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Excess accumulation of cholesterol in plasmamay result in coronary artery disease. Numerous studies have dem-
onstrated that ATP-binding cassette protein A1 (ABCA1) mediates the efflux of cholesterol and phospholipids to
apolipoproteins, a process necessary for plasma high density lipoprotein (HDL) formation. Higher plasma levels
ofHDL are associatedwith lower risk for cardiovascular disease. Studies of human disease and animalmodels had
shown that an increased hepatic ABCA1 activity relates to an enhanced plasma HDL level. In this study, we hy-
pothesized that functional mutations in the ABCA1 promoter in pigs may affect gene transcription activity, and
consequently the HDL level in plasma. The promoter region of ABCA1 was comparatively scanned by direct se-
quencing with pool DNA of high- and low-HDL groups (n = 30 for each group). Two polymorphisms, c. −
608A N G and c.− 418 T N A, were revealedwith reverse allele distribution in the two groups. The two polymor-
phisms were completely linked and formed only G–A or A–T haplotypes when genotyped in a larger population
(n=526). Furthermore,we found that the G–A/G–A genotypewas associatedwith higherHDL andABCA1mRNA
level than A–T/A–T genotype. Luciferase assay also revealed that G–A haplotype promoter had higher activity
than A–T haplotype. Single-nucleotide mutant assay showed that c.-418 T N A was the causal mutation for
ABCA1 transcription activity alteration. Conclusively, we identified two completely linked SNPs in porcine
ABCA1 promoter region which have influence on the plasma HDL level by altering ABCA1 gene transcriptional
activity.

© 2014 Published by Elsevier B.V.
1. Introduction

Plasma high density lipoprotein (HDL), a key factor for maintaining
plasma cholesterol homeostasis, has been repeatedly demonstrated as
a strong and inverse predictor of coronary artery disease. The role of
HDL in the removal of excess cholesterol has been largely attributed to
reverse cholesterol transport (RCT), in which cholesterol that has been
synthesized or deposited in peripheral tissues is returned to the liver
for excretion (Oram and Vaughan, 2000; Hong et al., 2002). The first
step in RCT involves efflux of cholesterol from peripheral cells through
the ATP-binding cassette transporter A1 (ABCA1) (Attie et al., 2001).
ABCA1 is amajormediator that transfers the efflux of cellular cholesterol
and phospholipids to lipid-poor apolipoprotein A-I (apoA-I) for gener-
ating nascent HDL (Oram, 2002).

ABCA1 is abundant in hepatocytes, macrophages and intestinal cells
in mice. Recent studies in tissue-specific knockout of ABCA1 transgenic
; HDL, plasma highdensity lipo-
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mice suggested that intestinal and hepatic ABCA1 contributes to 20%
and 80% respectively of the HDL biogenesis in mice (Timmins et al.,
2005; Brunhamet al., 2006; Zhao andDahlman-Wright, 2010). Liver ex-
presses high level of ABCA1 for lipoprotein secretion and reuptake and
bile acid synthesis (Wellington et al., 2002). Genetic modification of
ABCA1 gene in mice showed that the overexpression of ABCA1 in the
liver led to an increase in plasma HDL levels (Vaisman et al., 2001),
while ABCA1-KO mice display a virtual absence of plasma HDL levels
in the thymus, liver, and testes (Christiansen-Weber et al., 2000). How-
ever, selective overexpression or knockout of ABCA1 in tissue macro-
phages had minimal contribution to plasma HDL levels (Haghpassand
et al., 2001; Joseph et al., 2002; van Eck et al., 2002). Generating an ad-
enovirus that targets the expression of mouse ABCA1 in vivo to the liver
resulted in an increase in plasma HDL (Basso et al., 2003; Wellington
et al., 2003). In summary, these results suggest that hepatic ABCA1 has
a major contribution to plasma HDL levels.

