
on plasma lipid levels have identified the
rs9534275 SNP near the BRCA2 as hyperlipid-
emia loci in European. The association between
the BRCA2 rs9534275 SNP and TC and LDL-C
might have ethnic- and/or sex-specificity [28,
29]. Whether BRCA2 rs9534275 SNP is associ-
ated with serum lipid levels or whether it shows
ethnic and/or sex specific association as the
previously reported BRCA2 rs9534275 SNP
remains dubious.

Han nationality is the largest group among the
56 ethnic groups in China. Maonan nationality
is a relatively conservative and isolated minori-
ty, and preserves their custom of intra-ethnic
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marriage as one of the minorities. Divertingly,
they have their culture of consanguineous mar-
riage to cousins of maternal side, suggesting
that the genetic background of Maonan popula-
tion may be less heterogeneous within the pop-
ulation. Local people widely utilize endemic
species, and they have developed their own
traditional medicinal knowledge [30]. Height,
fat mass and fat distribution differs substan-
tially between men and women, and these dif-
ferences may, in part, explain the sex-specific
susceptibilities to certain diseases such as
coronary artery disease [31]. These consider-
able differences in anthropometry may reflect
sex-specific differences in steroid hormone re-
gulation, adipogenesis, lipid storage, muscle
metabolism, composition, and contractile spe-
ed, skeletal growth and maturation, or lipolysis,
and suggest a genetic underpinning [32].
Sexual dimorphism has been demonstrated as
the potential of dyslipidemia and CVD risk
factors. This study, therefore, was undertaken
to detect the association of the BRCA2
rs9534275 SNP and several environmental
factors with serum lipid levels between males
and females in the Maonan and Han popu-
lations.

Materials and methods
Subjects

The study populations including 795 unrelat-
ed subjects (306 males, 38.49% and 489
females, 61.51%) of Han and 828 unrelated
participants (332 males, 40.10% and 496
females, 59.90%) of Maonan were randomly
selected from our previous stratified random-
ized samples [33]. The participants were all
agricultural workers from Huanjiang Maonan
Autonomous County, Guangxi Zhuang Autono-
mous Region, People’s Republic of China. The
participants’ age ranged from 25 to 75 years
with the mean age of 57.36+13.96 years in
Han and 57.16+15.07 years in Maonan, res-
pectively. The age distribution and gender ratio
were matched between the two groups. All par-
ticipants were essentially healthy with no his-
tory of CVD such as coronary artery disease,
stroke, diabetes, hyper- or hypo-thyroids, and
chronic renal disease. They were free from
medications known to affect serum lipid levels.
Informed consent was taken from all partici-
pants. The Ethics Committee of the First
Affiliated Hospital, Guangxi Medical University,

Int J Clin Exp Pathol 2017;10(3):3163-3178



BRCA2 rs9534275 polymorphism and serum lipid traits

approved the study design (No. Lunshen-2014-
KY-Guoji-001, Mar. 7, 2014). Informed consent
was taken from all participants.

Epidemiological survey

The epidemiological survey was carried out
using internationally standardized methods,
following a common protocol [34]. Information
on demographics, socioeconomic status, and
lifestyle factors was collected with standard-
ized questionnaires. Alcohol consumption was
categorized into groups of grams of alcohol per
day: O (non-drinker), < 25 and > 25. Smoking
status was categorized into groups of ciga-
rettes per day: O (non-smoker), < 20 and > 20.
Several parameters such as blood pressure,
height, weight, waist circumference, and body
mass index (BMI) were measured. The methods
of measuring above parameters were referred
to previous studies [35].

Biochemical measurements

A fasting venous blood sample of 5 ml was
drawn from the participants. A part of the sam-
ple (2 mL) was collected into glass tubes and
used to determine serum lipid levels. Another
part of the sample (3 mL) was transferred to
tubes with anticoagulants (4.80 g/L citric acid,
14.70 g/L glucose and 13.20 g/L tri-sodium
citrate) and used to extract deoxyribonucleic
acid (DNA). Measurements of serum TC, TG,
HDL-C, and LDL-C levels in the samples were
performed by enzymatic methods with com-
mercially available kits (RANDOX Laboratories
Ltd., Ardmore, Diamond Road, and Crumlin Co.
Antrim, United Kingdom, BT29 4QY; Daiichi
Pure Chemicals Co., Ltd., Tokyo, Japan). Serum
ApoAl and ApoB levels were detected by the
immunoturbidimetric immunoassay using a
commercial kit (RANDOX Laboratories Ltd.). All
determinations were performed with an auto-
analyzer (Type 7170A; Hitachi Ltd., Tokyo,
Japan) in the Clinical Science Experiment
Center of the First Affiliated Hospital, Guangxi
Medical University [36, 37].

DNA amplification and genotyping

Genomic DNA of the samples was isolated from
peripheral blood leucocytes according to the
phenol-chloroform method [38, 39]. The extra-
cted DNA was stored at 4°C until analysis.
Genotyping of the BRCA2 rs9534275 SNP was
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performed by polymerase chain reaction and
restriction fragment length polymorphism
(PCR-RFLP). PCR amplification was performed
using 5-TCTTGGCCCAGATGCTTACT-3’ as the
forward and 5’-TACCAACACTACCACCAGCA-3’ as
reversed primer pair (Sangon, Shanghai, Peo-
ple’'s Republic of China), respectively. Each 25
puL PCR reaction mixture consisted of 2.0 uL
genomic DNA, 1.0 uL each primer (10 umol/L),
12.5 pL of 2 x Tag PCR Master Mix (constitu-
ent: 0.1 U Taq polymerase/uL, 500 yM dNTP
each and PCR buffer.,), and 8.5 uL of ddH,O
(DNase/RNase-free). PCR was performed with
an initialization step of 95°C for 5 min, followed
by 30 s denaturing at 95°C, 30 s of annealing
at 59°C and 35 s of elongation at 72°C for 33
cycles. The amplification was completed by a
final extension at 72°C for 7 min. Following
electrophoresis on a 2.0% agarose gel with
0.5 pg/mL ethidium bromide, the amplification
products were visualized under ultraviolet light.
Subsequently, each restriction enzyme reac-
tion was performed with 5.0 uL amplified DNA,
8.8 uL nuclease-free water, 1.0 yL of 10 x buf-
fer solution and 0.2 pL Rsal restriction enzyme
in a total volume of 15 pL digested at 37°C
overnight. After restriction enzyme digestion of
the amplified DNA, genotypes were identified
by electrophoresis on 2% ethidium-bromide
stained agarose gels and visualized with UV
illumination. An experienced reader blinded to
the epidemiological and serum lipid results
scored genotypes. Six samples (TT, GT and GG
genotypes in two; respectively) detected by the
PCR-RFLP were also confirmed by direct
sequencing with an ABI Prism 3100 (Applied
Biosystems) in Shanghai Sangon Biological
Engineering Technology & Services Co., Ltd.,
People’s Republic of China.

