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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway 
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and cross-
referenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions 
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by 
systems biologists building predictive models of normal and disease variant pathways.

The development of Reactome is supported by grants from the US National Institutes of Health (P41 
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and 
the European Molecular Biology Laboratory (EBI Industry program).
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ABC transporter disorders ↗

Stable identifier: R-HSA-5619084

The ATP-binding cassette (ABC) transporters form a large family of transmembrane proteins that utilise 
the energy from the hydrolysis of ATP to facilitate the movement of a wide variety of substrates against a 
concentration gradient across membrane bilayers. Substrates include amino acids, lipids, inorganic ions, 
peptides, saccharides, peptides for antigen presentation, metals, drugs, and proteins. Of the 48 known 
ABC transporters in humans, 15 are associated with a defined human disease (Tarling et al. 2013, Wood-
ward et al. 2011, Dean 2005, Kemp et al. 2011, Ueda 2011, Chen & Tiwari 2011). 
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Defective CFTR causes cystic fibrosis ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5678895

Diseases: cystic fibrosis

Cystic fibrosis transmembrane conductance regulator (CFTR) is a low conductance chloride-selective 
channel that mediates the transport of chloride ions in human airway epithelial cells. Chloride ions plays 
a key role in maintaining homoeostasis of epithelial secretions in the lungs. Defects in CFTR can cause 
cystic fibrosis (CF; MIM:602421), a common generalised disorder in Caucasians affecting the exocrine 
glands. CF results in an ionic imbalance that impairs clearance of secretions, not only in the lung, but 
also in the pancreas, gastrointestinal tract and liver. Wide-ranging manifestations of the disease include 
chronic lung disease, exocrine pancreatic insufficiency, blockage of the terminal ileum, male infertility 
and salty sweat. The median survival of CF patients in North America and Western Europe is around 40 
years (Davis 2006, Radlovic 2012). 

Literature references

Davis, PB. (2006). Cystic fibrosis since 1938. Am. J. Respir. Crit. Care Med., 173, 475-82. ↗

Radlovi?, N. (2012). Cystic fibrosis. Srp Arh Celok Lek, 140, 244-9. ↗

Kerem, B., Rommens, JM., Buchanan, JA., Markiewicz, D., Cox, TK., Chakravarti, A. et al. (1989). Identification of 
the cystic fibrosis gene: genetic analysis. Science, 245, 1073-80. ↗

Rogan, MP., Stoltz, DA., Hornick, DB. (2011). Cystic fibrosis transmembrane conductance regulator intracellular pro-
cessing, trafficking, and opportunities for mutation-specific treatment. Chest, 139, 1480-90. ↗

Editions
2015-02-26 Authored, Edited Jassal, B.

2015-04-28 Reviewed Moitra, K.

https://reactome.org
https://reactome.org/content/detail/R-HSA-5678895
http://www.ncbi.nlm.nih.gov/pubmed/16126935
http://www.ncbi.nlm.nih.gov/pubmed/22650116
http://www.ncbi.nlm.nih.gov/pubmed/2570460
http://www.ncbi.nlm.nih.gov/pubmed/21652558


https://reactome.org Page 4

Defective ABCB4 causes PFIC3, ICP3 and GBD1 ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5678771

Diseases: intrahepatic cholestasis, cholelithiasis

Multidrug resistance protein 3 (ATP-binding cassette sub-family B member 4, ABCB4 aka MDR3) medi-
ates the ATP-dependent export of organic anions, phospholipids and drugs from hepatocytes into the 
canalicular lumen in the presence of bile salts, especially the export of phospholipids such as phos-
phatidylcholine (PC). Biliary phospholipids associate with bile salts and cholesterol in mixed micelles, 
thereby reducing the detergent activity and cytotoxicity of bile salts and preventing cholesterol crystal-
lisation. Thus, ABCB4 plays a crucial role in bile formation and lipid homeostasis. Defects in ABCB4 res-
ult in a wide spectrum of cholestasis phenotypes, from progressive familial intrahepatic cholestasis 3 
(PFIC3; MIM:602347) and intrahepatic cholestasis of pregnancy 3 (ICP3; MIM:614972) to gallbladder dis-
ease 1 (GBD1; MIM:600803) (Jacquemin et al. 2001, Davit-Spraul et al. 2010, Jacquemin 2012). In PFIC3, 
the biliary phospholipid level is substantially decreased despite the presence of bile acids. Cholestasis 
may be caused by the toxicity of detergent bile salts that are not associated with phospholipids, leading to 
bile canaliculus and biliary epithelium damage. ICP3 is a reversible form of cholestasis in the third tri-
mester of pregnancy and quickly disappears after childbearing. GBD1 is one of the major digestive dis-
eases. Gallstones composed of cholesterol (cholelithiasis) are the common manifestations of GBD1 in 
western countries. Most people with gallstones remain asymptomatic throughout their lifetimes but ap-
proximately 10-50% of individuals eventually develop symptoms. 

