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INTRODUCTION 

 

Neurodegeneration is principally showed by continually 

repeating reformist loss of structural integrity and typical 

functioning of the neuronal cells, prompting practical 

and mental afflictions. This primarily influences senior 

people and happens during Numerous Neurodegenerative 

Diseases (NDDs) including, Alzheimer's Disease (AD), 

Parkinson's Disease (PD), Multiple Sclerosis (MS), 

Amyotrophic Lateral Sclerosis (ALS) and Epilepsy. The 

causative variables related with the degenerative cycle of 

central nervous system (CNS) are inadequately seen, 

however, mounting bit of confirmations recommend that 

ATP-binding cassette (ABC) carriers may add to such 

obsessive events in the cerebrum. These carriers are 

basically restricted to the outside of mind endothelial 

cells of the cerebrum parenchyma furthermore, Blood-

Brain Barrier (BBB) and are principally responsible for 

managing the homeostasis of CNS. ABC transporters 

have a place with one of the biggest and most antiquated 

protein superfamilies’ and are profoundly preserved 

among species and all through development. ABC 

transporters are transmembrane proteins that transport 

lipids, sterols, metabolic squanders, and helpful 

medications across intra-and extracellular layers. These 

vehicle measures are ATP-driven and can, accordingly, 

be coordinated against a solute's focus angle. ABC 

(ATP-binding cassette) proteins structure one of the 

biggest protein families, and individuals from this family 

are found in all living life forms from organisms to 

people. The wide-spread presence of these proteins with 

a generally monitored structure and capacity proposes a 

crucial job. ABC transporters (ABCB1/MDR1, 

ABCC1/MRP1, ABCG2) shows a broad articulation 

profile, giving a cell safeguard instrument all through the 

creature. The tissue dispersion of these three significant 

multidrug opposition proteins is covering yet 
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ABSTRACT 
 

BBB is commonly considered as a mechanism for protecting the brain from undesirable activities resulting from 

substances in the blood and keeping up brain homeostasis by means of observing the section or efflux of 

compounds. ATP Binding Cassette (ABC) transporters structure an exceptional group of layer proteins, described 

by homologous ATP-binding, and enormous, multispanning transmembrane domains. ATP-binding cassette (ABC) 

group of transporters including P-glycoprotein (P-GP) and breast cancer-related protein (BCRP), broadly 

communicated in the luminal layer of the micro vessel endothelium and in the apical film of the choroids plexus 

epithelium, assume significant parts in the capacity of BBB. Nonetheless, these transporters are easily altered by 

certain diseases. ABC transporters have been affirmed to be closely related to the pathogenesis of infections, for 

example, metabolic sicknesses and Alzheimer's disease dependent on their transport abilities. In recent years, there 

have been numerous epidemiological and clinical studies that have indicated the useful impacts of organic 

compounds, for example, Verapamil, Berberine, Fascalpsyn, Oleocanthal and some more, on these neurological 

pathologies. In spite of the fact that these compounds follow up on an alternate objective to fix the illness headway 

yet as of late, the function of these compounds has been recognized as a modulator of different ABC Transporters 

Likewise, the necessary remedial impacts in neurological issues can be accomplished by safe medication 

conveyance into brain parenchyma. Yet, because of an intense barricade arrangement of BBB through ABC 

transporters, the transportation of drug is controlled. This review gives a general overview of the human ABC 

transporters, their structure, their demeanor, limitation and fundamental mechanism of action. Then we shortly deal 

with the role of ABC Transporters in several neurological and metabolic diseases. Besides, we featured some 

human ABC carriers as focuses of helpful therapeutic in medication, including atherosclerosis and other metabolic 

disorders, and also in Alzheimer’s disease. 
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extraordinary. ABCC1 articulation is high in all tissues, 

it is raised in lung and the testis, and diminished in the 

liver. MDR1 is exceptionally communicated in tissues 

with pharmacological hindrance work, for example, the 

blood-mind obstruction, and the choroid plexus. Ongoing 

reports have exhibited that ABCG2 is exceptionally 

communicated in the placenta, liver, digestive system 

and in different immature microorganisms. In tissues 

where distinctive multidrug transporters are available, 

the subcellular limitation of these proteins can be a 

segregating highlight. ABCB1/MDR1 shows luminal 

articulation in enraptured cells, for example epithelial 

cells of the digestive tract and the proximal tubules of 

kidney, or the canalicular layers of hepatocytes. 

Conversely, MRP1 in enraptured cells is limited 

exclusively in the basolateral layer. 

 

Diabetes mellitus (DM) is an progressive metabolic 

illness, which builds up various perceived large scale and 

microvascular difficulties identified with endothelial 

dysfunction. Direct harm to little veins, especially by 

hyperglycemia, is showed by endothelial dysfunction, 

decreased perfusion, unusual endothelial cell expansion, 

and expanded vessels porousness. Type 2 DM patients 

display comparative microvascular harm inside the CNS 

which may bring about expanded frequency of 

intellectual disintegration, vascular dementia, lacunar 

infarcts, hemorrhages and Alzheimer's illness (AD). This 

diabetes actuated mind microvascular entanglements 

have sickening outcomes in brokenness of the BBB. DM 

is additionally connected with changes in ABC transport 

capacities in the cerebral micro vessels. Under diabetic 

conditions, the trustworthiness of BBB is undermined 

and molecules that are ordinarily limited to the blood 

may enter the parenchyma prompting sensational 

changes in cerebral structure and capacity. 

 

The current article sums up and features the gathering 

proof in the writing which depict the role of ABC 

transporters in various metabolic and neurodegenerative 

diseases.       

 

Structure of Abc Transporter 

The overall structure of an ABC transporter contains of 

four utilitarian domains in which two NBDs (Nucleotide 

Binding Domains) and two TMDs (Transmembrane 

Domains). The NBDs are ties with ATP and trigger their 

hydrolysis that thusly supplies the driving energy needed 

for the vehicle. Furthermore, TMDs give a passage to 

substrate development across lipid bilayers.
[1]

 

 

The NBDs are classified into seven highly conserved 

motifs as given below.
[2]

 

 

 
Fig. 1: Classification of NBDs. 
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The motifs are construct with explicit amino acid 

residues which exceptionally distinguish the ABC 

transporters from other ATP-binding proteins.
[3]

 While 

NBDs are profoundly preserved among members, TBDs 

are fundamentally more dissimilar, generally involving 

exceptional arrangements of membrane crossing helices 

among various ABC carriers or transporters.
[4]

 ABC 

transporters classified so far can be divided into 

exporters and importers with the importers further 

partitioned into two classes (I and II), contingent upon 

subtleties of their structure and mechanism. The 

connected group of energy-coupling factor (ECF) 

transporters (now and then alluded to as class III ABC 

importers) is architecturally and functionally more 

particular. Despite the fact that, TMDs need prominent 

arrangement similitude among individuals, they do share 

a run of the mill collapsing design inside certain 

gatherings of ABC transporters dependent on which they 

can be assembled into four classes: (a) type I, (b) type II, 

(c) type III ABC exporters (associated with inundation 

exercises) and (d) ABC exporters (engaged with efflux 

capacities). NBDs have saved nucleotide binding and 

hydrolysis motifs, including a Walker A motif that 

connects the a-and b-phosphates, a Walker B motif 

which contains a preserved glutamate, a switch area with 

a saved histidine, and a signature motif that cooperates 

with the g-phosphate.
[5]

 Each ATPase site is shaped from 

Walker A, Walker B and change motifs from one NBD, 

and the signature motif from the second NBD. Following 

ATP hydrolysis and phosphate discharge, the signature 

motif separates and the dimer dissociates. In eukaryotes, 

the four domains that make up the ABC structure are 

typically encoded as combination proteins that can be in 

this manner organized either as a single polypeptide 

including all the subunits (full transporters), or as dimers 

of two polypeptide chains. Under typical physiological 

conditions, ABC transporters embrace two unique 

compliances during each synergist cycle that achieves 

substrate stacking and substrate conveyance.
[4,5]

 

 

As per the "ATP switch model", this conformational 

exchanging is directed by the arrangement and separation 

of a NBD dimer, the energy for which is determined by 

ATP binding and hydrolysis.
[7]

 Further, the model 

likewise recommends that the binding of a substrate to 

TMDs actually increase the affinity of NBDs for two 

ATP molecules. The chemical energy delivered during 

NBD dimerization after ATP restricting is thusly 

changed over into versatile conformational energy that is 

moved to TMDs along these lines authorizing them to 

shift back and forth between the two key situations for 

substrate transport over the film.
[8]

 Afterward, ATP 

hydrolysis discharges inorganic phosphate (Pi) and ADP 

that triggers the destabilization and separation of the 

NBD dimer, permitting the TMDs to re-visitation of their 

basal arrangement, indeed set for another vehicle 

cycle.
[9,10]

 

 

Abc Transporters At Blood Brain Interface & In 

Various Metabolic Diseases 

ABC Transporters are closely associated with metabolic 

disorders as they play an essential role in maintaining 

lipid homeostasis. Anomalies/abnormalities in ABC 

transporters can lead to accumulation of excess free 

cholesterol that results in toxicity for adipocytes and 

macrophages. This promotes the Unfolded Protein 

Response (UPR) which initiates apoptosis through the 

Endoplasmic Reticulum.
[19]

 Recent studies illustrate the 

role of ABCA1 and ABCG1 transporters in metabolic 

diseases in detail. 

 

METABOLIC SYNDROME 

Metabolic syndrome is a group of metabolic diseases 

which is identified by high blood sugar level, high blood 

triglyceride level, increased waist circumference, high 

blood pressure and low high density lipoprotein - 

cholesterol levels. Chen WM et al.
[20]

 stated that 

abnormalities in the functioning of ABCA1 transporter 

can induce metabolic syndrome and ABCA1 expression 

in macrophages is further inhibited by hyperglycemia 

through post transcriptional regulation. Also, people 

suffering from metabolic syndrome are at a higher risk of 

developing cardiovascular disease or/and type 2 diabetes 

mellitus. 

 

Diabetes 

Diabetes Mellitus (or diabetes) is a metabolic disorder 

which results in high blood sugar levels (i.e. 

hyperglycemia). Insulin is the main hormone secreted 

from endocrine level and regulates the glucose level in 

blood.
[18]

 Thus, any defect in insulin hormone becomes 

one of the major reason which leads to diabetes mellitus. 

It can be of following types: 

 Type 1: It is insulin dependent Diabetes Mellitus 

and is also called as juvenile diabetes mellitus. In 

this, the cells which synthesise insulin are destroyed 

due to which insulin is not produced, thus, causing 

hyperglycaemia.  

 Type 2: It is no – insulin dependent Diabetes 

Mellitus (DM) or maturity onset diabetes. In this, 

insulin is produced by body but the cells in the body 

due not respond to it as effectively as it once did.  