Numerous studies have indicated that ABCA1 gene expression is
controlled by various factors. The transcription of ABCA1 is regulated
by oxysterol-activated Liver X Receptors (LXRs) and Retinoic X Recep-
tors (RXRs) (Costet et al., 2000; Schwartz et al., 2000). Peroxisome
proliferator-activated receptor α (PPARα) and PPARγ activators may
also enhance the activity of ABCA1 expression (Chawla et al., 2001;
oter affect transcription activity and plasma HDL level in pigs, Gene
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Chinetti et al., 2001; Ruan et al., 2003). Activator protein 2α (AP2α) was
proved to be a negative regulation factor which suppressed ABCA1 gene
transcription and HDL biogenesis (Iwamoto et al., 2007, 2008). More-
over, recent studies have demonstrated microRNAs (miRNAs) as novel
regulators at post-transcriptional level can suppress ABCA1 gene ex-
pression by base-pairing with mRNA sequences typically located in
the 3′-untranslated regions (3′-UTRs). For instance, miR-33a/b embed-
ded within introns of the SREBP genes targets ABCA1 for posttranscrip-
tional repression. The inhibition of miR-33 in mouse and human cell
lines causes up-regulation of ABCA1 expression and increased cholester-
ol efflux (Najafi-Shoushtari et al., 2010; Fernandez-Hernando et al.,
2011; Canfran-Duque et al., 2014; Goedeke and Fernandez-Hernando,
2014).

The well-established role of plasma HDL levels in protection against
atherosclerosis and coronary artery disease (Oram, 2003; Duong et al.,
2006) arouses the interest to seek the genetic reasons for plasma HDL
variation. Since ABCA1 is an important regulator of HDL biosynthesis
and reverse cholesterol transport, it was selected as a candidate gene
for HDL regulation in this study. Alteration in promoter region of gene
may lead to differences in gene expression and phenotypes (Rios
et al., 2010). In some cases alteration in promoter region is more fre-
quent than gene region which can explain the multiple functions of
genes (Deihimi et al., 2012). The aim of this study is to seek the variants
in the regulatory region of ABCA1 gene thatmight affect its transcription
and consequently the plasma levels of HDL. Comparative sequencing
was applied to identify functional mutations in ABCA1 promoter region,
and the effects of the mutations on ABCA1 transcription activity and
plasma HDL level were evaluated.

2. Materials and methods

2.1. Sample collection and preparation

The experiments and protocols used in this study were approved by
the Nanjing Agricultural University Institutional Animal Care and Use
Committee. The samples were collected immediately after slaughter
from 1310 Duroc × Large White × Yorkshire × Landrace (D × L × Y × L)
marketing pigswith approximately 180 d of age. Blood sampleswere col-
lected without any anticoagulant. Serumwas separated by centrifugation
at 3000 g for 10min at 4 °C, and aliquotswere stored at−80 °Cuntil used.
Liver tissues were taken immediately and stored in liquid nitrogen for
DNA and RNA extraction.

Genomic DNAwas extracted from the liver tissue samples usingpro-
teinase K digestion and phenol chloroform extraction. Total RNA was
extracted from the liver tissues by Trizol reagent (Invitrogen, Shanghai,
China). The absorbance of total RNA was measured at 260 nm with
Eppendorf Biophotometer (Eppendorf AG, Hamburg, Germany). All ab-
sorption ratios (260/280 nm) had to range from 1.8 to 2.0 to meet the
requirements.

2.2. HDL quantification and preparation of DNA pools

The plasma level of HDL was measured by high density lipoprotein
(HDL) ELISA Kit (Mlbio, Shanghai, China). Two groups (n = 30 per
group) with high- or low-HDL (1.5 ± 0.2 vs. 0.35 ± 0.15, P b 0.01)
were selected from sampled pigs. Genomic DNA was extracted from
the liver samples using phenol–chloroform method (Kochl et al.,
2005). DNA pools of high or low groups were prepared by mixing
equal amount of individuals genomic DNA.

2.3. Molecular cloning of porcine ABCA1 gene

A combination of in silico comparative cloningwith a PCR target clon-
ing approach was applied to sequence porcine ABCA1 gene. Basically, a
BLAST search against the public databases using full-length mRNA se-
quences of human ABCA1 gene as a reference was performed to retrieve
Please cite this article as: Dang, X., et al., Genetic variants in ABCA1 prom
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all porcine orthologous sequences. BLAST searches retrieved two porcine
mRNA sequences (XM 003480560.2 and XM 0031222054.4). A pair of
primers K (Table 1) was designed to target and amplify the gap between
the two sequences. The mRNA sequences and the gap sequence were
then assembled.

