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Genetic characterisitics of the individuals lead to the continuation of normal

functions of the body by realizing their effects on metabolic pathways. Aminoacid

changes that occur on the structures of the genes effective on lipid metabolism (genetic

polymorphisms) also change the functions performed by gene.

As a result of this

change, apolipoproteins in proteins related to lipoprotein metabolism often affect the

changes in receptors, enzymes, or cofactors. Such changes occurring in connection with
genetic changes are classified as primary disorders of the lipid mechanism. Changes

occurring in ATP-Binding Cassette Cholesterol Transporter (ABCA1) gene may play an

important role amongst these changes.

INTRODUCTION

Hyperlipidemia depends on concentration increase of plasma
lipoproteins. One or more lipoprotein class can be accumulated
in the blood as a result of increased synthesis or excessive blood
release to the circulation or decreased cleareance or a defect in
removal from the circulation. These changes in metabolic events
are frequently connected to the changes in apolipoproteins,
receptors, enzymes, or cofactors in proteins related to lipoprotein
methabolism. These kinds of changes arising in connection
with genetic changes are classified as primary lipid disorders.
The changes happened in ATP-Binding Cassette Cholesterol
Transporter (ABCA1) gene can play an important role amongst
these changes. Firstly, ABCA1 gene was held responsible for
the cause of Tangier disease. In this disease, a problem occurs
in cholesterol transport associated with High-density cholesterol
(HDL) between the tissue and the liver.

Mutations and alleles showing the defect in ABCA1 gene have
also been reported in family hypoalfalipoproteinemia disease.
Genetic problems in ABCA1 gene have also been reported
in patients whose HDL- cholesterol is low without classical
symptoms of Tangier disease.

Other cells, except for the cells in liver and steroidogenic
tissues, cannot metabolize the cholesterol. Instead of this, these
cells control novo cholesterol biosynthesis and cholesterol
intake through low-density cholesterol (LDL) receptor. This
mechanism is arranged in a manner that it will not allow excessive
cholesterol load in cell membrane in many cell types. Some cells,
especially macrophages, absorb cholesterol by endocytosis and

phagocytosis, but they don’t have feedback control on cholesterol
methabolism. These cells store excessive cholesterol in form of
ester and secrete them when necessary (1-3).

HDL-cholesterol takes free cholesterol from other
lipoproteins or cell membrane that has excessive cholesterol.
These precursors in form of disc partially take free cholesterol.
They are transformed from disc form to globular form by taking
the cholesterol to their structure. The enzyme that esterified
by taking free cholesterol in plasma is lecithin cholesterol acyl
transferase (LCAT). Mature globular HDL (HDL3)- cholesterol
increases its volume by also taking free cholesterol and forms
HDL2- cholesterol. HDL2- cholesterol becomes very rich in ester.
HDL- cholesterol that includes ApoE (HDL1) is found in lesser
ratio but is metabolic active. Its HDL- cholesterol in presence of
ApoE runs to LDL receptor. If HDL- cholesterol molecule does
not include ApoE, it cannot interact with LDL receptor. Apo E
is produced in liver, principally in macrophages. Apo E release
can be stimulated HDL- cholesterol and Apo A1. However, Apo E
gives positive contributions at receptor level during cholesterol
intake of HDL- cholesterol from peripheries. While Apo E4
activity in Apo E genotype is decreased, the effect of Apo E2 is
more increased (4-5).

HDL- cholesterol ensures the transfer of the lipids between
lipoproteins and cells. It takes place in the center of the event
that is known as reverse cholesterol transport. HDL- cholesterol
takes cholesterol from the cells and transfers it to the liver for
clearance or to the cells that need cholesterol. HDL3- cholesterol
is transferred to HDL2- cholesterol and then transformed to
HDL1- cholesterol. Cholesteryl ester transfer protein (CETP)
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molecule carries cholesterol ester to intermediate-density
lipoprotein (IDL)- cholesterol and chylomicron residues. Thus,
cholesterol is conveyed to the liver through VLDL-cholesterol
and chylomicron residues. Also, triglyceride is carried to HDL2-
cholesterol through CETP effect. CETP pathway is the principal
way when carrying cholesterol from HDL to the liver. Hepatic
lipase (HL) transforms HDL2-cholesterol to HDL3-cholesterol by
hydrolyzing HDL2 triglyceride. Thus, HDL2-3 cycle continues.
A sum of HDL is also taken by liver and is destroyed (6). High-
density lipoprotein (HDL) carries 1/3 of the cholesterol in
human plasma and is associated with the transport of excessive
cholesterol from the cells. It is a heterogenous and multi-
functioned molecule that regulates the transport of lipophilic
molecule and lipids between HDL lipoprotein and the tissues.
One of its most important functions is to mediate the transport of
the cholesterol from peripherical tissues to the liver for discharge
through bile (7-8).

After having combined with Apo-Al or HDL-cholesterol in
form of free cholesterol esters through LCAT enzyme, it is carried
to the liver or inside of the macrophages directly or indirectly.
HDL-cholesterol usually uses direct way for releasing HDL
cholesterol (80%). However, indirect way is used in a frequency
of 20%.

Direct way, Apo A-1 is snythesized by liver an bowel.
- Hepatocyte

-Takes cholesterol esters by interacting wiht ABCA-I on
macrophage

Figure 1 Regions where reported mutations are formed on ABC 1 gene (11).

- Contributes to phospolipid transfer protein (PLTP) HDL-2
(Newly formed HDL, pre-beta HDL).

All HDL molecule are not taken inside of the cell during
selective intake. CE (cholesterol ester) intake is not realized in
other scavenger receptor (SR) family member through binding
to the receptor. After HDL is bound to scavenger receptor class
B1 (SR-B1), an hydrophobic canal is formed for taking KE on the
surface of the cell. CE is taken from this canal to the insie of
the cell and thus HDL-cholesterol levels are preserved (9-10).
However, in other way, Apo E is taken inside of the cholesterol
cell together with HDL-cholesterol with the help of cubilin, and
HDL-cholesterol is broke up and transformed to its aminoacids.

In indirect way, other enzyme pathways such as CETP, HL,
and endothelial lipase give function. In indirect way, there is a
cholesterol change from HDL-cholesterol through triglyceride
from lipoproteins containing Apo B by CETP effect.