Literature references
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Davit-Spraul, A., Gonzales, E., Baussan, C., Jacquemin, E. (2010). The spectrum of liver diseases related to ABCB4 
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Defective ABCB6 causes MCOPCB7 ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5683371

Diseases: microphthalmia

ATP-binding cassette sub-family B member 6 (ABCB6), uniquely located on the outer mitochondrial 
membrane in homodimeric form, plays a crucial role in haem synthesis by mediating porphyrin uptake 
into the mitochondria. Defects in ABCB6 can cause isolated colobomatous microphthalmia 7 (MCOPCB7; 
MIM:614497), a developmental defect of the eye resulting from abnormal or incomplete fusion of the op-
tic fissure with associated microphthalmia (eyeballs are abnormally small). Coloboma is thought to play 
an important role in the early development of the CNS, including that of the eye (Wang et al. 2012).

Literature references
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Defective ABCB11 causes PFIC2 and BRIC2 ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5678520

Diseases: intrahepatic cholestasis

The bile salt export pump ABCB11 mediates the release of bile salts from liver cells into bile. Defects in 
ABCB11 can cause two clinically distinct forms of cholestasis; progressive familial intrahepatic cholestas-
is 2 (PFIC2; MIM:601847) and benign recurrent intrahepatic cholestasis 2 (BRIC2; MIM:605479). Cho-
lestasis is characterized by the retention of bile acids or salts. Bile acids can damage hepatocytes and bile 
duct cells leading to inflammation, fibrosis, cirrhosis and eventually carcinogenesis. PFIC2 patients suf-
fer from chronic cholestasis and develop liver fibrosis, cirrhosis and end-stage liver disease before adult-
hood. BRIC2 patients experience intermittent episodes of cholestasis that resolve spontaneously after 
weeks or months (Strubbe et al. 2012, Cuperus et al. 2014).

Literature references
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Defective ABCC9 causes CMD10, ATFB12 and Cantu syndrome ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5678420

Diseases: dilated cardiomyopathy, familial atrial fibrillation, osteochondrodysplasia, hypertrichosis

ATP-binding cassette sub-family C member 9 (ABCC9) forms cardiac and smooth muscle-type KATP 
channels with ATP-sensitive inward rectifier potassium channel 11 (KCNJ11). KCNJ11 forms the channel 
pore while ABCC9 is required for activation and regulation (Babenko et al. 1998, Tammaro & Ashcroft 
2007). Inward rectifier potassium channels favor the flow of potassium into the cell rather than out of it. 
KATP channels open and close in response to intracellular changes in the ADP/ATP ratio, thereby linking 
the metabolic state of the cell to its membrane potential. Inhibition of KATP channel activity causes 
membrane depolarization and thereby activation of voltage-dependent Ca2+ channels, leading to Ca2+ 
influx and a rise in intracellular Ca2+ concentration. Correct maintenance of calcium balance is essential 
for the normal functioning of the heart.