2.4. Sequencing and genotyping

In order to search for polymorphisms in the ABCA1 gene promoter,
four pairs of primers (Table 1, A–D) were designed to amplify the tran-
scription regulatory region from c.-2764 bp to c.-167 bp (the A of the
initiation codon ATG was denoted as +1) for subsequent direct se-
quencing (Invitrogen, Shanghai, China).

For allele-specific PCR assays, a SNP genotype was provided by ex-
amining the presence or absence of a PCR amplification product from
allele-specific primers, one of which was specific to allele A and the
other specific to allele B. The allele A-specific primer pair amplified a
product only from an individual with allele A, whereas the allele B-
specific primer exclusively amplified individuals with allele B. Hetero-
zygous can be amplified by both primer pairs (Hayashi et al., 2004,
2006). Primers E and F (Table 1) were designed to amplify 210 bp and
263 bp products containing the two novel mutations, respectively.
PCR amplifications were performed in a 20 μl reaction mixture contain-
ing 100 ng DNA template, 10 μl r-Taq Premix (Takara, Dalian, China),
0.5 μl each primer (10 μM) (Invitrogen, Shanghai, China) and 8 μl
ddH2O. The cycling protocol was 5 min at 94 °C, 32 cycles of 94 °C for
30 s, 56/60 °C annealing for 30 s and 72 °C for 20 s,with a final extension
at 72 °C for 7 min.

2.5. ABCA1 mRNA expression level

All RNA sampleswere reverse transcribed in a 10 μl reactionmixture
at 37 °C for 15 min and 85 °C for 5 s with 5× PrimeScript® RT Master
Mix (Takara, Dalian, China). The ABCA1 mRNA relative expression
level was measured by real-time quantitative PCR (qPCR) with primer
pair G1 (Table 1). PCR amplification was performed in a 20 μl system
consisting of 2 μl cDNA (50 ng/μl), 10 μl SYBR Premix Ex TaqTM
(Takara), 0.4 μl Rox and 0.4 μl (10 μM) of each primer. The reactions
were performed in an ABI 7900 continuous fluorescence detector
(Applied Biosystems), according to standard amplification protocol.
GAPDH expression was measured as an invariant control to normalize
the target transcripts using primers named G2 (Table 1). The resulting
△Ct values of RT-qPCR were analyzed using the 2−△△Ct method for
mRNA content quantification.

2.6. Constructions and site-directed mutagenesis of reporter plasmids

The two novel polymorphism sites just sit in a 528 bp-length region
which had been predicted (BDGP online tool http://www.fruitfly.org/)
to be the basal core promoter of ABCA1 ranged from c.-695 to c.-167.
To compare the transcriptional activities of the different ABCA1 pro-
moters, the 528 bp fragments containing different haplotypes, A–T or
G–A, were amplified with primer pair H (Table 1). The amplified prod-
ucts were digested with KpnI and SacI restriction enzymes and then
cloned into the pGL3-basic vector (Promega, USA) by themultiple clon-
ing sites (KpnI and SacI). The constructed vectors were named pGL3-AT
and pGL3-GA, respectively.

To confirm which mutation site plays a major role in the transcrip-
tional activity alteration, we constructed another two plasmids with
only one mutation based on A–T haplotype. The single-site mutated
plasmids pGL3-GT and pGL3-AA were obtained by site-directed muta-
genesis with the Vazyme Fast Mutagenesis Kit (Vazyme Biotech,
Nanjing, China). The primer pairs I and J were used to create single-
site mutations for the two vectors respectively (Table 1). The ABCA1
promoter sequences in the above vectors were confirmed by direct
sequencing.
oter affect transcription activity and plasma HDL level in pigs, Gene
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Table 1
Primers used in this study.