Macrophages, liver cells, and fibroblasts can re-secrete non
lipid lipoproteins by loading lipid on them by taking HDL and
chylomicron residuals inside the cell. This event is called as
retroendocytosis and causes problem in this part in Tanger
disease. Mutation happens in ATP binding cassette transporter
1 (ABC1) that ensures cholesterol output from the cell and as a
result of this, HDL lipoprotei levels that are rich in lipid in the
circulation are decreased. Mutation in both alleles forming ABC1
gene decreases HDL cholesterol and increases coronary artery
disorder risk. To date, mutation formed in many regions of ABC1
gene has been reported (Figure 1). ABC1 is present in many
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cells (such as liver and bowel cells). This protein not only serces
in cholesterol output from the cell but also takes an important
role in formation of HDL from the bowel and the liver. Lipid-
poor HDL precursors develop mature, lipid loaded, rounded
HDL form with the help of other apoproteins by participation
of phopholipids and formation of cholesterol esterified from
cholesterol that is not esterified through LCAT from lipoproteins
containing Apo-B. Small HDL3 molecules are intial form, and
through LCAT esterification of the cholesterol and removal
and addition of remnants from the surface of lipoproteins rich
in triglyceride of other HDL3 molecules, HDL2 molecules are
formed. Lipid and proteint content of HDL is cleaned from
the circulation in two ways. The first way is formed by intake
of lipids together with Apo E or Apo Al through Sr (scavenger
receptor)-B1. However, other way is indiract pathway related to
CETP, HL, and endothelial lipase. HDL3 is formed as a result of
intake from the lipids from HDL2 by SR-B1, CETP, and HL. The
transformation of HDL3 to HDL2 is realized by PLTP, and at this
time, ApoA-I without lipid is re-formed by pre-b1l-Lpa-I These
small apolipoproteins can easily exit to the outside of the vessel
and contribute to HDL formation again or serve as cellular lipid
receptors. These small particules in kidneys are discharged
from plasma as fitler. Receive of Apo Al from proximal tubule is
realized through cubilin.

ATP-BINDING CASSETTE (ABC) FAMILY

Luciani and collagues were defined ABC transporter family
for the first time in 1994. ATP-binding cassette (ABC) genes
encode a large family of transmembrane proteins. These proteins
bind ATP in order to control the transition of different molecules
from cell membranes (12). These proteins contain nucleotide
binding flexions/loops (NBFs) depending on the organization
and sequence of the region binding ATP. NBFs loops contain
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characteristic motifs (Walker A and B), these diverge by 90-
102 aminoacids and are bind to all ATP binding proteins. ABC
genes carry C motif mark additionally and this is found at upper
parts of Walker B. Functionally it contains two NBFs and two
transmembrane proteins (TM). Transmembrane protein indexes
are specified for 6-11 membrane cavity alfa helical structure
(Figure 2). NBFs part is localized in cytoplasm and provides
energy flow for membrane substrat transfer. ABC pumps are
mostly single sided. They play role in intake of components
(sugar, vitamins, and metal ions) that cannot pass into the cell
through diffusion. Many ABC genes in eukaryotes are associated
with substance transmit to the outside of the cell or the inside
of cytoplasm from organelles [endoplasmic reticulum (ER),
mitochondria, and peroxisome] (13-14).

Eukaryotic ABC genes include two pieces of TM and two
pieces of NBF or half of them. ABC genes are largely found in
eukaryote genoms and continue their functions beginning from
early steps of the eukaryote development. This gene family
is structurally divided into two sub groups (semi and full
transporters). All human and rat ABC genes are developed by
ABC gene researchers and are classified as standard by Human
www.gene.ucl.ac.uk/nomenclature/genefamily/abc.html  site.
All ABC genes present in human are shown at this site. Liver X
receptors (LXRs) are nuclear receptors obtained by cDNA in
liver cell. They cause the formation of different transcriptional
proteins when they are bound to the target (15). Later on, they
are mentioned as “oxysterol receptors”. By behaving as a sensor
in excess cholesterol formed in the body;

1) They inhibit cholesterol absorption from the bowel

2) They stimulate cholesterol output to HDL apolipoprotein
through ABCA1 and ABCG1

3) They activate the transformation of the cholesterol in liver
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Figure 2 Regions where reported mutations are formed on ABC 1 gene (11).
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to bile acid

4) They activate the discharge of bile acids and biliary
cholesterol

ABCA (ABC1)

Human contains 12 pieces of full transporter as ABCA sub-
type. These are divided 2 subgroups based on intron structure
and phylogenetic analysis. The first group contains 7 genes in 6
different chromosomes (ABCA1, ABCA2, ABCA3, ABCA4, ABCA7,
ABCA12, ABCA13). On the other hand, the second group includes
5 genes aggregated on 17q24 chromosome ( ABCA5, ABCAS,
ABCA8, ABCA9, ABCA10). ABCA subgroup represents a large
group in 2100 aminoacid length of ABC genes. Second member of
this family ABCA 1 and ABCA4 (ABCR) proteins have largely took
place in studies. ABCA1 protein takes charge in HDL biosynthesis
and cholesterol transport. ABCA4 protein is responsible for
the transport of Vitamin A molecules at outer segments of rod
photoreceptor cells that are an important step on visual cycle
(11). ABCA1 gene is localized at 9q3 and 4 in human and rat
genoms (16). ABCAL1 gene is held responsible for the cause of
Tangier disease. A problem happens in cholesterol transport
depending on HDL between the tissue and the liver (9-10, 17-19).
Mutations and alleles showing disorders in ABCA1 gene have also
been reported for familial hypoalphalipoproteinemia disease
(20). Genetic problems in ABCA1 gene have also been reported
in patients with low HDI without classical symptoms of Tangier
disease (21).

ABCAL1 is responsinle for the transfer of these molecules to
phospholipid and cholesterol receptors outside the cell. Lipid
content of the membrane depends on ABCA1 and lateral wall is
affected by plasticity and viscocity of membrane proteins and
lipids. ABCA1 also takes charge effectively in the absorption of
apoptotic materials (22-29).

