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Abstract
Bilirubin, a breakdown product of heme, is normally glucuronidated and excreted by
the liver into bile. Failure of this system can lead to a buildup of conjugated bilirubin
in the blood, resulting in jaundice.
Hyperbilirubinemia is an important clinical sign that needs to be investigated under
a stepwise evaluation. Inherited non‐hemolytic conjugated hyperbilirubinemic conditions include Dubin‐Johnson syndrome (caused by mutations affecting ABCC2
gene) and Rotor syndrome (caused by the simultaneous presence of mutations in
SLCO1B1 and SLCO1B3 genes). Although classically viewed as benign conditions
requiring no treatment, they lately gained an increased interest since recent studies
suggested that mutations in the responsible genes leading to hyperbilirubinemia, as
well as minor genetic variants, may result in an increased susceptibility to drug
toxicity.
This article provides a comprehensive review on the pathophysiology of Dubin‐
Johnson and Rotor syndromes, presenting the current knowledge concerning the
molecular details and basis of these conditions.
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INTRODUCTION

production or decreased conjugation whilst conjugated hyper-

For each 1000 adults, 1.5 will present jaundice.1 The differential

both cases either acquired or inherited.

bilirubinemia translates disturbances in storing or biliary secretion, in
diagnosis is extensive, reflecting the complex metabolism of bilirubin.

Two inherited disorders manifest by isolated conjugated

Unconjugated or mixed hyperbilirubinemia translates increased

hyperbilirubinemia: Dubin‐Johnson Syndrome (DJS) and Rotor

-
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Syndrome (RS). Although uncommon, their diagnosis is crucial since

The MRP isoform MRP3 may serve as a compensatory mecha-

differentiation from harmful disorders can avoid unnecessary pro-

nism when MRP2 function fails. MRP3 is located on the sinusoidal

cedures and anxiety. Both are benign disorders, however they may

membrane of hepatocytes and its expression is regulated inversely to

result in increased susceptibility to drug toxicity.

MRP2. MRP3 upregulation acts as an emergency export pump for

We present a review on DJS and RS, focusing their pathophysiology, discussing the emerging genetic concepts, highlighting the
need for evaluation in dedicated laboratories.

conjugates that cannot be secreted into bile and therefore are
released into blood for renal excretion.9
In the ATP‐independent transport system, the canalicular bicarbonate secretion is mediated via Cl−/HCO3− anion exchanger
localized to both bile canaliculi and ducts. Anion exchanger and

PHYSIOPATHOLOGY OF HEPATIC BILIRUBIN
CLEARANCE

MRP2 are the major driving forces for bile salt‐independent bile flow,
while a bile salt export pump drives bile salt‐dependent flow10
(Figure 1).

Bile secretion starts at the hepatocyte canaliculus, followed by
modifications along the bile ducts.2 Canalicular bile is formed by
osmotic filtration of water and electrolytes in response to os-

EPIDEMIOLOGY

motic gradients generated by active transport systems for bile
salts (bile salt‐dependent flow) and other organic anions such as

Dubin‐Johnson Syndrome and RS are rare underdiagnosed heredi-

reduced glutathione (GSH) and bicarbonate (HCO3‒) (bile salt‐

tary disorders with autosomal recessive transmission. Dubin‐Johnson

2

independent flow)

(Figure 1). Bile secretion depends on: (1)

Syndrome is due to a defect on MRP2 (disturbing biliary bilirubin

active transmembrane transport systems generating osmotic

excretion) and RS to a deficiency of OATP1B1 and OATP1B3 (dis-

gradients3,4; (2) cytoskeleton apparatus allowing the movement

turbing hepatic bilirubin uptake and storage).

of vesicles and bile canalicular contractions; (3) cell contacts

These disorders have been described worldwide in all ethnic

sealing the canaliculi and maintaining cell polarity; and (4) signal

backgrounds, even though DJS is particularly prevalent (1:1300)

transduction

among Iranian Jews.11

mechanisms

regulating

and

coordinating

bile

formation.

