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Although in Gilbert’s syndrome (GS), bilirubin glucu-
ronidation is impaired due to an extra TA in the TATA box
of the promoter of the gene for bilirubin UDP-glucuronosyl-
transferase 1 (UGT1A1), many GS homozygotes lack uncon-
jugated hyperbilirubinemia. Accordingly, an additional de-
fect in bilirubin transport might be required for phenotypic
expression. Plasma bilirubin and the early fractional hepatic
uptake rate (BSP K1) of a low dose of tetrabromosulfophtha-
lein (0.59 mmol/kg) were determined in (1) 15 unrelated
patients with unconjugated hyperbilirubinemia plus 12 ran-
dom controls; (2) 4 unrelated GS probands and 15 of their
first-degree relatives; (3) 7 unrelated patients with hemoly-
sis due to b-Thalassemia minor. Subjects were classified by
DNA sequencing of the promoter region of both UGT1A1
alleles. In group 1, GS homozygotes showed a highly signif-
icant negative linear correlation between plasma bilirubin
levels and BSP K1. BSP K1 values overlapped considerably
between GS and normal subjects, whereas, in group 2, they
were clustered within, and sharply segregated among, fam-
ilies. Patients with hemolysis, despite elevated plasma bili-
rubin levels, had mean BSP K1 values similar to the normal
subjects. Within each GS subgroup with defined UGT1A1
mutations, the plasma bilirubin level is in part determined
by the organic anion uptake rate, assessed by early plasma

disappearance of low-dose BSP. The lower BSP uptake in GS
is not secondary to the hyperbilirubinemia, but probably
caused by (an) independent, genetically determined de-
fect(s) in hepatic transport mechanism(s), shared by BSP
and bilirubin, that are likely necessary for phenotypic ex-
pression of GS. (HEPATOLOGY 2001;33:627-632.)

Gilbert’s Syndrome (GS) is an inherited form of mild,
chronic, unconjugated hyperbilirubinemia,1-3 which is asso-
ciated with an extra TA in the promoter region of both alleles
for bilirubin UDP-glucuronosyltransferase 1 (UGT1A1).4-8

The resultant 65% decrease in transcription of the (TA)7TAA
mutant alleles explains the impaired conjugation of bilirubin
found in all GS patients.9,10

The abnormal (TA)7TAA allele has a reported prevalence of
34% to 40% in white adults4,5 and Sephardic Jewish neo-
nates.11 Thus, 12% to 16% should be and are homozygous for
this abnormality,4-8 yet only 3% to 9% of such populations, or
less than half the expected proportion of homozygotes, have
an increased level of unconjugated bilirubin (UCB) in plas-
ma.7,8,12-14 This suggests that additional steps in bilirubin me-
tabolism and/or transport must be impaired for hyperbiliru-
binemia to be manifested in (TA)7TAA homozygotes with
reduced expression of UGT1A1.

Thus far, both increased bilirubin production (from hemo-
lysis,1-3,11,15,16 which may not be overt16-18) and/or decreased
hepatic uptake of UCB have been documented in many pre-
sumed GS subjects. Some also exhibit decreased plasma clear-
ance of tetrabromosulfophthalein (BSP)20-22 and other or-
ganic anions,20,23,24 including several therapeutic agents,24-26

which appear to share hepatic uptake mechanisms with
UCB.27 With BSP, impaired uptake may be unmasked in GS
patients if the administered dose is reduced to 0.59 mmol/kg
body weight (one tenth of the usual dose).22

To assess if decreased hepatic uptake must coexist with
decreased conjugation of bilirubin for the phenotypic expres-
sion (hyperbilirubinemia) of UGT1A1 mutations in GS sub-
jects without overt hemolysis, we determined the presence of
the extra TA (GS allele) and the plasma disappearance rate of
the low dose of BSP in 2 subgroups: unrelated subjects with
mildly elevated or normal plasma bilirubin levels and 4 unre-
lated, jaundiced GS probands and their first-degree relatives.
A group of patients with hemolytic anemia were also tested to
determine if hyperbilirubinemia per se would impair the re-
moval of the low dose of BSP. The results strongly suggest that
the rate of hepatic uptake of a low dose of BSP, and thus,
presumably, of bilirubin, is a key determinant of the presence
and severity of hyperbilirubinemia in patients with impaired
bilirubin glucuronidation related to the abnormal GS allele of
UGT1A1.
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PATIENTS AND METHODS

