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SUMMARY 

Kanber, N. Multidrug Resistance in Cancer: The Role of ABC Transporters. Near 

East University, Institute of Health Sciences. Biochemistry Program, MsC 

Graduation Project, Lefkoşa, 2020. 

The ABC transporters is an important membrane protein family which either import or 

export of substrates across the membranes. They are found in all living organisms. ABC 

transporters hydrolyze ATP to power a vast array of allocrites across cell membranes. 

ABC exporters present in all organisms, but ABC importers found exclusively in bacteria 

. 

Some ABC transporters are responsible for multidrug resistance and a number of 

inherited or acquired disorders in humans. The acquired diseases are the result of either 

dysfunctional proteins or overexpression under certain stimuli. 

Increased efflux of chemotherapeutic agents may cause failure of cancer chemotherapy, 

leading to the reduction of intracellular drug levels and consequent drug insensitivity, 

often to multiple agents- multidrug resistance. Well-established cause of multidrug 

resistance (MDR) involves the increased expression of members of the ABC transporter 

superfamily. The most extensively characterized MDR transporters include ABCB1, 

ABCC1, and ABCG2. 

MDR inhibition studies include some methods including the use of drug derivatives. 

fluorescent drug (which become fluorescent after esteratic cleavage following the entry 

to cell) accumulation in cells, southern blotting of amplified MDR genes, northern 

blotting to detect mRNA overexpression of MDR protein genes, western blotting of 

overexpressed MDR proteins, and use of radioactive 99mTc-labeled MDR inhibitor for 

the imaging of patient body to evaluate the distribution and inhibition of transporter . 

Many MDR inhibitors have been detected and developed, but few MDR inhibitors were 

tested in clinical investigation. Characterization of the MDR expression status of each 

cancer patient may give a chance of application of a specific treatment way with more 

satisfactory results. 

Expression levels of MDR transporter genes of cancer patients show a great variability. 

Because of the presence of very high level of expression of MDR transporters (up to 50-

100x fold of normal levels), these studies are important for the planning of a proper 

strategy for the therapy and diminish the drug resistance if it is necessary and available. 

Thus, there is no ideal chemotherapy schedule for all cancer patients. 

Although a personalized pharmacology concept has been extensively discussed as an 

ideal approach to cancer therapy, it has some handicaps. It requires a well-equipped 

laboratory and well-trained personal, expensive instruments, and laborious tests. 

Although the presence of many promising inhibitors for MDR, only a few molecules 

have been approved by FDA as cancer drug. Nevertheless, resistance determination and 

measurement experiments should not be neglected in the management of cancer patients. 
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ÖZET 

Kanber, N. Kanserde Çoklu İlaç Direnci: ABC Taşıyıcılarının Rolü. Yakın Doğu 

Üniversitesi, Sağlık Bilimleri Enstitüsü. Biyokimya Programı, Tezsiz Yüksek Lisans 

Mezuniyet Projesi, Lefkoşa, 2020. 

ABC taşıyıcıları, biyolojik zarlarda substratların içealım ve dışaatımından sorumlu 

önemli bir zar proteini ailesidir. Tüm canlı organizmalarda bulunurlar. ABC taşıyıcıları, 

işlevlerini ATP enerjisini kullanarak başarırlar. ABC taşıyıcı proteinler tüm 

organizmalarda bulunur, ancak substratları hücre içine alan taşıyıcılar bakterilerle 

sınırlıdır. Bazı ABC taşıyıcıları, çoklu ilaç direncinden ve insanlarda kalıtsal veya edinsel 

bozukluklardan sorumludur. Edinilen hastalıklar, işlevsiz proteinlerin veya belirli 

uyaranlar altında aşırı ekspresyonun sonucudur. 

Kemoterapötik ilaçların dışaatımında artma, kanser tedavivinde başarısızlığa neden 

olarak, hücre içi ilaç seviyelerinin azalmasına yol açar. Bu, genellikle birden fazla ilaca 

dirençli bir ilaç duyarsızlığı biçiminde görülür. Çoklu ilaç direncinin (MDR) iyi bilinen 

nedeni, ABC taşıyıcı süper ailesi üyelerinin artan ekspresyonudur. En kapsamlı 

karakterize edilmiş MDR taşıyıcıları ABCB1, ABCC1 ve ABCG2’dir. 