Defects in ABCC9 can cause dilated cardiomyopathy 10 (CMD10: MIM:608569), a disorder characterised 
by ventricular dilation and impaired systolic function, resulting in congestive heart failure and ar-
rhythmia (Bienengraeber et al. 2004). Defects in ABCC9 can also cause familial atrial fibrillation 12 
(ATFB12; MIM:614050), characterised by disorganized atrial electrical activity and ineffective atrial con-
traction resulting in blood stasis in the atria and reduces ventricular filling. It can result in palpitations, 
syncope, thromboembolic stroke, and congestive heart failure (Olson et al. 2007). Defects in ABCC9 can 
also cause hypertrichotic osteochondrodysplasia (Cantu syndrome; MIM:239850), a rare disorder charac-
terised by congenital hypertrichosis, neonatal macrosomia, a distinct osteochondrodysplasia and cardio-
megaly (van Bon et al. 2012, Harakalova et al. 2012).
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Defective ABCA1 causes TGD ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5682113

Diseases: Tangier disease

In an ATP-dependent reaction, ATP-binding cassette sub-family A member 1 (ABCA1) mediates the 
movement of intracellular cholesterol to the extracellular face of the plasma membrane. Cholesterol as-
sociated with cytosolic vesicles is a substrate for this reaction. Under physiologocal conditions, the active 
form of ABCA1 is post-translationally modified (palmitoylated and phosphorylated), predominantly a tet-
ramer and is associated with apolipoprotein A-I (APOA1). Defects in ABCA1 can cause Tangier disease 
(TGD; MIM:205400 aka high density lipoprotein deficiency type 1), an autosomal recessive disorder char-
acterised by significantly reduced levels of plasma high density lipoproteins (HDL) resulting in tissue ac-
cumulation of cholesterol esters (Brooks-Wilson et al. 1999). Low HDL levels are among the most com-
mon biochemical abnormalities observed in coronary heart disease (CHD) patients (Kolovou et al. 2006, 
Iatan et al. 2008, Iatan et al. 2012).

Literature references
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Defective ABCA12 causes ARCI4B ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5682294

Diseases: congenital ichthyosiform erythroderma

ATP-binding cassette sub-family A member 12 (ABCA12) is thought to function as an epidermal keratino-
cyte lipid transporter. These lipids form extracellular lipid layers in the stratum corneum of the epiderm-
is, essential for skin barrier function. Defects in ABCA12 results in the loss of the skin lipid barrier, lead-
ing to autosomal recessive congenital ichthyosis 4B (ARCI4B; MIM:242500, aka harlequin ichthyosis, HI). 
ARCI4B shows the most severe phenotype of the congenital ichthyoses, with newborns having a thick 
covering of armour-like scales. The skin dries out to form hard diamond-shaped plaques separated by fis-
sures. Affected babies are often born prematurely and rarely survive the perinatal period (Akiyama et al. 
2005, Akiyama 2010, 2014).

Literature references

Akiyama, M., Sugiyama-Nakagiri, Y., Sakai, K., McMillan, JR., Goto, M., Arita, K. et al. (2005). Mutations in lipid 
transporter ABCA12 in harlequin ichthyosis and functional recovery by corrective gene transfer. J. Clin. Invest., 
115, 1777-84. ↗

Akiyama, M. (2010). ABCA12 mutations and autosomal recessive congenital ichthyosis: a review of genot-
ype/phenotype correlations and of pathogenetic concepts. Hum. Mutat., 31, 1090-6. ↗
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Defective ABCA3 causes SMDP3 ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5683678

Diseases: newborn respiratory distress syndrome

ATP-binding cassette sub-family A member 3 (ABCA3) is thought to play a role in the formation of pul-
monary surfactant by transporting lipids such as cholesterol into lamellar bodies (LBs) in alveolar type II 
cells. In LBs, surfactant proteins and lipids are assembled into bilayer membranes that are secreted into 
the alveolar airspace, where they form a surface film at the air–liquid interface. Defects in ABCA3 can 
cause pulmonary surfactant metabolism dysfunction 3 (SMDP3), a usually fatal pulmonary disease in 
newborns, characterised by the absence of normal LBs and the presence of electron-dense inclusions 
within small vesicular structures. Loss of secretion of lipid pulmonary surfactants causes excessive lipo-
protein accumulation in the alveoli resulting in severe respiratory distress (Shulenin et al. 2004, Quazi & 
Molday 2011, Tarling et al. 2014, Whitsett et al. 2015).