Diagnostic criteria

The normal values of serum TC, TG, HDL-C, LDL-
C, ApoA1l, ApoB levels and the ApoAl1/ApoB
ratio in our Clinical Science Experiment Center
were 3.10-5.17, 0.56-1.70, 1.16-1.42, 2.70-
3.10 mmol/L, 1.20-1.60, 0.80-1.05 g/L and
1.00-2.50, respectively. The individuals with TC
> 5.17 mmol/L and/or TG > 1.70 mmol/L were
defined as hyperlipidaemic [38]. Hypertension
was diagnosed according to the 1999 and
2003 criteria of the World Health Organization-
International Society of Hypertension Guide-
lines for the management of hypertension [40].
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Table 1. Comparison of demographic, lifestyle characteristics and serum
lipid levels between the Han and Maonan populations

genotype distribution
between the two gro-
ups was analyzed by

Parameter Han Maonan t (x?) P th hi test
Number 795 828 € chi-square test.
General characteristi-
Male/female 306/489 332/496  0.439 0.508 cs between two ethnic
Age (years) 57.36+13.96 57.16+15.07 0.244 0.621 groups were compared
Height (cm) 154.05+7.77 153.83+8.06 1.745 0.187 by the Student’s unpa-
Weight (kg) 53.32+9.06 53.23+10.65 15.287 0.000 ired ttest. The asso-
Body mass index (kg/m?) 22.42+3.20 22.39+3.59 1.792 0.027 ciation between geno-
Waist circumference 75.23+7.87  76.78+9.19 14.167 0.000 types and serum lipid
Smoking status [n (%)] parametgrs was testgd
Non-smoker 593 (74.59) 648 (78.26) by covariance analysis
. (ANCOVA). Gender, age,
< 20 cigarettes/day 94 (11.83) 152 (18.36) BMI. blood pressure
> 20 cigarettes/day 108 (13.58) 28(3.38)  74.338 0.000 alco’hol Consumption'
Alcohol consumption [n (%)] and cigarette smoking
Non-drinker 641 (80.63) 657 (79.35) were adjusted for the
<25 g/day 115 (14.46) 136 (16.43) statistical analysis. Mu-
> 25 g/day 39 (4.91) 35(4.22)  1.500 0.472 [tivariable linear reg-
Systolic blood pressure (mmHg) 129.68+19.54 134.89+23.29 30.373 0.000 ression analyses with
Diastolic blood pressure (mmHg) 81.73+11.20 82.32+12.14 1.838 0.175 stepwise modeling we-
re used to determine

Pulse pressure (mmHg) 47.95+15.20 52.57+18.33 27.370 0.000 .
the correlation bet-
Glucose (mmol/L) 6.18+1.92 6.21+1.42 14.966 0.000 ween the genotypes
Total cholesterol (mmol/L) 4.98+0.99 5.55+1.17 6.593 0.010 (TT=1,GT=2, GG = 3)
Trlglycerlde (mmol/L) 1.32 (062) 1.43 (070) 0.399 0.528 and several environ-
HDL-C (mmol/L) 1.74+0.45 1.61+0.40 0.823 0.364 mental factors with
LDL-C (mmol/L) 2.89+0.82 3.37£0.93  10.299 0.001 serum lipid levels in
ApoA1 (g/L) 1.35+0.24 1.41+0.40 6.036 0.014 males and females of
ApoB (g/L) 0.86+0.21  0.89+0.21  0.244 0621  Hanand Maonan pop-
ApoA1/ApoB 1.65+0.50  1.66+0.56 2.363 0.067 ulations. Two sided P

value < 0.05 was con-

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Apo,

Apolipoprotein. 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.

The diagnostic criteria of overweight and obe-
sity were according to the Cooperative Meta-
analysis Group of China Obesity Task Force.
Normal weight, overweight and obesity were
defined as a BMI < 24, 24-28 and > 28 kg/m?,
respectively [41].

Statistical analyses

The statistical analyses were performed with
the statistical software package SPSS 21.0
(SPSS Inc., Chicago, lllinois). The quantitative
variables were presented as mean + standard
deviation (serum TG levels were presented as
medians and interquartile ranges). Allele fre-
quency was determined via direct counting,
and the Hardy-Weinberg equilibrium was veri-
fied with the standard goodness-of-fit test. The
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sidered statistically si-
gnificant.

Results

General characteristics and serum lipid levels

The general characteristics and serum lipid lev-
els between the Han and Maonan populations
are summarized in Table 1. The percentages of
cigarette smoking, the levels of weight were
higher in Han than in Maonan (P < 0.001),
whereas the levels of systolic blood pressure,
pulse pressure, waist circumference, blood
glucose, serum TC, LDL-C and ApoAl were
lower in Han than in Maonan (P < 0.05-0.001).
There were no significant differences in the
gender ratio, age structure, body height, BMI,
percentage of alcohol consumption, diastolic
blood pressure, serum TG, HDL-C, ApoB levels
and the ApoA1/ApoB ratio between the two
ethnic groups (P > 0.05 for all).
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Figure 1. Electrophoresis of polymerase chain reac-
tion products of the samples. Lane M is the 100 bp
marker ladder; Lanes 1-6 are samples, the 550 bp
bands are the target genes.

Figure 2. Genotyping of the BRCA2 rs9534275 SNP.
Lane M, 100 bp marker ladder; lanes 1 and 2, TT
genotype (550 bp); lanes 3 and 4, GT genotype (444-
and 106-bp); lanes 5 and 6, GG genotype (444- and
106-bp).

Results of electrophoresis and genotyping

After the genomic DNA of the samples was
amplified using PCR and visualized with 2%
agarose gel electrophoresis, the products of
550 bp nucleotide sequences were observed in
all samples (Figure 1). The genotypes identified
were termed according to the presence (G
allele) or absence (T allele) of the enzyme
restriction sites. Thus, the GG genotype is
homozygous for the presence of the site (bands

3167

at 444 bp and 106 bp), the GT genotype is
heterozygous for the presence and absence of
the site (bands at 550-, 444- and 106-bp) and
the TT genotype is homozygous for the absence
of the site (bands at 550 bp; Figure 2). The TT,
GT and GG genotypes detected by PCR-RFLP
were also confirmed by direct sequencing
(Figure 3), respectively.

Genotypic and allelic frequencies

The genotypic and allelic frequencies of the
BRCA2 rs9534275 SNP are shown in Table
2. The frequencies of T and G alleles were
57.80% and 42.20% in Han, and 51.45% and
48.55% in Maonan populations (P < 0.001),
respectively. The frequencies of TT, GT and GG
genotypes were 35.72%, 44.15% and 20.13%
in the Han population, and 23.30%, 56.28%
and 20.42% in the Maonan population (P <
0.005), respectively. No difference in the ge-
notypic and allelic frequencies was found bet-
ween males and females in the two ethnic
groups (P > 0.05 for each).

Genotypes and serum lipid levels

Tables 3 and 4 describe the association
between genotypes and serum lipid levels. The
levels of LDL-C and the ratio of ApoAl to ApoB
in Han were different between the genotypes
(P < 0.05 for each); the G allele carriers had
higher LDL-C levels and the ApoAl/ApoB ratio
than the G allele non-carriers. The levels of TC,
LDL-C, ApoB and the ratio of ApoAl to ApoB in
Maonan were different between the genotypes
(P < 0.05); the G allele carriers had higher TC,
LDL-C and ApoB levels and lower ApoA1/ApoB
ratio than the G allele non-carriers. Subgroup
analyses showed that the G allele carriers had
higher LDL-C, ApoA1l levels and the ApoAl/
ApoB ratio in Han females; and higher TC, LDL-
C, ApoB levels and lower ApoA1/ApoB ratio in
both Maonan males and females (P <
0.05-0.001).

Relative factors for serum lipid parameters

Multiple linear regression analysis showed that
serum TC, LDL-C and ApoB levels in the com-
bined population of Han and Maonan; and TC,
LDL-C, ApoB levels and the ApoA1/ApoB ratio
in Maonan were correlated with the genotypes
of the BRCA2 rs9532475 SNP (P < 0.05 for all;
Table 5). When the correlation of serum lipid
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Figure 3. A part of the nucleotide sequence of the BRCA2 rs9534275 SNP. A: TT genotype; B: GT genotype; C: GG

genotype.