The expression of ABCA1 is induced by sterol, nuclear hormon
receptors, oxysterol receptors (LXR), bile acid receptors (FXR),
and retinoic X heterodimers (30). It includes multple binding
regions for binding transcription factors that are effective in lipid
metabolism of promotor chain region (32-34).

In vitro liver X receptor agonists also inhibit prostate and
breast cancer cell increase. LXR agonists causes p27 (kip)
accumulation and G1 cycle insufficiency by decreasing Skp2
expression. At the same time, they hinder tumor progression
by increasing ABCA1 expression in androgen dependent
prostate tumors differently from androgen independent
tumors. Phytosterols have been lately shown as LXR agonist as
vegetal equivalent of mammal cholesterol. Betaacytosterol and
campesterol (most frequently found two phytosterols) inhibit
breast and prostate cancer increase. Anti-cancer activity of
phytosterols may be related with the stimulation of LXR signal
pathway (34).

Impairments in rat ABCA1 gene are associated with low HDL
levels and accumulation of the cholesterol in tissues (35, 36).
There is a defect in cholesterol transport from golgi apparatus
to plasma membrane in analyses of ABCA1 _/_ performed in rats
(35). On the other hand, cholesterol secretion to the inside of the
bile in these rats are completely normal (37).

The event of cholesterol transport from artery wall or other
tissues is known as “reverse cholesterol transport”. Recently,
apolipoprotein A-1 (apoA-I, the main protein structure of HDL)
and initial lipidation of other apolipoproteins are ATP-binding
cassette transporter Al (ABCA1) system that is membrane
lipid transporter and this system is speed limiting step in HDL
fragment formation. Initial lipidation of HDL apolipoproteins
affected by ABCA1 and vesicular transport system in many cells
have not been understood yet and carry potential therapeutic
importance. Niemann-Pick type C1 protein (NPC1) that is
another protein and responsible for intracellular lipid transfer
mutated in most of patients with niemann-Pick type C disease that
is fatal neurodegenerative disorder. Mechanism of action of this
protein could not be understood yet, but it is associated with the
transport of the cholesterol from late endosome and lysosomes
to other cell compartments. It is found in recent studies that
there was a problem in lipid transport to ApoA-1 and regulation
of ABCA1. At the same study, it is shown that there was an
interaction between NPC1 and ABCA1 in cells with NPC disorder
and that these two molecules realized arrangement of cholesterol
transport together in the same study (38). Macrophage cells also
express ABCG1 additionally to BCA1 (39-40). These enter into
relation with ABCG1 lipid poor pref3-HDL molecules, contrary to
ABCA1. ABCG1 shows effect by decreasing cellular cholesterol
transport, large spherical HDL, and HDL, molecules (41-42).
For proper operation of reverse cholesterol transport, ABCA1
and ABCG1 need to operate synergistically (43). ABCA1 is also
expressed in testis with the same elevation it has in the liver (44),
this expression affects testicular cholesterol transport seperately
from the circulation (45). Strong links in testis capillaries serve
as a barrier in interstitium and leydig cell trannsition of plasma
proteins (46).

ABCA2

Human ABCA2 protein is a molecule containing 2436
aminoacid and having the weight of 250 kDa (47). ABCA2
chromosome is localized at 9q and is associated with cholesterol
efflux. Protein structure of ABCA2 resembles to that of ABCAL.
Two symmetric proteins and a long cytoplasmic hydrophobic
index between them take place in this structure. This long
structure is embedded in cytoplasm (48). ABCA2 thatis expressed
in brain tissue have a different characteristic in its protein family
with its characteristic. ABCA2 is localized in lysosomes and plays
role in neuronal lipid transport (49). Promoter area of this gene
is of importance as an important region in neural development
phase, differentiation, and macrophage activation (48).

ABCA3

ABCA3 gene was cloned from human medullary cancer cell
index in 1996. it resembles to ABCA1 and ABCA2 structurally. It
is localized at chromosome 16p13, includes 1704-aminoacid, and
its molecular weight is approximately 150kDa (50-51). ABCA3 is
especially expressed in alveolar cells of type II in lungs. ABCA3
forms structures in shape of ring inside cytosol by using specific
antibody in studies that are performed, and lamellar substances
concentrate particularly in the membrane (52). Lamellar
substances are the packages resembling dense liysosome that
store pulmonary surfactant mixed with phospholipid and
protein. These decrease the pressure in air-liquid contact point.
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Surfactant secretion plays an important role in orientation of
lungs from liquid environment to air environment in birth.

ABCA5

ABCAS protein shows maximal 42% of similarity to protein
structures forming 17924 chromosome. Therefore, it has an
important characteristic among other members (53). Human
ABCA5 protein carries 1642 aminoacids and has a weight of
approximately 183 kDa. Recently, ABCA5 mRNA expression has
been shown in Leydig cells where the testosterone is produced.
Apart from that, it has been shown that most of these patinents
die when they reach at their adulthood as a result of diseases
involving lysosomal dysfunction of the tissues expressing ABCA5
(54).

ABCA6

Human ABCAG6 protein contains 1617 aminoacid and carries
a fully classical ABC transpoerter structure with the weight of
160 kDa (55). In humans, ABCA6 is expressed in different tissues
(liver, lungs, heart, brain, and ovaries). It is shown that it is up-
regulated during counter response to cholesterol concentration
and macrophage differentiation (56). Therefore, it is thought
that this protein plays an important role in macrophage lipid
transport of this protein.

ABCAS8

Human ABCA8 protein contains 1581 aminoacids and has
a complete ABC transporter structure. It is thought that it is
responsible for drug transport dependent on ATPaz and it has a
substrate affinity very close to multidrug resistance-associated
protein 2 (MRP2; ABCC2) (57-58). ABCA8is expressed in differen
mRNA tissues (liver, heart, muscle).