MDR inhibisyon çalışmaları, ilaç türevlerinin kullanımını içeren bazı yöntemleri içerir. 

Fluoresan ilacın (hücreye giren ilaç ester bağının enzimatik kırılmasından sonra 

fluoresan hale gelir) hücrelerde birikmesi, çoğaltılmış MDR genlerinin Southern 

blottingle ve MDR protein genlerinin aşırı ekspresyonunu tespit etmek için mRNA’nın 

Northern blottingle analizi, radyoaktif 99mTc- ile işaretli taşıyıcı inhibitörünün hasta 

vücudunda dağılımını ve inhibisyonunu değerlendirmek gibi çeşitli ileri yöntemler 

bulunmaktadır. 

Birçok MDR inhibitörü tespit edilmiş ve geliştirilmiştir, ancak klinik araştırmalarda çok 

az MDR inhibitörü test edilmiştir. Her kanser hastasının MDR ekspresyon durumunun 

karakterizasyonu, daha tatmin edici sonuçlarla spesifik tedavi yolunun uygulanması 

şansını verebilir. 

Kanser hastalarının MDR taşıyıcı genlerinin ekspresyon seviyeleri büyük bir değişkenlik 

gösterir. MDR taşıyıcılarının ekspresyon düzeylerinin çok yüksek olabilir (normal 

seviyelerin 50-100 katına kadar). Bu nedenle, tüm kanser hastaları için ideal bir 

kemoterapi programı yoktur. Bu nedenle, MDR’den sorumlu ABC taşıyıcılarla yapılacak 

çalışmalar, tedavi için uygun bir stratejinin planlanması ve gerekli ve mevcutsa ilaç 

direncinin azaltılması için önemlidir. 

Kişiselleştirilmiş bir farmakoloji kavramı, kanser tedavisine ideal bir yaklaşım olarak 

kapsamlı bir şekilde tartışılsa da bazı engelleri vardır. İyi donanımlı bir laboratuvar ve 

iyi eğitilmiş personel , pahalı aletler ve zahmetli testler gerektirir. Ayrıca MDR için umut 

verici birçok inhibitör olmasına rağmen, sadece birkaç molekül FDA tarafından kanser 

ilacı olarak onaylanmıştır. Tüm bunlara rağmen, direnç belirleme ve ölçüm deneyleri 

ihmal edilmemelidir. 
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1. INTRODUCTION 

The ABC transporter family is a group of important membrane protein family which 

either import or export of substrates across the membranes. All the living organisms have 

these membrane proteins. ABC transporters actively transport many substrates across the 

cell membranes and hydrolyse ATP to power the transport function. 

ABC transporters are divided into ABC importers and exporters. The ABC 

importers are limited to bacteria while the ABC exporters are present in all organisms. 

Importers are mainly responsible for nutrient uptake into bacterial cells. ABC exporters 

are commonly involved in the extrusion of substances from the cis- to the trans-side of 

the lipid bilayer. Some ABC transporters are responsible for multidrug resistance and 

some inherited or acquired disorders in humans. These disorders are the result of either 

dysfunctional proteins or overexpression under certain stimuli. 

Increase of ABC transporter activity cause the reduction of intracellular drug 

levels. This situation may lead to drug insensitivity, often to multiple agents (multidrug 

resistance), even to a failure of cancer chemotherapy. The increase of expression of the 

ABC superfamily members is a well-established cause of multidrug resistance (MDR). 

ABCB1, ABCC1 and ABCG2 are the most extensively characterized MDR 

transporters. Actually, there are nearly a dozen transporters are connected to MDR. 

Treatment of cancer cells with a mixture of anticancer drugs and inhibitors of ABC 

transporters is a well-known strategy. Anti-cancer drugs are exported with different ABC 

transporters or groups according to their chemical characteristics. So, it is important to 

determine the expression levels of these MDR transporters and their kinetic properties 

such as efflux capacity and inhibition characteristics, because of the presence of very 

high level of expression of MDR transporters. These studies are important for the 

planning of a proper strategy for therapy and diminish drug resistance. 
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2. GENERAL INFORMATION 

2.1. Overview of the ABC proteins 

The ATP-binding cassette (ABC) superfamily involves many functionally diverse 

transmembrane proteins. The name ABC transporters was introduced in 1992 by Chris 

Higgins. The designation ABC is based on the highly conserved ATP-binding cassette, the 

most characteristic feature of the superfamily. All living organisms have ABC exporters 

while ABC importers are limited with prokaryotes (Higgins 1992). 