Patients usually present in the second decade of life, however

Hepatocytes are polarized epithelial cells with a polyhedric

males tend to manifest earlier.12

structure. Assuming a cuboidal structure, two surfaces face peri-

Rotor Syndrome is markedly less frequent than DJS, with an

sinusoidal space (basal domain), two face neighbor hepatocytes

estimated prevalence under 1:100000012, which may be explained by

(lateral domain) and the remaining face a bile canaliculus (apical

the need for the simultaneous defect of 2 proteins (OATPB1 and

domain).

OAT1B3) (Table 1).

Hepatic uptake of biliary constituents occurs at the sinusoidal/
basal membrane, which is in contact with the sinusoidal blood via the
space of Disse. A Na+‐dependent Na+/taurocholate cotransporter

CLINICAL CHARACTERISTICS

(NTCP) is the main uptake system for bile salts,5 while the family of
Na+‐independent organic anion transporting proteins transfers a

Laboratory findings

large array of bile salts and non‐bile salt organic anions and cationic
drugs5 (Figure 1).

In DJS and RS, serum bilirubin concentration is typically between 2

Canalicular bile excretion is the rate‐limiting step for bile for-

and 5 mg/dl, although values as high as 20–25 mg/dl have been re-

mation.6 The canalicular membrane contains both ATP‐dependent

ported.12 Serum bilirubin levels often fluctuate, may be normal oc-

and independent transport systems.4 ATP‐dependent transport

casionally and increase during intercurrent illness. More than half of

systems, known as ATP‐binding cassette (ABC) proteins, transport

serum bilirubin is direct‐reacting, and bilirubinuria is typically found.

biliary constituents against steep concentration gradients across the

Other liver tests are normal and there is no evidence of hemolysis.11

canalicular membrane. Most of ABC proteins belong to the multi-

Bile acids are normal in the majority of DJS patients and increased in

drug resistance protein or multidrug resistance‐associated protein

RS patients.13

6

(MRP) gene superfamilies.

A bilirubin conjugate export pump

(Multidrug Resistance‐associated Protein 2 (MRP2)),7 also known as
canalicular multispecific organic anion transporter (cMOAT), medi-

Bromosulphthaleine metabolism

ates the canalicular excretion of a broad range of organic anions,
most of which are conjugates with glutathione, glucuronate and

Bromosulphthaleine (BSP) metabolism is characteristically abnormal,

sulfate.8

but different in DJS and RS.
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F I G U R E 1 Mechanisms of bile formation and hepatobiliary transport systems in human liver. Bile formation begins in the hepatocyte, at
the canalicular level (75% of daily bile production), followed by modifications along the bile ducts (25% of daily production). The uptake of
various substances across the basolateral membrane is followed by conjugation reactions mediated by the enzyme UGT1A1 (Phase II).
Posteriorly, excretion occurs and substances, including conjugated bilirubin, are secreted into the bile–this process is mediated by Multidrug
Resistance‐associated Protein 2 (MRP2) with possible minor contribution of other transports at the canalicular (apical) membrane of
hepatocytes. The hepatobiliary transport of bile salts is performed by a different system (their excretion occurs through bile salt export pump
(BSEP) transport). In addition, even under physiologic conditions, a fraction of bilirubin conjugates is secreted by MRP3 across sinusoidal
(basolateral) membrane into the blood, from where they can be subsequently reuptaken by sinusoidal membrane‐bound OATP1B1 and
OATP1B3 transporters. MRP: Multidrug resistance‐associated protein; OATP: Organic anion transporting polypeptide; UGT: Uridine
diphosphate glucuronosyltransferase; NTCP: Na+ taurocholate cotransporter; BSEP: Bile salt export pump; ATP: Adenosine triphosphate;
ADP: Adenosine diphosphate; UB: unconjugated bilirubin; HCO3−: Bicarbonate; Na+: Sodium
TABLE 1

Comparison between Dubin‐Johnson Syndrome (DJS) and Rotor Syndrome (RS)

Molecular mechanism

Dubin‐Johnson Syndrome (DJS)

Rotor Syndrome (RS)

ABCC2 transporter affected; biliary transport
deficiency of nonbile acid organic anions