Table 2. Comparison of the genotype and allele frequencies of BRCA2 rs9534275 SNP in the Han
and Maonan populations [n (%)]

Genotype Allele
Group n
T GT GG T G
Han 795 284 (35.72) 351 (44.15) 160 (20.13) 919 (57.80) 671 (42.20)
Maonan 828 193 (23.30) 466 (56.28) 169 (20.42) 852 (51.45) 804 (48.55)
x2 33.137 13.191
P 0.000 0.000
Han
Male 306 114 (37.25) 133 (43.46) 59 (19.29) 361 (58.99) 251 (41.01)
Female 489 170 (34.76) 218 (44.58) 101 (20.66) 558 (57.05) 420 (42.95)
x? 0.556 0.575
P 0.757 0.448
Maonan
Male 332 69 (20.78) 188 (56.63) 75 (22.59) 326 (49.10) 338 (50.90)
Female 496 124 (25.00) 278 (56.05) 94 (18.95) 526 (54.12) 466 (45.88)
x2 2.819 2.457
P 0.244 0.117

parameters and the genotypes was analyzed
according to sex, we showed that TC, LDL-C,
ApoB levels and the ApoAl1/ApoB ratio in
Maonan males; serum TC, LDL-C and ApoB lev-
els in Maonan females were correlated with the

3168

genotypes (P < 0.05 for all; Table 6). Serum
lipid parameters were also associated with
age, gender, BMI, waist circumference, systolic
and diastolic blood pressure, pulse pressure,
fasting blood glucose levels, cigarette smoking

Int J Clin Exp Pathol 2017;10(3):3163-3178



BRCA2 rs9534275 polymorphism and serum lipid traits

Table 3. Comparison of the genotypes and serum lipid levels in the Han and Maonan populations

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

Han
T 284 4.91+1.02 1.32(0.60) 1.74+0.41 2.81+0.86 1.35+0.26 0.86+0.21 1.67+0.52
GT 351 5.06+0.97 1.32(0.60) 1.74+0.51 2.98+0.82 1.33+0.22 0.87+£0.19 1.60+0.45
GG 160 4.94+0.96 1.32(0.72) 1.77+0.41 2.89+0.82 1.38+0.25 0.85+0.24 1.72+0.53

F 2.035 0.062 0.339 3.585 1.904 0.876 3.609
P 0.131 0.951 0.671 0.028 0.150 0.417 0.028
Maonan

T 193 5.26+1.09 1.43(0.73) 1.58+0.41 3.19+0.83  1.40+0.48 0.85+0.19 1.71+0.70
GT 466 5.47+1.13 1.43(0.73) 1.62+0.41 3.28+0.88  1.41+0.37 0.88+0.20 1.69+0.53
GG 169 6.08+1.19 1.42(0.67) 1.60+0.34 3.80+1.03 1.43+0.38 0.99+0.22 1.50+0.40
F 26.142 0.177 0.713 24.662 0.221 22.957 9.015
P 0.000 0.859 0.490 0.000 0.810 0.000 0.000

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1, apolipoprotein A1l; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein Al to apolipoprotein B. The value of
triglyceride was presented as median (interquartile range); the difference among the genotypes was determined by the Kruskal-
Wallis test.

Table 4. Comparison of the genotypes and serum lipid levels between males and females in the Han
and Maonan populations

Ethnic/ n TC TG HDL-C LDL-C ApoAl ApoB (/L) ApoAl/
Genotype (mmol/L) (mmol/L)  (mmol/L) (mmol/L) (g/L) ApoB
Han/male
T 114 5.03+1.58 1.30(0.66) 1.67+0.57 2.90+1.39 1.34+0.42 0.91+0.32 1.56+0.67
GT 133 5.16+1.07 1.30(0.66) 1.70+0.57 2.92+0.97 1.36+0.36 0.91+0.27 1.55+0.68
GG 59 5.10+1.49 1.37(0.85) 1.67+0.58 2.95+1.10 1.34+0.34 0.88+0.27 1.59+0.64
F 0.511 0.604 0.143 0.060 0.286 0.508 0.101
P 0.600 0.546 0.866 0.942 0.752 0.602 0.904
Han/female
T 170 4.82+1.34 1.35(0.59) 1.73+0.57 2.76+1.09 1.36+0.33 0.82+0.26 1.75+0.77
GT 218 5.00+1.53 1.30(0.66) 1.76+0.78 3.01+1.25 1.32+0.27 0.85+0.27 1.63+0.62
GG 101 4.85+1.27 1.31(0.64) 1.83+0.57 2.77+1.05 1.40+0.35 0.83+0.38 1.80+0.78
F 1.728 0.566 0.784 5.562 5.309 0.678 4.990
P 0.179 0.578 0.457 0.004 0.005 0.508 0.007
Maonan/male
T 69 5.12+0.98 1.52(0.92) 1.49+0.39 3.07+0.73 1.43+0.76 0.84+0.20 1.78%1.02
GT 188 5.43+0.98 1.30(0.66) 1.60+0.46 3.16+0.81 1.45+0.48 0.89+0.20 1.70%+0.62
GG 75 6.10+1.18 1.39(0.72) 1.50+0.35 3.72+1.12 1.40+0.41 1.01+0.22 1.43+0.44
F 17.883 0.411 2.651 12.942 0.199 14.323 5.371
P 0.000 0.681 0.072 0.000 0.819 0.000 0.005
Maonan/female
T 124 5.34+1.15 1.40(0.72) 1.63+0.42 3.26+0.87 1.38+0.22 0.86+0.19 1.68+0.45
GT 278 5.49+1.22 1.30(0.66) 1.63+0.38 3.361+0.92 1.39+0.28 0.87+0.20 1.68+0.46
GG 94 6.07+1.20 1.43(0.64) 1.67+0.33 3.86+0.96 1.45+0.36 0.97+0.21 1.54+0.36
F 10.937 0.047 0.528 13.161 1.654 9.195 3.691
P 0.000 0.963 0.590 0.000 0.192 0.000 0.026

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1l, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein Al to apolipoprotein B. The value
of triglyceride was presented as median (interquartile range); the difference among the genotypes was determined by the
Kruskal-Wallis test.
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Table 5. Relationship between serum lipid parameters and relative factors in the Han and Maonan
populations

Lipid Risk factor B Std.error Beta t P
Han and Maonan
TC Waist circumference 0.017 0.005 0.127 3.303 0.001
Age 0.009 0.002 0.113 3.958 0.000
Ethnic group -0.497 0.053 -0.222 -9.323 0.000
Diastolic blood pressure 0.007 0.002 0.070 2.881 0.005
Genotype 0.169 0.038 0.106 4.500 0.000
TG Waist circumference 0.043 0.008 0.211 5.411 0.000
Alcohol consumption 0.388 0.126 0.089 3.068 0.002
Glucose 0.079 0.025 0.076 3.128 0.002
Diastolic blood pressure 0.011 0.004 0.071 2.813 0.005
HDL-C Waist circumference -0.010 0.002 -0.206 -5.289 0.000
Gender 0.148 0.034 0.167 4.403 0.000
Cigarette smoking 0.085 0.032 0.083 2.655 0.008
Alcohol consumption 0.146 0.031 0.135 4.651 0.000
Ethnic group 0.115 0.021 0.133 5.545 0.000
LDL-C Ethnic group -0.420 0.043 -0.230 -9.749 0.000
Age 0.009 0.002 0.137 4.816 0.000
Cigarette smoking -0.160 0.066 -0.750 -2.429 0.015
Waist circumference 0.016 0.004 0.151 3.943 0.000
Genotype 0.123 0.031 0.095 4.069 0.000
ApoAl Cigarette smoking 0.098 0.026 0.124 3.827 0.000
Alcohol consumption 0.112 0.025 0.145 4.826 0.000
Gender 0.089 0.027 0.129 3.287 0.001
Ethnic group -0.073 0.017 -0.109 -4.360 0.000
ApoB Waist circumference 0.005 0.001 0.213 5.555 0.000
Diastolic blood pressure 0.002 0.000 0.087 3.510 0.000
Age 0.002 0.000 0.122 4.266 0.000
Genotype 0.018 0.007 0.061 2.624 0.009
ApoAl/ApoB Waist circumference -0.014 0.002 -0.221 -5.708 0.000
Age -0.040 0.001 -0.980 -3.413 0.001
Gender 0.172 0.041 0.159 4.215 0.000
Cigarette smoking 0.143 0.039 0.115 3.679 0.002
Alcohol consumption 0.155 0.038 0.118 4.069 0.000
Han
TC Waist circumference 0.019 0.007 0.152 2.611 0.009
Diastolic blood pressure 0.010 0.003 0.117 3.142 0.002
TG Waist circumference 0.061 0.013 0.273 4.743 0.006
Glucose 0.098 0.032 0.107 3.027 0.003
Cigarette smoking 0.483 0.183 0.122 2.671 0.008
Diastolic blood pressure 0.022 0.006 0.144 3.917 0.003
Age -0.013 0.005 -0.108 -2.556 0.011
HDL-C Gender 0.141 0.042 0.152 2.718 0.007
Waist circumference -0.007 0.003 -0.120 -2.040 0.042
Alcohol consumption 0.166 0.051 0.145 3.241 0.001
LDL-C Gender -0.218 0.094 -0.128 -2.320 0.021
Age 0.009 0.003 0.146 3.402 0.001
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ApoAl