The ABCA1 has become a new therapeutic target for
developing drugs designed for clearing cholesterol from arterial
macrophages and preventing CVD. As example, prevention of
oxidative damage to apolipoproteins in the vasculary wall could
also be an important therapeutic focus for accelerating the
ABCA1 pathway. Some factors that are elevated in individuals
with MetS and diabetes, including fatty acids and glycoxidation
end products, destabilize ABCA1 in experimental studies,
increasing the possibility that damaged ABCA1 contributes
to the rised CVD (59). Ibrolipim is a lipoprotein lipase (LPL)
activator (60). In previously studies that ibrolipim increases
lipoprotein lipase (LPL) messenger RNA in different tissues and
LPL activity in post-heparin plasma, resulting in a reduction in
triglyceride levels and rise of HDL-cholesterol. Some researchers
showed that increasing LPL activity in skeletal muscle results
in decreased fat accumulation, and long-term administration of
ibrolipim protects against the development of atherosclerosis as
experimental (61-62). ABCAl-activating drugs have the potential
to mobilize cholesterol from macrophages of atherosclerotic
lesions, making them powerful agents for preventing and
reversing cardiovascular disease.

REFERENCES

1. Brown MS, Goldstein JL. A proteolytic pathway that controls the
cholesterol content of membranes, cells, and blood. Proc Natl Acad Sci
USA.1999; 96: 11041-11048.

2. Osborne TF. Sterol regulatory element-binding proteins (SREBPs):
key regulators of nutritional homeostasis and insulin action. ] Biol
Chem. 2000; 275: 32379-32382.

3. Osterud B, Bjorklid E. Role of monocytes in atherogenesis. Physiol
Rev. 2003; 83: 1069-1112.

4. St Clair RW, Beisiegel U. What do all the apolipoprotein E receptors
do? Curr Opin Lipidol. 1997; 8: 243-245.

5. Fruchart JC, Duriez P. High density lipoproteins and coronary heart
disease. Future prospects in gene therapy. Biochimie. 1998; 80: 167-
172.

6. Ginsberg HN. Lipoprotein physiology. Endocrinol Metab Clin North
Am. 1998; 27: 503-519.

7. Rothblat GH, Phillips MC. Cholesterol efflux: mechanism and
regulation. Adv Exp Med Biol. 1986; 201: 195-204.

8. Oram JF, Yokoyama S. Apolipoprotein-mediated removal of cellular
cholesterol and phospholipids. ] Lipid Res. 1996; 37: 2473-2491.

9. de Beer MC, Durbin DM, Cai L, Mirocha N, Jonas A, Webb NR, et al.
Apolipoprotein A-II modulates the binding and selective lipid uptake
of reconstituted high density lipoprotein by scavenger receptor BI. ]
Biol Chem. 2001; 276: 15832-15839.

10.Acton SL, Kozarsky KF, Rigotti A. The HDL receptor SR-Bl: a new
therapeutic target for atherosclerosis? Mol Med Today. 1999; 5: 518-
524.

11.Broccardo C, Luciani M, Chimini G. The ABCA subclass of mammalian
transporters. Biochim Biophys Acta. 1999; 1461: 395-404.

12.Luciani MF, Chimini G. The ATP binding cassette transporter ABC1,
is required for the engulfment of corpses generated by apoptotic cell
death. EMBO J. 1996; 15: 226-235.

13.Gedeon C, Behravan ], Koren G, Piquette-Miller M. Transport of
glyburide by placental ABC transporters: implications in fetal drug
exposure. Placenta. 2006; 27: 1096-1102.

14.Jones PM, George AM. The ABC transporter structure and mechanism:
perspectives on recent research. Cell Mol Life Sci. 2004; 61: 682-699.

15.]amroz-WiA>niewska A, WA3jcicka G, Horoszewicz K, BeA,towski ].
Liver X receptors (LXRs). Part II: non-lipid effects, role in pathology,
and therapeutic implications. Postepy Hig Med Dosw (Online). 2007;
61:760-785.

16.Temel RE, Trigatti B, DeMattos RB, Azhar S, Krieger M, Williams DL. et
al. Scavenger receptor class B, type I (SR-BI) is the major route for the
delivery of high density lipoprotein cholesterol to the steroidogenic
pathway in cultured mouse adrenocortical cells. Proc Natl Acad Sci U
S A.1997;94:13600-13605.

17.Brousseau ME, O’Connor J] Jr, Ordovas JM, Collins D, Otvos JD, Massov
T, et al. Cholesteryl ester transfer protein Taql B2B2 genotype is
associated with higher HDL cholesterol levels and lower risk of
coronary heart disease end points in men with HDL deficiency:
Veterans Affairs HDL Cholesterol Intervention Trial. Arterioscler
Thromb Vasc Biol. 2002; 22: 1148-1154.

18.Cockerill GW, Rye KA, Gamble JR, Vadas MA, Barter P]. High-density
lipoproteins inhibit cytokine-induced expression of endothelial cell
adhesion molecules. Arterioscler Thromb Vasc Biol. 1995; 15: 1987-
1994.

19.Havel RJ, Kane JP. Introduction: structure and metabolism of plasma
lipoproteins. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The
Metabolic and Molecular Bases of Inherited Disease. 7th ed. New York:
McGraw-Hill; 1995:1841-1851.

20.Tall AR. Plasma cholesteryl ester transfer protein. ] Lipid Res. 1993;
34:1255-1274.

J Endocrinol Diabetes Obes 1(2): 1011 (2013)