Literature references

Shulenin, S., Nogee, LM., Annilo, T., Wert, SE., Whitsett, JA., Dean, M. (2004). ABCA3 gene mutations in newborns 
with fatal surfactant deficiency. N Engl J Med, 350, 1296-303. ↗

Quazi, F., Molday, RS. (2011). Lipid transport by mammalian ABC proteins. Essays Biochem., 50, 265-90. ↗

Tarling, EJ., de Aguiar Vallim, TQ., Edwards, PA. (2013). Role of ABC transporters in lipid transport and human dis-
ease. Trends Endocrinol. Metab., 24, 342-50. ↗
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Defective ABCC2 causes DJS ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5679001

Diseases: Dubin-Johnson syndrome

Canalicular multispecific organic anion transporter 1 (ABCC2 aka multidrug resistance-associated pro-
tein 2, MRP2), in addition to transporting many organic anions, mediates the ATP-dependent transport of 
glutathione and glucuronate conjugates from hepatocytes into bile. ABCC2 transports with high affinity 
and efficiency mono- and di-glucuronated bilirubin into bile. Bilirubin, the end product of heme break-
down, is an important constituent of bile and is responsible for its characteristic colour. Defects in AB-
CC2 can cause Dubin-Johnson syndrome (DJS; MIM:237500), an autosomal recessive disorder character-
ised by conjugated hyperbilirubinemia (Dubin & Johnson 1954, Keppler 2014, Erlinger et al. 2014). 

Literature references

DUBIN, IN., JOHNSON, FB. (1954). Chronic idiopathic jaundice with unidentified pigment in liver cells; a new clini-
copathologic entity with a report of 12 cases. Medicine (Baltimore), 33, 155-97. ↗
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Defective ABCC6 causes PXE ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5690338

Diseases: pseudoxanthoma elasticum

The multidrug resistance associated protein (MRPs) subfamily of the ABC transporter family can trans-
port a wide and diverse range of organic anions that can be endogenous compounds and xenobiotics and 
their metabolites. The multidrug resistance-associated protein 6 (ABCC6 aka MOAT-E) can actively trans-
port organic anions. Defects in ABCC6 can cause pseudoxanthoma elasticum (PXE; MIM:264800), a rare 
multisystem disorder characterized by accumulation of mineralized and fragmented elastic fibers in the 
skin, vasculature and the Burch membrane of the eye (Finger et al. 2009).

Literature references

Finger, RP., Charbel Issa, P., Ladewig, MS., Götting, C., Szliska, C., Scholl, HP. et al. (2009). Pseudoxanthoma elastic-
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Defective ABCC8 can cause hypo- and hyper-glycemias ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5683177

Diseases: neonatal diabetes mellitus, hyperinsulinemic hypoglycemia, hypoglycemia

ATP-binding cassette sub-family C member 8 (ABCC8) is a subunit of the beta-cell ATP-sensitive potassi-
um channel (KATP). KATP channels play an important role in the control of insulin release. Elevation of 
the ATP:ADP ratio closes KATP channels leading to cellular depolarisation, calcium influx and exocytosis 
of insulin from its storage granules. Defects in ABCC8 can cause dysregulation of insulin secretion result-
ing in hyperglycemias or hypoglycemias. Specific phenotypes observed are noninsulin-dependent dia-
betes mellitus (NIDDM; MIM:125853), permanent neonatal diabetes mellitus (PNDM; MIM:606176), tran-
sient neonatal diabetes mellitus 2 (TNDM2; MIM:610374), familial hyperinsulinemic hypoglycemia 1 
(HHF1; MIM:256450) and leucine-induced hypoglycemia (LIH; MIM:240800) (Edghill et al. 2010, Flanagan 
et al. 2009, Yorifuji 2014, Yang et al. 2010, Chandran et al. 2014).