ApoB

ApoAl/ApoB

Maonan
TC

TG

HDL-C

LDL-C

ApoA1l

ApoB

ApoAl1/ApoB

Cigarette smoking
Gender

Alcohol consumption
Cigarette smoking
Glucose

Systolic blood pressure
Age

Gender

Cigarette smoking
Gender

Alcohol consumption

Waist circumference
Age

Genotype

Waist circumference
Alcohol consumption
Height

Weight

Body mass index
Waist circumference
Gender

Alcohol consumption
Cigarette smoking
Age

Alcohol consumption
Waist circumference
Genotype

Alcohol consumption
Gender

Cigarette smoking
Waist circumference
Genotype

Age

Age

Waist circumference
Alcohol consumption
Cigarette smoking
Genotype
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-0.307 0.088 -0.162 -3.494 0.001
0.081 0.027 0.165 2.988 0.003
0.163 0.027 0.268 6.067 0.000
0.080 0.026 0.146 3.152 0.002
0.009 0.004 0.085 2.466 0.015
0.001 0.001 0.196 5.436 0.000
0.001 0.001 0.084 2.033 0.042
-0.066 0.023 -0.154 -2.871 0.004
0.161 0.051 0.141 3.122 0.002
0.254 0.055 0.249 4.616 0.000
0.132 0.054 0.105 2.435 0.015
0.014 0.007 0.110 2.011 0.045
0.012 0.003 0.150 3.653 0.000
0.366 0.059 0.207 6.148 0.000
0.028 0.010 0.147 2.731 0.006
0.540 0.170 0.127 3.177 0.002
-0.103 0.035 -0.479 -2.936 0.003
0.156 0.048 0.959 3.237 0.001
-0.299 0.105 -0.620 -2.854 0.004
-0.012 0.002 -0.273 -5.069 0.000
0.157 0.044 0.192 3.601 0.000
0.138 0.039 0.140 3.510 0.000
0.087 0.042 0.090 2.069 0.039
0.009 0.002 0.151 3.730 0.001
-0.211 0.091 -0.092 -2.307 0.021
0.021 0.005 0.205 3.801 0.000
0.278 0.047 0.197 5.939 0.000
0.098 0.042 0.099 2.361 0.018
0.094 0.046 0.114 2.036 0.046
0.117 0.044 0.099 2.362 0.018
0.006 0.001 0.281 5.366 0.000
0.052 0.010 0.165 5.101 0.000
0.002 0.001 0.161 4.099 0.001
-0.004 0.001 -0.097 -2.440 0.015
-0.019 0.003 -0.318 -6.019 0.000
0.198 0.054 0.144 3.685 0.000
0.122 0.058 0.090 2.118 0.035
-0.079 0.028 -0.094 -2.874 0.004

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1l, apolipoprotein Al; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein Al to apolipoprotein B; B, unstan-

dardized coefficient; Beta, standardized coefficient.

and alcohol consumption in both ethnic groups
or in males and females (P < 0.05-0.001;
Tables 2 and 3).

Discussion

The results of the present study showed that
the levels of serum TC, LDL-C, ApoB and ApoA1l/
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ApoB ratio were lower in Han than in Maonan.
There were no significant differences in the lev-
els of serum TG, HDL-C and ApoAl levels
between the two ethnic groups. It was widely
realized that dyslipidemia as a serious risk fac-
tor for CVD is caused by various elements,
mainly including genetic and environmental
factors and their interaction [42, 43]. Maonan
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Table 6. Relationship between serum lipid parameters and relative factors in the males and females
of the Han and Maonan populations

Lipid Risk factor B Std.error Beta t P
Han/male
TC Diastolic blood pressure 0.014 0.005 0.165 2.716 0.007
TG Glucose 0.185 0.079 0.140 2.324 0.021
Diastolic blood pressure 0.029 0.012 0.144 2.376 0.018
HDL-C Alcohol consumption 0.158 0.049 0.195 3.240 0.001
LDL-C Cigarette smoking -0.297 0.097 -0.477 -3.054 0.002
ApoAl Cigarette smoking 0.079 0.030 0.144 2.614 0.009
Alcohol consumption 0.171 0.031 0.320 5.421 0.000
ApoB Systolic blood pressure 0.003 0.001 0.161 2.764 0.006
Glucose 0.022 0.007 0.187 3.233 0.001
ApoA1l/ApoB Weight -0.041 0.017 -0.789 -2.448 0.015
Alcohol consumption 0.247 0.075 0.178 3.301 0.001
Glucose -0.030 0.015 -0.114 -2.011 0.045
Han/female
TC Age 0.018 0.004 0.243 4.480 0.000
TG Diastolic blood pressure 0.022 0.005 0.201 4,118 0.000
Glucose 0.082 0.027 0.138 3.052 0.002
LDL-C Body mass index 0.316 0.141 1.131 2.249 0.025
Age 0.021 0.003 0.336 6.305 0.000
ApoAl Height -0.034 0.012 -0.904 -2.938 0.005
Body mass index -0.127 0.040 -1.691 -3.189 0.000
Weight 0.510 0.180 1.634 2.867 0.004
ApoB Cigarette smoking -0.132 0.057 -0.127 -2.677 0.008
Diastolic blood pressure 0.004 0.001 0.218 4.646 0.000
Age 0.003 0.001 0.185 3.465 0.001
ApoA1l/ApoB Age -0.008 0.002 -0.203 -3.752 0.000
Diastolic blood pressure -0.005 0.002 -0.114 -2.393 0.017
Cigarette smoking 0.521 0.140 0.179 3.723 0.000
Maonan/male
TC Genotype 0.415 0.086 0.253 4.802 0.000
Age 0.010 0.005 0.136 2.120 0.035
TG Cigarette smoking 0.635 0.271 0.128 2.343 0.020
HDL-C Cigarette smoking 0.090 0.045 0.106 2.004 0.046
Alcohol consumption 0.173 0.046 0.204 3.745 0.000
LDL-C Genotype 0.297 0.073 0.216 4.409 0.000
Alcohol consumption -0.352 0.098 -0.194 -3.582 0.000
ApoAl Cigarette smoking 0.079 0.030 0.144 2.614 0.009
ApoB Age 0.003 0.001 0.199 3.193 0.002
Genotype 0.067 0.017 0.207 4.028 0.000
Glucose 0.016 0.008 0.107 2.106 0.036
ApoA1/ApoB Age -0.006 0.003 -0.127 -1.977 0.049
Alcohol consumption 0.247 0.075 0.178 3.301 0.001
Genotype -0.130 0.056 -0.123 -2.332 0.002
Maonan/female
TC Genotype 0.332 0.081 0.180 4.119 0.000
Age 0.014 0.004 0.171 3.277 0.001
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TG Pulse pressure 0.008
HDL-C Weight -0.031
Height 0.024
Pulse pressure -0.003
Glucose -0.024
LDL-C Genotype 0.272
Age 0.013
ApoB Age 0.003
Genotype 0.044
Pulse pressure 0.001
ApoAl/ApoB Pulse pressure -0.003
Age -0.004

0.002 0.156 3.278 0.001
0.015 -0.743 -2.105 0.000
0.011 0.379 2.301 0.022
0.001 -0.144 -2.992 0.003
0.012 -0.089 -1.984 0.048
0.061 0.191 4.439 0.000
0.003 0.209 4.056 0.000
0.001 0.186 3.650 0.000
0.013 0.142 3.342 0.001
0.001 0.118 2.517 0.012
0.001 -0.138 -2.922 0.004
0.002 -0.143 -2.778 0.006

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ApoA1l, apolipoprotein Al; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein Al toapolipoprotein B; B, unstan-

dardized coefficient.

belongs to inland nationality and is mainly
occupied with cereal and miscellaneous grain
crops. The history of Maonan can be traced
back to the 11th century. According to the sta-
tistics in 2000, the numbers of Maonan popu-
lation were 107166, mainly engaged in agricul-
ture and were good at raising beef cattle and
prepare the bamboo hat. The main food for
them was rice, besides this, corn, sorghum, mil-
let, sweet potatoes and pumpkin is another
important complement. Therefore, they were
enjoyed a very special lifestyle and dietary hab-
its compared with the other nationalities.
Maonan people were keening on spicy and acid
food. Parents mainly arrange their marriages.
Maonan stays endogamy; intermarriage with
Han or Zhuang people is seldom happened.
Therefore, it is considered that the hereditary
characteristics and genotypes of certain lipid
metabolism-related genes in this population
might be different from those in the Han
Chinese.