5/7


http://www.ncbi.nlm.nih.gov/pubmed/10500120
http://www.ncbi.nlm.nih.gov/pubmed/10500120
http://www.ncbi.nlm.nih.gov/pubmed/10500120
http://www.ncbi.nlm.nih.gov/pubmed/10934219
http://www.ncbi.nlm.nih.gov/pubmed/10934219
http://www.ncbi.nlm.nih.gov/pubmed/10934219
http://www.ncbi.nlm.nih.gov/pubmed/14506301
http://www.ncbi.nlm.nih.gov/pubmed/14506301
http://www.ncbi.nlm.nih.gov/pubmed/9335946
http://www.ncbi.nlm.nih.gov/pubmed/9335946
http://www.ncbi.nlm.nih.gov/pubmed/9587674
http://www.ncbi.nlm.nih.gov/pubmed/9587674
http://www.ncbi.nlm.nih.gov/pubmed/9587674
http://www.ncbi.nlm.nih.gov/pubmed/9785050
http://www.ncbi.nlm.nih.gov/pubmed/9785050
http://www.ncbi.nlm.nih.gov/pubmed/3099553
http://www.ncbi.nlm.nih.gov/pubmed/3099553
http://www.ncbi.nlm.nih.gov/pubmed/9017501
http://www.ncbi.nlm.nih.gov/pubmed/9017501
http://www.ncbi.nlm.nih.gov/pubmed/11279034
http://www.ncbi.nlm.nih.gov/pubmed/11279034
http://www.ncbi.nlm.nih.gov/pubmed/11279034
http://www.ncbi.nlm.nih.gov/pubmed/11279034
http://www.ncbi.nlm.nih.gov/pubmed/10562717
http://www.ncbi.nlm.nih.gov/pubmed/10562717
http://www.ncbi.nlm.nih.gov/pubmed/10562717
http://www.ncbi.nlm.nih.gov/pubmed/10581369
http://www.ncbi.nlm.nih.gov/pubmed/10581369
http://www.ncbi.nlm.nih.gov/pubmed/8617198
http://www.ncbi.nlm.nih.gov/pubmed/8617198
http://www.ncbi.nlm.nih.gov/pubmed/8617198
http://www.ncbi.nlm.nih.gov/pubmed/16460798
http://www.ncbi.nlm.nih.gov/pubmed/16460798
http://www.ncbi.nlm.nih.gov/pubmed/16460798
http://www.ncbi.nlm.nih.gov/pubmed/15052411
http://www.ncbi.nlm.nih.gov/pubmed/15052411
http://www.ncbi.nlm.nih.gov/pubmed/18063919
http://www.ncbi.nlm.nih.gov/pubmed/18063919
http://www.ncbi.nlm.nih.gov/pubmed/18063919
http://www.ncbi.nlm.nih.gov/pubmed/18063919
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9391072
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9391072
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9391072
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9391072
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9391072
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12117730
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12117730
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12117730
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12117730
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12117730
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12117730
http://www.ncbi.nlm.nih.gov/pubmed/7583580
http://www.ncbi.nlm.nih.gov/pubmed/7583580
http://www.ncbi.nlm.nih.gov/pubmed/7583580
http://www.ncbi.nlm.nih.gov/pubmed/7583580
mailto:http://nurse-practitioners-and-physician-assistants.advanceweb.com/Article/References-for-Atherogenic-Dyslipidemia.aspx
mailto:http://nurse-practitioners-and-physician-assistants.advanceweb.com/Article/References-for-Atherogenic-Dyslipidemia.aspx
mailto:http://nurse-practitioners-and-physician-assistants.advanceweb.com/Article/References-for-Atherogenic-Dyslipidemia.aspx
mailto:http://nurse-practitioners-and-physician-assistants.advanceweb.com/Article/References-for-Atherogenic-Dyslipidemia.aspx
http://www.ncbi.nlm.nih.gov/pubmed/8409761
http://www.ncbi.nlm.nih.gov/pubmed/8409761

Karadeniz (2013)
Email: muammerkaradenis@gmail.com

@SCiMedCentra]

21.Steinberg D. A docking receptor for HDL cholesterol esters. Science.
1996; 271: 460-461.

22.Arnould I, Schriml L, Prades C, et al. Identification and characterization
of a cluster of five new ATP-binding cassette transporter genes on
human chromosome 17q24: a new sub-group within the ABCA sub-
family. GeneScreen 2001; 1:157-164.

23.Luciani MF, Denizot F, Savary S, Mattei MG, Chimini G. Cloning of two
novel ABC transporters mapping on human chromosome 9. Genomics.
1994; 21: 150-159.

24.Bodzioch M, Orsé E, Klucken ], Langmann T, Bottcher A, Diederich
W, et al. The gene encoding ATP-binding cassette transporter 1 is
mutated in Tangier disease. Nat Genet. 1999; 22: 347-351.

25.Brooks-Wilson A, Marcil M, Clee SM, Zhang LH, Roomp K, van Dam M,
et al. Mutations in ABC1 in Tangier disease and familial high-density
lipoprotein deficiency. Nat Genet. 1999; 22: 336-345.

26.Rust S, Rosier M, Funke H, Real ], Amoura Z, Piette ]JC, et al. Tangier
disease is caused by mutations in the gene encoding ATP-binding
cassette transporter 1. Nat Genet. 1999; 22: 352-355.

27.Remaley AT, Rust S, Rosier M, Knapper C, Naudin L, Broccardo C,
et al. Human ATP-binding cassette transporter 1 (ABC1): genomic
organization and identification of the genetic defect in the original
Tangier disease kindred. Proc Natl Acad Sci U S A. 1999; 96: 12685-
12690.

28.Young SG, Fielding C]. The ABCs of cholesterol efflux. Nat Genet. 1999;
22:316-318.

29.Marcil M, Brooks-Wilson A, Clee SM, Roomp K, Zhang LH, Yu L, et al.
Mutations in the ABC1 gene in familial HDL deficiency with defective
cholesterol efflux. Lancet. 1999; 354: 1341-1346.

30.Ishii ], Nagano M, Kujiraoka T, Ishihara M, Egashira T, Takada D, et al.
Clinical variant of Tangier disease in Japan: mutation of the ABCA1
gene in hypoalphalipoproteinemia with corneal lipidosis. ] Hum
Genet. 2002; 47: 366-369.

31.Santamarina-Fojo S, Peterson K, Knapper C, Qiu Y, Freeman L, Cheng
JF, et al. Complete genomic sequence of the human ABCA1 gene:
analysis of the human and mouse ATP-binding cassette A promoter.
Proc Natl Acad Sci U S A. 2000; 97: 7987-7992.

32.Pullinger CR, Hakamata H, Duchateau PN, Eng C, Aouizerat BE, Cho
MH, et al. Analysis of hABC1 gene 5’ end: additional peptide sequence,
promoter region, and four polymorphisms. Biochem Biophys Res
Commun. 2000; 271: 451-455.

33.Santamarina-Fojo S, Peterson K, Knapper C, Qiu Y, Freeman L, Cheng
JF, et al. Complete genomic sequence of the human ABCA1 gene:
analysis of the human and mouse ATP-binding cassette A promoter.
Proc Natl Acad Sci U S A. 2000; 97: 7987-7992.

34.Clee SM, Kastelein JJ, van Dam M, Marcil M, Roomp K, Zwarts KY, et al.
Age and residual cholesterol efflux affect HDL cholesterol levels and
coronary artery disease in ABCA1 heterozygotes. ] Clin Invest. 2000;
106: 1263-1270.