These ATP-driven active transporters have various substrates (inorganic ions, 

saccharides, metal ions, drugs, amino acids, lipids, and proteins. They share a high 

degree of sequence and structural homology, although differences are observed in 

molecular mechanisms, in vivo localizations, substrate specificities, and their functions. 

Transport functions of these proteins are not limited with export out of the cell but are 

also involved in intracellular compartmental transport in eukaryotic cells. (Higgins 

1992). 

2.2. Classification of ABC transporters 

In the human genome, 48 ABC genes are present, and they are arranged in seven 

subfamilies and are designated A to G. The genes that encode ABC proteins with  a high 

degree of homology among eukaryotes and they are widely dispersed in the genome. There 

are 22 ABC pseudogenes which have been identified and localised to chromosomal regions 

(Piehler et al. 2008). Each subfamily has one or more nicknames: A; ABC1, B; MDR/TAP, 

C; MRP/CFTR, D; ALD, E; OABP, F; GCN20, and G; White .(Neumann et al. 2016). 

Human ABC gene subfamilies with genes and pseudogenes are shown in Table 2.1. 

Members of  each  subfamily  of  human  ABC  transporters  are  listed  in  Table  2.2.  

(Neumann et al. 2017). 

  



3 
 

 

Table 2.1. Human ABC gene and pseudogene subfamilies (Vasiliou et al. 2009) 

 

Table 2.2. Members of human ABC transporter superfamily. Cell in bold type 

represent ABC transporter having recognized activity in the transport of drugs 

(Neumann et al. 2016). 



4 
 

2.3. Structure of ABC transporters 

ABC genes are generally organized as either full or half transporters.The full 

transporters contain two trans-membrane domains (TMD) and two nucleotide binding 

domains (NBD). The half transporters have one TMD and one NBD domain. The half 

transporter proteins have to dimerized  to be a functional transporter. These dimers may 

be either homodimer or heterodimer (Figure 2.1.). 

The transmembrane domains (TMD) contain six hydrophobic alpha-helices 

(transmembrane domain). These domains take role in substrate recognition and its 

translocation across the lipid membrane.The molecules pump substrates out of the 

cytoplasm. Hydrophobic compounds, often move this from the inner leaf of the bilayer 

to the outer layer (Hyde et al. (1990). 

 

Figure 2.1. Typical structures of half- and full ABC transporters. 

The NBD domains located in cytoplasm and two NBD together function. They  

bind and hydrolyze ATP to provide the driving energy for transport. 

The NBDs contain several highly conserved A and B motifs, the turn and loop 

regions, and an ABC signature motif (C). This ABC motif is specific to ABC transporters 

and other ATP-binding proteins have no similar motif (Kerr 2002). 

Nevertheless, ABC proteins generally do not obey these simplified TMD-NBD or 

TMD-NBD-TMD-NDB models. Although the TMD domains of a typical full ABC 



5 
 

transporter have a total of 12 transmembrane hydrophobic helices, some of the full type ABC 

transporters have an additional TMD, with up to five hydrophobic transmembrane helices 

(TMD0). The variation of the transporter topology of ABC superfamily are summarized in 

the Figure 2.2. Subfamily A and some members of subfamily B and C are the examples for 

the typical full transporter definition with TM domains of a total 12 helices. Members of 

subfamily D and G, and some ABCB transporters are typical half transporters. Some ABCB 

and ABCC transporters have additional variable lengthtransmembrane domain (TMD0) with 

up to 5 hydrophobic helices in addition to TMD1. 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. Structures and subcellular localizations of the ABC half- and 

fulltransporters in ABC subfamilies (Neuman et al. 1990). 

 

Two subfamilies of ABC superfamily (ABCE and ABCF) are quite different in 

structure from the others. These members which have no TMD are in soluble form in 

cytoplasm and can not function as a transporter. (Domenichini et al. 2018) 

2.3.1. Subcellular localization of ABC transporters 

Many tissues have a characteristic intracellular ABC transporter location pattern 

which involves some organelles. Intracellular localizations are defined by functions and 

requirements of cells such as synthesis, secretion, intracellular transport, and defense 
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against xenobiotics. A brief distribution pattern is given in Figure 2.2. (Neuman et al.  