 Type 3: It is called secondary insulin and usually 

occurs due to pancreatectomy (removal of pancreas 

by surgery), drugs and some other reasons. 
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Gestational Diabetes: It occurs in women during 

pregnancy in which body becomes less sensitive to 

insulin and hence, leads to increase in the sugar level of 

blood. However, it does not occur in all of the women 

and generally resolves after giving birth.
[19]

 

 

Role of ABC transporters in Diabetes:  ATP-binding 

cassette (ABC) family of transporters including P-

glycoprotein (P - GP) and breast cancer - related protein 

(BCRP), which are widely expressed in the luminal 

membrane of the micro - vessel endothelium and also in 

the apical membrane of the choroids plexus epithelium, 

plays very important roles in the function of Blood Brain 

Barrier (BBB).
[19]

 The changes in ABC transporter in 

DM are as follows: 

 

Treatment: We know that DM occurs due to low level 

of insulin (or insulin resistance), thus, the main aim is to 

increase its levels which can be done by using drugs such 

as: 

 Metformin
[17]

 

 Sodium – Glucose Cotransporter 2 (SGLT2) 

inhibitors 

 Glucon – Like – Peptide – 1 (GLP1) inhibitors 

 

Though the proper treatment of diabetes is still under 

consideration. But all the above discussion can lead to an 

increase in insulin level due to which BBB would not 

damage, P – GP levels would remain normal (which 

would decrease neurotoxicity) and BCRP levels would 

also remain normal
[16]

 (which prevents Aβ deposition 

and, hence, prevents AD) remain normal (which prevents 

Aβ deposition and, hence, prevents AD). 

Stargardt Disease 
Stargardt disease (STGD1) is an autosomal recessive 

retinopathy, which is caused by mutations in the retina-

specific ATP-binding cassette transporter (ABCA4) 

gene. It is a disorder of retina which is inherited and can 

typically cause vision loss during childhood or 

adolescence, though in some forms vision loss would not 

be seen until childhood. Stargardt disease is also known 

as Stargardt macular dystrophy, juvenile macular 

degeneration, or fundus flavimaculatus. The infection 

causes reformist harm — or degeneration — of the 

macula, which is a little region in the focal point of the 

retina that is answerable for sharp, straight - ahead 

vision. 
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The symptoms observed in Stargardt Disease are not 

constant i.e. they are changed in every patient, but often 

very slow loss of vision is seen in both the eyes. People 

might see white, black or grey spots in the centre of 

vision or it would take more time for the eyes to adjust 

when moving from light to dark environments and vice – 

versa. Their eyes become more sensitive to bright light 

and some people also develop colour blindness later in 

the disease. Individuals with a prior beginning of 

infection will in general have more quick vision 

misfortune. Vision misfortune may diminish gradually 

from the outset, at that point intensify quickly until it 

levels off. 

 

Role of ABC Transporter in Stargardt Disease: It is 

known that retina consists two light – sensing cells called 

photoreceptors. These are: - 

1. Rods – They are found in the outer retina and help 

us see in dim and dark light. 

2. Cones - They are found in the macula and help us 

see fine visual detail and colour.  

 

Together they both functions to detect light and convert 

it into electrical signals, which are then ―seen‖ by the 

brain. Vitamin – A rich diet is very important for healthy 

vision because they make photoreceptors. But they also 

produce some Vitamin – A byproduct (such as N-

retinylidene - PE) which have harmful effects and plays 

an important role in the Stargardt Disease.  

 

Treatment: Currently there is no treatment of STGD1 

disease but scientists are working to find new mutations 

in ABCA4 gene and other genes that can contribute to 

STGD1.
[14,15]

 However, doctors recommend the patients 

to follow few steps such as:- 

 Wear dark glasses and hats to reduce the formation 

of lipofuscin. 

 Normal amount of Vitamin A should be taken as 

higher amounts can lead to increased formation of 

lipofuscin. 

 Counselling and Occupational Therapy are also 

important. 

 

Tangier Disease 
Tangier disease (TD) is a lipoprotein digestion problem 

which is uncommon and is portrayed biochemically by a 

practically complete nonattendance of plasma High - 

Density Lipoproteins (HDL), and clinically by liver, 

spleen, lymph hub and tonsil extension alongside fringe 

neuropathy in kids and youths, and, incidentally, 

cardiovascular infection in grown-ups. 

 

The main characteristics of TG is exhausted HDL levels 

in plasma, increased TG levels, the deposition of sterol in 

tissue macrophages and also, an increase in susceptibility 

to Coronary Heart Disease (CHD). The extremely low 

HDL levels are detected in the childhood only, but the 

more prevalent feature is the enlargement of tonsils 

which take an orange – yellow color due to deposition of 

cholesterol in lympho– monocytes cells. Patients may 

likewise show asymptomatic hepatosplenomegaly, 

lymph hub broadening, and stomach torment. 

Cholesterol aggregation is likewise seen inside the rectal 

mucosa and at times, sickliness is additionally watched. 

The TD is due to mutations in ABCA1 gene (9q31) [14], 

which fail to mediate lipid efflux or nascent HDL 

formation but have elevated TG secretion. The disease is 

also called by the names of ABCA1 Transporter 

Deficiency, Analphalipoproteinemia and defective 

ABCA1 Transporter.  

 

Role of ABC Transporter in Tangier Disease: As 

discussed above, mutations in ABCA1 Transporters 

causes TD. These genes provide instructions that that 

releases cholesterol and phospholipids from cells. These 



Sachin et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com        │         Vol 6, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

 

65 

substances are used to make HDL, which transport them 

to liver. 

 

Treatment: The TD still does not have any treatment. 

Scientists are trying to experiment on new mutations in 

ABCA1 genes to treat the disease.
[14]

 However, 

following precautions can be taken by the patients of TD: 

 Tonsillectomy can be done in case of enlargement of 

tonsils. 

 A low fat – diet can lead to reduction in cholesterol 

level, reduces liver enlargement and prevents 

atherosclerosis. 

 Low Density Lipoprotein (LDL) - lowering drugs 

(such as Lovastatin, Fluvastatin, Pitavastatin etc.) 

are required in patients with overt signs of carotid 

atherosclerosis or cardiovascular disease. 

 Treatments improving cell cholesterol efflux by 

HDL (for example reconstituted HDL, CETP 

inhibitors) may lessen neuropathic and 

cardiovascular inconveniences. 

 

Dubin Johnson Syndrome 

Two scientists named Dubin and Johnson told about a 

new clinic - pathological entity consisting of chronic 

idiopathic jaundice and presence of some unidentified 

pigments in the liver. Dubin Johnson Syndrome (DJS) is 

a rare, autosomal recessive, benign disorder which can 

cause an increase of conjugated bilirubin in the plasma. 

The main effect observed in this disease is the black liver 

which occurs due to deposition of a pigment, which is 

similar to melanin. This defect mainly occurs because of 

defect in the ability of the hepatocytes to secrete the 

conjugated bilirubin in the bile. The disease does not 

show any symptoms and generally requires no treatment. 

However, the patients suffering from DJS can show non 

– pruritic jaundice during their teenage years.  

 

Role of ABC Transporters in Dublin Johnson 

Syndrome: DJS occurs by the mutations in ATP binding 

cassette subfamily C member (ABCC2) gene. The 

ABCC2 gene gives instructions for producing a protein 

called Multidrug Resistance Protein - 2 (MRP2) that 

works as a transporter protein. The MRP2 protein is 

involved in the transport of substances out of cells and is 

essential for the secretion of conjugated bilirubin out of 

the hepatocytes into the bile duct system for its 

excretion. An exemplary component of DJS is the 

inversion of the proportion of the results produced during 

amalgamation of heme. The degrees of urinary 

coproporphyrin l levels are more noteworthy than 

coproporphyrin lll. In any case solid individuals, the ratio 

of coproporphyrin lll to coproporphyrin l is about 

3.5:1.
[13] 

 

 
 

Treatment: As discussed earlier, DJS is a benign disease 

which does not leads to fibrosis or in the development of 

cirrhosis, and requirement of treatment is nill. The only 

importance of diagnosing DJS is to eliminate the 

possibility of some other disorders that can lead to 

hepatic injury and diagnose those which are treatable. 

Phenobarbital and Ursodeoxycholic Acid are therapeutic 

for significant cholestasis that occurs in neonatal DJS.
[13]

 

 

The bilirubin is converted into water soluble compound 

(i.e. bilirubin digiglucoride) that can be easily excreted in 

feces. This conversion is catalyzed by enzyme bilirubin – 

UDP – glucuronosyltransferase (UGT1A1). After 
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conjugation, bilirubin diglucuronide is excreted out of 

the hepatocytes into bile canaliculi for transport to the 

gall bladder. DJS results from the mutations that occur in 

the gene encoding of bile canalicular. 

 

Adrenoleukodystrophy 
Adrenoleukodystrophy (ALD) is one of the rare genetic 

conditions which results in the build - up of very long 

chain fatty acids (VLCFAs) in the brain. When 

accumulation of VLCFAs occur, they destroy the 

protective myelin sheath present around nerve cells (that 

is responsible for brain function). What's more, we 

realize that without the myelin sheath, the nerves can at 

this point don't transfer data to and from the brain. 

 

The ALD usually begin showing symptoms between the 

ages of 4 and 10. Most common symptoms being 

behavioral problems, withdrawal / aggression, poor 

memory and difficulty in reading & writing & 

understanding speech. But it must be treated properly 

and if not treated, condition can worsen causing vision 

problems, seizures, difficulty swallowing, deafness, poor 

coordination and inability to speak or respond.  

 

Role of ABC Transporters in Adrenoleukodystrophy: 

The ABCD1 gene contains instructions for creating a 

protein known as X-linked adrenoleukodystrophy protein 

or ALDP. This is a transporter protein which helps in 

transportation of fat molecules called VLCFAs into 

structures called peroxisomes. Peroxisomes are small 

membrane-bound structures within the cytoplasm of cells 

that play a vital role in numerous biochemical processes 

in the body. VLCFAs are then metabolized. Since this is 

a lack of ALDP, the vehicle and, eventually, the 

breakdown of VLCFAs are upset and, therefore, these 

greasy particles aggregate in the tissues of the body. 

 

ALD is an X - linked recessive condition which is caused 

by a mutation in the ABCD1 gene on the X chromosome. 

Because a female has two X chromosomes, if she 

inherits the faulty gene, then she still has another X 

chromosome to offset the mutation. In any case, since 

males just have one X chromosome, the quality variation 

from the norm causes the sickness. With every 

pregnancy, female ALD transporters have a 25 percent (1 

out of 4) possibility of having a transporter girl and a 25 

(1 out of 4) percent possibility of having a child 

influenced with the illness. 

 

Treatment: The treatment is very important because no 

treatment can lead to very serious problems. Some of the 

treatment options are as discussed below: 

1. Stem Cell Transplant: It is the only effective 

treatment option for cerebral ALD. It involves a 

procedure in which the patient receives blood stem cells 

from a genetically matched donor. The main purpose is 

to provide healthy stem cells that produce the protein 

lacking in ALD. However, it is very difficult to find the 

genetically matching donor and also have a very high 

risk of infection. 

Gene Therapy: This therapy is still under test and has 

an advantage that there is no need of donor. In this, the 

patient’s own blood stem cells are being removed and 

then treated in the laboratory with a vector (which is a 

non-infectious virus) that is used to get the quality that 

makes the ALD protein (ABCD1 quality) into the cell. 

The cells containing the vector are then given back to the 

patient by an intravenous (IV) infusion. When these new 

cells grow, divide and make new cells in the body, they 

will have the ABCD1 genes which now are capable of 

breaking down the VLFCAs, the cause which were 

responsible for ALD. 