The protocols were approved by the Human Subjects Committees
of the University of Naples and University of Trieste, according to the
ethical guidelines of the 1975 Declaration of Helsinki; each sub-
ject gave informed consent in writing. Three groups were studied
(Table 1):

Group 1 consisted of 15 hyperbilirubinemic subjects (presumed
GS), 12 men and 3 women, ages 22 to 35 years, and 12 randomly
selected controls (9 men and 3 women, ages 22 to 37 years) with
normal bilirubin levels.

Group 2 consisted of 19 subjects, in 4 families, ages 18 to 57 years,
including 4 mildly jaundiced GS probands (3 men and 1 woman).
Except for an additional patient in family D, who had Crigler-Najjar
II (CN) syndrome, none of the other 15 first-degree relatives (4 men
and 11 women) had hyperbilirubinemia.

Group 3 consisted of 4 men and 3 women, ages 25 to 41 years,
with mild chronic hyperbilirubinemia due to b-Thalassemia minor.

In groups 1 and 2, the clinical diagnosis of GS was based on the
standard criteria of mild chronic, unconjugated hyperbilirubinemia,
normal liver function tests, and no overt signs of hemolysis (normal
erythrocyte and reticulocyte counts, erythrocyte osmotic fragility,
and hemoglobin electrophoresis).1,27 None of the subjects had a his-
tory of hepatic or hematologic disorders, excessive alcohol intake, or
chronic use of medications or narcotics, and none received any drug
during the 2 weeks before investigation. The CN patient in family D

was not considered further because he required chronic therapy with
high-dose phenobarbital, which decreases plasma bilirubin levels by
increasing hepatic clearance of UCB.28

In each subject, after an overnight fast, serum levels of total bili-
rubin (TB) and direct-reacting bilirubin were determined by diazo
methods29,30 at least 3 times within 6 months prior to the BSP study;
the upper normal limit for TB (mean 1 2 SD) was 20 mmol/L. The
early fractional plasma disappearance rate (K1) of BSP (E. Merck,
Darmstadt, Germany) at the low dose of 0.59 mmol/kg body weight
was determined after an overnight fast, as described previously.22

Following bolus injection of the dose into one forearm vein over 15
seconds, venous samples were taken from the opposite forearm every
minute for 10 minutes, and plasma BSP concentration was deter-
mined spectrophotometrically after alkalinization. BSP K1 (min21)
was calculated, by least-squares fit, as the slope of the logarithm of
the BSP concentration versus time, using only BSP concentrations
from 3 to 10 minutes (after the dye had equilibrated in the volume of
distribution).

Sequence analysis of the UGT1A1 gene was performed on genomic
DNA, isolated from blood lymphocytes of the subjects; a segment of
359 bp, encompassing nucleotides 2227 to 1132, was amplified and
sequenced as reported previously.4 In family D, the entire coding
region was analyzed also.4 Each patient was then classified geneti-
cally as 7&7, a GS homozygote with the TA7TAA polymorphism in
the promoter region of both alleles of the UGT1A1 gene; 6&6, a

TABLE 1. Characteristics of Groups 1 to 3

Subgroups (TATA Alleles) n Sex (M/F) Age (yrs) BSP K1 (1/min) TB (mmol/L)