2016). 

2.4. The Mechanism of action of ABC transporters 

ABC transporters can any one of nucleotides or transport substrate firstly to one face 

open-inward conformation (Figure 2.3) and then  the TMDs or NBDs could cometogether 

in a orientation. Both NBD and TMD halves  form complete binding sites for ATPs and 

substrate molecules, respectively (Higgins and Linton 2004). 

 

 

Figure2.3. Mechanism of action of ABC transporters. The blue colored 

TMDs  are associated with purple and red NBDs, ADP and transport 

substrate are shown in green, gray, and yellow, respectively.The symbol 

of number (#) and asterisk (*)indicate nucleotide-free and nucleotide 

bound conformations  ABCB10 ( Shintre et al. 2013). 
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2.5. Some characteristics and functions of ABC transporters 

ABC transporters show a widespread tissue distribution in humans. Some 

characteristics of ABC transporters including their genes, chromosome locations, the 

number of amino acids, and tissue distributions are given in Table 2.3.  Mutations in 

ABC genes cause or accompany many diseases. These ABC transporters which are 

involved in diseases are listed in Table 2.4. 

2.5.1. ABCA Subfamily 

In sub-family A, there are 12 full transporters which play a key role in lipid 

trafficking in many diverse organs (Vasiliou 2009). 

The ABCA1 (ABC1) protein is to exports the cholesterol and phospholipids 

across the cell membrane to the outside of the cell (Adamska, 2018). There is a pure 

confirmation that ABCA1 always flips phospholipids and cholesterol from the inside 

leaflet to the outside leaflet of the plasma membrane. The mutations and deficiencies of 

ABCA1 cause a deficiency of cholesterol efflux onto HDL (Tangier disease) (Oram, 

2000). 

ABCA2 is extensively located in the brain and also exists in the kidney, the heart 

andthe lung with lower levels. It is observed that the level of ABCA2 mRNA increases 

in cholesterol-rich macrophages. Early onset forms of Alzheimer disease in humans was 

reported to be linked to ABCA2 gene (a single nucleotide polymorphism in exon 14) 

(Mack et al. 2007). 

ABCA3 (ABC3) is connected to alveolar type II pneumocytes in the lung. It 

isresponsible for the continuous secretion of pulmonary surfactant (a complex 

combination of proteins, phospholipids, and cholesterol) and concentrated storage 

(Tarling, 2013). 

ABCA4 (ABCR) and is responsible for the transport of N-retinylidene-

phosphatidylethanolamine (NRPE), an intermediate product of vision cycle. It is 

dedicated to retinal cell photoreceptors and ABCA4 is also named ABCR. ABCA4 

mutations are responsible for Stargardt’s macular degeneration (cone and rod cell 

dystrophy), and recessive retinitis pigmentosa (Tsybovsky et al. 2010)). 



8 
 

 

  



9 
 

 

  



10 
 

Table 2.3. Some characteristics, tissue distributions and functions of ABC transporters. 

(Dean et al. 2001, Vasiliou et al. 2009). 

ABCA5 (ABC13) mutations may cause excessive hair overgrowth (DeStefano 

etal. 2014). ABCA10 is a mitochondria located half transporter and its function is 

unknown. 

ABCA12 proteins are mostly found in the stomach and on the skin. 

TheABCA12gene share same chromosomal region which is previously linked to 

congenital cataracts, diabetes mellitus and skin diseases. ABCA12 functions as an 

important skin homeostasis factor. Patients with ABCA12 gene mutations suffer from 

lamellar ichthyosis type 2 (Albrecht, 2007). 

2.5.2. ABCB (MDR, TAP) subfamily 

A few of the B family members present multidrug resistance in cancer and have been 

named the “MDR family of ABC transporters” (Štefková, 2004). Modifications in 

ABCB genes are linked to some diseases; ankylosing spondylitis, Coeliac disease, X-

linked sideroblastic anemia with ataxia, lethal neonatal syndrome and cholestatic liver 

disease of infancy (Vasiliou 2009). 
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Table 2.4. ABC transporters involved in diseases (Patel et al. 2015). 
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ABCB1 is mainly expressed in blood-brain barrier and in the liver and 

functions for the protection of the cells from toxic agents (Dean, 2001). ABCB4 is 

the key source of progressive familiar intrahepatic cholestasis type 3 (Annilo, 

2006). 