35.0rs6 E, Broccardo C, Kaminski WE, Bottcher A, Liebisch G, Drobnik W,
et al. Transport of lipids from golgi to plasma membrane is defective
in tangier disease patients and Abc1-deficient mice. Nat Genet. 2000;
24:192-196.

36.McNeish ], Aiello R], Guyot D, Turi T, Gabel C, Aldinger C, et al. High
density lipoprotein deficiency and foam cell accumulation in mice
with targeted disruption of ATP-binding cassette transporter-1. Proc
Natl Acad Sci U S A. 2000; 97: 4245-4250.

37.Groen AK, Bloks VW, Bandsma RH, Ottenhoff R, Chimini G, Kuipers F,
etal. Hepatobiliary cholesterol transport is not impaired in Abcal-null
mice lacking HDL. ] Clin Invest. 2001; 108: 843-850.

38.Dai XY, Ou X, Hao XR, Cao DL, Tang YL, Hu YW, et al. The effect of
T0901317 on ATP-binding cassette transporter Al and Niemann-Pick
type C1 in apoE-/- mice. ] Cardiovasc Pharmacol. 2008; 51: 467-475.

39.Le Lay S, Robichon C, Le Liepvre X, Dagher G, Ferre P, Dugail 1.
Regulation of ABCA1 expression and cholesterol efflux during adipose
differentiation of 3T3-L1 cells. ] Lipid Res. 2003; 44: 1499-1507.

40.Cenarro A, Artieda M, Castillo S, Mozas P, Reyes G, Tejedor D, et al. A
common variant in the ABCA1 gene is associated with a lower risk for
premature coronary heart disease in familial hypercholesterolaemia.
] Med Genet. 2003; 40: 163-168.

41.Benton]L, Ding], Tsai MY, Shea S, Rotter ]I, Burke GL, etal. Associations
between two common polymorphisms in the ABCA1l gene and
subclinical atherosclerosis: Multi-Ethnic Study of Atherosclerosis
(MESA). Atherosclerosis. 2007; 193: 352-360.

42.0rdovas JM. HDL genetics: candidate genes, genome wide scans and
gene-environment interactions. Cardiovasc Drugs Ther. 2002; 16:
273-281.

43.Lutucuta S, Ballantyne CM, Elghannam H, Gotto AM Jr, Marian AJ.
Novel polymorphisms in promoter region of atp binding cassette
transporter gene and plasma lipids, severity, progression, and
regression of coronary atherosclerosis and response to therapy. Circ
Res. 2001; 88: 969-973.

44.Wellington CL, Walker EK, Suarez A, Kwok A, Bissada N, Singaraja R,
etal. ABCA1 mRNA and protein distribution patterns predict multiple
different roles and levels of regulation. Lab Invest. 2002; 82: 273-283.

45.Lawn RM, Wade DP, Couse TL, Wilcox JN. Localization of human ATP-
binding cassette transporter 1 (ABC1) in normal and atherosclerotic
tissues. Arterioscler Thromb Vasc Biol. 2001; 21: 378-385.

46.Pelletier RM, Byers SW. The blood-testis barrier and Sertoli cell
junctions: structural considerations. Microsc Res Tech. 1992; 20: 3-33.

47.Vulevic B, Chen Z, Boyd ]JT, Davis W Jr, Walsh ES, Belinsky MG, et al.
Cloning and characterization of human adenosine 5’-triphosphate-
binding cassette, sub-family A, transporter 2 (ABCA2). Cancer Res.
2001; 61: 3339-3347.

48.Broccardo C, Nieoullon V, Amin R, Masmejean F, Carta S, Tassi S, et al.
ABCA?2 is a marker of neural progenitors and neuronal subsets in the
adult rodent brain. ] Neurochem. 2006; 97: 345-355.

49.Zhao LX, Zhou CJ, Tanaka A, Nakata M, Hirabayashi T, Amachi T, et
al. Cloning, characterization and tissue distribution of the rat ATP-
binding cassette (ABC) transporter ABC2/ABCA2. Biochem ]. 2000;
350 Pt 3: 865-872.

50.Kaminski WE, Piehler A, Piillmann K, Porsch-Ozcilirtimez M, Duong
C, Bared GM, et al. Complete coding sequence, promoter region,
and genomic structure of the human ABCA2 gene and evidence for
sterol-dependent regulation in macrophages. Biochem Biophys Res
Commun. 2001; 281: 249-258.

51.Klugbauer N, Hofmann F. Primary structure of a novel ABC transporter
with a chromosomal localization on the band encoding the multidrug
resistance-associated protein. FEBS Lett. 1996; 391: 61-65.

52.Connors TD, Van Raay TJ, Petry LR, Klinger KW, Landes GM, Burn TC.
The cloning of a human ABC gene (ABC3) mapping to chromosome
16p13.3. Genomics. 1997; 39: 231-234.

53.Kaminski WE, Wenzel J], Piehler A, Langmann T, Schmitz G. ABCAS6,
a novel a subclass ABC transporter. Biochem Biophys Res Commun.
2001; 285: 1295-1301.

54.Kaminski WE, Orso E, Diederich W, Klucken ], Drobnik W, Schmitz G.
Identification of a novel human sterol-sensitive ATP-binding cassette
transporter (ABCA7). Biochem Biophys Res Commun. 2000; 273: 532-
538.