 

OBESITY 

Obesity is one of the most common and serious 

metabolic disease with at least 2.8 million people dying 

each year as a result of being obese/overweight. 

Generally, more than 50% of the total cholesterol of the 

body is accumulated in the adipose tissues of an obese 

adult.
[21]

 A decrement in the ABCA1 expression in 

visceral adipose tissues is linked with obesity.
[22]

 Due to 

higher concentration of cholesterol on adipose tissue 

membranes, adipocyte ABCA1 transporter plays an 

essential role in modulating adipocyte lipogenesis and 

lipid accumulation. Activities of lipogenic transcriptional 

factors PPARγ and SREBP1 can be inhibited by ABCA1 

transporter which results in the decrement of the total 

cholesterol levels of the body.
[23]

 Mouse models have 

proven that obesity is caused due to lack of adipocyte-

specific ABCA1 transporter. Also, these mice models 

without adipocyte-specific ABCA1 transporter showed a 

decrement in the levels of the most active form of 

adiponectin and high molecular weight adiponectin.
[22]

 

Moreover, a down regulation of G protein pathway 

suppressor 2 (GPS2) seen in type 2 diabetes mellitus and 

obese patients further confirms ABCA1 repression in 

obesity and type 2 diabetes mellitus.
[24]

 R219K and 

I883M are the two single nucleotide polymorphisms 

(SNPs) of the ABCA1 gene which are found to be 

closely linked with susceptibility to obesity. The SNP 

I883M of the ABCA1 gene plays a protective role 

whereas the SNP R219K of the ABCA1 gene increases 

the susceptibility and phenotype severity.
[21]
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Atherosclerosis 

The uptake and metabolism of macrophage mediated 

cholesterol is linked with the initiation and development 

of atherosclerosis in focal areas of the arterial sub 

endothelial space.
[24]

 The formation of the foam cells, 

lipid-laden macrophages, is the beginning step of 

atherosclerosis. Macrophage expression of ABCA1 and 

ABCG1 inhibits the development of foam cells.
[25]

 

Anomalies in macrophage ABCA1 and ABCG1 

expression leads to less cholesterol efflux and excess 

uptake of modified low density lipoprotein (LDL), 

especially oxidized LDL, which further results in 

development of foam cells.
[26,27]

 It's been proven that 

ABCA1 C69T polymorphism is linked with higher 

atherosclerosis risk.
[28]

 One of the major mechanisms 

through which high density lipoprotein (HDL) shields 

against atherosclerosis is Reverse cholesterol 

transportation (RCT) but the atheroprotective effect of 

ABCA1 is not completely dependent on RCT.
[26,41]

 It's 

interesting to know that myeloid cell ABCA1 increases 

the hepatic very low density lipoprotein (VLDL) 

triglyceride secretion and plasma VLDL/LDL ratios, 

which lessens the atheroprotective effect and results in 

minimal increase in atherosclerosis.
[29]

 Reports shows 

that ABCG1 transporter is essential for aiding the 

development of advanced atherosclerotic lesions by 

inducing the necrotic core of the atherosclerotic 

plaque.
[30]

 Instability in lipid-rich plaques can lead to 

thrombosis, cardiac arrest and death. Davis W et al.
[19]

 

stated that instability in lipid-rich plaques in 

macrophages can be reduced by ABCA2 transporter. 

Cholesterol-induced toxicity can lead to intracellular 

lipid-rich plaques which can be eliminated by ABCA2 

transporter as they modulate cholesterol trafficking from 

the late endosome/ lysosomal membrane compartment 

(LE/LY) to the ER in cells. ABCA1 and ABCG1 

expression can be affected by many factors. Sortilin is 

closely linked with hyperlipidemia and atherosclerosis 

risk. Oxidized LDL upregulates macrophage sortilin 

expression in both concentration and time-dependent 

manners. Sortilin can bind with ABCA1 to enhance its 

lysosomal degradation and hence inhibits the expression 

of macrophage ABCA1.
[31]

 Moreover, psychological 

stress factors such as corticotropin-releasing hormone 

(CRH) can also lead to atherosclerosis. CRH activates 

CRH receptor 1 (CRHR1)-induced phosphorylation of 

protein kinase B (Akt) which inhibits ABCA1 expression 

and results in stress-related atherosclerosis. 

 

STROKE 

One of the key targets of the transcription factor Liver X 

receptor (LXR) is the ABCA1 gene. Activation of LXR 

results in anti-inflammatory and neuroprotective effects 

in animal ischemic stroke models. Lack of brain ABCA1 

results in increment in blood brain barrier (BBB) 

leakage, white matter axonal damage and functional 

deficits after stroke. Upregulation of matrix 

metalloproteinase-9 and concomitant reduction of 
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insulin-like growth factor 1 may also further contribute 

to brain ABCA1 deficiency– induced BBB and white 

matter axonal damage in the ischemic brain.
[32]

 

Moreover, Li Q et al.
[27]

 stated that polymorphisms in 

ABCG1 could decrease the ischemic stroke in a 

hypertriglyceridemic population with atherothrombotic 

stroke 

 

Role of Abc Transporters In Neurological Diseases 

In AD brain, changes in the ABC transporter-encoding 

genes can cause the ABC transport framework to work 

unusually that bring about the agglomeration of 

poisonous Aβ peptides in the CNS, causing synaptic 

misfortune and memory shortages.
[45]

 Contrariwise, 

completely practical ABC transporters forestall the 

accumulation of poisonous Aβ plaques in the mind, 

either legitimately by means of dynamic vehicle of Aβ 

over the BBB or by implication by directing Aβ blend 

and additionally corruption in the cerebrum.
[46]

 Because 

of the part of ABC transporters in both neuroprotection 

and neurodegeneration, it would be of prime enthusiasm 

to scientists to comprehend the nitty gritty usefulness of 

these carriers in AD science. There are in excess of 40 

different sorts of ABC carriers in people, out of which, 

just 9 (ABCA1, ABCA2, ABCA5, ABCA7, ABCB1, 

ABCC1, ABCG1, ABCG2 and ABCG4) have been 

accounted for to have a function in AD pathophysiology. 

Collection of poisonous Aβ peptides in the CNS is one of 

the prime foundations for quickening AD-connected 

memory deficiencies.
[47]

 End of these peptides from CNS 

is needed for the ordinary homeostasis of the mind, 

which can be accomplished by the typical working of 

ABC transporters. It is presently broadly acknowledged 

that, any modifications or insufficiency in these carriers 

because of loss of useful transformation adverse effects 

CNS. 

 

ABCB1  

For example, ABCB1 distortion has been known to 

assume a function in the development of poisonous 

plaques because of Aβ growth in the brain. In expansion, 

ABCB1 additionally bolsters the cycle that achieves Aβ 

disposal from the synapses.
[48]

 An ongoing report by 

Brukmann et al. seen that ABCB1 inadequacy in a 

transgenic murine model of AD disables the Aβ 

evacuation measure and can prompt intraparenchymal 

cerebral amyloid angiopathy.
[49]

 A reformist decrease of 

ABCB1 levels is commonly seen in cerebrum micro 

vessels during typical maturing, and in connection, it has 

been accounted for that poisonous Aβ peptides moderate 

ABCB1 downregulation at the BBB mainly by two 

instruments. Initially, by interfacing with a protein called 

Receptor for Advanced Glycation End Products (RAGE) 

that thus summons the atomic factor kappa beta (NF-κβ) 

flagging pathway, which encourages ABCB1 

downregulation. What's more, besides, by a 

ubiquitination and proteasome-subordinate corruption 

component that achieves ABCB1 downregulation.
[48,50,51]

 

 

 

ABCC1  

Additionally, ABCC1 downregulation has been 

accounted for to build the Aβ levels in the brain of 

amyloid-β antecedent protein (AβPP) or presenilin-1(PS-

1) transgenic mice that brought about a checked 

increment of Aβ plaques. Unexpectedly, these impacts 

are not brought about by the strange articulation of AβPP 

handling compounds or Aβ corruption proteins, yet are 

an outcome of the decrease in the ABCC1-interceded Aβ 

transport across cerebrum narrow endothelial cells 

(BCECs), as was set up as of late in another in vitro 

model.
[52,53]

 Further, another investigation expressed that 

monomeric Aβ advances the arrival of astrocyte-got 

glutathione from the synapses by instigating ABCC1 

articulation. This achieves a decrease in the defensive 

cell reinforcement impact of glutathione, chiefly because 

of Aβ oligomerization and furthermore because of a 

diminishing in ABCC1 levels in AD mouse models as 

amyloid pathology advances.
[54]

 

 

ABCA7  

Further, the AD-risk minor G allele of ABCA7 SNP 

rs3752246 has been appeared to manage the declaration 

of a changed type of ABCA7, where an insufficiency in 

myristoylation mutilates the ordinary capacity of the 

protein in this manner bringing about an upgraded 

βsecretase activity and resulting Aβ creation.
[55]

 Several 

other ABCA7 hereditary variations, expected to be 

pernicious to the coding protein and that could prompt 

ABCA7 loss of-work have now been distinguished in a 

few AD cases.
[56]

 In view of this, analysts and 

researchers advocate that ABCA7 variations, for 

example, SNP rs3764650 are the helpless locus for the 

AD and consequently could of restorative centrality.
[57]

 

Actually, SNP rs3764650 influences the pathways 

associated with cholesterol homeostasis that thus is 

engaged with AβPP preparing and creation of Aβ.
[58]

 

 

ABCA1  

ABCA1, in spite of the fact that not being directly 

involved engaged with Aβ transport over the BBB, is in 

reality a central determinant of amyloid pathology. 

Hereditary affiliation and utilitarian investigations 

emphatically exhort that ABCA1 may incline to AD 

predominantly by an Apo lipoprotein E4 (APOE4)- 

related hindrance of Aβ leeway over the BBB and by 

acceptance of Aβ fibrillation. On the opposite, ABCA1 

can prevent AD by concealment of Aβ creation and by 

encouraging Apo lipoprotein E2(APOE2)- related 

proteolytic debasement of cerebral Aβ.
[59]

 

 

ABCA2  

Further, the association among ABCA2 and AD has been 

proposed simply by a predetermined number of reports. 

One of these investigations recommends that ABCA2 

controls AβPP digestion by upregulating AβPP mRNA 

and protein articulation levels, and by inciting β-

secretase that expands the degree of emitted Aβ in cell 

culture models. Predictable with the above discovering, 

ABCA2 knockdown has been appeared to cause a 
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decline in Aβ age both in vitro and in vivo frameworks, 

because of diminished β-secretase preparing of AβPP. 

Furthermore, two late investigations have recognized a 

hereditary variation of ABCA2, the SNP rs908832 that 

might be connected with increased danger of both 

inconsistent and no sporadic types of the AD. The T 

allele of this ABCA2 SNP that is overexpressed in 

irregular AD cases, is related with elevated cholesterol 

levels in the CSF, and may legitimately or by implication 

include APOE and ABCA1.
[60-64]

 Consequently, both 

ABCA1 and ABCA2 might be considered as potential 

helplessness qualities, which could connect lipid 

homeostasis to AD pathogenesis. 