Mutations in ABCB4 and ABCB11 genes cause various progressive clinical 

forms of familial intrahepatic cholestasis. In these autosomal recessive liver 

disorders cholestasis starts early and puts the organ into failure and is the main 

reason  of liver transplantations in children (Zarenezhad et al. 2017). 

ABCB6, ABCB7, ABCB8, and ABCB10 are located on the mitochondrial 

membrane and they have roles such as carrying iron/sulfur  protein precursors and 

iron import to mitochondria (Liesa et al. 2012). Four mutations in the ABCB7 gene 

have been recognized in X-linked sideroblastic anemia with cerebellar ataxia 

(XLSA/A) (D’Hooghe et al. 2014). The ABCB9 half transporter has been detected 

on lysosomes (Zhang et al. 2000) 

Two half transporters ABCB8 and ABCB9 are located in mitochondria and 

lysosomes respectively and their functions are unknown. 

2.5.3. ABCC (MRP, CFTR) Subfamily 

MRP-like proteins are organic anion (glucuronate glutathione or sulfate) 

transporters and have a major function in resistance to nucleoside analogs 

(Štefková, 2004). 

ABCC2 mutations cause Dubin-Johnson disease, an autosomal recessive 

syndrome.  Carrying bilirubin from the liver into the biliary system is defective and 

there is  bilirubin storage in liver (Okada et al. 2014).  

ABCC6 mutations result in pseudoxanthoma elasticum (PXE). In this 

progressive disorder the deposits of calcium and other minerals are accumulated 

(mineralization) in elastic fibers (Le Saux et al. 2001). 

Mutations in ABCC7 (also named CFTR, cyctic fibrosis transmembrane 

regulator) cause cystic fibrosis, which is a genetic autosomal recessive disorder that 
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influences the pancreas mainly, and leading to severe digestive complications 

(Vasilliou, 2009). 

2.5.4. ABCD (ALD) Subfamily 

The ABCD transporters are peroxisomally located half transporters. 

Mutations of ABCD1 gene is the cause of a peroxisomal disorder, 

drenoleukodystrophy (ALD). van Roermund et al. showed that ALDP (human 

peroxisomal ABC half transporter) is functional in its dimer form and accepts acyl-

CoA esters (van Roermund et al. 2008). In ALD, there is an accumulation of 

unbranched and saturated very long chain fatty acids (in form of cholesterol esters).  

ABCD1, ABCD2, ABCD3, and ABCD4 are the genes of peroxysomal related 

transporters. These mammalian genes are highly conserved in evolution. In mouse, 

the expression of ALD gene, but it predominates in brain and adrenals (Lombard-

Plat et al., 1996). 

The ABCD2 gene is induced by cholesterol-lowering drugs (fibrates) and 

maintains a contingent therapeutic strategy to treat X-ALD (Netik et al.,1999) 

2.5.5. ABCE (OABP) Subfamily 

The ABCE1 protein is a negative regulator of the 2-5A/RNase L system and 

it may be involved in some biological functions such as tumor cell proliferation and 

antiapoptosis (Tian Y. et al. 2012).  ABCE1 has only two nucleotide binding domain 

(NBD) and the transmembrane domains (TMD) is missing. This member is in 

soluble form in cytoplasm and does not function as a transporter. ABCE members 

are in soluble form and have no transporter function. 

2.5.6. ABCF (GCN20) Subfamily 

ABCF members are similar to ABCE in structure (no TMD) and do not 

functionas transporter. They seem to be involved in translational regulation (Xiong 

et al. 2015). ABCF genes are thought to be upregulated by tumor necrosis factor. 

The members of this ABCF subfamily have an important function in inflammatory 

processes. (Vasilliou, 2009). 
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2.5.7. ABCG (White) Subfamily 

ACBG transporters take role in the efflux of lipids such as cholesterol and 

derivatives, hydrophobic xenobiotics and drugs. ABCG1 and ABCG4 together have 

functions in macrophage lipid metabolism(Woodward et al., 2011). 

ABCG2  has an important role in tissueprotection against several xenobiotics 

and itis located on the apical membranes (Mansoori etal. 2017). 

ABCG2 is identified to promote multidrug resistance (MDR) in 

chemotherapy of cancer (Allen et al. 2002).  Expression of ABCG2 in tumor cell is 

related through resistance to multiple chemotherapeutic agents (Ishikawa, 2005). 