OATP1B1 and OATP1B3 transporters affected; hepatic
storage deficiency of conjugated bilirubin

Expected plasma concentration of 2.0–5.0 mg/dl, (possible up to 20–25 mg/dl)
conjugated bilirubin

2.0–5.0 mg/dl (possible up to 20–25 mg/dl)

Histology

Gross pathology: Black liver; histology: Lysosomal
pigment

Normal

Urine

Normal total urine coproporphyrin, but higher
excretion of isomer I (>80%)

Increased excretion of total coproporphyrin

Aminotransferases

Normal

Normal

Hepatobiliary transport

Biphasic bromosulphthaleine clearance: Normal at
45 min; secondary peak at 90 min

Increased retention of bromosulphthaleine at 45 min; no
90 min peak

Pruritus

Absent

Absent

Prognosis

Benign

Benign

Precipitating factors

Pregnancy, intercurrent illness, drugs

Intercurrent illness, drugs

In DJS, following intravenous administration of BSP, initial

second (biphasic) peak with an increase in BSP concentration at

plasma disappearance of the dye is normal, with either normal or

90 min, indicating altered transport, which results from the

mildly increased retention at 45 min.14 However, there is a

regurgitation of conjugated BSP from the hepatocyte into plasma,
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caused by a selective defect in biliary excretion of conjugate but
not of free BSP.14

Importantly, suspicion of hereditary jaundice is not an indication
for liver biopsy.12

In RS, following the administration of BSP, the initial plasma
disappearance rate is markedly reduced with an elevated 45‐min
retention.15 There is no secondary rise in plasma BSP. Further-

MOLECULAR BASIS

more, during constant infusion studies, the maximum transport for
BSP is only minimally decreased, while the relative storage capacity

Dubin‐Johnson Syndrome

is greatly reduced,15 suggesting a hepatic uptake and storage
defect.
This test is no longer used in clinical practice due to its low

Canalicular multispecific organic anion transporter/
Multidrug Resistance‐associated Protein 2

specificity and potential for severe side effects, such as occasional
anaphylaxis‐like shock.16

Dubin‐Johnson Syndrome is caused by mutations leading to the
absence of functional MRP2 protein at the hepatocyte canalicular
membrane.

Urinary coproporphyrin excretion

Multidrug Resistance‐associated Protein 2 is an ABC transporter. Around 1100 ABC transporters have been described,23 being

The pattern of urinary coproporphyrin excretion helps differentiating

ATP‐binding cassette C subfamily (ABCC) the largest subfamily, with

DJS and RS.

13 members.24 The majority of those proteins are active trans-

Approximately 75% of coproporphyrins excreted daily are elim-

porters, with a wide array of endobiotics and xenobiotics substrates.

inated by bile and 25% through urine.12 Type I isomer is preferen-

In hepatocytes, 4 ABCC proteins are significantly expressed: ABCC3

tially excreted in bile (comprising 65% of biliary coproporphyrins) and

(aka MRP3), ABCC4 (aka MRP4) and ABCC6 (aka MRP6) at the si-

type III preferentially in urine (comprising 75% of urinary

nusoidal membrane, and ABCC2 (aka MRP2 or cMOAT) at the

coproporphyrins).17

canalicular membrane.25

During cholestasis, total urinary coproporphyrin levels are

ABCC2/MRP2 is a multispecific organic anion transporter

increased, by diversion into urine of substances normally excreted

expressed at enterocytes, proximal tubules, and hepatocytes.26

into bile, leading to an increase of isomer I proportion, albeit being

ABCC2 plays the most critical role at the canalicular membrane of

almost always under 65%.17

hepatocytes, where it functions as a biliary transporter.27 Its sub-

In DJS, total urinary coproporphyrin excretion is either normal or

strate specificity comprises many organic anions, with the highest

modestly increased,18 but the proportion of urinary type I cop-

affinity for glucuronate and GSH conjugates of lipophilic substances.

roporphyrin is more than 80%.19

As such, MRP2 appears to play a role in eliminating endogenous

In RS, the total urinary coproporphyrins are increased 2.5 to

metabolites (such as conjugated bilirubin), as well as xenobiotics.