J Endocrinol Diabetes Obes 1(2): 1011 (2013)

6/7


http://www.ncbi.nlm.nih.gov/pubmed/8560256
http://www.ncbi.nlm.nih.gov/pubmed/8560256
http://www.ncbi.nlm.nih.gov/pubmed/8088782
http://www.ncbi.nlm.nih.gov/pubmed/8088782
http://www.ncbi.nlm.nih.gov/pubmed/8088782
http://www.ncbi.nlm.nih.gov/pubmed/10431237
http://www.ncbi.nlm.nih.gov/pubmed/10431237
http://www.ncbi.nlm.nih.gov/pubmed/10431237
http://www.ncbi.nlm.nih.gov/pubmed/10431236
http://www.ncbi.nlm.nih.gov/pubmed/10431236
http://www.ncbi.nlm.nih.gov/pubmed/10431236
http://www.ncbi.nlm.nih.gov/pubmed/10431238
http://www.ncbi.nlm.nih.gov/pubmed/10431238
http://www.ncbi.nlm.nih.gov/pubmed/10431238
http://www.ncbi.nlm.nih.gov/pubmed/10535983
http://www.ncbi.nlm.nih.gov/pubmed/10535983
http://www.ncbi.nlm.nih.gov/pubmed/10535983
http://www.ncbi.nlm.nih.gov/pubmed/10535983
http://www.ncbi.nlm.nih.gov/pubmed/10535983
http://www.ncbi.nlm.nih.gov/pubmed/10431227
http://www.ncbi.nlm.nih.gov/pubmed/10431227
http://www.ncbi.nlm.nih.gov/pubmed/10533863
http://www.ncbi.nlm.nih.gov/pubmed/10533863
http://www.ncbi.nlm.nih.gov/pubmed/10533863
http://www.ncbi.nlm.nih.gov/pubmed/12111371
http://www.ncbi.nlm.nih.gov/pubmed/12111371
http://www.ncbi.nlm.nih.gov/pubmed/12111371
http://www.ncbi.nlm.nih.gov/pubmed/12111371
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/10799318
http://www.ncbi.nlm.nih.gov/pubmed/10799318
http://www.ncbi.nlm.nih.gov/pubmed/10799318
http://www.ncbi.nlm.nih.gov/pubmed/10799318
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/10884428
http://www.ncbi.nlm.nih.gov/pubmed/11086027
http://www.ncbi.nlm.nih.gov/pubmed/11086027
http://www.ncbi.nlm.nih.gov/pubmed/11086027
http://www.ncbi.nlm.nih.gov/pubmed/11086027
http://www.ncbi.nlm.nih.gov/pubmed/10655069
http://www.ncbi.nlm.nih.gov/pubmed/10655069
http://www.ncbi.nlm.nih.gov/pubmed/10655069
http://www.ncbi.nlm.nih.gov/pubmed/10655069
http://www.ncbi.nlm.nih.gov/pubmed/10760292
http://www.ncbi.nlm.nih.gov/pubmed/10760292
http://www.ncbi.nlm.nih.gov/pubmed/10760292
http://www.ncbi.nlm.nih.gov/pubmed/10760292
http://www.ncbi.nlm.nih.gov/pubmed/11560953
http://www.ncbi.nlm.nih.gov/pubmed/11560953
http://www.ncbi.nlm.nih.gov/pubmed/11560953
http://www.ncbi.nlm.nih.gov/pubmed/18437096
http://www.ncbi.nlm.nih.gov/pubmed/18437096
http://www.ncbi.nlm.nih.gov/pubmed/18437096
http://www.ncbi.nlm.nih.gov/pubmed/12754274
http://www.ncbi.nlm.nih.gov/pubmed/12754274
http://www.ncbi.nlm.nih.gov/pubmed/12754274
http://www.ncbi.nlm.nih.gov/pubmed/12624133
http://www.ncbi.nlm.nih.gov/pubmed/12624133
http://www.ncbi.nlm.nih.gov/pubmed/12624133
http://www.ncbi.nlm.nih.gov/pubmed/12624133
http://www.ncbi.nlm.nih.gov/pubmed/16879828
http://www.ncbi.nlm.nih.gov/pubmed/16879828
http://www.ncbi.nlm.nih.gov/pubmed/16879828
http://www.ncbi.nlm.nih.gov/pubmed/16879828
http://www.ncbi.nlm.nih.gov/pubmed/12652095
http://www.ncbi.nlm.nih.gov/pubmed/12652095
http://www.ncbi.nlm.nih.gov/pubmed/12652095
http://www.ncbi.nlm.nih.gov/pubmed/11349008
http://www.ncbi.nlm.nih.gov/pubmed/11349008
http://www.ncbi.nlm.nih.gov/pubmed/11349008
http://www.ncbi.nlm.nih.gov/pubmed/11349008
http://www.ncbi.nlm.nih.gov/pubmed/11349008
http://www.ncbi.nlm.nih.gov/pubmed/11896206
http://www.ncbi.nlm.nih.gov/pubmed/11896206
http://www.ncbi.nlm.nih.gov/pubmed/11896206
http://www.ncbi.nlm.nih.gov/pubmed/11231917
http://www.ncbi.nlm.nih.gov/pubmed/11231917
http://www.ncbi.nlm.nih.gov/pubmed/11231917
http://www.ncbi.nlm.nih.gov/pubmed/1611148
http://www.ncbi.nlm.nih.gov/pubmed/1611148
http://www.ncbi.nlm.nih.gov/pubmed/11309290
http://www.ncbi.nlm.nih.gov/pubmed/11309290
http://www.ncbi.nlm.nih.gov/pubmed/11309290
http://www.ncbi.nlm.nih.gov/pubmed/11309290
http://www.ncbi.nlm.nih.gov/pubmed/16539677
http://www.ncbi.nlm.nih.gov/pubmed/16539677
http://www.ncbi.nlm.nih.gov/pubmed/16539677
http://www.ncbi.nlm.nih.gov/pubmed/10970803
http://www.ncbi.nlm.nih.gov/pubmed/10970803
http://www.ncbi.nlm.nih.gov/pubmed/10970803
http://www.ncbi.nlm.nih.gov/pubmed/10970803
http://www.ncbi.nlm.nih.gov/pubmed/11178988
http://www.ncbi.nlm.nih.gov/pubmed/11178988
http://www.ncbi.nlm.nih.gov/pubmed/11178988
http://www.ncbi.nlm.nih.gov/pubmed/11178988
http://www.ncbi.nlm.nih.gov/pubmed/11178988
http://www.ncbi.nlm.nih.gov/pubmed/8706931
http://www.ncbi.nlm.nih.gov/pubmed/8706931
http://www.ncbi.nlm.nih.gov/pubmed/8706931
http://www.ncbi.nlm.nih.gov/pubmed/9027511
http://www.ncbi.nlm.nih.gov/pubmed/9027511
http://www.ncbi.nlm.nih.gov/pubmed/9027511
http://www.ncbi.nlm.nih.gov/pubmed/11478798
http://www.ncbi.nlm.nih.gov/pubmed/11478798
http://www.ncbi.nlm.nih.gov/pubmed/11478798
http://www.ncbi.nlm.nih.gov/pubmed/10873640
http://www.ncbi.nlm.nih.gov/pubmed/10873640
http://www.ncbi.nlm.nih.gov/pubmed/10873640
http://www.ncbi.nlm.nih.gov/pubmed/10873640

@SCiMedCentra]

Karadeniz (2013)
Email: muammerkaradenis@gmail.com

55.Petry F, Kotthaus A, Hirsch-Ernst KI. Cloning of human and rat ABCA5/
Abca5 and detection of a human splice variant. Biochem Biophys Res
Commun. 2003; 300: 343-350.

