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Abstract

AIM: To identify the variants in UDP-glucuronosyltransfe-
rase 1 (UGT1Al1) gene in Gilbert's syndrome (GS) and to
estimate the association between homozygosity for TA
insertion and GS in India, as well as the frequency of TA
insertion and its impact among normal controls in India.

METHODS: Ninety-five G5 cases and 95 normal controls
were selected. Liver function and other tests were
done. The promoter and all 5 exons of UGT1A1 gene
were resequenced. Functional assessment of a novel
trinuclectide insertion was done by J7 siico analysis and
by estimating UGT1Al promoter activity carried out by
luciferase reporter assay of appropriate constructs in Hep
G2 cell line.

RESULTS: Among the GS patients, B0% were
homozygous for the TA insertion, which was several-fold
higher than reports from other ethnic groups. The mean
UCE level was elevated among individuals with only
one copy of this insertion, which was not significantly
different from those with two copies. Many new DMNA
variants in UGT1A1 gene were discovered, including a
trinucleotide (CAT) insertion in the promoter found in
a subset (10%) of GS patients, but not among normal
controls. fr-silico analysis showed marked changes in
the DNA-folding of the promoter and functional analysis
showed a 20-fold reduction in transcription efficiency
of UGT1Al gene resulting from this insertion, thereby

significantly elevating the UCB level.

CONCLUSION: The genetic epidemiology of GS
is variable across ethnic groups and the epistatic
interactions among UGT1A1 promoter variants modulate
bilirubin glucuronidation.
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INTRODUCTION

Gilbert's syndrome (GS) is generally considered to be
an autosomal recessive disorder (OMIM #143500)
characterized by mild, chronic, non-hemolytic
unconjugated hyperbilirubinemia in the absence of
liver disease. Although it has long been perceived to
be an innocuous clinical entity with a benign course,
recent data suggest that affecred individuals may be
predisposed to development of liver injury following
treatment with various drugs and xenobiotics and that
the genedc defect in GS may influence the outcome of
liver transplanmton and other dinical conditions. The
disorder due to a defidency in bilirubin glucuronidatdon,
is commonly caused by dinucleotde (TA) insertions and
[TA (TAYTAA] alleles in the promoter region of the
bilirubin UDP-glucuronosyleranstferase 1 (UGT1AL)
gene. This dinucleotde insertion reduces the efficiency
of transcription of the gene and decreases hepatc UDP-
glucuronosyltransferase activity to about 30% of normal
levels in homozvgous sub ects™, The prevalence of G5,
the frequency of the (TAPTAA allele in the UGT1AL
promoter and the proportion of G5 patients who
are homozygous for the (TA)TAA allele vary widely
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ACTOSS pﬂpulatmnsl | Recent data have also shown

that variants in UGT1Al gene other than the classical
dinucleotide insertion in its promoter, can contribute
to hyperbilirubinemia, including the milder form as in
G5, although :hmr effects appear to be varable across
pﬂpulamuml
derailed investigations into genetic polymorphisms (:f
UGTLIAL gene in Asian populatons may provide a better
understanding of unconjugated hyperbilirubinemia.

The objectives of our case-control study were to
estimate the association between homozvgosity for the
(TA)PTAA allele and G5 in India, to identify and study the
impact of this and other polymorphisms in the promoter
and cxons of the UGT1AL gene on serum bilirubin
levels, and to estimate the frequency of the (TAPTAA
homozygous genotype in the general population in India.

2 2
4, Thus, as recently cmpham?cdl .

MATERIALS AND METHODS
Participant recruitment and clinical biochemistry analysis

This study was conducted in 95 consecutive patients
presenting to the Liver Clinic at the Department of
Gastroenterology of the Institute of Postgraduate Medical
Education & Research, kolkara, India, for evaluation
of persistent unconjugated hyperbilirubinemia (serum
bilirubin greater than 1.2 mg/dL) documented at least
rwice over a period of one month. Serum total bilirubin
and its unconjugated fraction were estimated in fasting
condition, Each of these individuals had a normal finding
on physical examination, normal hepatobiliary ulerasound,
normal liver funcdon test excuding hyperbilirubinemia
and a normal reticulocyee count, A total of 95 adule
healthy volunteers from the same ethnic population as
the G5 patients were included as controls. Each conerol
also underwent the same set of investigations as the
P’ltlf_‘nt“ Their fasting serum bilirubin level estimated
rwice at intervals of fifteen days was consistently less than
1.0 mg/dL. Patients were excluded if they were under
any medication during the past one month or consumed
alcohol regularly or had present or past history of
hepatic/ hemarological discase. Additionally, quantitadve
estimation of hemoglobin fracdons (Ao, Az and F) was
carried out on each pam_nt md control by cation-cxchange
HPLC using the Variant"™ Hcm(agl(:hm Testing System
Bera Thalassemia Short Program (Bio-Rad Diagnostcs,
Hercules, USA). A 5 mL blood sample was collected
from each patient by venipuncrure and DNA was isolated
using a standard pmmcnllz:'l. Data and samples were
collected with written informed consent of the patients
and controls, after the approval was obtained from the
Human Research Ethics Committee of the Instture of
Postgraduate Medical Education & Research, Kolkata,

DNA re-sequencing and identification of variant alleles

DNA re-sequencing of the promoter and exon 1*1
encoding the substrate-specific region of bilirubin-UGT1
gene as well as the 4 common exons (exons 2-3) was
carried out using an auromated DNA sequencer (ABL-3100;
Applied Bio-systems, Foster City, USAL). DNA samplcq
were first 1mpllfu:d by the p(:l\mcrakf_‘ chain reaction

technique using an ABL-9700 thermal cvcler. PCR produces
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were then deaned using exonuclease-1 (USB. Corporation,
Cleveland, USA) and shrimp alkaline phospharase
(Amersham, Freiburg, Germany), and sequencing reactions
were carried out. DNA resequencing was carried out in
both forward and reverse directions Raw DNA sequences
were analyzed as previously described™ and variant
genotypes were ident fied.