To the best of our knowledge, the genotypic and
allelic frequencies of the BRCA2 rs9534275
SNP have not been reported previously in dif-
ferent ethnic groups. In the present study, we
firstly showed that the G allele frequency of the
BRCA2 rs9534275 SNP was lower in Han than
in Maonan populations (42.20% vs. 48.55%; P
< 0.001). The distribution of the GT and GG
genotypes was also different between the two
ethnic groups (P < 0.001); the frequencies of
GT and GG genotypes were lower in Han than in
Maonan ethnic groups, respectively. No signifi-
cant differences were observed in the genotyp-
ic and allelic frequencies between males and
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females in the two ethnic groups. These results
indicate that the prevalence of BRCA2
rs9534275 SNP may have racial/ethnic
specificity.

The potential association of the BRCA2
rs9534275 SNP and serum lipid levels has
not been previously reported in different racial/
ethnic groups. In a previous association study
that BRCA mutations contribute to about 20%
of all hereditary breast cancers and women
carrying BRCA1 and BRCA2 mutation were eas-
ily caught up with breast cancer [44]. When we
compared the BRCA1 cohort with BRCA2, an
increase in the glycerol backbone of TG was
accompanied by an increase in unsaturation of
the fatty acid chains. The increase in choles-
terol level in the BRCA2 cohort indicates lipid
pathways are affected differently in the two dif-
ferent gene mutations. It has been document-
ed elsewhere that women with a BRCA2 muta-
tion survive longer than women with a BRCA1
mutation. These results suggest that there are
biochemical differences that may explain this
difference [26]. In the current study, we firstly
showed that the G allele carriers in Han had
higher serum LDL-C levels and the ApoA1/ApoB
ratio than the G allele non-carriers. The G allele
carriers in Maonan had higher serum TC, LDL-C
and ApoB levels and lower ApoAl/ApoB ratio
than the G allele non-carriers. Subgroup analy-
ses showed that the G allele carriers in Han
females had higher LDL-C, ApoAl levels and
the ApoAl1/ApoB ratio than the G allele non-
carriers; the G allele carriers in Maonan males
and females had higher TC, LDL-C and ApoB
levels and lower ApoA1/ApoB ratio than the G
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allele non-carriers. These findings suggest that
there may be an ethnic- and gender-specific
association of the BRCA2 rs9534275 SNP and
serum lipid levels.

As we all known that environmental factors
such as dietary patterns, lifestyle and physical
inactivity are all strongly related with serum
lipid levels [45]. In the present study, multivari-
ate linear regression analysis also showed that
serum lipid parameters were correlated to age,
sex, waist circumference, BMI, blood pressure,
blood glucose, alcohol consumption, and ciga-
rette smoking in both ethnic groups. These find-
ings suggest that the environmental factors
also play a key role in determining serum lipid
levels in our study populations. The dietary hab-
its are different between the Han and Maonan
populations. Rice is the Maonan people’s sta-
ple food supplemented with corn, sweet potato
and other grains. Maonan people prefer to eat
spicy and acid food with lots of oil and salt. This
preference of high in carbohydrates may be
related to the higher blood glucose levels,
weight, BMI and waist circumference in Maonan
than in Han people. In the meantime, rich oil
and salt can give rise to higher blood pressure,
serum TC, LDL-C and ApoB levels in Maonan
than in Han people. In many past studies
proved that diet alone could account for the
variability on serum lipid levels [46-48].

In addition, multiple linear regression analysis
also showed that serum HDL-C and ApoA1 lev-
els in Han males and serum LDL-C, HDL-C,
ApoA1l levels and ApoAl/ApoB ratio were cor-
related with the alcohol consumption (P <
0.001). Compared with alcohol consumption,
cigarette smoking was correlated with serum
LDL-C, ApoA1l levels and ApoAl/ApoB ratio in
Han males, serum ApoB levels and ApoAl/
ApoB ratio in Han females, serum TG, HDL-C,
LDL-C and ApoAl levels in Maonan males.
Several case-control and cohort studies have
described a J- or U-shaped association between
alcohol intake and atherogenesis [49]. A mod-
erate intake of alcohol when taken on a regu-
lar basis has been showed to protect against
CVD death, which has been ascribed to the
changes in serum HDL-C, TG and ApoA1 levels
[50]. However, alcohol consumption was also
associated with worse hematological values of
TC and LDL-C levels. Results from the Italian
Longitudinal Study on Aging showed that in
elderly men (65-84 years) alcohol consumption
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increases serum LDL-C levels [50]. Onat et al.
[51] also showed that alcohol consumption is
positively associated with TG, LDL-C, and ApoB
levels in males and negatively correlated with
TG and/or not correlated with LDL-C and ApoB
levels in females. At the same time, an increase
in HDL-C through lifestyle changes just as
smoking cessation and physical exercise has
positive effects [52]. Nevertheless, another
research indicated that the effects of alcohol
consumption on LDL-C appear to vary by spe-
cific patient types or patterns of alcohol intake,
and sex as well as genetic variants [53].
Therefore, the results of exposure to different
lifestyle and environmental factors probably
further modify the association of genetic varia-
tions and serum lipid levels in our study
populations.

Limitations

There are several potential limitations in our
study. First, we were not able to alleviate the
effect of diet and several environmental fac-
tors during the statistical analysis. Second, we
could not completely exclude asymptomatic
disorders such as atherosclerosis that may cre-
ate a potentially significant bias due to poor
field study condition. Third, although we
observe significant association of the BRCA2
rs9534275 SNP and serum lipid levels, there
are still many unmeasured environmental and
genetic factors that needed to be considered.
The interactions of gene-gene, gene-environ-
ment, and environment-environment on serum
lipid levels are remained to be determined.
What’s more, the relevance of this finding has
to be defined in further high caliber of studies
including incorporating the genetic information
of the BRCA2 rs9534275 SNP and in vitro func-
tional studies to confirm the impact of a variant
on a molecular level.

Conclusions

The present study showed that the genoty-
pic and allelic frequencies of the BRCA2
rs9534275 SNP were different between the
Han and Maonan populations. The associa-
tions of the BRCA2 rs9534275 SNP and serum
lipid levels were also different between the
both ethnic groups and between males and
females in the Maonan population. There may
be a racial/ethnic- and/or sex-specific associa-
tion of the BRCA2 rs9534275 SNP and serum
lipid levels.

Int J Clin Exp Pathol 2017;10(3):3163-3178



BRCA2 rs9534275 polymorphism and serum lipid traits

Acknowledgements

This study was supported by the National
Natural Science Foundation of China (No:
81460169).

Disclosure of conflict of interest

None.

Address correspondence to: Rui-Xing Yin, Depart-
ment of Cardiology, Institute of Cardiovascular
Diseases, The First Affiliated Hospital, Guangxi
Medical University, 22 Shuangyong Road, Nanning
530021, Guangxi, China. E-mail: yinruixing@163.

com

References

(1]

(2]

(3]

(4]

(5]

(6]

Yazdanyar A and Newman AB. The burden of
cardiovascular disease in the elderly: morbidi-
ty, mortality, and costs. Clin Geriatr Med 2009;
25:563-577.