Primer name Forward primer 5′ → 3′ Application Length (bp) Annealing (°C)

A F:GGGTAGCACCTCCTCAGA
R: TTCCCATGCCATATCCAG

Promoter clone 743 59

B F:TCGTGAATAGTGCTGTGATR:
CAACCTGGAAGTATGGATT

Promoter clone 767 58

C F: CAAACCCAAGTTACAGCCT
R: AACCCCTCAAGATGCTAAC

Promoter clone 594 60

D F:GGCATTTGAAAGGAGAAGA
R: GTGGGAAGAGGAGCAAAGT

Promoter clone 660 60

E F:GCATCTTGAGGGGTTTGGGC
R1:CCCAGGACCAGAGGGAAACTC
R2:CCCAGGACCAGAGGGAAACTT

Genotyping 210 60

F F1: GAGTGACTGAACTACATAAGCA
F2: GAGTGACTGAACTACATAAGCT
R:CAAAGTGCCTGGAGAAAT

Genotyping 263 56

G1 F: ACATTTCGGATTACCTGG
R: TACCTTCAAGTGTTTCTTCA

Real-time PCR 182 58

G2 F: CTGCCCCTTCTGCTGATGC
R: TCCACGATGCCGAAGTTGTC

Real-time PCR 151 60

H F: CGGGGTACCACGAGATTAGAGGAAGCG
R: CGAGCTCTGGGAAGAGGAGCAAAGT

Promoter clone 528 60

I F: AGCCCCCTTCCCCAATTTTCCCTCT
R: GCGCCCGCTAGAGACTCTCCTGCACGTT

Site-directed Mutagenesis 5340 65

J F: AACTACATAAACTGAGGCCGGGAAAAC
R: CAGTCACTCAGTAGAAAGCACGTGG

Site-directed Mutagenesis 5340 65

K F: CAACCTCATCAGGAAGCA
R: AAAGGGTGGCACAATCAA

cDNA clone 553 60
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2.7. Luciferase assay of promoter activity

The four constructed plasmids were co-transfected with plasmid
pRL-TK (Promega, USA) into Hela cells. Twenty-four hours before trans-
fection, Hela cellswere seeded in eachwell of 12-well plates. On the day
of transfection, each well was cotransfected with 1 μg reporter plasmid,
0.05 μg pRL-TK plasmid, 100 μl OPTI-MEM and 3 μl X-tremeGENE HP
transfection reagent using X-tremeGENE HP DNA Transfection
(Roche). The luciferase assay was performed using the dual-luciferase
reporter assay system (Promega, USA). Twenty-four hours after trans-
fection, cells were lysed in passive lysis buffer (Promega, USA). Cell ly-
sate was added to the luciferase substrate (Promega, USA), and firefly
and Renilla luciferase activity was measured with a luminometer
(ModulusTM; Turner Biosystems) in three independent experiments.

2.8. Statistical analysis

The output data of real-time PCRwere analyzed by the 2−ΔΔCtmeth-
od (Pfaffl, 2001) for mRNA expression quantification. The evaluation of
association between the HDL and ABCA1 expression level was carried
out using the bivariate correlation analysis method. Two average
comparisons were performed with Student's independent t-test. The
statistical analysis was performed with SPSS 18.0 software (SPSS, Inc.).
Average difference was significant when P b 0.05.

3. Results

3.1. Acquisition of ABCA1 promoter sequence

Although the ABCA1 complete coding sequence had been identified
for humans, the porcine sequence has not been fully characterized.
We initially used human ABCA1 sequence to obtain two porcine mRNA
sequences (XM_003480560.2 and XM_0031222054.4). A gap was left
between the two mRNA sequences. We then used target PCR to fill the
gap. Sequencing result obtained 9 bp-sequence (GCT GCT GAT) linking
the two mRNA sequences. Finally, we obtained the complete porcine
ABCA1 mRNA sequence and submitted it to NCBI (GenBank:
KM267084.1). By aligning ABCA1 mRNA sequence with porcine
Please cite this article as: Dang, X., et al., Genetic variants in ABCA1 prom
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genomic DNA sequence (GenBank: NC_010443.4), we obtained ABCA1
promoter region from c.-2764 to c.-167 for the following research.