Cancer cells which have ABCG2 can carry out some photosensitizers such as  

porphyrins including benzoporphyrin and verteporfin (Ishikawa, 2005). This ability 

protects the cancer cells against phototoxicity of porphyrin based drugs in 

photodynamic therapy 

Also ABCG2 is a physiologically important urate transporter. A positive 

connection between ABCG2 dysfunction and hyperuricemia and gout is shown 

(Toyoda, 2019). Gout attacks and high serum urate concentrations may arise 

through the possible side effects of ABCG2 inhibitors (Woodward et al., 2011). 

The ABCG5and ABCG8 genes are adjacent and in anti-parallel 

arrangement on the chromosome 2p21. Both ABCG5 and ABCG8 genes are 

mutated in phytosterolemia. An ABCG5/ABCG8 heterodimer seems to be a 

principal transporter for sitosterol. They limit intestinal absorption and remove 

sterols. (Vasilliou, 2009). 
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3. CANCER AND MULTIDRUG RESISTANCE 

 

3.1. General characteristics of cancer cells 

According to WHO reports, cancer caused 9.6 million deaths and 18.1 million new 

cases in 2018, and it is the second leading cause of death globally (WHO, 2020). 

Typical properties of cancer cells are evading apoptosis, immortality, loss of cell 

cycle control, and to be independent of external growth signals (Hanahan and 

Weinberg, 2000). Uncontrollable division and aggressive invasion of cancer cells 

is probably the most important problems in medicine. 

Cancer differs from the other troublesome diseases with its variable and 

autonomous character and behavior. There is no standard long-life therapy strategy 

or prescription for the patients with any type of cancer, even for the same patient 

during the therapy. Cancer cells can acquire some capabilities such as more resistant 

to drugs and more insensitive to tumor suppressing factors as a result of continuous 

mutations (Table 3.1.) (Hanahan and Weingberg, 2000). 

 

 

Table 3.1. Acquired capabilities of cancer cells (Hanahan and Weinberg, 2000). 
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3.2. Multidrug Resistance 

Multi-drug resistance (MDR) the cancer chemotherapy can been defined as the 

capability of cancer cells to survive against manyanti-cancer drugs.  

Biedler and Riehm defined the "cross-resistance" term in the investigation of 

cellular resistance to actinomycin D in Chinese hamster  cells in vitro. (Biedler and 

Riehm 1970). In 1976, Juliano and Ling used the term "pleiotropic drug resistance" 

in the study of  drug permeability of a surface glycoprotein in chinese hamster ovary 

cell mutants (Juliano and Ling 1976).Beginning in the 1980s, the term "multidrug 

resistance"  has been widely used. The main cause of MDR seems to be the release 

of the cancer drug outside the cells is (Zahreddine & Borden, 2013). 

Cancer cells can develop some resistance mechanisms against cancer drugs 

to survive (Figure 3.1.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Resistance tools and mechanisms of cancer cells. 

(modified from Liu et al. 2018). 
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.They can be classified into eight major categories (Liu et al. 2018). 

a) increased drug efflux by ATP-dependent pumps, 

b) decreased drug influx, 

c) increased drug inactivation by metabolism, 

d) drug compartmentalization, 

e) altered drug targets, 

f) enhanced DNA repair, 

g) mutation of cellular targets, and 

h) inactivation of apoptotic pathways. 

The first four mechanisms maintain the cytoplasmic drug concentrations at 

low levels in cancer cells. The other mechanisms will be effective on the 

cytotoxicity of chemotherapeutics on the cancer cells.  

The accumulating evidence about multidrug resistance has shown that the 

most important mechanism in multidrug resistance is the increased excretion of 

cancer drugs into the cell by active transport. Increased expression of drug transport 

proteins is a common condition. These drug transporters belong to the ATP-binding 

cassette (ABC) transporter gene family (Ishikawa, 2005) 

Although 48 transporters of ABC superfamily were identified in seven 

subfamilies, only 15 transporters were found to export chemotherapeutic agents 

(Huang and Sadée, 2006; Wu et al., 2011). These are given in Table 3.2. 

Nevertheless, the number of major transporters for MDR is limited. Actually, 

ABCB1, ABCC1, ABCC2, and ABCG2 are the major responsible transporters for 

MDR.. The other members of these three subfamilies may contribute to multidrug 

resistance in some cases.  