Literature references
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Defective ABCD1 causes ALD ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5684045

Diseases: adrenoleukodystrophy

The 70-kDa peroxisomal membrane protein (PMP70) and the adrenoleukodystrophy protein (ALDP aka 
ABCD1) are half ATP binding cassette (ABC) transporters in the peroxisome membrane. They are in-
volved in metabolic transport of long and very long chain fatty acids into peroxisomes. Mutations in the 
ALD gene result in the X-linked neurodegenerative disorder adrenoleukodystrophy (ALD; MIM:300100). 
ABCD1 deficiency impairs the peroxisomal beta-oxidation of very long-chain fatty acids (VLCFA) and fa-
cilitates their further chain elongation by ELOVL1 resulting in accumulation of VLCFA in plasma and tis-
sues. While all patients with ALD have mutations in the ABCD1 gene, there is no general genotype-phen-
otype correlation. In addition to ABCD1, other genes and environmental factors determine clinical fea-
tures of ALD (Kemp et al. 2012, Berger et al. 2014).
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Defective ABCD4 causes MAHCJ ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5683329

Diseases: homocystinuria, methylmalonic acidemia

ATP-binding cassette sub-family D member 4 (ABCD4) is thought to mediate the lysosomal export of co-
balamin (Cbl aka vitamin B12) into the cytosol, making it available for the production of Cbl cofactors. 
Cbl is an important cofactor for correct haematological and neurological functions. Defects in ABCD4 
can cause methylmalonic aciduria and homocystinuria, cblJ type (MAHCJ; MIM:614857), a genetically 
heterogeneous metabolic disorder of Cbl metabolism characterised by decreased levels of the coenzymes 
adenosylcobalamin (AdoCbl) and methylcobalamin (MeCbl). Clinically, symptoms include feeding diffi-
culties, poor growth, hypotonia, lethargy, anaemia and delayed development (Coelho et al. 2012).
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Defective ABCG5 causes sitosterolemia ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5679096

Diseases: lipid metabolism disorder

ATP-binding cassette sub-family G member 5 (ABCG5 aka sterolin-1), is a "half transporter", that forms a 
complex with another half transporter ABCG8 (aka sterolin-2) in the endoplasmic reticulum. This com-
plex translocates to the plasma membrane to mediate the ATP-dependent intestinal absorption and facil-
itation of biliary secretion of cholesterol and phytosterols (e.g. sitosterol). Defects in either of these half 
transporters result in loss of enterocyte discrimination between cholesterol and sitosterol causing sterol 
accumulation and predisposition for atherosclerosis. Defects in ABCG5 are the cause of sitosterolemia 
(MIM:210250), characterised by unrestricted intestinal absorption of both cholesterol and plant-derived 
sterols causing hypercholesterolemia and premature coronary atherosclerosis. Patients with sitoster-
olemia absorb between 15 and 60% of ingested sitosterol and excrete only a fraction of this into the bile 
(Berge et al. 2000, Othman et al. 2013, Yu et al. 2014).
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Defective ABCG8 causes GBD4 and sitosterolemia ↗

Location: ABC transporter disorders

Stable identifier: R-HSA-5679090

Diseases: cholelithiasis, lipid metabolism disorder, atherosclerosis

ATP-binding cassette sub-family G member 8 (ABCG8 aka sterolin-2), is a "half transporter", that forms a 
complex with another half transporter ABCG5 in the endoplasmic reticulum. This complex translocates 
to the plasma membrane to mediate the ATP-dependent intestinal absorption and facilitation of biliary 
secretion of cholesterol and phytosterols (eg sitosterol). Defects in either of these half transporters result 
in loss of enterocyte discrimination between cholesterol and sitosterol causing sterol accumulation and 
predisposition for atherosclerosis. Defects in ABCG8 are the cause of gallbladder disease 4 (GBD4; 
MIM:611465), one of the major digestive diseases. Gallstones are composed of cholesterol (cholelithiasis) 
and are the common manifestations of GBD in western countries (Buch et al. 2007, Rudkowska & Jones 
2008, Jakulj et al. 2010). Defects in ABCG8 also cause sitosterolemia (MIM:210250), characterised by un-
restricted intestinal absorption of both cholesterol and plant-derived sterols causing hypercholester-
olemia and premature coronary atherosclerosis. Patients with sitosterolemia absorb between 15 and 60% 
of ingested sitosterol, and they excrete only a fraction into the bile (Berge et al. 2000, Othman et al. 2013, 
Yu et al. 2014).
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