3.2. ABCA1 mRNA level was positively correlated with plasma levels of HDL

ABCA1 is predominantly expressed in the liver, testis and adrenal tis-
sues. Wellington et al. had demonstrated that ABCA1 protein levels are
up-regulated specifically in the liver in an atherogenic diet
(Wellington et al., 2002). To compare the ABCA1 transcription level be-
tween high- and low-HDL, two groups with high- and low-HDL level
(P b 0.01) were selected from total 1310 samples, each group consisted
of 30 samples (Fig. 1a). RT-qPCR assay revealed that ABCA1mRNA level
was higher in the high-HDL group (P b 0.05) (Fig. 1b). A significant pos-
itive correlation existed between hepaticABCA1mRNA level and plasma
HDL level (r = 0.43, P b 0.01).

3.3. Two HDL-related mutations were identified in ABCA1 promoter

We assumed that the mutations in ABCA1 gene promoter region
might lead to ABCA1 expression variations between the two groups of
high and low plasma HDL levels. Hence, we scanned the HDL-relevant
polymorphisms in ABCA1 gene promoter region from c.-2764 to
c.-167 by using pool DNAs of the two groups. DNA comparative
sequencing showed two novel polymorphisms, c.-608A N G and
c.-418T N A, each with opposite allele distribution in the two groups.
In the high-HDL group, c.-608G and c.-418A displayed as major alleles.
Whereas in the low-HDL group, alleles c.-608A and c.-418T occurred
more frequently (Fig. 2a).

The two SNPswere further genotyped in a populationwith 526mar-
ket weight pigs (D × L × Y × L) by allele-specific PCR (Fig. 2b). Interest-
ingly, our results show that G at the c.-608 position was completely
linked with A at the c.-418 position. Correspondingly, A at the c.-608
position was entirely interlocked with T at the c.-418 position. There-
fore, these two polymorphic sites formed only two haplotypes, which
were called G–A or A–T for c.-608 and c.-418 sites, respectively.
Among 526 samples of (D × L × Y × L) marketing pigs, the frequencies
of A–T/A–T, G–A/A–T and G–A/G–A were 21.5%, 55.5% and 23%
respectively.
oter affect transcription activity and plasma HDL level in pigs, Gene
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Fig. 1. (a) The plasma levels of HDL and (b) ABCA1 expression level in the low (L) and high (H) HDL groups (n= 30 for each group). The mRNA levels were normalized to GAPDHmRNA
levels. *P b 0.05, **P b 0.01.
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3.4. The two haplotypes were associated with plasma levels of HDL

To discover the effects of themutations on plasma levels of HDL, we
compared HDL levels of the different genotypes. G–A/G–A genotype ex-
hibited significantly higher average HDL levels than A–T/A–T genotype
(0.87 ± 0.04 mmol/l vs. 0.74 ± 0.04 mmol/l, P b 0.05) (Fig. 3a). The re-
sult suggested that the G–A haplotype is related to the higher plasma
levels of HDL, while the A–T haplotype leads to the lower plasma levels
of HDL, which was in accordance with the result of comparative se-
quencingwith high- and low-HDLDNApools. Furthermore, itwas inter-
esting to see that G–A/G–A genotype also showed a significantly higher
ABCA1mRNA level than A–T/A–T genotype (2.56±0.39 vs. 1.59±0.22,
P b 0.05) (Fig. 3b).

3.5. The G–A haplotype promoter possessed higher transcriptional activity

Since G–A/G–A genotype possessed higher expression level, we
further compared the transcriptional activities of the G–A and A–T
Fig. 2. Direct sequencing identified two SNPs in the promoter region of ABCA1 gene. Partial ch
region, inwhich the allele relative signals were reverse in high (H) and low (L) HDL groups. (b)
ple (1, 8), sample (2) and sample (3, 4, 5, 6, 7) respectively represent the A–T/A–T, A–T/G–A a
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promoters. Two luciferase reporter plasmidswith A–T orG–Ahaplotype
promoter were constructed, whichwere named pGL3-AT and pGL3-GA,
respectively. The reporter plasmids were co-transfected with pRL-TK
into Hela cell. As shown in Fig. 4a, the luciferase construction of pGL3-
GA reporter plasmid had significantly higher activity than pGL3-AT re-
porter plasmid (P b 0.01) (Figs. 4a, b).