 

 
 

ABCG1 

Further, the useful information accessible with respect to 

the inclusion of ABCG1 in the AD is clashing. One lot of 

scientists advocate that ABCG1 and AβPP co-expression 

in vitro model upsurges the degree of discharged Aβ to a 

great extent by advancing the accessibility of AβPP as a 

substrate for the amyloid genic handling pathway. This 

association recommends that the ABCG1-intervened 

guideline of AβPP dealing potentially aids AD 

advancement.
[65]

 Notwithstanding, the other arrangement 

of specialist’s advocate that the job ABCG1 in the AD is 

actually neuroprotective in light of the fact that ABCG1 
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essentially decreases Aβ creation in AβPP 

communicating cells.
[66,67]

 Consistent with the statement, 

a few investigations have detailed that the presence of 

ABCG1 manage or confine β-secretase movement as 

well as changes its restriction in the lipid pontoon 

miniature spaces, where the greater part of its action 

happens. By and large, these discoveries recommend that 

ABCG1 can be either neuroprotective or could have a 

hindering impact in AD.
[66]

 

 

ABCG2  

In like manner, ABCG2 assumes a key part in redox 

homeostasis and aggravation, and a few investigations 

have set up that ABCG2 misfortune firmly identifies 

with diminished glutathione levels, expanded cell lipid 

peroxidation, DNA oxidation and provocative quality 

articulation in AD mice models.
[68]

 ABCG2 mRNA and 

protein articulation are heartily upregulated in AD 

patients and furthermore as cerebral amyloid stores in 

AD mouse models.  

 

ABCG4  

In conclusion, ABCG4 mRNA and protein articulation is 

discernibly upregulated in microglial cells and relates 

with Aβ trouble in the mind of AD patients.
[69,70]

 As like 

ABCG1, ABCG4 can have defensive impacts in the AD 

by advancing Aβ leeway, produced through proteolytic 

corruption and phagocytosis. 

 

Diabetes Mellitus  

Diabetes mellitus related diverse deciding elements 

including, insulin obstruction, insulin insufficiency, and 

micro vascular pathogenesis, alongside other key factors, 

for example, AGEs, insulin development factor-1 (IGF-

1) and changing development factor-β1 (TGF-β1), have 

likewise been accounted for to be engaged with ABC 

transporters and BBB interruption to cause Aβ collection 

because of diminished Aβ efflux and expanded Aβ 

inundation from mind to blood.
[71] 

Anyway these carriers 

have been associated with AD headway because of Aβ 

collection however these are additionally occupied with 

Aβ leeway as a result of its debasement by means of 

proteolytic corruption, phagocytosis, and end through 

BBB.  

 

Above all, these carriers are likewise answerable for 

delivering poisonous Aβ peptides from the cerebrum to 

blood. There are a few components that have been 

accounted for to be associated with the expulsion of 

cerebral Aβ, which incorporates Aβ debasement by 

means of protease, for example, neprilysin (NEP) and 

insulin-corrupting catalyst (IDE), phagocytosis of 

harmful Aβ by microglia and astrocytes, Aβ leeway by 

the perivascular lymphatic seepage framework, Aβ 

freedom through the brain ISF/CSF and mass stream into 

the circulation system, and ultimately, transcytosis of Aβ 

over the BBB intervened by the LRP1. In addition, Aβ 

efflux to the fringe blood or foundational course is 

additionally determined with a particular goal in mind by 

the ABC transporters, which helps in the vehicle of 

harmful Aβ peptides from the neurons.
[72,73]

  

 

In any case, explicit systems by which ABC transporters 

send out Aβ peptides from neurons and efflux them over 

the BBB endothelium is as yet hazy. There are a few 

proposed functions of ABC transporters in the control of 

brain Aβ levels have been uncovered up until now.  

 

1). ABCA1, ABCA5, ABCA7, ABCG4 and ABCA2: 

The ABC carriers including, ABCA1, ABCA5, ABCA7, 

and ABCG4 have been engaged with stifling AβPP 

proteolysis to create Aβ in the neuronal cells, while 

ABCA2 expands Aβ creation [60, 66, 74-76]. ABCA7 

forestalls Aβ age and amyloid pathology by adjusting the 

degrees of Sterol Regulatory Element-restricting Protein 

2 (SREBP2), that balance a record factor for 

βsecretase.
[77]

 

 

2) LRP1 

Further, Aβ efflux over the BBB by ABC transporters is 

done in participation with the LRP1 complex. LRP1 

essentially tweaks Aβ endocytosis from the mind ISF 

into BCECs followed by Aβ transcytosis from a luminal 

side to the luminal side of the BBB.  

 

3) ABCB1, ABCC1, ABCG2 and ABCG4 

ABC transporters, for example, ABCB1, ABCC1, 

ABCG2, and ABCG4 convey across Aβ from the apical 

film of BCECs into the foundational dissemination.
[78,79]

 

Most prominently, both ABCB1 and ABCG2 specifically 

limit the apical-to-basolateral porousness of BCECs to 

circling poisonous Aβ peptides that are shipped by 

RAGE through the BBB into the CNS by siphoning it 

back to the fringe blood. Further, ABCA1 can regulate 

the APOE levels and their lipidation express that thus 

may influence the Aβ leeway measure over the BBB. 

Ongoing examinations have uncovered that free Aβ is 

endocytosed all the more rapidly by the LRP1 mind 

boggling when contrasted with the APOE-bound Aβ, 

while, lapidated APOE4/Aβ buildings are disguised 

rather gradually by means of Very Low Density 

Lipoprotein Receptor (VLDLR) when contrasted with 

the lapidated APOE2/Aβ edifices by the 

LRP1complex.
[78,79]

  

 

4) Phagocytosis  

In spite of the fact that the functions of ABC transporters 

are limited chiefly because of the arrival of harmful Aβ 

peptide from neurons to the fundamental course, the 

transporters likewise assume a key part in the 

phagocytosis of Aβ peptides after its proteolytic 

debasement by proteolytic catalysts, for example, NEP 

and IDE.  

 

For example, ABCA1 interceded APOE2 lipidation helps 

in the proteolytic corruption of dissolvable Aβ inside the 

cerebrum by microglial NEP or extracellular IDE [80]. 

Furthermore, ABCA7 and ABCG4 additionally 

invigorate the cleansing of cerebral harmful Aβ by 
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helping microglial phagocytic movement and hence keep 

up ordinary working of the cerebrum.
[81,82]

 Further, the 

cross-talk between ABC carriers and cerebral Aβ levels 

in AD mind has been portrayed in Fig. (7). Taken inside 

and out, it is presumed that ABC transporters are having 

both neuroprotective just as obsessive ramifications to 

the mind. 

 

Table 1: Drugs modulating ABC Transporters expression for the treatment of several diseases. 
 

S.No Drugs Target Effects Disease Reference 

1. Progestrone ABCA2 
Alleviates cholesterol induced 

toxicity in macrophages 
Atherosclerosis 

[19] 

2. Co-enzyme Q10 ABCG1 
Increase RCT & promotes 

macrophage cholesterol efflux 
Atherosclerosis 

[63] 

3. Diosgenin ABCA1 
Inhibits MiR-19b expression & 

enhances cholesterol efflux  
Atherosclerosis 

[56] 

4. Dihydrogen  ABCA1 
Increases HDL anti 

atherosclerotic function 

Metabolic syndrome,  

Atherosclerosis 
[61] 

5. Metformin 
ABCG5, 

ABCG8 

Upregulate macrophage RCT, 

facilitate excretion of excess 

cholesterol into bile 

Cardiovascular 
[62] 

6. Triptolide ABCA1 
Reduces the secretion of 

inflammatory factors 
LPS-induced ALI 

[57] 

7. Cilostazol ABCA1 Ameliorate hepatic steatosis Dyslipidemia 
[58] 

8. Paeonal ABCA1 Represses foam cell formation Atherosclerosis 
[60] 

9. Hydrogen sulfide ABCA1 
Ameliorate intracellular lipid 

accumulation in HepG2 cells 
Atherosclerosis 

[59] 

10. Statins ABCA1 Decreases Akt phosphorylation 
Atherosclerosis, 

obesity 
[53] 

11. Verapamil ABCB1 Neuroprotective effect AD 
[42,83] 

12. Berberine ABCB1 Neuroprotective effect AD 
[42,83] 

13. α- tocopherol ABCB1 Promotes Aβ clearance AD 
[84] 

14. Hypericumperforatum ABCB1 Decrease Aβ accumulation AD 
[86] 

15. Facalpsym ABCB1 Induces ABCB1 activity AD 
[91] 

16. Rivastigmine  
ABCB1 & 

LRP1 

Decrease both the number 4 & 

size of amyloid plaques 
AD 

[92] 

17. Oleocanthal 
ABCB1 & 

LRP1 

Hasten Aβ clearance from the 

brain  
AD 

[43] 

18. 
1 α, 25-

dihydroxytitamin D  
ABCB1 

Counteracts the brain Aβ 

accumulation 
AD 

[88,89,90] 

19. 
Pregnenolone-16 α-

carbonitrile 

ABCB1 & 

ABCG2 
Reduces cerebral Aβ levels AD 

[44,85] 

20. Rifampicin ABCB1 

Reduces cerebral  Aβ levels & 

attenuates cognitive decline in 

patients 

AD 
[87] 

 

NIEMANN – PICK TYPE C DISEASE 

ABCA2 mRNA articulation is raised in Niemann-Pick 

Type C and familial hypercholesterolemia fibroblasts. 

Niemann-Pick Type C sickness is a neurological problem 

of teenagers because of autosomal-latent transformations 

in it is possible that one or both Niemann-Pick-2 (NPC2) 

and NPC1 qualities, which, as ABCA2, are confined to 

the LE/LY compartment.
[93]

 Cholesterol exit from the 

LE/LY requires the coordinated activity of both NPC2 

and NPC1 to convey free cholesterol from the lumen to 

the restricting layer of the LE/LY, where it deals to other 

intracellular compartments, e.g., Golgi mechanical 

assembly, endoplasmic reticulum, by vesicular and 

nonvasicular mechanisms.
[94–96]

 Freak NPC1 fibroblasts 

have a deformity in the conveyance of LDL-got free 

cholesterol from the LE/LY prompting cholesterol 

aggregation inside this compartment.
[97,98]

 

Notwithstanding cholesterol collection, different lipids 

including sphingomyelin, glycosphingolipids and 

sphingosine likewise gather in the LE/LY.
[99,100]

 The 

declaration of the LDLR and the cholesterol engineered 

qualities are likewise raised in freak NPC1 fibroblasts. 

Fibroblasts from Familial Hypercholesterolemia (FHC) 

patients need practical LDL receptors that are needed for 

LDL take-up from the plasma.
[101]

 We guessed that in 

refined cells, diminished conveyance of LDL-FC to the 

endoplasmic reticulum in NPC1 fibroblasts or 

diminished take-up of LDL in FHC fibroblasts would 

emulate sterol hardship and initiate cholesterol 

sequestration and result in enactment of ABCA2 

articulation. Human fibroblasts from typical, FHC and 

NPC1 patients were refined in complete medium and 
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following RNA seclusion, ABCA2 articulation was 

estimated by Northern blotch. ABCA2 articulation was 

raised in NPC1 and FHC fibroblasts contrasted with 

ordinary fibroblasts. These examinations were critical in 

that they spoke to the main reports that demonstrated 

sterol hardship and ABCA2 articulation in cells with 

hereditary deformities in cholesterol take-up and exit 

from the LE/LY. These outcomes are additionally 

predictable with the consequences of analyses portrayed 

above, where ABCA2 articulation was raised in cells 

refined in LPDS containing medium (sterol hardship). 