Pandya A, Gaziano TA, Weinstein MC and Cut-
ler D. More americans living longer with cardio-
vascular disease will increase costs while low-
ering quality of life. Health Aff (Millwood) 2013;
32:1706-1714.

Mozaffarian D, Benjamin EJ, Go AS, Arnett
DK, Blaha MJ, Cushman M, de Ferranti S, De-
sprés JP, Fullerton HJ, Howard VJ, Huffman
MD, Judd SE, Kissela BM, Lackland DT, Licht-
man JH, Lisabeth LD, Liu S, Mackey RH,
Matchar DB, McGuire DK, Mohler ER 3rd, Moy
CS, Muntner P, Mussolino ME, Nasir K, Neu-
mar RW, Nichol G, Palaniappan L, Pandey DK,
Reeves MJ, Rodriguez CJ, Sorlie PD, Stein J,
Towfighi A, Turan TN, Virani SS, Willey JZ, Woo
D, Yeh RW, Turner MB; American Heart Associ-
ation Statistics Committee and Stroke Statis-
tics Subcommittee. Heart disease and stroke
statistics-2015 update: a report from the
American heart association. Circulation 2015;
131: €29-322.

Matthan NR, Zhu L, Pencina M, D’Agostino RB,
Schaefer EJ and Lichtenstein AH. Sex-specific
differences in the predictive value of choles-
terol homeostasis markers and 10-year cardio-
vascular disease event rate in Framingham
offspring study participants. J Am Heart Assoc
2013; 2: e005066.

Lindman AS, Veierod MB, Tverdal A, Pedersen
JI and Selmer R. Nonfasting triglycerides and
risk of cardiovascular death in men and wom-
en from the Norwegian counties study. Eur J
Epidemiol 2010; 25: 789-798.

Orekhov AN, Bobryshev YV, Sobenin IA, Mel-
nichenko AA and Chistiakov DA. Modified low

3175

(7]

)

[10]

(11]

[12]

density lipoprotein and lipoprotein-containing
circulating immune complexes as diagnostic
and prognostic biomarkers of atherosclerosis
and type 1 diabetes macrovascular disease.
Int J Mol Sci 2014; 15: 12807-12841.
Furtado JD, Campos H, Appel LJ, Miller ER,
Laranjo N, Carey VJ and Sacks FM. Effect of
protein, unsaturated fat, and carbohydrate
intakes on plasma apolipoprotein B and
VLDL and LDL containing apolipoprotein C-II:
results from the OmniHeart trial. Am J Clin Nutr
2008; 87: 1623-1630.

Chapman MJ, Ginsberg HN, Amarenco P, An-
dreotti F, Borén J, Catapano AL, Descamps OS,
Fisher E, Kovanen PT, Kuivenhoven JA, Lesnik
P, Masana L, Nordestgaard BG, Ray KK, Reiner
Z, Taskinen MR, Tokgozoglu L, Tybjeerg-Hansen
A, Watts GF; European Atherosclerosis Society
Consensus Panel. Triglyceride-rich lipoproteins
and high-density lipoprotein cholesterol in pa-
tients at high risk of cardiovascular disease:
evidence and guidance for management. Eur
Heart J 2011; 32: 1345-1361.

Hamon SC, Kardia SL, Boerwinkle E, Liu K,
Klos KL, Clark AG and Sing CF. Evidence for
consistent intragenic and intergenic interac-
tions between SNP effects in the APOA1/C3/
A4/A5 gene cluster. Hum Hered 2006; 61: 87-
96.

Tamang HK, Timilsina U, Singh KP, Shrestha S,
Raman RK, Panta P, Karna P, Khadka L and
Dahal C. Apo B/Apo A-l ratio is statistically a
better predictor of cardiovascular disease
(CVD) than conventional lipid profile: a study
from kathmandu valley, nepal. J Clin Diagn Res
2014; 8: 34-36.

Scott R, Donoghoe M, Watts GF, O'Brien R,
Pardy C, Taskinen MR, Davis TM, Colman PG,
Manning P, Fulcher G, Keech AC; FIELD Study
Investigators. Impact of metabolic syndrome
and its components on cardiovascular dis-
ease event rates in 4900 patients with type 2
diabetes assigned to placebo in the FIELD ran-
domised trial. Cardiovasc Diabetol 2011; 10:
102.

Vishram JK, Borglykke A, Andreasen AH, Jeppe-
sen J, Ibsen H, Jorgensen T, Palmieri L, Giam-
paoli S, Donfrancesco C, Kee F, Mancia G, Ce-
sana G, Kuulasmaa K, Salomaa V, Sans S,
Ferrieres J, Dallongeville J, Soderberg S, Ar-
veiler D, Wagner A, Tunstall-Pedoe H, Drygas
W, Olsen MH and Project M. Correction: impact
of age and gender on the prevalence and prog-
nostic importance of the metabolic syndrome
and its components in europeans. The MOR-
GAM prospective cohort project. PLoS One
2015; 10: e0128848.

Wald NJ, Simmonds M and Morris JK. Screen-
ing for future cardiovascular disease using age

Int J Clin Exp Pathol 2017;10(3):3163-3178


mailto:yinruixing@163.com
mailto:yinruixing@163.com

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

BRCA2 rs9534275 polymorphism and serum lipid traits

alone compared with multiple risk factors and
age. PL0oS One 2011; 6: e18742.

Goh LG, Dhaliwal SS, Welborn TA, Lee AH and
Della PR. Ethnicity and the association be-
tween anthropometric indices of obesity and
cardiovascular risk in women: a cross-section-
al study. BMJ Open 2014; 4: e004702.
Chiuve SE, Cook NR, Shay CM, Rexrode KM,
Albert CM, Manson JE, Willett WC and Rimm
EB. Lifestyle-based prediction model for the
prevention of CVD: the healthy heart score. J
Am Heart Assoc 2014; 3: e000954.

Weihua Mmed L, Yougang W and Jing W.
Reduced or modified dietary fat for preventing
cardiovascular disease. J Cardiovasc Nurs
2013; 28: 204-205.

Booth FW, Roberts CK and Laye MJ. Lack of
exercise is a major cause of chronic diseases.
Compr Physiol 2012; 2: 1143-1211.

Chum A and O’Campo P. Cross-sectional asso-
ciations between residential environmental
exposures and cardiovascular diseases. BMC
Public Health 2015; 15: 438.

Thanassoulis G and Vasan RS. Genetic cardio-
vascular risk prediction: will we get there? Cir-
culation 2010; 122: 2323-2334.
Thanassoulis G, Peloso GM, Pencina MJ, Hoff-
mann U, Fox CS, Cupples LA, Levy D, D’Agostino
RB, Hwang SJ and O’'Donnell CJ. A genetic risk
score is associated with incident cardiovascu-
lar disease and coronary artery calcium: the
Framingham heart study. Circ Cardiovasc
Genet 2012; 5: 113-121.

Nelson TL, Vogler GP, Pedersen NL, Hong Y and
Miles TP. Genetic and environmental influenc-
es on body fat distribution, fasting insulin lev-
els and CVD: are the influences shared? Twin
Res 2000; 3: 43-50.

Gehi AK, Lampert R, Veledar E, Lee F, Goldberg
J, Jones L, Murrah N, Ashraf A and Vaccarino
V. A twin study of metabolic syndrome and au-
tonomic tone. J Cardiovasc Electrophysiol
2009; 20: 422-428.

Elder SJ, Lichtenstein AH, Pittas AG, Roberts
SB, Fuss PJ, Greenberg AS, McCrory MA,
Bouchard TJ Jr, Saltzman E and Neale MC. Ge-
netic and environmental influences on factors
associated with cardiovascular disease and
the metabolic syndrome. J Lipid Res 2009; 50:
1917-1926.