3.6. c.-418T N A is the causal mutation for ABCA1 transcription activity
alteration

To find out which single SNP site mainly contributed to the transcrip-
tional activity alteration of ABCA1 gene, two single-mutant plasmids,
pGL3-AA and pGL3-GT, were constructed by site-directed mutation.
Both single-mutant plasmids had only one mutant relative to A–T haplo-
type. Luciferase analysis showed that the mutation of A–T to G–T did not
lead to change of transcriptional activity (P N 0.05), while the shift of A–T
to A–A resulted in a dramatic increase of transcriptional activity to the
level of G–A wildtype (P b 0.01) (Fig. 4a).
romatograms represented (a) SNP c.−608A b G and c.−418T b A in the ABCA1 promoter
Allele-specific PCRwas used to genotypemutations in the promoter region of ABCA1. Sam-
nd G–A/G–A.

oter affect transcription activity and plasma HDL level in pigs, Gene
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Fig. 3. (a) The plasma levels of HDL and (b) ABCA1 expression level of G–A/G–A and A–T/A–T genotypes. nGA/GA = 121, nAT/AT = 113. *P b 0.05, *P b 0.05.
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3.7. Transcription factor prediction

Transcription factors have various versatilities in the mode of inter-
action with DNA by bindingwith cis-elements most existing in the pro-
moter of genes (Tan andRichmond, 1998;Warren, 2002; Schroder et al.,
2010).Mutations of core promoter sequence can transfer different tran-
scription factors to DNA binding site and result in changeable transcrip-
tion activities. The partial promoter sequences containing the mutation
site c.-418A N T were applied to predict potential transcriptional factors
using the TFSEARCH (http://www.cbrc.jp/research/db/TFSEARCH.html)
(Heinemeyer et al., 1998) and TFBIND (http://tfbind.hgc.jp/) (Tsunoda
and Takagi, 1999) online tools. Interestingly, the two alleles at c.-418
Fig. 4. (a) Transcriptional activity analysis of pGL3-AT/GA-promoter reporter vectors, and the si
AT/GA/AA/GT-promoter constructs.

Please cite this article as: Dang, X., et al., Genetic variants in ABCA1 prom
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position resulted in binding affinities for distinct putative transcription-
al factors. The c.-418A leads to a binding site for transcriptional factors
XFD-2 and SRY, while c.-418T resulted in a putative binding affinity for
activator protein-1 (AP-1).

4. Discussion

ABCA1 plays an important role in HDL formation. It controls the rate-
limiting step in HDL particle assembly bymediating efflux of cholesterol
and phospholipid from cells to lipid-free apoA-I, which forms nascent
HDL particles (Timmins et al., 2005). It is suggested that ABCA1 may
not simply function as a conventional cell-surface receptor for apoA-I
ngle-site mutated plasmids pGL3-GT and pGL3-AA. (b) Schematic illustration of the pGL3-

oter affect transcription activity and plasma HDL level in pigs, Gene
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binding. A recent study showed thatABCA1may formadimer to interact
with apoA-I molecules, which was the key step for nascent HDL gener-
ation on the plasmamembrane (Nagata et al., 2013). Although ABCA1 is
widely expressed, the liver has the highest level of ABCA1 (Lawn et al.,
2001; Wellington et al., 2002). Hepatic ABCA1 is critical in maintaining
the plasma mature HDL particles by direct lipidation of hepatic lipid-
poor apoA-I (Timmins et al., 2005). In this study, our data showed a sig-
nificant positive correlation existed between hepatic ABCA1mRNA level
and plasmaHDL level. The result is well in accordancewith the previous
studies on the effects of hepatic overexpression or knockout of ABCA1
gene on plasma HDL levels (Vaisman et al., 2001). All of these studies,
togetherwith our result, proved that thehepatic ABCA1has amajor con-
tribution to generate HDL and is the key determinant of plasma HDL
levels.