 

CONCLUSION 
 

In summary, due to the complex structures of ABC 

transporters its complete mechanism of action in 

neurological and metabolic disorders is obscure. The 

ABC transporters which incorporates P - GP and BCRPs 

at BBB assumes significant function in the transportation 

of essential compounds through BBB. In view of the 

current information we have, the P - GP and BCRPs viz 

ABC Transporters can be both useful and dangerous for 

us. On one hand, ABC assists with moving and get out 

excess substances and, subsequently, prevents 

neurotoxicity yet then again, they can likewise add to 

cerebrum confusions. Yet, the explanation we are not 

satisfactory about the working is that we don't have the 

clear idea about the specific mechanism of action of 

these transporters yet. For instance, how diabetes 

influence ABC carriers in cerebrum is as yet indistinct 

viz we don't know the specific systems by which the 

infections and harms to BBB happens. Along these lines, 

a superior comprehension of the functioning of ABC 

transporter in human brain is critical to comprehend the 

impacts of illnesses in mind and particularly, to build up 

a more secure and proficient measurement to treat a 

significant number of the diseases in human body. In this 

report we have proposed: (1) Structure of ABC 

transporters (2) Role of ABC transporters in neurological 

infections (3) Role of ABC transporters in a few 

metabolic sicknesses (3) Drugs focusing on ABC 

transporters for the therapy of these illnesses. 

 

There are various ABC carriers, in which explicit 

transformations cause serious acquired infections. These 

are for the most part common remedial focuses in 

medication and in the current audit we just in a matter of 

seconds highlight a portion of these objective proteins. 

On account of the deadly acquired infection, cystic 

fibrosis, the most incessant transformation in the 

ABCC7/CFTR protein causes a misprocessing of the 

protein, along these lines any technique helping the 

correct handling and confinement of this freak variation 

is of significant interest. Significant changes in the 

ABCC8/SUR1 protein cause an extreme 

hyperinsulinemia infection in early stages, and at present 

the main treatment for this condition is the evacuation of 

insulin-delivering pancreatic islands. Regulation of 

ABCC8 and the connected K channel may fundamentally 

improve current medicines for different types of 

diabetes. It's a given, that on account of each particular 

carrier, disregarding the overall essential structure and 

instrument, explicit methodologies are needed for such 

turns of events. 

 

ABBREVIATIONS 

MDR = Multidrug resistance 

LDL-C =Low-density lipoprotein-cholesterol 

AS = Atherosclerosis 

HA = Hyperalphalipoproteinemia 

CAD = Coronary artery disease 

TD = Tangier disease 

FT = Full-transporter 

HT = Half-transporter 

SBPs = Substrate-binding proteins 

RCT = Reverse cholesterol transportation 

T2DM = Type 2 diabetes mellitus 

HLCs = Hepatocyte-like cells 

TG =Triglyceride 

LPS = Lipopolysaccharide 

LXRs = Liver X receptors 

RXR = Retinoid-X-receptor 

PPARs = Peroxisome proliferator-activated receptors 

NF-Κb = Nuclear factor kappa-light-chain-enhancer of 

activated B cells 

GPS2 = G protein pathway suppressor 2 

ARF6 = ADP-ribosylation factor 6 

RDS = Respiratory distress syndrome 

NKT = Natural killer T 

CYP450 = Cytochrome P450; 

MRP1 = Multidrug resistance protein 1 

TGN = Trans-Golgi network 

ERC = Endosomal recycling compartment 

PP = Protoporphyria 

EPP = Erythropoietin protoporphyria 

BLI = Bioluminescence imagine 

MiRNAs = MicroRNAs 

30-UTR = 30-untranslated region 

SNPsm = Single nucleotide polymorphisms 

AIS = Acute ischemic stroke 

MAP K1 = Mitogen-activated protein kinase 1 

LPP = Lipoma-preferred partner 

CNS = Central Nervous System 

NDDs   = Neurodegenerative Diseases 

AD = Alzheimer’s Disease 

PD = Parkinson’s Disease 

ABC   = ATP-Binding Cassette 

BBB   = Blood-Brain Barrier 

LDL   = Low-Density Lipoprotein 

LRP1 = LDL Receptor Related protein 1 

AβPP    = Amyloid-β Precursor Protein 

NVU = Neurovascular Unit 

ATP = Adenosine Triphosphate 

ADP = Adenosine Diphosphate 

ALS = Amyotrophic Lateral Sclerosis 

MDR   = Multidrug Resistance 

NBDs = Nucleotide-Binding Domains 

TMDs   = Transmembrane Domains 

 

 



Sachin et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com        │         Vol 6, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

 

73 

REFERENCES 
 

1. Dean, M.; Rzhetsky, A.; Allikmets, R. The human 

ATP-binding cassette (ABC) transporter 

superfamily. Genome Res., 2001; 11(7): 1156-1166. 

[http://dx.doi.org/10.1101/gr.GR-1649R] [PMID: 

11435397] 

2. Vasiliou, V.; Vasiliou, K.; Nebert, D.W. Human 

ATP-binding cassette (ABC) transporter family. 

Hum. Genomics, 2009; 3(3): 281-290. 

[http://dx.doi.org/10.1186/1479-7364-3-3-281] 

[PMID: 19403462] 

3. Rees, D.C.; Johnson, E.; Lewinson, O. ABC 

transporters: Thepower to change. Nat. Rev. Mol. 

Cell Biol., 2009; 10(3); 218-227. 

[http://dx.doi.org/10.1038/nrm2646] [PMID: 

19234479] 

4. Ter Beek, J.; Guskov, A.; Slotboom, D.J. Structural 

diversity of ABC transporters. J. Gen. Physiol., 

2014; 143(4); 419-435. 

[http://dx.doi.org/10.1085/jgp.201411164] [PMID: 

24638992] 

5. Schmitt, L.; Tampe, R. Structure and mechanism of 

ABC transporters. Curr. Opin. Struct. Biol., 2002; 

12(6): 754-760. [http://dx.doi.org/10.1016/S0959-

440X(02)00399-8] [PMID: 12504680] 

6. Wilkens, S. Structure and mechanism of ABC 

transporters. [http://dx.doi.org/10.12703/P7-14] 

[PMID: 25750732]. 

7. Hung LW, Wang IX, Nikaido K, Liu PQ, Ames GF, 

Kim SH: Crystal structure of the ATP-binding 

subunit of an ABC transporter.Nature, 1998; 396: 

703-7. 

8. Hopfner KP, Karcher A, Shin DS, Craig L, Arthur 

LM, Carney JP, Tainer JA: Structural biology of 

Rad50 ATPase: ATP-driven conformational control 

in DNA double-strand break repair and the ABC-

ATPase superfamily. Cell, 2000; 101: 789-800. 

9. Smith PC, Karpowich N, Millen L, Moody JE, 

Rosen J, Thomas PJ, Hunt JF: ATP binding to the 

motor domain from an ABCtransporter drives 

formation of a nucleotide sandwich dimer. 

Molecular cell, 2002; 10: 139-49. 

10. Chen J, Lu G, Lin J, Davidson AL, Quiocho FA: A 

tweezers-like motion of the ATP-binding cassette 

dimer in an ABC transport cycle. Molecular cell, 

2003; 12: 651-61. 

11. Kerr ID: Structure and association of ATP-binding 

cassettetransporter nucleotide-binding domains. 

Biochimica et biophysicaacta, 2002; 1561: 47-64. 

12. Memon N, Weinberger BI, Hegyi T, Aleksunes LM. 

Inherited disorders of bilirubin clearance. Pediatr 

Res., 2016 Mar; 79(3): 378-86 

13. Beharry S, Zhong M, Molday RS. N-retinylidene-

phosphatidylethanolamine is the preferred retinoid 

substrate for the photoreceptor-specific ABC 

transporter ABCA4 (ABCR) J Biol Chem, 2004; 

279: 53972–53979. Nasri H, Rafieian-Kopaei M. 

Current knowledge. J Res Med Sci., 2014; 19(7): 

658–664.  

14. Molday RS. ATP-binding cassette transporter 

ABCA4: molecular properties and role in vision and 

macular degeneration. J Bioenerg Biomembr, 2007; 

39: 507–517. 

15. Vogelgesang,S.,Cascorbi,I.,Schroeder,E.,Pahnke,J.,

Kroemer,H.K.,Siegmund,W.,etal. 

DepositionofAlzheimer’s β-

amyloidisinverselycorrelated with P-

glycoproteinexpressioninthebrainsofelderlynondeme

nted humans. Pharmacogenetics, 2002; 12: 535–

541. doi:10.1097/00008571-200210000- 00005. 

16. Frohman E. M., Racke M. K., Raine C. S. Multiple 

sclerosis–the plaque and its pathogenesis. N. Engl. J. 

Med. 354, 942–95510.1056/NEJMra052130, 2006. 

17. Medical Pharmacology by Padmaja Udaykumar, 4
th

 

Edition, CBS Publicators & Distributors. 

18. Pharmacology – Lipincott Illustrated Reviews, 

Karen Whallen, 7
th

 Edition, Walten Kluwers 

Publications, Edited by Rajan Radhakrishnan & 

Clarinda Field. 

19. Davis W Jr, Tew KD. ATP-binding cassette 

transporter-2 (ABCA2) as a therapeutic target. 

Biochem Pharmacol, 2018; 151: 188–200. 

20. Chen WM, Sheu WH, Tseng PC, Lee TS, Lee WJ, 

Chang PJ, et al. Modulation of microRNA 

expression in subjects with metabolic syndrome and 

decrease of cholesterol efflux from macrophages via 

microRNA-33-mediated attenuation of ATP-binding 

cassette transporter A1 expression by statins. PLoS 

One, 2016; 11: e0154672. 

21. Fawzy MS, Alhadramy O, Hussein MH, Ismail HM, 

Ismail NM, Biomy NM, et al. Functional and 

structural impact of ATP-binding cassette 

transporter A1 R219K and I883M gene 

polymorphisms in obese children and adolescents. 

Mol Diagn Ther, 2015; 19: 221–34. 

22. Vincent V, Thakkar H, Aggarwal S, Mridha AR, 

Ramakrishnan L, Singh A. ATPbinding cassette 

transporter A1 (ABCA1) expression in adipose 

tissue and its modulation with insulin resistance in 

obesity. Diabetes Metab Syndr Obes, 2019; 12: 275–

84.  

23. Cuffe H, Liu M, Key CC, Boudyguina E, Sawyer 

JK, Weckerle A, et al. Targeted deletion of 

adipocyte Abca1 (ATP-binding cassette transporter 

A1) impairs diet-induced obesity. Arterioscler 

Thromb Vasc Biol., 2018; 38: 733–43.  

24. Huang Z, Liang N, Damdimopoulos A, Fan R, 

Treuter E. G protein pathway suppressor 2 (GPS2) 

links inflammation and cholesterol efflux by 

controlling lipopolysaccharide-induced ATP-binding 

cassette transporter A1 expression in macrophages. 

FASEB J., 2019; 33: 1631–43. 