Becker F, van EI CG, Ibarreta D, Zika E, Hogarth
S, Borry P, Cambon-Thomsen A, Cassiman JJ,
Evers-Kiebooms G, Hodgson S, Janssens AC,
Kaariainen H, Krawczak M, Kristoffersson U,
Lubinski J, Patch C, Penchaszadeh VB, Read A,
Rogowski W, Sequeiros J, Tranebjaerg L, van
Langen IM, Wallace H, Zimmern R, Schmidtke
J and Cornel MC. Genetic testing and common
disorders in a public health framework: how to

3176

[25]

[26]

[27]

(28]

assess relevance and possibilities. Back-
ground document to the ESHG recommenda-
tions on genetic testing and common disor-
ders. Eur J Hum Genet 2011; 19 Suppl 1:
S6-44.

Health Quality Ontario. Cancer screening with
digital mammography for women at average
risk for breast cancer, magnetic resonance im-
aging (MRI) for women at high risk: an evi-
dence-based analysis. Ont Health Technol As-
sess Ser 2010; 10: 1-55.

Ramadan S, Arm J, Silcock J, Santamaria G,
Buck J, Roy M, Leong KM, Lau P, Clark D,
Malycha P and Mountford C. Lipid and me-
tabolite deregulation in the breast tissue of
women carrying BRCA1 and BRCA2 genetic
mutations. Radiology 2015; 275: 675-682.
Jeemon P, Pettigrew K, Sainsbury C, Prabha-
karan D and Padmanabhan S. Implications of
discoveries from genome-wide association
studies in current cardiovascular practice.
World J Cardiol 2011; 3: 230-247.

Asselbergs FW, Guo Y, van Iperen EP, Siv-
apalaratnam S, Tragante V, Lanktree MB,
Lange LA, Aimoguera B, Appelman YE, Barnard
J, Baumert J, Beitelshees AL, Bhangale TR,
Chen YD, Gaunt TR, Gong Y, Hopewell JC, John-
son T, Kleber ME, Langaee TY, Li M, Li YR, Liu
K, McDonough CW, Meijs MF, Middelberg RP,
Musunuru K, Nelson CP, O’Connell JR, Padma-
nabhan S, Pankow JS, Pankratz N, Rafelt S,
Rajagopalan R, Romaine SP, Schork NJ, Shaf-
fer J, Shen H, Smith EN, Tischfield SE, van der
Most PJ, van Vliet-Ostaptchouk JV, Verweij N,
Volcik KA, Zhang L, Bailey KR, Bailey KM, Bau-
er F, Boer JM, Braund PS, Burt A, Burton PR,
Buxbaum SG, Chen W, Cooper-Dehoff RM,
Cupples LA, delong JS, Delles C, Duggan D,
Fornage M, Furlong CE, Glazer N, Gums JG,
Hastie C, Holmes MV, lllig T, Kirkland SA, Kivi-
maki M, Klein R, Klein BE, Kooperberg C,
Kottke-Marchant K, Kumari M, LaCroix AZ, Mal-
lela L, Murugesan G, Ordovas J, Ouwehand
WH, Post WS, Saxena R, Scharnag| H, Schrein-
er PJ, Shah T, Shields DC, Shimbo D, Sriniva-
san SR, Stolk RP, Swerdlow DI, Taylor HA Jr,
Topol EJ, Toskala E, van Pelt JL, van Setten J,
Yusuf S, Whittaker JC, Zwinderman AH, Life-
Lines Cohort S, Anand SS, Balmforth AJ, Be-
renson GS, Bezzina CR, Boehm BO, Boerwin-
kle E, Casas JP, Caulfield MJ, Clarke R, Connell
JM, Cruickshanks KJ, Davidson KW, Day IN, de
Bakker Pl, Doevendans PA, Dominiczak AF,
Hall AS, Hartman CA, Hengstenberg C, Hillege
HL, Hofker MH, Humphries SE, Jarvik GP, John-
son JA, Kaess BM, Kathiresan S, Koenig W,
Lawlor DA, Marz W, Melander O, Mitchell BD,
Montgomery GW, Munroe PB, Murray SS, New-
house SJ, Onland-Moret NC, Poulter N, Psaty B,

Int J Clin Exp Pathol 2017;10(3):3163-3178



[29]

BRCA2 rs9534275 polymorphism and serum lipid traits

Redline S, Rich SS, Rotter JI, Schunkert H,
Sever P, Shuldiner AR, Silverstein RL, Stanton
A, Thorand B, Trip MD, Tsai MY, van der Harst P,
van der Schoot E, van der Schouw YT, Versch-
uren WM, Watkins H, Wilde AA, Wolffenbuttel
BH, Whitfield JB, Hovingh GK, Ballantyne CM,
Wijmenga C, Reilly MP, Martin NG, Wilson JG,
Rader DJ, Samani NJ, Reiner AP, Hegele RA,
Kastelein JJ, Hingorani AD, Talmud PJ,
Hakonarson H, Elbers CC, Keating BJ and Dre-
nos F. Large-scale gene-centric meta-analysis
across 32 studies identifies multiple lipid loci.
Am J Hum Genet 2012; 91: 823-838.

Teslovich TM, Musunuru K, Smith AV, Edmond-
son AC, Stylianou IM, Koseki M, Pirruccello JP,
Ripatti S, Chasman DI, Willer CJ, Johansen CT,
Fouchier SW, Isaacs A, Peloso GM, Barbalic M,
Ricketts SL, Bis JC, Aulchenko YS, Thorleifsson
G, Feitosa MF, Chambers J, Orho-Melander M,
Melander O, Johnson T, Li X, Guo X, Li M, Shin
Cho Y, Jin Go M, Jin Kim Y, Lee JY, Park T, Kim
K, Sim X, Twee-Hee Ong R, Croteau-Chonka DC,
Lange LA, Smith JD, Song K, Hua Zhao J, Yuan
X, Luan J, Lamina C, Ziegler A, Zhang W, Zee
RY, Wright AF, Witteman JC, Wilson JF, Willem-
sen G, Wichmann HE, Whitfield JB, Waterworth
DM, Wareham NJ, Waeber G, Vollenweider P,
Voight BF, Vitart V, Uitterlinden AG, Uda M, Tu-
omilehto J, Thompson JR, Tanaka T, Surakka |,
Stringham HM, Spector TD, Soranzo N, Smit
JH, Sinisalo J, Silander K, Sijbrands EJ, Scuteri
A, Scott J, Schlessinger D, Sanna S, Salomaa
V, Saharinen J, Sabatti C, Ruokonen A, Rudan
I, Rose LM, Roberts R, Rieder M, Psaty BM,
Pramstaller PP, Pichler I, Perola M, Penninx
BW, Pedersen NL, Pattaro C, Parker AN, Pare
G, Oostra BA, O’Donnell CJ, Nieminen MS,
Nickerson DA, Montgomery GW, Meitinger T,
McPherson R, McCarthy MI, McArdle W, Mas-
son D, Martin NG, Marroni F, Mangino M, Mag-
nusson PK, Lucas G, Luben R, Loos RJ, Lokki
ML, Lettre G, Langenberg C, Launer LJ, Lakatta
EG, Laaksonen R, Kyvik KO, Kronenberg F, Ko-
nig IR, Khaw KT, Kaprio J, Kaplan LM, Johans-
son A, Jarvelin MR, Janssens AC, Ingelsson E,
Igl W, Kees Hovingh G, Hottenga JJ, Hofman A,
Hicks AA, Hengstenberg C, Heid IM, Hayward C,
Havulinna AS, Hastie ND, Harris TB, Haritu-
nians T, Hall AS, Gyllensten U, Guiducci C,
Groop LC, Gonzalez E, Gieger C, Freimer NB,
Ferrucci L, Erdmann J, Elliott P, Ejebe KG, Dor-
ing A, Dominiczak AF, Demissie S, Deloukas P,
de Geus EJ, de Faire U, Crawford G, Collins FS,
Chen YD, Caulfield MJ, Campbell H, Burtt NP,
Bonnycastle LL, Boomsma DI, Boekholdt SM,
Bergman RN, Barroso |, Bandinelli S, Ballan-
tyne CM, Assimes TL, Quertermous T, Altshuler
D, Seielstad M, Wong TY, Tai ES, Feranil AB,
Kuzawa CW, Adair LS, Taylor HA Jr, Borecki IB,

3177

[30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

[39]

Gabriel SB, Wilson JG, Holm H, Thorsteinsdottir
U, Gudnason V, Krauss RM, Mohlke KL, Ordo-
vas JM, Munroe PB, Kooner JS, Tall AR, Hegele
RA, Kastelein JJ, Schadt EE, Rotter JI, Boerwin-
kle E, Strachan DP, Mooser V, Stefansson K,
Reilly MP, Samani NJ, Schunkert H, Cupples
LA, Sandhu MS, Ridker PM, Rader DJ, van Dui-
jn CM, Peltonen L, Abecasis GR, Boehnke M
and Kathiresan S. Biological, clinical and pop-
ulation relevance of 95 loci for blood lipids.
Nature 2010; 466: 707-713.