Group 1

GS Homozygotes (7&7) 12 10/2 26.8 6 3.4 0.191 6 0.036a,b 35.0 6 7.1c,d

GS Heterozygotes (6&7) 6 4/2 28.5 6 5.4 0.256 6 0.050 17.8 6 8.2

Normal (6&6) 9 7/2 28.3 6 4.2 0.249 6 0.047 12.7 6 2.8

All subjects 27 21/6 27.7 6 4.1 0.225 6 0.052 23.7 6 12.0

Group 2*

GS Homozygotes (7&7) 7 3/4 38.6 6 15.3e 0.241 6 0.027f 30.1 6 14.9

GS Compound Heterozygotes

(6CN&7)

5 1/4 37.2 6 14.0f 0.267 6 0.027g 22.2 6 9.4

Combined (7&7) 1 (6CN&7) 12 4/8 38.0 6 14.1g 0.252 6 0.029h 26.8 6 13.0

GS Heterozygotes (6&7) 6 3/3 26.3 6 10.9 0.217 6 0.002 18.9 6 0.4

All subjects 19 8/11i 34.5 6 13.7j 0.239 6 0.029 23.9 6 10.9

Group 3

b-Thalassemia Minor 7 4/3 31.7 6 5.5 0.250 6 0.054 26.1 6 2.0k

Groups 1 1 2

GS Homozygotes (7&7) 19 13/6 31.1 6 10.9 0.209 6 0.041 33.2 6 10.5k,l

GS Heterozygotes (6&7) 12 7/5 27.4 6 8.3 0.236 6 0.039 18.3 6 5.6m

Normal (6&6) 10 7/3 29.7 6 5.8 0.237 6 0.059 13.4 6 3.2n

Combined (7&7) 1 (6CN&7) 24 14/10 32.4 6 11.6 0.221 6 0.045 30.9 6 11.1k,o

Combined (6&7) 1 (6&6) 22 14/8 28.5 6 7.2 0.241 6 0.042 16.1 6 5.2n

All subjects 46 29/17 30.5 6 9.8 0.231 6 0.044 23.8 6 11.5

NOTE. Values are mean 6 SD. Comparisons are within corresponding group(s), unless specified otherwise (e,g,h,i,j).
aP , .01 vs. normals (6&6).
bP , .05 vs. GS heterozygotes (6&7).
cP , 5E-08 vs. normals (6&6).
dP , .002 vs. GS heterozygotes (6&7).
eP , .05 vs. GS homozygotes (7&7) from group 1.
fP , .02 vs. GS heterozygotes (6&7).
gP , .005 vs. GS homozygotes (7&7) from group 1.
hP , .0002 vs. GS homozygotes (7&7) from group 1.
iP , .02 vs. all subjects from group 1.
jP , .05 vs. all subjects from group 1.
kP , 5E-05 vs. normals (6&6), groups 1 and 2.
lP , 5E-05 vs. GS heterozygotes (6&7).
mP , .05 vs. normals (6&6).
nP , 1E-05 vs. combined (7&7) 1 (6CN&7).
oP , 5E-04 vs. GS heterozygotes (6&7).

*The one normal (6&6) subject is not shown.
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normal subject with the TA6TAA pattern in both alleles; 6&7, a GS
heterozygote with TA7TAA polymorphism in only one allele; or
6CN&7, a compound heterozygote with a structural Crigler-Najjar
mutation in the coding region of one allele of UGT1A1 and the
TA7TAA polymorphism in the other allele.

Values are reported as mean 6 SD. Comparisons of continuous
variables between groups or subgroups were analyzed by the 2-tailed
t test, assuming unequal variances, or by the z test. Gender distribu-
tions were analyzed by the x2 test. Linear regression (r) was per-
formed by the least-squares method. P values less than .05 were
considered significant.

RESULTS

Study 1—Unrelated Subjects (Table 1). Of the 15 hyperbiliru-
binemic patients (presumed GS), 12 were GS homozygotes
(7&7) and 3 were heterozygotes (6&7). Three other GS het-
erozygotes were found among the 12 controls with normal TB
levels; the remaining 9 had normal TATA boxes (6&6). There
were no significant differences in age or sex distribution
among the 3 genetic subgroups. Mean plasma TB levels
among the GS homozygotes (7&7) were almost 3 times the
levels in the normal subjects (6&6) (P , 5E-08).