5‐fold, and the ratio of isomer I to isomer III is high, but usually lower

Regarding structure, MRP2 has three membrane‐spanning do-

than in DJS and similar to other hepatobiliary diseases, typically

mains (MSD‐0, MSD‐1 and MSD‐2), two nucleotide‐binding folds

<65% (though occasionally >80%).20

(NBF‐1 and NBF‐2), and the cytoplasmic loops (L‐0, L‐1 and within the
C‐terminal (COOH)) (Figure 2). Multidrug Resistance‐associated Protein 2 shares a similar structure with other MRP proteins, but presents

Imaging studies

an extra membrane‐spanning domain (MSD‐0) and a specific sequence
in the COOH region. Specific sequences within MSD‐0 and L‐0 regions

In patients with strong suspicion of DJS/RS, further diagnostic eval21

are required for MRP2 activity and plasma membrane trafficking,

albeit abdominal imaging may help

respectively.28 Its COOH region contains a putative protein domain

excluding other conditions. Of note, in DJS, the CT scan may show a

(PDZ) binding motif that is involved in hepatocanalicular membrane

significantly increased hepatic attenuation.

targeting via its interaction with scaffolding proteins such as radixin.29

Histopathology

Genetic variants in Multidrug Resistance‐associated
Protein 2

uation is usually not indicated,

Liver biopsy in DJS is characteristic for the accumulation of dark,
coarsely granular pigment in centrilobular hepatocytes in an other21

wise normal liver.
somal location.

22

On electron microscopy, the pigment has lyso-

Its nature is controversial, with some authors

considering it a lipofuscin and others a melanin.22
In RS, the liver is histologically normal, with no increase in
pigmentation.

Human ABCC2 gene localizes in chromosome 10q23‐q2430 and
contains 32 exons.31
Over 200 sequence variants have been identified in exons, introns,
and at the 50 ‐ and 30 ‐flanking regions of ABCC2 gene. Many of these
variants are single‐nucleotide polymorphisms (SNPs) not resulting
in amino‐acid changes and without functional consequences.19
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F I G U R E 2 Schematic representation of the Multidrug Resistance‐associated Protein 2 (MRP2) protein. MRP2 is a multispecific organic
anion transporter, exclusively located on the apical membrane of polarized cells, especially in the hepatocyte. A bidimensional schematic
representation of its proposed structural topology is shown–MRP2 contains an extra membrane spanning domain (MSD0) of 5 transmembrane
helices in the NH2 terminal region, along with two other membrane‐spanning domains (MSD‐0) (MSD 1 and MSD2) of six transmembrane
helices and two nucleotide binding domains (NBD1 and NBD2). Cytoplasmic loops (L‐1 and L‐2); Connecting Regions (CR1, CR2); N‐terminal
(NH2) and C‐terminal (COOH)

Accordingly, healthy subjects may present many known ABCC2

membrane also requires lipid kinase phosphoinositide 3‐kinase,

polymorphisms.19

protein kinase C, and cyclic adenosine monophosphate.39

DJS‐associated genetic variants resulting in the absence of

Lastly, a balance between MRP2 synthesis and degradation rates

functional ABCC2 protein at the hepatocyte canalicular membrane

modulates the canalicular concentration of MRP2. During cholestasis,

include: splice‐site mutations,32 missense mutations resulting in

Abcc2 degradation in periportal hepatocytes increases.

