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Figure 359-2 Structural organization of the human UGT1 gene complex. This large complex
on chromosome 2 contains at least 13 substrate-specific first exons (A1, A2, etc.). Since four of these
are pseudogenes, nine UGT1 isoforms with differing substrate specificities are expressed. Each exon
1 has its own promoter and encodes the amino-terminal substrate-specific ∼286 amino acids of the
various UGT1-encoded isoforms, and common exons 2–5 that encode the 245 carboxyl-terminal
amino acids common to all of the isoforms. mRNAs for specific isoforms are assembled by splicing
a particular first exon such as the bilirubin-specific exon A1 to exons 2 to 5. The resulting message
encodes a complete enzyme, in this particular case bilirubin-UDP-glucuronosyltransferase (UGT1A1).
Mutations in a first exon affect only a single isoform. Those in exons 2–5 affect all enzymes encoded
by the UGT1 complex.

other substrates have been designated the UGT1 family. These
are expressed from a single gene complex by alternative promoter
usage. This gene complex contains multiple substrate-specific
first exons, designated A1, A2, etc. (Fig. 359-2), each with its own
promoter and each encoding the amino-terminal half of a specific
isoform. In addition, there are four common exons (exons 2–5)
that encode the shared carboxyl-terminal half of all of the UGT1
isoforms. The various first exons encode the specific aglycone
substrate binding sites for each isoform, while the shared exons
encode the binding site for the sugar donor, UDP-glucuronic
acid, and the transmembrane domain. Exon A1 and the four
common exons, collectively designated the UGT1A1 gene (Fig.
359-2), encode the physiologically critical enzyme bilirubin-UDPglucuronosyltransferase (UGT1A1). A functional corollary of the
organization of the UGT1 gene is that a mutation in one of the
first exons will affect only a single enzyme isoform. By contrast, a
mutation in exons 2–5 will alter all isoforms encoded by the UGT1
gene complex.
4. Biliary excretion: It has been thought until recently that bilirubin mono- and diglucuronides are excreted directly across the
canalicular plasma membrane into the bile canaliculus by an ATPdependent transport process mediated by a canalicular membrane
protein called multidrug resistance–associated protein 2 (MRP2).
Mutations of MRP2 result in the Dubin-Johnson syndrome (see
below). However, studies in patients with Rotor syndrome (see
below) indicate that after formation, a portion of the glucuronides are transported into the portal circulation by a sinusoidal
membrane protein called multidrug resistance–associated protein
3 (MRP3) and subjected to reuptake into the hepatocyte by the
sinusoidal membrane uptake transporters organic anion transport
protein 1B1 (OATP1B1) and OATP1B3.
EXTRAHEPATIC ASPECTS OF BILIRUBIN DISPOSITION
Bilirubin in the Gut Following secretion into bile, conjugated bilirubin
reaches the duodenum and passes down the gastrointestinal tract without reabsorption by the intestinal mucosa. An appreciable fraction is
converted by bacterial metabolism in the gut to the water-soluble colorless compound urobilinogen. Urobilinogen undergoes enterohepatic
cycling. Urobilinogen not taken up by the liver reaches the systemic
circulation, from which some is cleared by the kidneys. Unconjugated
bilirubin ordinarily does not reach the gut except in neonates or, by illdefined alternative pathways, in the presence of severe unconjugated
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hyperbilirubinemia (e.g., Crigler-Najjar
syndrome, type I [CN-I]). Unconjugated
bilirubin that reaches the gut is partly
reabsorbed, amplifying any underlying
hyperbilirubinemia. Recent reports suggest that oral administration of calcium
phosphate with or without the lipase
inhibitor orlistat may be an efficient
means to interrupt bilirubin enterohepatic cycling to reduce serum bilirubin
levels in this situation. Although orlistat administration for 4–6 weeks to 16
patients with Crigler-Najjar syndrome
was associated with a 10–20% decrease
in serum bilirubin in 7 patients, the cost
and side effects (i.e., diarrhea) may obviate the small benefit achievable with this
treatment.

Renal Excretion of Bilirubin Conjugates
Unconjugated bilirubin is not excreted
in urine, as it is too tightly bound to
albumin for effective glomerular filtration and there is no tubular mechanism
for its renal secretion. In contrast, the
bilirubin conjugates are readily filtered
at the glomerulus and can appear in urine in disorders characterized
by increased bilirubin conjugates in the circulation.

DISORDERS OF BILIRUBIN METABOLISM LEADING
TO UNCONJUGATED HYPERBILIRUBINEMIA
INCREASED BILIRUBIN PRODUCTION
Hemolysis Increased destruction of erythrocytes leads to increased
bilirubin turnover and unconjugated hyperbilirubinemia; the hyperbilirubinemia is usually modest in the presence of normal liver function. In particular, the bone marrow is only capable of a sustained
eightfold increase in erythrocyte production in response to a hemolytic stress. Therefore, hemolysis alone cannot result in a sustained
hyperbilirubinemia of more than ∼68 μmol/L (4 mg/dL). Higher values
imply concomitant hepatic dysfunction. When hemolysis is the only
abnormality in an otherwise healthy individual, the result is a purely
unconjugated hyperbilirubinemia, with the direct-reacting fraction as
measured in a typical clinical laboratory being ≤15% of the total serum
bilirubin. In the presence of systemic disease, which may include a
degree of hepatic dysfunction, hemolysis may produce a component
of conjugated hyperbilirubinemia in addition to an elevated unconjugated bilirubin concentration. Prolonged hemolysis may lead to the
precipitation of bilirubin salts within the gallbladder or biliary tree,
resulting in the formation of gallstones in which bilirubin, rather than
cholesterol, is the major component. Such pigment stones may lead to
acute or chronic cholecystitis, biliary obstruction, or any other biliary
tract consequence of calculous disease.
Ineffective Erythropoiesis During erythroid maturation, small amounts
of hemoglobin may be lost at the time of nuclear extrusion, and a fraction of developing erythroid cells is destroyed within the marrow.
These processes normally account for a small proportion of bilirubin
that is produced. In various disorders, including thalassemia major,
megaloblastic anemias due to folate or vitamin B12 deficiency, congenital erythropoietic porphyria, lead poisoning, and various congenital
and acquired dyserythropoietic anemias, the fraction of total bilirubin
production derived from ineffective erythropoiesis is increased, reaching as much as 70% of the total. This may be sufficient to produce
modest degrees of unconjugated hyperbilirubinemia.
Miscellaneous Degradation of the hemoglobin of extravascular collections of erythrocytes, such as those seen in massive tissue infarctions
or large hematomas, may lead transiently to unconjugated hyperbilirubinemia.
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