The mean BSP K1 value of the 7&7 subjects was 23% lower
than the value in the 6&6 subjects (P , .01), but there was
considerable overlap between the 2 subgroups (5 of 9 normal
subjects had BSP K1 values as low as the GS subjects). Of the 6
GS heterozygotes (6&7), the 3 with the lowest BSP K1 values
had elevated TB levels, whereas the 3 with higher BSP K1

values had normal TB levels. A highly significant negative
linear correlation (P , .0005) was observed between bili-
rubin levels and BSP K1 values in the GS homozygotes (7&7)
(Fig. 1).

Study 2—Families (Table 1 and Fig. 2). Three of the clinically
jaundiced probands were homozygous (7&7) for the
(TA)7TAA abnormality. The fourth (subject D1) was a com-
pound heterozygote, with a structural CN mutation at codon

806 on one allele and the (TA)7TAA abnormality on the other
allele (6CN&7); all but one of his relatives were likewise
compound heterozygotes.

In the 4 probands, mean TB levels ranged from 39 to 48
mmol/L and BSP K1 values were all below 0.23 min21. Families
A and D included 4 additional homozygotes (7&7) and 4
other compound heterozygotes (6CN&7), all of whom had
normal TB levels, but higher BSP K1 values. By contrast, all
relatives in families B and C, like the probands, had BSP K1

values below 0.23 min21, yet none was homozygous (7&7)
and none had elevated plasma TB concentrations. The mean
BSP K1 values for relatives from families A and D (0.268 6

0.013 min21) did not overlap with and were significantly
higher than (P , .00001) the BSP K1 values of relatives from
families B and C (0.217 6 0.002 min21) and of the 4 jaundiced
probands (0.215 6 0.008 min21).

Combined Studies 1 and 2 (Table 1). The data points for the 4
jaundiced subjects from group 2 lay above, but were still
within the 95% confidence limits of, the regression line for the
GS homozygotes in group 1. There were also no significant
differences between groups 1 and 2 in the TB levels for any
given genetic subgroup. This permitted pooling of the sub-
jects from the two studies. In the combined subgroups, TB
levels were significantly higher in subjects with two abnormal
alleles (7&7 or 6CN&7) as compared with both GS heterozy-
gotes (6&7) or normal subjects (6&6) and among GS het-
erozygotes compared with normal subjects (Table 1). By con-
trast, the BSP K1 values did not differ significantly among the
3 genetic subgroups, and showed considerable overlap.

Each genetic subgroup showed a significant negative linear
correlation between the plasma TB levels and the BSP K1 val-
ues. The slope was steepest (TB 5 74 2 193 3 BSP K1) and the
correlation most significant (r 5 .75, P , .0005) for the 19 GS
homozygotes (7&7). The slopes and the significance of the
correlations were progressively lower for the 12 heterozygotes
(6&7, TB 5 43 2 105 3 BSP K1, r 5 .73, P , .01) and the 10

FIG. 1. Plasma total bilirubin concentrations versus early fractional up-
take rates (BSP K1) of low-dose BSP (0.59 mmol/kg) in unrelated subjects
from study 1. The solid lines represent linear regressions for the 12 GS ho-
mozygotes (7&7, upper heavy line, TB 5 67 2 168 3 BSP K1, r 5 .86, P ,

.0005) and the 9 normal subjects (6&6, lower light line, TB 5 21 2 34 3 BSP
K1, r 5 .59, P 5 .09). GS homozygotes (7&7), squares; GS heterozygotes
(6&7), triangles; genetic normals (6&6), circles. The horizontal dashed line
represents the upper normal limit of plasma total bilirubin concentration
(mean 1 2 SD).