25. Chistiakov DA, Melnichenko AA, Myasoedova VA, 

Grechko AV, Orekhov AN. Mechanisms of foam 

cell formation in atherosclerosis. J Mol Med (Berl), 

2017; 95: 1153–65.  

26. Cho W, Kang JL, Park YM. Corticotropin-releasing 

hormone (CRH) promotes macrophage foam cell 

formation via reduced expression of ATP binding 



Sachin et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com        │         Vol 6, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

 

74 

cassette Transporter-1 (ABCA1). PLoS One, 2015; 

10: e0130587. 

27. Li Q, Liu X, Zhu R, He Z. Association of ATP-

binding cassette transporter G1 polymorphisms with 

risk of ischemic stroke in the Chinese Han 

population. J Stroke Cerebrovasc Dis., 2015; 24: 

1397–404. 

28. Yin YW, Wang Q, Sun QQ, Hu AM, Liu HL. ATP-

binding cassette transporter 1 C69T and V825I 

polymorphisms in the development of 

atherosclerosis: a meta-analysis of 18,320 subjects. 

Thromb Res., 2015; 135: 130–6. 

29. Bi X, Zhu X, Gao C, Shewale S, Cao Q, Liu M, et 

al. Myeloid cell-specific ATPbinding cassette 

transporter A1 deletion has minimal impact on 

atherogenesis in atherogenic diet-fed low-density 

lipoprotein receptor knockout mice. Arterioscler 

Thromb Vasc Biol., 2014; 34: 1888–99.  

30. Gu HM, Wang F, Alabi A, Deng S, Qin S, Zhang 

DW. Identification of an amino acid residue critical 

for plasma membrane localization of ATPbinding 

cassette transporter G1--brief report. Arterioscler 

Thromb Vasc Biol., 2016; 36: 253–5.  

31. Lv Y, Yang J, Gao A, Sun S, Zheng X, Chen X, et 

al. Sortilin promotes macrophage cholesterol 

accumulation and aortic atherosclerosis through 

lysosomal degradation of ATP-binding cassette 

transporter A1 protein. Acta Biochim Biophys Sin 

Shanghai, 2019; 51: 471–83. 

32. Cui X, Chopp M, Zacharek A, Karasinska JM, Cui 

Y, Ning R, et al. Deficiency of brain ATP-binding 

cassette transporter A-1 exacerbates blood-brain 

barrier and white matter damage after stroke. Stroke, 

2015; 46: 827–34. 

33. Lv YC, Yang J, Yao F, Xie W, Tang YY, Ouyang 

XP, et al. Diosgenin inhibits atherosclerosis via 

suppressing the MiR-19b-induced downregulation of 

ATP-binding cassette transporter A1. 

Atherosclerosis, 2015; 240: 80–9. 

34. Chen J, Gao J, Yang J, Zhang Y, Wang L. Effect of 

triptolide on the regulation of ATPbinding cassette 

transporter A1 expression in 

lipopolysaccharideinduced acute lung injury of rats. 

Mol Med Rep., 2014; 10: 3015–20. 

35. Jeon BH, Lee YH, Yun MR, Kim SH, Lee BW, 

Kang ES, et al. Increased expression of ATP-

binding cassette transporter A1 (ABCA1) as a 

possible mechanism for the protective effect of 

cilostazol against hepatic steatosis. Metabolism, 

2015; 64: 1444–53.  

36. Li D, Xiong Q, Peng J, Hu B, Li W, Zhu Y, et al. 

Hydrogen sulfide upregulates the expression of 

ATP-binding cassette transporter A1 via promoting 

nuclear translocation of PPARalpha. Int J Mol Sci., 

2016; 17: 635.  

37. Li X, Zhou Y, Yu C, Yang H, Zhang C, Ye Y, et al. 

Paeonol suppresses lipid accumulation in 

macrophages via upregulation of the ATP-binding 

cassette transporter A1 and downregulation of the 

cluster of differentiation 36. Int J Oncol, 2015; 46: 

764–74.  

38. Song G, Lin Q, Zhao H, Liu M, Ye F, Sun Y, et al. 

Hydrogen activates ATPbinding cassette transporter 

A1-dependent efflux ex vivo and improves high-

density lipoprotein function in patients with 

hypercholesterolemia: a double-blinded, 

randomized, and placebo-controlled trial. J Clin 

Endocrinol Metab., 2015; 100: 2724–33.  

39. Molusky MM, Hsieh J, Lee SX, Ramakrishnan R, 

Tascau L, Haeusler RA, et al. Metformin and AMP 

kinase activation increase expression of the sterol 

transporters ABCG5/8 (ATP-binding cassette 

transporter G5/G8) with potential Antiatherogenic 

consequences. Arterioscler Thromb Vasc Biol., 

2018; 38: 1493–503.  

40. Wang D, Yan X, Xia M, Yang Y, Li D, Li X, et al. 

Coenzyme Q10 promotes macrophage cholesterol 

efflux by regulation of the activator protein-

1/miR378/ATP-binding cassette transporter G1-

signaling pathway. Arterioscler Thromb Vasc Biol., 

2014; 34: 1860–70. 

41. Takiguchi S, Ayaori M, Yakushiji E, Nishida T, 

Nakaya K, Sasaki M, et al. Hepatic overexpression 

of endothelial lipase lowers high-density lipoprotein 

but maintains reverse cholesterol transport in mice: 

role of scavenger receptor class B type I/ATP-

binding cassette transporter A1-dependent pathways. 

Arterioscler Thromb Vasc Biol., 2018; 38: 1454–67. 

42. Kumar, A.; Ekavali, M.J.; Mishra, J.; Chopra, K.; 

Dhull, D.K. Possible role of P-glycoprotein in the 

neuroprotective mechanism of berberine in 

intracerebroventricular streptozotocin-induced cog-

nitive dysfunction. Psychopharmacology (Berl.), 

2016; 233(1): 137-152.  

[http://dx.doi.org/10.1007/s00213-015-4095-7] 

[PMID: 26446867]. 

43. Abuznait, A.H.; Qosa, H.; Busnena, B.A.; El Sayed, 

K.A.; Kad-doumi, A. Olive-oil-derived oleocanthal 

enhances β-amyloid clear-ance as a potential 

neuroprotective mechanism against Alzheimer’s 

disease: in vitro and in vivo studies. ACS Chem. 

Neurosci., 2013; 4(6): 973-982.  

[http://dx.doi.org/10.1021/cn400024q] [PMID: 

23414128]. 

44. Lemmen, J.; Tozakidis, I.E.; Galla, H.J. Pregnane X 

receptor upregulates ABC-transporter Abcg2 and 

Abcb1 at the blood-brain barrier. Brain Res., 2013; 

1491: 1-13.  

[http://dx.doi.org/10.1016/j.brainres.2012.10.060] 

[PMID: 23123212]. 

45. Mahringer, A.; Fricker, G. ABC transporters at the 

blood-brain barrier. Expert Opin. Drug Metab. 

Toxicol., 2016; 12(5): 499-508.  

[http://dx.doi.org/10.1517/17425255.2016.1168804] 

[PMID: 26998936]  

46. Zhao, Y.; Hou, D.; Feng, X.; Lin, F.; Luo, J. Role of 

ABC trans-porters in the pathology of Alzheimer’s 

disease. Rev. Neurosci., 2017; 28(2): 155-159.  



Sachin et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com        │         Vol 6, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

 

75 

[http://dx.doi.org/10.1515/revneuro-2016-0060] 

[PMID: 27997355]. 

47. Jha, S.K.; Jha, N.K.; Kumar, D.; Sharma, R.; 

Shrivastava, A.; Am-basta, R.K.; Kumar, P. Stress-

induced synaptic dysfunction and neurotransmitter 

release in Alzheimer’s disease: Can neurotrans-

mitters and neuromodulators be potential therapeutic 

targets? J. Alzheimers Dis., 2017; 57(4): 1017-1039.  

[http://dx.doi.org/10.3233/JAD-160623] [PMID: 

27662312]. 

48. Vogelgesang, S.; Warzok, R.W.; Cascorbi, I.; 

Kunert-Keil, C.; Schroeder, E.; Kroemer, H.K.; 

Siegmund, W.; Walker, L.C.; Pah-nke, J. The role of 

P-glycoprotein in cerebral amyloid angiopathy; 

implications for the early pathogenesis of 

Alzheimer’s disease. Curr. Alzheimer Res., 2004; 

1(2): 121-125.  

[http://dx.doi.org/10.2174/1567205043332225] 

[PMID: 15975076]. 

49. Bruckmann, S.; Brenn, A.; Grube, M.; Niedrig, K.; 

Holtfreter, S.; von Bohlen und Halbach, O.; 

Groschup, M.; Keller, M.; Vogelge-sang, S. von 

Bohlen und Halbach, O.; Groschup, M.; Keller, M.; 

Vogelgesang, S. Lack of P-glycoprotein results in 

impairment of removal of beta-amyloid and 

increased intraparenchymal cerebral amyloid 

angiopathy after active immunization in a transgenic 

mouse model of Alzheimer’s disease. Curr. 

Alzheimer Res., 2017; 14(6): 656-667.  

[http://dx.doi.org/10.2174/156720501366616120120

1227] [PMID: 27915995]. 

50. Park, R.; Kook, S.Y.; Park, J.C.; Mook-Jung, I. Aβ1-

42 reduces P-glycoprotein in the blood-brain barrier 

through RAGE-NF-κB sig-naling. Cell Death Dis., 

2014; 5e1299.  

[http://dx.doi.org/10.1038/cddis.2014.258] [PMID: 

24967961]. 

51. Hartz, A.M.; Zhong, Y.; Wolf, A.; LeVine, H., III; 

Miller, D.S.; Bauer, B. A40 reduces P-glycoprotein 

at the blood brain barrier through the ubiquitin-

proteasome pathway. J. Neurosci., 2016; 36(6): 

1930-1941.  

[http://dx.doi.org/10.1523/JNEUROSCI.0350-

15.2016] [PMID: 26865616]. 

52. Hofrichter, J.; Krohn, M.; Schumacher, T.; Lange, 

C.; Feistel, B.; Walbroel, B.; Heinze, H.J.; Crockett, 

S.; Sharbel, T.F.; Pahnke, J. Reduced Alzheimer’s 

disease pathology by St. John’s Wort treat-ment is 

independent of hyperforin and facilitated by ABCC1 

and microglia activation in mice. Curr. Alzheimer 

Res., 2013; 10(10): 1057-1069.  

[http://dx.doi.org/10.2174/15672050113106660171] 

[PMID: 24156265]  

53. Krohn, M.; Bracke, A.; Avchalumov, Y.; 

Schumacher, T.; Hofrich-ter, J.; Paarmann, K.; 

Fröhlich, C.; Lange, C.; Brüning, T.; von Bohlen 

Und Halbach, O.; Pahnke, J. Accumulation of 

murine amy-loid-β mimics early Alzheimer’s 

disease. Brain, 2015; 138(Pt 8): 2370-2382.  

[http://dx.doi.org/10.1093/brain/awv137] [PMID: 

25991605]. 

54. Ye, B.; Shen, H.; Zhang, J.; Zhu, Y.G.; Ransom, 

B.R.; Chen, X.C.; Ye, Z.C. Dual pathways mediate 

β-amyloid stimulated glutathione release from 

astrocytes. Glia, 2015; 63(12): 2208-2219.  

