In hyperbilirubinemia due to acquired liver disease (e.g., acute
hepatitis, common bile duct stone), there are usually elevations in the
serum concentrations of both conjugated and unconjugated bilirubin. Although biliary tract obstruction or hepatocellular cholestatic
injury may present on occasion with a predominantly conjugated
hyperbilirubinemia, it is generally not possible to differentiate intrahepatic from extrahepatic causes of jaundice based on the serum levels
or relative proportions of unconjugated and conjugated bilirubin.
The major reason for determining the amounts of conjugated and
unconjugated bilirubin in the serum is for the initial differentiation of
hepatic parenchymal and obstructive disorders (mixed conjugated and
unconjugated hyperbilirubinemia) from the inheritable and hemolytic disorders discussed above that are associated with unconjugated
hyperbilirubinemia.
FAMILIAL DEFECTS IN HEPATIC EXCRETORY FUNCTION
Dubin-Johnson Syndrome (DJS) This benign, relatively rare disorder is
characterized by low-grade, predominantly conjugated hyperbilirubinemia (Table 359-2). Total bilirubin concentrations are typically
between 34 and 85 μmol/L (2 and 5 mg/dL) but on occasion can be in
the normal range or as high as 340–430 μmol/L (20–25 mg/dL) and

The Hyperbilirubinemias

DISORDERS OF BILIRUBIN METABOLISM LEADING TO MIXED OR
PREDOMINANTLY CONJUGATED HYPERBILIRUBINEMIA

can fluctuate widely in any given patient. The degree of hyperbiliru- 2003
binemia may be increased by intercurrent illness, oral contraceptive
use, and pregnancy. Because the hyperbilirubinemia is due to a predominant rise in conjugated bilirubin, bilirubinuria is characteristically present. Aside from elevated serum bilirubin levels, other routine
laboratory tests are normal. Physical examination is usually normal
except for jaundice, although an occasional patient may have hepatosplenomegaly.
Patients with DJS are usually asymptomatic, although some may
have vague constitutional symptoms. These latter patients have usually
undergone extensive and often unnecessary diagnostic examinations
for unexplained jaundice and have high levels of anxiety. In women,
the condition may be subclinical until the patient becomes pregnant
or receives oral contraceptives, at which time chemical hyperbilirubinemia becomes frank jaundice. Even in these situations, other routine
liver function tests, including serum alkaline phosphatase and transaminase activities, are normal.
A cardinal feature of DJS is the accumulation in the lysosomes
of centrilobular hepatocytes of dark, coarsely granular pigment. As
a result, the liver may be grossly black in appearance. This pigment
is thought to be derived from epinephrine metabolites that are not
excreted normally. The pigment may disappear during bouts of viral
hepatitis, only to reaccumulate slowly after recovery.
Biliary excretion of a number of anionic compounds is compromised in DJS. These include various cholecystographic agents, as
well as sulfobromophthalein (Bromsulphalein, BSP), a synthetic
dye formerly used in a test of liver function. In this test, the rate of
disappearance of BSP from plasma was determined following bolus IV
administration. BSP is conjugated with glutathione in the hepatocyte;
the resulting conjugate is normally excreted rapidly into the bile canaliculus. Patients with DJS exhibit characteristic rises in plasma concentrations at 90 minutes after injection, due to reflux of conjugated BSP
into the circulation from the hepatocyte. Dyes such as ICG that are
taken up by hepatocytes but are not further metabolized prior to biliary excretion do not show this reflux phenomenon. Continuous BSP
infusion studies suggest a reduction in the time to maximum plasma
concentration (tmax) for biliary excretion. Bile acid disposition, including hepatocellular uptake and biliary excretion, is normal in DJS.
These patients have normal serum and biliary bile acid concentrations
and do not have pruritus.
By analogy with findings in several mutant rat strains, the selective
defect in biliary excretion of bilirubin conjugates and certain other
classes of organic compounds, but not of bile acids, that characterizes
DJS in humans was found to reflect defective expression of MRP2, an
ATP-dependent canalicular membrane transporter. Several different
mutations in the MRP2 gene produce the Dubin-Johnson phenotype,
which has an autosomal recessive pattern of inheritance. Although
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than the rest of the controls studied. Heterozygotes for this abnormality had bilirubin concentrations identical to those homozygous for the
normal A[TA]6TAA allele. The prevalence of the A[TA]7TAA allele
in a general Western population is 30%, in which case 9% would be
homozygotes. This is slightly higher than the prevalence of GS based
on purely phenotypic parameters. It was suggested that additional
variables, such as mild hemolysis or a defect in bilirubin uptake, might
be among the factors enhancing phenotypic expression of the defect.
Phenotypic expression of GS due solely to the A[TA]7TAA promoter
abnormality is inherited as an autosomal recessive trait. A number of
CN-II kindreds have been identified in whom there is also an allele
containing a normal coding region but the A[TA]7TAA promoter
abnormality. CN-II heterozygotes who have the A[TA]6TAA promoter are phenotypically normal, whereas those with the A[TA]7TAA
promoter express the phenotypic picture of GS. GS in such kindreds
may also result from homozygosity for the A[TA]7TAA promoter
abnormality. Seven different missense mutations in the UGT1 gene
that reportedly cause GS with dominant inheritance have been found
in Japanese individuals. Another Japanese patient with mild unconjugated hyperbilirubinemia was homozygous for a missense mutation in exon 5. GS in her family appeared to be recessive. Missense
mutations causing GS have not been reported outside of certain Asian
populations.

Table 359-2 Principal Differential Characteristics of Inheritable Disorders of Bile Canalicular Function
Gene
Protein
Cholestasis
Serum γ-GT
Serum bile acids
Clinical features

DJS
ABCCA
MRP2
No
Normal
Normal

Rotor
SLCO1B1/SLCO1B3
OATP1B1/1B3
No
Normal
Normal

Mild conjugated
hyperbilirubinemia; otherwise
normal liver
function; dark
pigment in liver;
characteristic
pattern of urinary
coproporphyrins

Mild conjugated
hyperbilirubinemia; otherwise
normal liver
function; liver
without abnormal
pigmentation

PFIC1
ATP8B1
FIC1
Yes
Normal
↑↑

BRIC1
ATP8B1
FIC1
Episodic
Normal
↑↑ during
episodes
Severe cholestasis Recurrent epibeginning in
sodes of cholestachildhood
sis beginning at
any age

PFIC2
ABCB11
BSEP
Yes
Normal
↑↑

BRIC2
ABCB11
BSEP
Episodic
Normal
↑↑ during
episodes
Severe cholestasis Recurrent epibeginning in
sodes of cholestachildhood
sis beginning at
any age

PFIC3
ABCB4
MDR3
Yes
↑↑
↑↑
Severe cholestasis beginning
in childhood;
decreased phospholipids in bile

Abbreviations: BRIC, benign recurrent intrahepatic cholestasis; BSEP, bile salt excretory protein; DJS, Dubin-Johnson syndrome; γ-GT, γ-glutamyltransferase; MRP2, multidrug resistance–
associated protein 2; OATP1A/1B, organic anion transport proteins 1B1 and 1B3; PFIC, progressive familial intrahepatic cholestasis; ↑↑, increased.
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