FIG. 2. Plasma total bilirubin concentrations and BSP early fractional
uptake rates (BSP K1) in subjects from family study 2. The capital letters
identify the 4 families; the subject with Crigler-Najjar II syndrome (family D)
is not shown. The dashed line and symbols for individual subjects are as in Fig.
1, except for the addition of compound heterozygotes (6CN&7), diamonds.
Note the clustering and narrower range of BSP K1 values on the x axis com-
pared with unrelated subjects in Fig. 1.

HEPATOLOGY Vol. 33, No. 3, 2001 PERISCO ET AL. 629



normal subjects (6&6, TB 5 23 2 41 3 BSP K1, r 5 .75, P ,

.02), though the correlation coefficients remained similarly
high for each subgroup.

Within the 7&7 subgroups and the groups as a whole, the
plasma TB levels were significantly higher (P , .001) and the
BSP K1 values significantly lower (P , .01) in men compared
with women, as expected.31 Although there were significantly
more men in group 1 than 2 (P , .02), there were no signifi-
cant differences in gender frequency among the combined
genetic subgroups and the data points for both sexes all fell
along the same regression lines.

Study 3—Subjects With Hemolysis (Table 1 and Fig. 3). The gen-
der and age distributions of the Thalassemic patients were not
significantly different from any other group. The BSP K1 val-
ues for the 7 Thalassemic subjects did not differ significantly
from those for the normal subjects from studies I and II, even
though their plasma bilirubin levels averaged almost twice
those of the normals (P , 5E-05). On the plot of TB versus
BSP K1 values, all data points for the Thalassemic patients lay
above the regression line and data points for the normal sub-
jects (Fig. 3).

DISCUSSION

In GS homozygotes, the 65% to 80% decrease in hepatic
glucuronidation of bilirubin9,10 is related to an extra TA in the
TATA box of the promoter region of the UGT1A1 gene.4-6 This
promoter abnormality causes a decrease of 67% to 82% in the
transcription and expression of this gene,4 the only isoform
that is functionally significant for bilirubin glucuronidation in
humans.32 Screening of large groups of presumably healthy
controls has shown that 12% to 16% are homozygous for the
(TA)7TAA abnormality and should thus have reduced expres-
sion of UGT1A1, yet less than half of these have the elevated
plasma bilirubin levels characteristic of GS.4-6 This suggested
that, in hyperbilirubinemic GS subjects, a second abnormality
in bilirubin metabolism and/or transport coexists with defi-
cient glucuronidation.

Kinetic modeling of the plasma disappearance of intrave-
nously injected bilirubin15,19 had indicated defects in hepatic

uptake as well as conjugation of UCB in many GS patients.
Impaired hepatic clearance of BSP, indocyanine green, tolbu-
tamide, nicotinic acid, and Rifamycin SV, other organic an-
ions that share uptake mechanisms for UCB, have also been
reported in some GS patients.20-26 In particular, when low
doses of BSP were administered to subjects with GS, a signif-
icant decrease in apparent affinity for the hepatic transport
mechanism(s) was observed, together with inhibition by Ri-
famycin SV.23 Collectively, these data suggested that the func-
tion of the transport system(s) for organic anion uptake was
impaired in GS.

The present study expands this conclusion by showing that
impaired organic anion uptake may be required for the phe-
notypic manifestation of GS (hyperbilirubinemia) in subjects
with genetically defined polymorphisms in the TATA box of
the UGT1A1 gene, but without overt hemolysis. Plasma TB
levels showed strong negative linear correlations with BSP K1

values in GS homozygotes (7&7) plus compound heterozy-
gotes (6CN&7), in GS heterozygotes (6&7) and in normals
(6&6). Plasma bilirubin levels were normal if the BSP K1 value
was at least 0.255 min21, even in subjects with two mutant
UGT1A1 alleles (7&7 or 6CN&7). Much lower BSP K1 values
engendered little or no elevation of bilirubin levels in subjects
with no more than one abnormal allele (6&7 or 6&6). The
degree of hyperbilirubinemia thus seemed to be determined
by both the impairment in conjugation, caused by abnormal
UGT1A1 genes and by the slower rate of organic anion uptake
reflected by a lower BSP K1 value.