56.Petry F, Ritz V, Meineke C, et al. Subcellular localisation of rAbca5, a
rat ATP-binding cassette transporter expressed in Leydig cells, and
characterisation of its splice variant apparently encoding a half-
transporter. Biochem ] 2005; 393 (Pt 1):79-87

57.Islam TC, Asplund AC, Lindvall JM, Nygren L, Liden ], Kimby E, et al.
High level of cannabinoid receptor 1, absence of regulator of G protein
signalling 13 and differential expression of Cyclin D1 in mantle cell
lymphoma. Leukemia. 2003; 17: 1880-1890.

58.Graff CL, Pollack GM. Drug transport at the blood-brain barrier and the
choroid plexus. Curr Drug Metab. 2004; 5: 95-108.

59.Tang C, Oram JF. The cell cholesterol exporter ABCA1 as a protector
from cardiovascular disease and diabetes. Biochim Biophys Acta.
2009; 1791: 563-572.

Cite this article

60.Tsutsumi K, Inoue Y, Shima A, Iwasaki K, Kawamura M, Murase T, et
al. The novel compound NO-1886 increases lipoprotein lipase activity
with resulting elevation of high density lipoprotein cholesterol, and
long-term administration inhibits atherogenesis in the coronary
arteries of rats with experimental atherosclerosis. ] Clin Invest. 1993;
92:411-417.

61.Kusunoki M, Hara T, Tsutsumi K, Nakamura T, Miyata T, Sakakibara
F, et al. The lipoprotein lipase activator, NO-1886, suppresses fat
accumulation and insulin resistance in rats fed a high-fat diet.
Diabetologia. 2000; 43: 875-880.

62.Zhang C, Yin W, Liao D, Huang L, Tang C, Tsutsumi K, et al. NO-1886
upregulates ATP binding cassette transporter Al and inhibits diet-
induced atherosclerosis in Chinese Bama minipigs. ] Lipid Res. 2006;
47:2055-2063.

Karadeniz M (2013) ATP-Binding Cassette Cholesterol Transporter Family and Hyperlipidemia. J Endocrinol Diabetes Obes 1(2): 1011.

J Endocrinol Diabetes Obes 1(2): 1011 (2013)

7/7


http://www.ncbi.nlm.nih.gov/pubmed/12504089
http://www.ncbi.nlm.nih.gov/pubmed/12504089
http://www.ncbi.nlm.nih.gov/pubmed/12504089
mailto:Petry F, Ritz V, Meineke C, Middel P, Kietzmann T, Schmitz-Salue C, et al. Subcellular localization of rat Abca5, a rat ATP-binding-cassette transporter expressed in Leydig cells, and characterization of its splice variant apparently encoding a half-transp
mailto:Petry F, Ritz V, Meineke C, Middel P, Kietzmann T, Schmitz-Salue C, et al. Subcellular localization of rat Abca5, a rat ATP-binding-cassette transporter expressed in Leydig cells, and characterization of its splice variant apparently encoding a half-transp
mailto:Petry F, Ritz V, Meineke C, Middel P, Kietzmann T, Schmitz-Salue C, et al. Subcellular localization of rat Abca5, a rat ATP-binding-cassette transporter expressed in Leydig cells, and characterization of its splice variant apparently encoding a half-transp
mailto:Petry F, Ritz V, Meineke C, Middel P, Kietzmann T, Schmitz-Salue C, et al. Subcellular localization of rat Abca5, a rat ATP-binding-cassette transporter expressed in Leydig cells, and characterization of its splice variant apparently encoding a half-transp
http://www.ncbi.nlm.nih.gov/pubmed/12970790
http://www.ncbi.nlm.nih.gov/pubmed/12970790
http://www.ncbi.nlm.nih.gov/pubmed/12970790
http://www.ncbi.nlm.nih.gov/pubmed/12970790
http://www.ncbi.nlm.nih.gov/pubmed/14965253
http://www.ncbi.nlm.nih.gov/pubmed/14965253
http://www.ncbi.nlm.nih.gov/pubmed/19344785
http://www.ncbi.nlm.nih.gov/pubmed/19344785
http://www.ncbi.nlm.nih.gov/pubmed/19344785
mailto:http://www.ncbi.nlm.nih.gov/pubmed/8326009
mailto:http://www.ncbi.nlm.nih.gov/pubmed/8326009
mailto:http://www.ncbi.nlm.nih.gov/pubmed/8326009
mailto:http://www.ncbi.nlm.nih.gov/pubmed/8326009
mailto:http://www.ncbi.nlm.nih.gov/pubmed/8326009
mailto:http://www.ncbi.nlm.nih.gov/pubmed/8326009
http://www.ncbi.nlm.nih.gov/pubmed/10952460
http://www.ncbi.nlm.nih.gov/pubmed/10952460
http://www.ncbi.nlm.nih.gov/pubmed/10952460
http://www.ncbi.nlm.nih.gov/pubmed/10952460
http://www.ncbi.nlm.nih.gov/pubmed/16807312
http://www.ncbi.nlm.nih.gov/pubmed/16807312
http://www.ncbi.nlm.nih.gov/pubmed/16807312
http://www.ncbi.nlm.nih.gov/pubmed/16807312

	ATP-Binding Cassette Cholesterol Transporter Family and Hyperlipidemia
	Abstract
	Introduction
	ATP-binding cassette (ABC) Family
	ABCA (ABC1)
	ABCA2
	ABCA3
	ABCA5 
	ABCA6
	ABCA8

	References
	Figure 1
	Figure 2