amino‐acids substitutions,32 a deletion mutation leading to the loss of

Heterozygous carriers of MRP2/ABCC2 mutations present

two amino‐acids from the second nucleotide‐binding domain, a

normal bilirubin concentrations, but their urinary levels of cop-

deletion/in‐frame insertion mutation,33 and nonsense mutations

roporphyrin isomer I may be elevated,40 suggesting some distur-

leading to premature stop‐codons.34

bances in metabolite disposition and elimination. Furthermore, MRP2

Premature stop codons may cause rapid degradation of the

loss of function also impacts the pharmacokinetics of a wide range of

mutated ABCC2 mRNA by a mechanism termed nonsense mediated

drugs, toxicants and endobiotics, leading to changes in their ab-

decay.35 Other variants result in deficient maturation, impaired

sorption, organ distribution and clearance, with an increased poten-

housing of ABCC2 protein to the canalicular membrane, or non‐

tial for drug toxicity and interactions. Indeed, genetic variations in

36

Non‐functional MRP2 protein may

MRP2 have been associated with altered sensitivity to several

result from point mutations and small deletions in NBDs and other

drugs including anticancer agents, antiepileptic drugs, and antibi-

cytoplasmic regions.37 SNPs in the promoter/enhancer and/or in the

otics41 (Table 2). Nevertheless, and, despite of intense efforts, most

DNA‐binding proteins may result in different MRP2 expression

attempts to determine a correlation between MRP2 expression and

functional ABCC2 protein.

36

levels.

The regulation of MRP2 function occurs at three levels: (1)

its clinical impact have met little success and therefore the functional
consequences of these genetic variants are still largely unknown.

transcription, (2) translation, and (3) endocytic retrieval from the
canalicular membrane.38 ABCC2 is constitutively expressed, but its
expression is regulated at the transcriptional and posttranscriptional

Rotor Syndrome

levels in response to many endogenous and xenobiotic substances
and to different disease states. Multidrug Resistance‐associated

OATP1B1 and OATP1B3

Protein 2 transcription is regulated by intracellular bile acids and
nuclear hormone receptors (Nuclear Receptors) such as pregnane X

OATPs are ubiquitous membrane influx Na+‐independent trans-

receptor, constitutive androstane receptor, peroxisome proliferator‐

porters that regulate cellular uptake of several endogenous and

activated receptor‐α and retinoic acid receptor‐α.

xenobiotic compounds. A total of 52 members comprising 12 families

Posttranscriptional regulation of ABCC2 can occur through the
interchange between its intracellular and apical membrane pools. For

have been identified across species.42 OATPs are encoded by genes
of the SLCO‐family (previously SLC21).

example, translocation of Abcc2 into the bile canalicular membranes

OATP1B1 and 1B3 are the major OATPs expressed on the he-

was reduced in mice deficient in radixin (a protein that crosslinks

patocyte sinusoidal membrane.43 They share several structural fea-

actin filaments to integral membrane proteins), resulting in a DJS‐like

tures, including similar 12 transmembrane domain (TMs) with

phenotype.29 In rodents, targeting Abcc2 to the canalicular

intracellularly located N‐ and C‐termini.44 A highly conserved amino‐
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T A B L E 2 Drugs with potential pharmacokinetic/pharmacodynamics modulation by Multidrug Resistance‐associated Protein 2 (MRP2)
dysfunction
Class of drugs

Examples

Anticancer agents

Methotrexate, tamoxifen, docetaxel, vinblastine, irinotecan

Antiepileptic drugs

Carbamazepine, valproic acid

Antibiotics

Ampicillin, ceftriaxone, rifampin

NSAIDs

Salicylates, ibuprofen, naproxen

HIV drugs

Tenofovir

Abbreviations: HIV, Human Immunodeficiency Virus; SAIDs, non‐steroidal anti‐inflammatory drugs.

F I G U R E 3 Schematic representation of the OATP1B protein. OATP1B encompass a subfamily of membrane transport proteins.
OATP1B1/1B3 are expressed on the basolateral membrane of hepatocytes. A bidimensional schematic representation of its core structure is
shown–OATP1B proteins include 12 transmembrane domains (TM1–TM12) and a conserved signature sequence of (D‐X‐RW‐(I,V)‐GAWWX‐
G‐(F,L)‐L). N‐terminal (NH2) and C‐terminal (COOH)
acid signature sequence at the TM interface stabilizes the proteins

The OATP1B1/3 abnormality also explains other diagnostic

within the membrane45 (Figure 3). Substrates include bilirubin and its

traits of RS: decrease plasma clearance of anionic diagnostic dyes

glucuronide conjugates, bile acids, peptides, eicosanoids, hormones

such as BSP (also a substrate of these proteins), reduced visualization

and their conjugates, toxins, and drugs. There is important overlap in

of the liver by anionic cholescintigraphic radiotracers such as

substrate specificity between the two OATP1B subfamily members,

HIDA, as well as increased urinary coproporphyrin excretion

being the sequence of residues within TMs critical for substrate

(resulting

binding and processing of the transporter proteins.