Potential Limitations of the Studies. Direct proof of decreased
UGT1A1 activities was not obtained, because it is unethical to
perform liver biopsies strictly for research purposes on con-
trols or GS subjects. Data published previously has shown
that: (1) the (TA)7 mutation in the UGT1A1 (BUGT1) pro-
moter decreases expression of a reporter gene to a relatively
circumscribed low range of values (33% to 18% of normal),4

comparable with the decreases in bilirubin conjugating activ-
ity reported in liver biopsy specimens from clinically diag-
nosed GS patients9,10 and (2) the expression of the other
bilirubin conjugating enzyme, UGT1A4 (BUGT2) is not com-
pensatorily increased, even in the complete absence of func-
tional UGT1A1.32 In Fig. 1, the excellent fits of the regression
lines with the data indicate that the variances in rates of
bilirubin conjugation must have been similarly small in our
subjects in whom exposure to inducing agents had been ex-
cluded.1,4,9,10 We feel, therefore, that the bilirubin conjugat-
ing activity in our subgroups of subjects may be assumed to be
representative of that reported for each UGT1A1 genotype.

The modest variance in the relationships of bilirubin levels
to BSP uptake within each genetic subgroup also suggests that
there were relatively small variations in bilirubin production
rates.2,3,11,15,16 Although hemolysis was not assessed directly
by 51Cr-erythrocyte survival,16,17 or CO production rate,28,33

none of our subjects evidenced overt hemolysis on standard
hematologic tests. In addition, none (except the CN patient)
were exposed to xenobiotics that decrease plasma bilirubin
levels by inducing the activity of UGT1A1 or organic anion
uptake.28,34

An important issue is whether the reduced organic anion
uptake, or the retained bilirubin, is the primary phenomenon
producing their correlations. Theoretically, retained UCB
might competitively inhibit uptake of the low dose of BSP.27

This is unlikely, however, because BSP K1 values in the same

FIG. 3. Plasma total bilirubin concentrations and BSP early fractional
uptake rates (BSP K1) in subjects with b-Thalassemia from study 3, compared
with normal subjects. The dashed line and symbols and solid regression line for
normal subjects are as in Fig. 1. Xs represent the Thalassemic subjects.
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low range as the clinically jaundiced GS patients were seen in
more than half the heterozygous and normal patients with
little or no elevation in plasma bilirubin levels. This result
extends the findings of prior, more extensive, kinetic studies,
which showed that neither clearance or fractional plasma re-
moval of the standard dose of BSP,21 nor fractional uptake or
clearance of tracer radiolabeled bilirubin,15,21 was affected by
hemolytic hyperbilirubinemia in either GS subjects or con-
trols. Several other anionic drugs likewise exhibit normal
pharmacokinetics in Thalassemic patients with hemolytic hy-
perbilirubinemia.24-26 Collectively, this evidence mitigates
against incriminating the modestly elevated plasma bilirubin
levels as the cause of the lower BSP K1 values found in GS
subjects.22

The significant difference (P , .02) in gender distribution
between groups 1 and 2 (Table 1) must be considered, be-
cause, as with our subjects, gender affects serum bilirubin
levels, primarily because of differences in hepatic uptake of
organic anions.31 There were, however, no significant differ-
ences in gender distribution among the 3 genetic subgroups in
group 1 or combined groups 1 1 2, or of the Thalassemic
patients (group 3) versus groups 1 and/or 2. Thus, there is no
gender bias in Figs. 1 or 3. Since, for both group 1 and com-
bined groups 1 and 2, the data points for both sexes all fell
along the same regression lines, it appears that the relation-
ships between plasma bilirubin levels and organic anion up-
take incorporated the effects of gender.