Hong L, Guo Z, Huang K, Wei S, Liu B, Meng S
and Long C. Ethnobotanical study on medici-
nal plants used by Maonan people in China. J
Ethnobiol Ethnomed 2015; 11: 32.

Legato MJ. Gender and the heart: sex-specific
differences in normal anatomy and physiology.
J Gend Specif Med 2000; 3: 15-18.

Legato MJ. Postpartum depression and gen-
der-specific justice. J Gend Specif Med 2002;
5: 7-8.

Wang Y, Aung LH, Tan JY, Yin RX, Hu XJ, Long
XJ, Wu DF, Miao L, Yang DZ, Pan SL. Prevalence
of dyslipidemia and its risk factors in the Chi-
nese Maonan and Han populations. Int J Clin
Exp Pathol 2016; 9: 10603-10616.

An epidemiological study of cardiovascular
and cardiopulmonary disease risk factors in
four populations in the People’s Republic of
China. Baseline report from the P.R.C.-U.S.A.
collaborative study. People’s Republic of Chi-
na-United states cardiovascular and cardiopul-
monary epidemiology research group. Circula-
tion 1992; 85: 1083-1096.

Guo T, Yin RX, Li H, Wang YM, Wu JZ and Yang
DZ. Association of the Trp316Ser variant
(rs1801690) near the apolipoprotein H (beta2-
glycoprotein-l) gene and serum lipid levels. Int
J Clin Exp Pathol 2015; 8: 7291-7304.

Guo T, Yin RX, Nie RJ, Chen X, Bin Y and Lin WX.
Suppressor of cytokine signaling 3 A+930->G
(rs4969168) polymorphism is associated with
apolipoprotein A1 and low-density lipoprotein
cholesterol. Int J Clin Exp Pathol 2015; 8:
7305-7317.

Zeng XN, Yin RX, Huang P, Huang KK, Wu J,
Guo T, Lin QZ, Aung LH, Wu JZ and Wang YM.
Association of the MLXIPL/TBL2 rs17145738
SNP and serum lipid levels in the Guangxi Mu-
lao and Han populations. Lipids Health Dis
2013; 12: 156.

Ramazauskiene V, Petkeviciene J, Klumbiene
J, Kriaucioniene V and Sakyte E. Diet and se-
rum lipids: changes over socio-economic tran-
sition period in Lithuanian rural population.
BMC Public Health 2011; 11: 447.

Chalmers J, MacMahon S, Mancia G, Whit-
worth J, Beilin L, Hansson L, Neal B, Rodgers A,
Ni Mhurchu C and Clark T. 1999 World health

Int J Clin Exp Pathol 2017;10(3):3163-3178



[40]

[41]

[42]

[43]

[44]

[45]

[46]

BRCA2 rs9534275 polymorphism and serum lipid traits

organization-international society of hyper-
tension guidelines for the management of hy-
pertension. Guidelines sub-committee of the
World health organization. Clin Exp Hypertens
1999; 21: 1009-1060.

Whitworth JA; World Health Organization, Inter-
national Society of Hypertension Writing
Group. 2003 World Health Organization
(WHO)/International society of hypertension
(ISH) statement on management of hyperten-
sion. J Hypertens 2003; 21: 1983-1992.

Zhou BF; Cooperative Meta-Analysis Group of
the Working Group on Obesity in China. Predic-
tive values of body mass index and waist cir-
cumference for risk factors of certain related
diseases in Chinese adults--study on optimal
cut-off points of body mass index and waist cir-
cumference in Chinese adults. Biomed Environ
Sci 2002; 15: 83-96.

Ruixing Y, Qiming F, Dezhai Y, Shuquan L, Weix-
iong L, Shangling P, Hai W, Yongzhong Y, Feng
H and Shuming Q. Comparison of demography,
diet, lifestyle, and serum lipid levels between
the Guangxi Bai Ku Yao and Han populations. J
Lipid Res 2007; 48: 2673-2681.

Zhang L, Yin RX, Liu WY, Miao L, Wu DF, Aung
LH, Hu XJ, Cao XL, Wu JZ and Pan SL. Associa-
tion of methylenetetrahydrofolate reductase
C677T polymorphism and serum lipid levels in
the Guangxi Bai Ku Yao and Han populations.
Lipids Health Dis 2010; 9: 123.

Moran O, Nikitina D, Royer R, Poll A, Metcalfe
K, Narod SA, Akbari MR and Kotsopoulos J. Re-
visiting breast cancer patients who previously
tested negative for BRCA mutations using a
12-gene panel. Breast Cancer Res Treat 2017;
161: 135-142.

Robinson D, Kawamura T, Hinohara S, Saka-
moto Y and Takahashi T. Levels of cardiovascu-
lar risk factors in Japanese people living in the
UK. J Cardiovasc Risk 1995; 2: 449-458.
Joffe YT, Collins M and Goedecke JH. The rela-
tionship between dietary fatty acids and in-
flammatory genes on the obese phenotype
and serum lipids. Nutrients 2013; 5: 1672-
1705.

3178

[47]

(48]

[49]

(50]

(52]

(53]

Serrano-Martinez M, Martinez-Losa E, Prado-
Santamaria M, Brugarolas-Brufau C, Fernan-
dez-Jarne E and Martinez-Gonzalez MA. To
what extent are the effects of diet on coronary
heart disease lipid-mediated? Int J Cardiol
2004; 95: 35-38.

Erkkila AT, Sarkkinen ES, Lehto S, Pyorala K
and Uusitupa MI. Dietary associates of serum
total, LDL, and HDL cholesterol and triglycer-
ides in patients with coronary heart disease.
Prev Med 1999; 28: 558-565.

Rimm EB, Williams P, Fosher K, Criqui M and
Stampfer MJ. Moderate alcohol intake and
lower risk of coronary heart disease: meta-
analysis of effects on lipids and haemostatic
factors. BMJ 1999; 319: 1523-1528.
Perissinotto E, Buja A, Maggi S, Enzi G, Man-
zato E, Scafato E, Mastrangelo G, Frigo AC,
Coin A, Crepaldi G and Sergi G. Alcohol con-
sumption and cardiovascular risk factors in
older lifelong wine drinkers: the Italian longitu-
dinal study on aging. Nutr Metab Cardiovasc
Dis 2010; 20: 647-655.

Onat A, Hergenc G, Dursunoglu D, Ordu S, Can
G, Bulur S and Yuksel H. Associations of alco-
hol consumption with blood pressure, lipopro-
teins, and subclinical inflammation among
Turks. Alcohol 2008; 42: 593-601.

Marz W, Kleber ME, Scharnag| H, Speer T, Zew-
inger S, Ritsch A, Parhofer KG, von Eckardstein
A, Landmesser U and Laufs U. [Clinical impor-
tance of HDL cholesterol]. Herz 2016; [Epub
ahead of print].

Rees K, Hartley L, Clarke A, Thorogood M and
Stranges S. ‘Mediterranean’ dietary pattern for
the primary prevention of cardiovascular dis-
ease. Cochrane Database Syst Rev 2012;
2012.

Int J Clin Exp Pathol 2017;10(3):3163-3178