The first drug export protein identified as responsible for multiple drug 

resistance is P-glycoprotein (ABCB1). The second multi-drug resistance protein 

identified later is M RP1 (ABCC1). However, the drug exclusion activity of these 

two proteins is far from fully explaining the resistance to cancer drugs in some 

canser cases. This suggests the presence of other carriers responsible for multiple 

drug resistance (Natarajan et al. 2012  ). 
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As a result of studies, a drug efflux protein was discovered by using a cell 

line devoid of Pgp or MRP1 expression [Chen et al., 1990). This protein (ABCG2) 

was named as breast cancer resistance protein (BCRP) (Natarajan et al. 2012  ). 

Nowadays only ABCB1 (P-gp), ABCC1 (MRP1), and ABCG2 (BCRP) are 

used for routine measurements and monitoring of MDR in clinics and laboratories. 

      Selected ABC transporters, cancer-related substrates and their expression in tumoursç 

 

Table 3.2. Characteristics of some cancer related ABC transporters  (Fletcher 

et al., 2010).  
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3.3. ATP transporter regulators and inhibitors in cancer 

 

ATP transporters responsible for MDR have been investigated. 

Overexpression of MDR transporters are induced by cancer drugs. 100- to 200-

fold expression of ABCC1 in doxorubicin-selected lung cancer cells(line H69AR) 

has been reported (Cole et al., 1992). 

ABC transporters require phosphorylation by some protein kinases. Is was 

shown that the phosphorylation of ABCG2 is necessary for its proper function (Xie 

et al.,2008). They propose that ABCG2 is phosphorylated at Thr362 by a protein 

kinase (Pim-1) and this phosphorylation modulates ABCG2 molecule to form a 

dimer with proper function. 

ATP transporters which are synthetized in endoplasmic reticulum are 

reconstructed and transported to cytoplasmic membranes or organelles. These 

processes are under the control of protein kinase systems (Crawford et al., 2018). 

ABC transporters are degraded by proteosomal system. 
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         4.      DISCUSSION 

 

In chemotherapy, most tumor cells of patients become resistant to the drug 

by following the administration of a certain drug. Drug resistance is responsible of 

90% of failures during invasion and metastasis of cancer. This resistance is not only 

to a certain drug, but also to a group of drugs. So, the drug resistance seems to be 

the most serious problem in cancer therapy. 

The causes of multiple drug resistance have been extensively studied. The 

best-known cause is increased expression of members of the ABC transporter 

family. This causes a decrease in intracellular cancer drug level and insensitivity to 

these drugs, and consequently failure in cancer treatment (Fletcher et al., 2010). 

Using anticancer drugs and inhibitors of ABC transporters as a mixture is one 

of the cancer therapy strategies. Anti-cancer drugs are exported with different ABC 

transporters or groups according to their chemical characteristics. Consequently, the 

determination of expression levels of these ABC transporters including efflux 

capacity and inhibition characteristics is very important. Because of a very high 

level of expression of MDR transporters (up to 50-100x fold of normal levels), these 

studies are important for the planning of a proper strategy for the therapy and to 

diminish the drug resistance if it is necessary and available (Roundhill at al. 2015). 

Nooter et al. showed the multidrug resistance-associated protein (MRP) was 

frequently overexpressed in primary breast cancer. They suggest that MRP 

expression might be of prognostic significance in breast cancer  and more important 

in altered cell biological behaviour with more aggressive phenotype (Nooter et al. 

1997). 

Many MDR inhibitors have been detected and developed, but few MDR 

inhibitors were tested in clinical investigation. Characterization of the MDR expression 

status ofeach cancer patient may give a chance of application of specific treatment 

way with more satisfactory results. 

Expression levels of MDR transporter genes of cancer patients show a great 

variability. Thus, there is no ideal chemotherapy schedule for all cancer patients. 
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Although a personalized pharmacotherapy concept has been extensively discussed 

as an ideal approach to cancer therapy, it has some handicaps. It requires a well-

equipped laboratory and personal, expensive instruments, and laborious tests. 

Although there is the presence of many promising inhibitors for MDR, only a few 

molecules have been approved by FDA as cancer drug.Nevertheless, resistance 

determination and measurement experiments should not be neglected in the 

management of cancer patients. 
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