Significant differences in age were found between subjects
in groups 1 and 2, but not among genetic subgroups or for
group 3 (Table 1). Our own data with the low-dose of BSP,
however, reveals no effect of age on BSP K1 values in our
subjects (Fig. 4). Thus, the age differences could not influence
our findings regarding the negative correlation between TB
levels and BSP K1 values in groups 1 and 2. Our plots (not
shown) of raw data from published studies at higher BSP
doses, both in controls and GS subjects, with or without he-
molysis, likewise revealed no alteration in various indices of
BSP uptake or storage up to age 60 years.21,35-40 Fractional
uptake and clearance of bilirubin are also reportedly unaltered
up to age 60, both with tracer doses of radiolabeled biliru-

bin15,21 and high doses (2 mg/kg intravenously) of unlabeled
bilirubin.19

Implications of Results. From the above considerations, the
most reasonable interpretation of our findings is that the im-
paired organic anion uptake is an important determinant of
the hyperbilirubinemia in GS. This concept is supported by
the report that administration of phenobarbital to GS subjects
decreased plasma bilirubin levels by over 50%, due to a
marked increase in UCB clearance, without any change in the
activity of hepatic bilirubin-UDPGA transferase.28 Our find-
ings suggest further that these variances in uptake rates are
also inherited, mediated by (a) high-affinity, low capacity ba-
solateral transporter(s) of UCB and BSP,22-24 encoded by
gene(s) that segregate independently of the GS mutation. In
support of this are the strong negative linear correlations be-
tween plasma bilirubin levels and BSP K1 values within each
genetic subgroup, whether or not the GS mutation is present;
and the clustering of BSP K1 values within families and sharp
segregation among families in group 2, contrasting with the
marked overlap of BSP K1 values among genetic subgroups of
the unrelated subjects in group 1. This overlap, observed pre-
viously but overlooked,20-22 suggests that mutations of the
putative transporter(s) mediating hepatic uptake of bilirubin
and BSP may have a high prevalence, even among subjects
with normal bilirubin levels. Among our 12 unrelated subjects
in group 1 who had normal bilirubin levels, 6 had BSP K1

values below 0.255 min21, the highest value found in the 15
subjects with hyperbilirubinemia. This estimated prevalence
of 0.50 is remarkably similar to the estimate of 0.44, obtained
by dividing the reported median prevalence of GS (0.06)12-14

by the mean prevalence (0.137) of the double (TA)7TAA mu-
tation in 6 series4-8 (plus Bosma PJ, unpublished data). These
tentative estimates imply that impaired organic anion uptake,
due to presumed genetic abnormalities in basolateral trans-
porter(s), with high affinity for BSP and UCB, may be nearly as
common as the extra TA mutation in the promoter region of
UGT1A1.

Direct proof of this proposal and determination of the lower
limit of normal for BSP K1 values must await studies of the
expression of basolateral UCB transporters in tissues from GS
subjects and controls. At present, however, none of the cloned
organic anion transporting polypeptides (OATPs), including
the newly-cloned OATP8,41 have been reported to transport
unconjugated bilirubin. (After acceptance of this work, a pa-
per in press42 has appeared online with evidence that OATP2
(SLC21A6) may be involved in the heaptic uptake of both BSP
and UCB.) Indeed, no transport of highly radiolabeled UCB
has been detected in Xenopus laevis oocytes expressing indi-
vidual OATPs after injection with the corresponding messen-
ger RNA,43 although each was shown to specifically transport
bile salts by a saturative mechanism.

In summary, in the absence of an overt increase in bilirubin
production or inducing xenobiotics, decreased hepatic uptake
is likely necessary for the expression of hyperbilirubinemia
when conjugation is not severely impaired, as in GS. The
decrease in UCB conjugation, caused by abnormal alleles for
UGT1A1, is apparently the primary determinant of whether
unconjugated hyperbilirubinemia can be present in GS.
Within each UGT1A1 subgroup, the presence and degree of
jaundice is apparently determined by the rate of organic anion
(e.g., UCB uptake), and only the very small proportion of GS
homozygotes with the lowest uptake rates will be visibly jaun-