Since ABCA1 plays a key role in the formation of HDL, functional mu-
tations in ABCA1 gene resulting in abnormal transcription or protein
malfunction could subsequently affect plasma HDL generating. For in-
stance, mutations in human ABCA1 gene that impair apoA-I mediated
cholesterol efflux from cells can result in genetic HDL deficiency
known as Tangier disease, which is characterized by extremely low
plasma levels of HDL and apo A-I, deposition of cholesteryl esters in tis-
sues, and a high prevalence of cardiovascular disease (Francis et al.,
1995). In this study, we identified twomutations in porcine ABCA1 pro-
moter with different allele distributions in high- and low-HDL cohorts.
The alleles c.-608G and c.-418A were more prevalent in high-HDL co-
horts, while c.-608A and c.-418T occurred more frequently in low-
HDL cohorts. The two SNPs were completely linked to form G–A and
A–T haplotypes in the detected population. Corresponding to the com-
parative sequencing result, G–A/G–A genotype exhibited a significantly
higher average HDL levels than A–T/A–T genotype. This could be
explained as that G–A promoter possessed higher transcriptional activ-
ity than A–T promoter, which was further proved by the analysis of
mRNA levels and luciferase transcriptional activities of the two haplo-
type promoters.

We further searched theNCBI SNPdatabase and found therewere 30
SNPs described for the 5′-region of porcine ABCA1 from c.-167 to
c.-2674. It is interesting that the c.-418T N A and c.-608A N G had
been included in these 30 SNPs which are designated as rs80992753
and rs327614440. However, the functions of the two SNPs are still un-
known. Our study firstly showed that the c.-418T N A mutation was a
functional mutation which may lead to various ABCA1 transcription
level.

SNPs in transcription factor binding site may affect the affinity of
transcription factors which lead to variation in the gene expression
(Chorley et al., 2008). Previous study showed that the organization of
transcription factor binding sites on the promoter regions can be used
as index of expression and gene discovery network (Hosseinpour
et al., 2013). Changes of the short binding sites in the promoter regions
of genes in a niche-specific manner provide the ability for bacteria to
disseminate and transit from one host niche to another (Mahdi et al.,
2014). Our results revealed that only c.-418T N A can influence tran-
scription activity. Online predictions showed that c.-418T allele
creates a putative binding site for transcription factor AP-1, while
c.-418A allele for XFD-2, SRY. We conjectured that the c.-418T N A mu-
tation in ABCA1 promoter region result in the recruitment for distinct
transcript factors, which subsequently alter the gene expression.

Previous reports had demonstrated that the inhibition of AP-1 nucle-
ar translocation coincided with the up-regulation of ABCA1 (Li et al.,
2013), while increasing AP-1 nuclear translocation was accompanied
by the decreased expression of ABCA1. Thus Ap-1 could be presumed
to be a negative regulator forABCA1 gene expression. The putative bind-
ing site for AP-1 resulting from c.-418T allele could inhibit the ABCA1
transcription activity. XFD-2was isolated from a Xenopus laevis gastrula
stage cDNA library. It is activated at midblastula transition, and mainly
expressed during blastula and gastrula stages of development (Lef
et al., 1994). SRY (for sex-determining region Y) is a Y chromosome-
Please cite this article as: Dang, X., et al., Genetic variants in ABCA1 prom
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encoded DNA-binding protein in mammalian which plays a key role
for sex determination (Sinclair et al., 1990). However, there is currently
no evidence to show that these two predicted transcription factors have
effects on plasma HDL levels directly or indirectly. Further investiga-
tions are needed to enlighten the involved molecular mechanisms.

In summary, our results showed that the c.-418A N T polymorphism
in the promoter region of ABCA1 genewas associatedwith plasma levels
of HDL in pigs. The twonatural genotypes had an allele-specific effect on
ABCA1mRNA expression and promoter activity. We concluded that in-
dividuals with G–A ABCA1 promoter had higher plasma levels of HDL
and should have a lower potential risk factors for atherosclerosis and
cardiovascular diseases.
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