[http://dx.doi.org/10.1002/glia.22886] [PMID: 

26200696]. 

55. Bamji-Mirza, M.; Li, Y.; Najem, D.; Liu, Q.Y.; 

Walker, D.; Lue, L.F.; Stupak, J.; Chan, K.; Li, J.; 

Ghani, M.; Yang, Z.; Rogaeva, E.; Zhang, W. 

Genetic variations in ABCA7 can increase secreted 

lev-els of amyloid-β40 and amyloid-β42 peptides 

and ABCA7 tran-scription in cell culture models. J. 

Alzheimers Dis., 2018; 66(2): 853-854.  

[http://dx.doi.org/10.3233/JAD-189009] [PMID: 

30400101]. 

56. Vardarajan, B.N.; Ghani, M.; Kahn, A.; Sheikh, S.; 

Sato, C.; Bar-ral, S.; Lee, J.H.; Cheng, R.; Reitz, C.; 

Lantigua, R.; Reyes-Dumeyer, D.; Medrano, M.; 

Jimenez-Velazquez, I.Z.; Rogaeva, E.; St George-

Hyslop, P.; Mayeux, R. Rare coding mutations 

identified by sequencing of Alzheimer disease 

genome-wide association stud-ies loci. Ann. 

Neurol., 2015; 78(3): 487-498.  

[http://dx.doi.org/10.1002/ana.24466] [PMID: 

26101835]  

57. Liu, L.H.; Xu, J.; Deng, Y.L.; Tang, H.D.; Wang, 

Y.; Ren, R.J.; Xu, W.; Ma, J.F.; Wang, G.; Chen, 

S.D. A complex association of ABCA7 genotypes 

with sporadic Alzheimer disease in Chinese Han 

population. Alzheimer Dis. Assoc. Disord., 2014; 

28(2): 141-144.  

[http://dx.doi.org/10.1097/WAD.000000000000000

0] [PMID: 24113560] [91] Aikawa, T.; Holm, M.L.; 

Kanekiyo, T. ABCA7 and pathogenic pathways of 

Alzheimer’s disease. Brain Sci., 2018, 8(2)E27  

[http://dx.doi.org/10.3390/brainsci8020027] [PMID: 

29401741]. 

58. Aikawa, T.; Holm, M.L.; Kanekiyo, T. ABCA7 and 

pathogenic pathways of Alzheimer’s disease. Brain 

Sci., 2018; 8(2): E27.  

[http://dx.doi.org/10.3390/brainsci8020027] [PMID: 

29401741] 

59. Payami, H.; Zareparsi, S.; Montee, K.R.; Sexton, 

G.J.; Kaye, J.A.; Bird, T.D.; Yu, C.E.; Wijsman, 

E.M.; Heston, L.L.; Litt, M.; Schel-lenberg, G.D. 

Gender difference in apolipoprotein E-associated 

risk for familial Alzheimer disease: a possible clue 

to the higher inci-dence of Alzheimer disease in 

women. Am. J. Hum. Genet., 1996; 58(4): 803-811.  

[PMID: 8644745] 

60. Macé, S.; Cousin, E.; Ricard, S.; Génin, E.; 

Spanakis, E.; Lafargue-Soubigou, C.; Génin, B.; 

Fournel, R.; Roche, S.; Haussy, G.; Massey, F.; 

Soubigou, S.; Bréfort, G.; Benoit, P.; Brice, A.; 

Cam-pion, D.; Hollis, M.; Pradier, L.; Benavides, J.; 

Deleuze, J.F. ABCA2 is a strong genetic risk factor 

for early-onset Alzheimer’s disease. Neurobiol. Dis., 

2005; 18(1): 119-125.  



Sachin et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com        │         Vol 6, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

 

76 

[http://dx.doi.org/10.1016/j.nbd.2004.09.011] 

[PMID: 15649702]  

61. Wollmer, M.A.; Kapaki, E.; Hersberger, M.; 

Muntwyler, J.; Brun-ner, F.; Tsolaki, M.; Akatsu, 

H.; Kosaka, K.; Michikawa, M.; Mo-lyva, D.; 

Paraskevas, G.P.; Lütjohann, D.; von Eckardstein, 

A.; Hock, C.; Nitsch, R.M.; Papassotiropoulos, A. 

Ethnicity-dependent genetic association of ABCA2 

with sporadic Alzheimer’s disease. Am. J. Med. 

Genet. B. Neuropsychiatr. Genet., 2006; 141B(5): 

534-536.  [http://dx.doi.org/10.1002/ajmg.b.30345] 

[PMID: 16752360]  

62. Davis, W., Jr The ATP-binding cassette transporter-

2 (ABCA2) increases endogenous amyloid precursor 

protein expression and Aβ fragment generation. 

Curr. Alzheimer Res., 2010; 7(7): 566-577.  

[http://dx.doi.org/10.2174/156720510793499002] 

[PMID: 20704561] 

63. Chen, Z.J.; Vulevic, B.; Ile, K.E.; Soulika, A.; 

Davis, W., Jr; Reiner, P.B.; Connop, B.P.; 

Nathwani, P.; Trojanowski, J.Q.; Tew, K.D. 

Association of ABCA2 expression with 

determinants of Alz-heimer’s disease. FASEB J., 

2004; 18(10): 1129-1131.  

[http://dx.doi.org/10.1096/fj.03-1490fje] [PMID: 

15155565]  

64. Michaki, V.; Guix, F.X.; Vennekens, K.; Munck, S.; 

Dingwall, C.; Davis, J.B.; Townsend, D.M.; Tew, 

K.D.; Feiguin, F.; De Strooper, B.; Dotti, C.G.; 

Wahle, T. Down-regulation of the ATP-binding 

cassette transporter 2 (Abca2) reduces amyloid-β 

production by al-tering Nicastrin maturation and 

intracellular localization. J. Biol. Chem., 2012; 

287(2): 1100-1111.  

[http://dx.doi.org/10.1074/jbc.M111.288258] 

[PMID: 22086926]. 

65. Tansley, G.H.; Burgess, B.L.; Bryan, M.T.; Su, Y.; 

Hirsch-Reinshagen, V.; Pearce, J.; Chan, J.Y.; 

Wilkinson, A.; Evans, J.; Naus, K.E.; McIsaac, S.; 

Bromley, K.; Song, W.; Yang, H.C.; Wang, N.; 

DeMattos, R.B.; Wellington, C.L. The cholesterol 

trans-porter ABCG1 modulates the subcellular 

distribution and prote-olytic processing of beta-

amyloid precursor protein. J. Lipid Res., 2007; 

48(5): 1022-1034.  

[http://dx.doi.org/10.1194/jlr.M600542-JLR200] 

[PMID: 17293612]. 

66. Sano, O.; Tsujita, M.; Shimizu, Y.; Kato, R.; 

Kobayashi, A.; Kioka, N.; Remaley, A.T.; 

Michikawa, M.; Ueda, K.; Matsuo, M. ABCG1 and 

ABCG4 suppress γ-secretase activity and amyloid β 

produc-tion. PLoS One, 2016; 11(5): e0155400.  

[http://dx.doi.org/10.1371/journal.pone.0155400] 

[PMID: 27196068] 

67. Kim, W.S.; Rahmanto, A.S.; Kamili, A.; Rye, K.A.; 

Guillemin, G.J.; Gelissen, I.C.; Jessup, W.; Hill, 

A.F.; Garner, B. Role of ABCG1 and ABCA1 in 

regulation of neuronal cholesterol efflux to 

apolipoprotein E discs and suppression of amyloid-

beta peptide generation. J. Biol. Chem., 2007; 

282(5): 2851-2861.  

[http://dx.doi.org/10.1074/jbc.M607831200] [PMID: 

17121837]  

68. Zeng, Y.; Callaghan, D.; Xiong, H.; Yang, Z.; 

Huang, P.; Zhang, W. Abcg2 deficiency augments 

oxidative stress and cognitive defi-cits in Tg-SwDI 

transgenic mice. J. Neurochem., 2012; 122(2): 456-

469.  [http://dx.doi.org/10.1111/j.1471-

4159.2012.07783.x] [PMID: 22578166]. 

69. Xiong, H.; Callaghan, D.; Jones, A.; Bai, J.; 

Rasquinha, I.; Smith, C.; Pei, K.; Walker, D.; Lue, 

L.F.; Stanimirovic, D.; Zhang, W. ABCG2 is 

upregulated in Alzheimer’s brain with cerebral 

amyloid angiopathy and may act as a gatekeeper at 

the blood-brain barrier for Abeta(1-40) peptides. J. 

Neurosci., 2009, 29(17), 5463-5475.  

[http://dx.doi.org/10.1523/JNEUROSCI.5103-

08.2009] [PMID: 19403814]  

70. Shen, S.; Callaghan, D.; Juzwik, C.; Xiong, H.; 

Huang, P.; Zhang, W. ABCG2 reduces ROS-

mediated toxicity and inflammation: a potential role 

in Alzheimer’s disease. J. Neurochem., 2010; 

114(6): 1590-1604.  

[http://dx.doi.org/10.1111/j.1471-

4159.2010.06887.x] [PMID: 20626554]. 

71. Liu, L.; Liu, X.D. Alterations in function and 

expression of ABC transporters at blood-brain 

barrier under diabetes and the clinical significances. 

Front. Pharmacol., 2014; 5: 273.  

[http://dx.doi.org/10.3389/fphar.2014.00273] 

[PMID: 25540622]  

72. Jha, N.K.; Jha, S.K.; Kumar, D.; Kejriwal, N.; 

Sharma, R.; Am-basta, R.K.; Kumar, P. Impact of 

insulin degrading enzyme and ne-prilysin in 

Alzheimer’s disease biology: Characterization of 

puta-tive cognates for therapeutic applications. J. 

Alzheimers Dis., 2015; 48(4): 891-917.  

[http://dx.doi.org/10.3233/JAD-150379] [PMID: 

26444774]. 

73. Abuznait, A.H.; Kaddoumi, A. Role of ABC 

transporters in the pathogenesis of Alzheimer’s 

disease. ACS Chem. Neurosci., 2012; 3(11): 820-

831.  [http://dx.doi.org/10.1021/cn300077c] [PMID: 

23181169]  

74. Sun, Y.; Yao, J.; Kim, T.W.; Tall, A.R. Expression 

of liver X re-ceptor target genes decreases cellular 

amyloid beta peptide secre-tion. J. Biol. Chem., 

2003; 278(30): 27688-27694.  

[http://dx.doi.org/10.1074/jbc.M300760200] [PMID: 

12754201]  

75. Fu, Y.; Hsiao, J.H.; Paxinos, G.; Halliday, G.M.; 

Kim, W.S. ABCA5 regulates amyloid-β peptide 

production and is associated with Alzheimer’s 

disease neuropathology. J. Alzheimers Dis., 2015; 

43(3): 857-869. 

76. Chan, S.L.; Kim, W.S.; Kwok, J.B.; Hill, A.F.; 

Cappai, R.; Rye, K.A.; Garner, B. ATP-binding 

cassette transporter A7 regulates processing of 

amyloid precursor protein in vitro. J. Neurochem., 

2008; 106(2): 793-804.  