FIG. 4. Early fractional uptake rates (BSP K1) after intravenous adminis-
tration of a low dose (0.59 mmol/kg) of BSP at different ages. All subjects
studied are shown. Those from groups 1 and 2 are categorized according to
the TATA box polymorphisms in UGT1A1; the hemolytic patients are the
subjects with Thalassemia from group 3. There are no significant changes in
BSP K1 values with age over the range from 17 to 57 years (r 5 .11, P . .45).
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diced. The severity of the impairment in hepatic uptake of
UCB and other organic anions, reflected in the plasma biliru-
bin level, may have additional clinical implications, because
impaired clearance of a number of drugs (e.g., tolbutamide
and Rifamycin), independent of defects in conjugation, have
been reported in GS patients.24-26

Acknowledgment: The authors thank Dr. Sum P. Lee, Se-
attle, WA, for his helpful suggestions with the manuscript.

REFERENCES

1. Berk PD, Martin JF, Blaschke TF, Scharschmidt BF, Plotz PH. Unconju-
gated hyperbilirubinemia: physiologic evaluation and experimental ap-
proaches to therapy. Ann Intern Med 1975;82:552-570.

2. Powell LW, Hemingway E, Billing BH, Sherlock S. Idiopathic unconju-
gated hyperbilirubinemia (Gilbert’s syndrome): a study of 42 families.
N Engl J Med 1967; 277:1108-1112.

3. Foulk WT, Butt HR, Owen CA, Jr., Whitcomb FF, Mason HL. Constitu-
tional hepatic dysfunction (Gilbert’s disease): its natural history and re-
lated syndromes. Medicine (Baltimore) 1959;38:25-46.

4. Bosma PJ, Roy Chowdhury J, Bakker CTM, Gantla S, de Boer A, Oostra
BA, et al. The genetic basis of the reduced expression of bilirubin UDP-
glucuronosyltransferase 1 in Gilbert’s syndrome. N Engl J Med 1995;333:
1171-1175.

5. Monaghan G, Ryan M, Seddon R, Hume R, Burchell B. Genetic variation
in bilirubin UDP-glucuronosyltransferase gene promoter and Gilbert’s
syndrome. Lancet 1996;347:578-581.

6. Clarke DJ, Moghrabi N, Monaghan G, Cassidy A , Boxer M, Hume R, et al.
Genetic defects of the UDP-glucuronosyltransferase-1 (UGT1) gene that
cause familial non-hemolytic unconjugated hyperbilirubinemias. Clin
Chim Acta 1997;266:63-74.

7. Bancroft JD, Kreamer B, Gourley GR. Gilbert syndrome accelerates de-
velopment of neonatal jaundice. J Pediatr 1998;132:656-660.

8. Sampietro M, Lupica L, Perrero L, Romano R, Molteni V, Fiorelli G.
TATA-box mutant in the promoter of the uridine diphosphate glucu-
ronosyltransferase gene in Italian patients with Gilbert’s syndrome. Ital J
Gastroenterol Hepatol 1998;30:194-198.

9. Black M, Billing BH. Hepatic bilirubin UDP-glucuronyl transferase activ-
ity in liver disease and in Gilbert’s syndrome. N Engl J Med 1969;280:
1266-1271.

10. Felsher BF, Craig JR, Carpio N. Hepatic bilirubin glucuronidation in
Gilbert’s syndrome. J Lab Clin Med 1973;81:829-837.

11. Kaplan M, Renbaum P, Levy-Lahad E, Hammerman C, Lahad A, Beutler
E. Gilbert syndrome and glucose-6-phosphate dehydrogenase deficiency:
a dose-dependent genetic interaction crucial to neonatal hyperbiliru-
binemia. Proc Natl Acad Sci U S A 1997;94:12128-12132.

12. Owens D, Evans J. Population studies on Gilbert’s syndrome. J Med
Genet 1975;12:152-156.

13. Bailey A, Robinson D, Dawson AM. Does Gilbert’s syndrome exist? Lan-
cet 1977;1:931-933.

14. Sieg A, Arab L, Schierf G, Stiehl A, Kommerell B. Die Prävalenz des
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