46

from

the

interaction

of

several

porphyrins

99m

Tc‐

with

43

OATP1B1).

Recently, there has been a particular effort to identify SNPs
in SLCO1B1 and SLCO1B3, determine their frequency in different

Genetic variants in OATP1B1/OATP1B3

populations, and establish their functional consequences.48 Two
common SNPs are 388A > G (130Asn > Asp, rs2306283) and

The molecular basis of RS is the deficiency of two organic anion
transporters OATP1B1 and OATP1B3,

47

521T > C (174Val > Ala, rs4149056).48 In these genetic variants

encoded respectively by

an alternative pathway becomes responsible for most of the

genes SLCO1B1 and SLCO1B3, which lie very close together on

hepatobiliary elimination of organic anions, including anionic

chromosome 12 (SLCO1B1 12p12.1 and SLCO1B3 12p.12.2).
47

an obligate two‐gene disorder,

48

RS is

drugs.42 However, and despite moderate phenotypic abnormal-

and the presence of a single func-

ities, even reduced‐activity OATP1B1/3 polymorphisms can result

tional allele of either SLCO1B1 or SLCO1B3 prevents the develop-

in drug toxicities and such risks are likely increased in RS sub-

ment of conjugated hyperbilirubinemia.

jects. OATP1B1/3 variations play a role in the pharmacokinetics

Animal models suggest that MPR3 and OATP1B1/OATP1B3 may

and pharmacodynamics of several drugs, such as HMG‐CoA

form a liver‐blood shuttling loop for bilirubin glucuronide: MRP3

reductase inhibitors, antidiabetic agents, cyclosporine, and rifam-

spills out bilirubin glucuronides from hepatocytes to the sinusoidal

picin48 (Table 3). For example, SLCO1B1 variants are a risk

47

In RS,

factor for HMG‐CoA reductase inhibitors adverse reactions such

this reuptake is hampered, causing increased plasma bilirubin

as myopathy or rhabdomyolysis that depend on their plasma

glucuronide levels and jaundice.

concentrations.

blood and OATP1B1/3 mediates its reuptake by hepatocytes.
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conjugated hyperbilirubinemia. They are rare entities with an unspecific clinical presentation but a distinguishable pattern of urinary

OATP1B1

OATP1B3

Cyclosporin A

Cyclosporin A

Atorvastatin

Pravastatin

Pravastatin

Rifampin

Simvastatin

Taurocholate

Rifampin

Troglitazone sulfate

coproporphyrin excretion.
The most important issue in the management of these patients is
an accurate differential diagnosis with other hepatobiliary disorders
associated with hepatic injury, as no treatment is required. Importantly, these conditions modulate the pharmacokinetic behavior of
many substrate drugs, as well as drug‐drug interactions, which may
confer an increased susceptibility for drug toxicity.

Gemfibrozil
HIV drugs
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Of note, these conditions may be a risk factor to drug hepatotoxicity. Indeed, drug elimination and drug‐drug interaction is
modulated by the interplay of hepatocyte transporters that act

R E F ER E NC ES
1.

coordinately and influence mutually their activity. Patients with DJS
and RS present an altered hepatobiliary metabolism that predispose
them to drug toxicity. As such, physicians should careful monitor

2.

these patients when prescribing anticancer, antiepileptic, antibiotics
and statis, as enumerated in Tables 2 and 3.24,41 Beyond inducing
hyperbilirubinemia, genetic variations of MRP2 and OATP1B1/3 may

3.

be contributing factors towards inter‐individual variability in drug
disposition and response and are important issues that require

4.

consideration for the discovery and development of drugs with safer
profiles.

5.

CONCLUSION
6.

Hereditary causes of hyperbilirubinemia encompass a broad array of
clinical conditions, from benign to potentially life‐threatening liver
damage. Among benign forms, DJS and RS course with predominantly
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