Sachin et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com        │         Vol 6, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

 

77 

[http://dx.doi.org/10.1111/j.1471-

4159.2008.05433.x] [PMID: 18429932]  

77. Sakae, N.; Liu, C.C.; Shinohara, M.; Frisch-Daiello, 

J.; Ma, L.; Yamazaki, Y.; Tachibana, M.; Younkin, 

L.; Kurti, A.; Carrasquillo, M.M.; Zou, F.; Sevlever, 

D.; Bisceglio, G.; Gan, M.; Fol, R.; Knight, P.; 

Wang, M.; Han, X.; Fryer, J.D.; Fitzgerald, M.L.; 

Ohyagi, Y.; Younkin, S.G.; Bu, G.; Kanekiyo, T. 

ABCA7 defi-ciency accelerates amyloid-β 

generation and Alzheimer’s neuronal pathology. J. 

Neurosci., 2016; 36(13): 3848-3859.  

[http://dx.doi.org/10.1523/JNEUROSCI.3757-

15.2016] [PMID: 27030769]  

78. Deane, R.; Sagare, A.; Hamm, K.; Parisi, M.; Lane, 

S.; Finn, M.B.; Holtzman, D.M.; Zlokovic, B.V. 

apoE isoform-specific disruption of amyloid beta 

peptide clearance from mouse brain. J. Clin. In-vest., 

2008; 118(12): 4002-4013.  

[http://dx.doi.org/10.1172/JCI36663] [PMID: 

19033669] 

79. Corder, E.H.; Saunders, A.M.; Strittmatter, W.J.; 

Schmechel, D.E.; Gaskell, P.C.; Small, G.W.; Roses, 

A.D.; Haines, J.L.; Pericak-Vance, M.A. Gene dose 

of apolipoprotein E type 4 allele and the risk of 

Alzheimer’s disease in late onset families. Science, 

1993; 261(5123): 921-923.  

[http://dx.doi.org/10.1126/science.8346443] [PMID: 

8346443] 

80. Jiang, Q.; Lee, C.Y.; Mandrekar, S.; Wilkinson, B.; 

Cramer, P.; Zelcer, N.; Mann, K.; Lamb, B.; 

Willson, T.M.; Collins, J.L.; Richardson, J.C.; 

Smith, J.D.; Comery, T.A.; Riddell, D.; Holtz-man, 

D.M.; Tontonoz, P.; Landreth, G.E. ApoE promotes 

the proteolytic degradation of Abeta. Neuron, 2008; 

58(5): 681-693.  

[http://dx.doi.org/10.1016/j.neuron.2008.04.010] 

[PMID: 18549781]  

81. Fu, Y.; Hsiao, J.H.; Paxinos, G.; Halliday, G.M.; 

Kim, W.S. ABCA7 mediates phagocytic clearance 

of amyloid-β in the brain. J. Alzheimers Dis., 2016; 

54(2): 569-584.  [http://dx.doi.org/10.3233/JAD-

160456] [PMID: 27472885]  

82. Uehara, Y.; Yamada, T.; Baba, Y.; Miura, S.; Abe, 

S.; Kitajima, K.; Higuchi, M.A.; Iwamoto, T.; Saku, 

K. ATP-binding cassette transporter G4 is highly 

expressed in microglia in Alzheimer’s brain. Brain 

Res., 2008; 1217: 239-246. 

83. Miller, D.S. Regulation of ABC transporters blood-

brain barrier: The good, the bad, and the ugly. Adv. 

Cancer Res., 2015; 125: 43-70.  

[http://dx.doi.org/10.1016/bs.acr.2014.10.002] 

[PMID: 25640266]  

84. Nishida, Y.; Ito, S.; Ohtsuki, S.; Yamamoto, N.; 

Takahashi, T.; Iwata, N.; Jishage, K.; Yamada, H.; 

Sasaguri, H.; Yokota, S.; Piao, W.; Tomimitsu, H.; 

Saido, T.C.; Yanagisawa, K.; Terasaki, T.; Mi-

zusawa, H.; Yokota, T. Depletion of vitamin E 

increases amyloid β accumulation by decreasing its 

clearances from brain and blood in a mouse model 

of Alzheimer disease. J. Biol. Chem., 2009; 284(48): 

33400-33408.  

[http://dx.doi.org/10.1074/jbc.M109.054056] 

[PMID: 19679659]  

85. Hartz, A.M.S.; Miller, D.S.; Bauer, B. Restoring 

blood-brain bar-rier P-glycoprotein reduces brain 

amyloid-β in a mouse model of Alzheimer’s disease. 

Mol. Pharmacol., 2010; 77(5): 715-723. 

[http://dx.doi.org/10.1124/mol.109.061754] [PMID: 

20101004] 

86. Watkins, R.E.; Wisely, G.B.; Moore, L.B.; Collins, 

J.L.; Lambert, M.H.; Williams, S.P.; Willson, T.M.; 

Kliewer, S.A.; Redinbo, M.R. The human nuclear 

xenobiotic receptor PXR: structural determi-nants of 

directed promiscuity. Science, 2001; 292(5525): 

2329-2333.  

[http://dx.doi.org/10.1126/science.1060762] [PMID: 

11408620] 

87. Loeb, M.B.; Molloy, D.W.; Smieja, M.; Standish, 

T.; Goldsmith, C.H.; Mahony, J.; Smith, S.; Borrie, 

M.; Decoteau, E.; Davidson, W.; McDougall, A.; 

Gnarpe, J.; O’DONNell, M.; Chernesky, M. A 

randomized, controlled trial of doxycycline and 

rifampin for pa-tients with Alzheimer’s disease. J. 

Am. Geriatr. Soc., 2004; 52(3): 381-387.  

[http://dx.doi.org/10.1111/j.1532-

5415.2004.52109.x] [PMID: 14962152]  

88. Durk, M.R.; Han, K.; Chow, E.C.; Ahrens, R.; 

Henderson, J.T.; Fraser, P.E.; Pang, K.S. 1α,25-

Dihydroxyvitamin D3 reduces cere-bral amyloid-β 

accumulation and improves cognition in mouse 

models of Alzheimer’s disease. J. Neurosci., 2014; 

34(21): 7091-7101.  

[http://dx.doi.org/10.1523/JNEUROSCI.2711-

13.2014] [PMID: 24849345]  

89. Durk, M.R.; Chan, G.N.; Campos, C.R.; Peart, J.C.; 

Chow, E.C.; Lee, E.; Cannon, R.E.; Bendayan, R.; 

Miller, D.S.; Pang, K.S. 1α,25-Dihydroxyvitamin 

D3-liganded vitamin D receptor increases 

expression and transport activity of P-glycoprotein 

in isolated rat brain capillaries and human and rat 

brain microvessel endothelial cells. J. Neurochem., 

2012; 123(6): 944-953.  

[http://dx.doi.org/10.1111/jnc.12041] [PMID: 

23035695]  

90. Chow, E.C.Y.; Durk, M.R.; Cummins, C.L.; Pang, 

K.S. 1α,25-dihydroxyvitamin D3 up-regulates P-

glycoprotein via the vitamin D receptor and not 

farnesoid X receptor in both fxr(-/-) and fxr(+/+) 

mice and increased renal and brain efflux of digoxin 

in mice in vivo. J. Pharmacol. Exp. Ther., 2011; 

337(3): 846-859.  [http://dx.doi.org/10.1124 

/jpet.111.179101] [PMID: 21421739]  

91. Manda, S.; Sharma, S.; Wani, A.; Joshi, P.; Kumar, 

V.; Guru, S.K.; Bharate, S.S.; Bhushan, S.; 

Vishwakarma, R.A.; Kumar, A.; Bharate, S.B. 

Discovery of a marine-derived bis-indole alkaloid 

fascaplysin, as a new class of potent P-glycoprotein 

inducer and es-tablishment of its structure-activity 

relationship. Eur. J. Med. Chem., 2016; 107: 1-11.  



Sachin et al.                                                                        World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com        │         Vol 6, Issue 12, 2020.          │         ISO 9001:2015 Certified Journal         │ 

 

78 

[http://dx.doi.org/10.1016/j.ejmech.2015.10.049] 

[PMID: 26560048] 

92. Krohn, M.; Lange, C.; Hofrichter, J.; Scheffler, K.; 

Stenzel, J.; Steffen, J.; Schumacher, T.; Brüning, T.; 

Plath, A.S.; Alfen, F.; Schmidt, A.; Winter, F.; 

Rateitschak, K.; Wree, A.; Gsponer, J.; Walker, 

L.C.; Pahnke, J. Cerebral amyloid-β proteostasis is 

regu-lated by the membrane transport protein 

ABCC1 in mice. J. Clin. Invest., 2011; 121(10): 

3924-3931.  [http://dx.doi.org/10.1172/JCI57867] 

[PMID: 21881209]  

93. M.T. Vanier, G. Millat, Niemann-Pick disease type 

C, Clin. Genet. 64 (4) (2003) 269–281. [53] Y. 

Urano, H. Watanabe, S.R. Murphy, Y. Shibuya, Y. 

Geng, A.A. Peden, C.C. Chang, T.Y. Chang, 

Transport of LDL-derived cholesterol from the 

NPC1 compartment to the ER involves the trans-

Golgi network and the SNARE protein complex, 

Proc. Natl. Acad. Sci. U S A., 2008; 105(43): 

16513–16518.  

94. N. Rocha, C. Kuijl, R. van der Kant, L. Janssen, D. 

Houben, H. Janssen, W. Zwart, J. Neefjes, 

Cholesterol sensor ORP1L contacts the ER protein 

VAP to control Rab7-RILP-p150 Glued and late 

endosome positioning, J. Cell Biol., 2009; 185(7): 

1209–1225.  

95. D.B. Iaea, F.R. Maxfield, Cholesterol trafficking and 

distribution, Essays Biochem, 2015; 57: 43–55.  

96. P.G. Pentchev, R.O. Brady, E.J. Blanchette-Mackie, 

M.T. Vanier, E.D. Carstea, C. C. Parker, E. Goldin, 

C.F. Roff, The Niemann-Pick C lesion and its 

relationship to the intracellular distribution and 

utilization of LDL cholesterol, BBA, 1994; 1225(3): 

235–243.  

97. K.B. Peake, J.E. Vance, Defective cholesterol 

trafficking in Niemann-Pick Cdeficient cells, FEBS 

Lett. 584 (13) (2010) 2731–2739. [58] J.D. Butler, 

M.T. Vanier, P.G. Pentchev, Niemann-Pick C 

disease: cystine and lipids accumulate in the murine 

model of this lysosomal cholesterol lipidosis, 

Biochem. Biophys. Res. Commun, 1993; 196(1): 

154–159. 

98. J.D. Butler, M.T. Vanier, P.G. Pentchev, Niemann-

Pick C disease: cystine and lipids accumulate in the 

murine model of this lysosomal cholesterol lipidosis, 

Biochem. Biophys. Res. Commun, 1993; 196(1): 

154–159. 

99. D. te Vruchte, E. Lloyd-Evans, R.J. Veldman, D.C. 

Neville, R.A. Dwek, F.M. Platt, W.J. van 

Blitterswijk, D.J. Sillence, Accumulation of 

glycosphingolipids in Niemann-Pick C disease 

disrupts endosomal transport, J. Biol. Chem, 2004; 

279(25): 26167–26175.  

100. W.J. Schneider, The low density lipoprotein 

receptor, BBA, 1989; 988(2): 303317. 