Functional analysis of a novel trinucleotide insertion by
luciferase reporter assay
UGT1Al promoter fragments, 331-336 bp in length
depending on the number of TA repeats and CAT
insertion, were amplified using primers (F: 5™-tgeagatcrecct
cretggraacact-3) and (R: 5-atgaagetttgetcctgecagagprec-37)
from genomic DNA of individuals homozvgous for six
and seven TA repearts, and CAT insertion on (TAPTAA
background. DNA amplification was carried out with
polymerase chain reaction (PCR) using FastStare Taq
DMNA polvmerase (Roche, Mannheim, Germany) with an
initial denaturation at 95°C for 10 min, followed by 35
cvcles at 94 °C for 1 min, at 56°C for 45 s and at 72°C for
30 s on an ABL-9700 (Applied Bio-svstems, Foster City,
USA.) thermal cycler. To facilitate subcloning of the PCR
products in the reporter gene construce, oligonuceotdes F
and R were designed with a By 11 and a Hend 111 restriction
enzyme site at the 5 end, respectively. PCR products
were doubly digested with Bgd I and Hind 111, purificd by
Qiagen gel pudficadon kic (Qiagen, Hilden, Germany) and
subcloned into pGL3-basic vector (Promega, Madison,
USA). The integrity of the resulting plasmids was
confirmed by restriction mapping and sequencing analyses.
Promoter activity of cach construct was measured in
HepG2 cell line. Cells were grown in MEM medium
supplemented with 2 mmol/ L Lglutamine, (01 mmol/L
mm-csﬁcntiﬂl amino acids, 1 mmol/L sodium pyruvate and
Vo fetal calf serum (GIBCO -BRL, Grand Island, UISA)
at 3 C with 50 mlL/L CO-, 1""{P(‘.I['H'_‘['IELZI.|.|.\ growing cells
were :rj.'pmmh:d seeded ar 2.5x107 cells, and incubared
overnight prior to transfection. Transfecton was carried
out by lipofectamin (Invitrogen, Cadsbad, USA) using 2
pg of cach of the constructs (namely (TA)s TAA, (TA)r
TAA and CAT insertion on (TA) TAA background),
as well as the pGL3-basic and pGL3control as positive
controls (TAYTAA, the luciferease gene was under the
control of SV4) promoter and enhancer. After 48 h of
transfection, the cells were lysed and centrifuged in cell
culture lysis buffer ﬂ"mmc#a Madison, USA). Luciferase
activity was assaved in the cell lysate by measuring the
photoluminescence in a Monolighe 2000 single channel
luminometer and the totl cellular protein content was
measured by the standard Bradford’s method. Lucifercase
activity was normalized to toral cell protein concentration,
MNormalized luciferase activity of each construce was
expressed as a ratio to that of the pGL3-basic vector.
Three independent experiments were performed for
cach construct and all measurements were determined in

duplicate.

Statistical analysis

Equality of propordons was statistically tested by the
standard normal test pmccdurcp'l. Equalitics of mean
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values of various hematological parameters for individuals
belonging to different genoty pes at various polymorphic
loci were statistically tested using the Student #test or the
amalysis of variance (ANOVA) procedure, as appropriate.
Regression analysis was performed to test the significance
of dependence of un-conjugated serum bilirubin level on
some relevant variables. Allele frequencies were estimated

using the gene-counting method.,

RESULTS

Characteristics of patients and controls

Mo statistcally significant (P=(0.03) differences in the
proportions of males and females were observed between
the patients (87 males, 8 females) and controls (77 males,
18 females). The mean ages of male and female patients
(30.1 1.1 years of males, 26.8%5.1 years of females)
and controls (30.2%1.1 vears of males, 31.1 £ 2.9 years
of females) were not significantdy differenc (P> 0.05).
Since elevated HbAz levels could potendally increase the
unconjugated bilirubin level, we tested the significance of
the regression coefficient of HbAz level on unconjugated
bilirubin, separately for patients and controls. In both
scts, there was no statistically significant impact of
HbAz (P-values for patients and controls were 0,638
and 0.106, respectively). The difference in the mean
values of HbAz berween patients and controls was not
significantly different (¢= 1.76, d.f. =128, P>0.05). The 8
G5 patients, but none of the normal controls, who were
habitual smokers were asked to refrain from smoking
for 24 h prior to blood collection. We tested whether
the inclusion of these 8 G5 patients had a significant
impact on our findings. We therefore, examined whether
the mean value of un-conjugared bilirubin among
patients who were smokers (#=8) was significantly
higher than that among paticnts who were not smokers
fe=187). No significant difference was found (mean for
smoker patients=2.67 £ 0.33, mean for non-smoker
paticnts = 3.38 £ 0,30, /=0.696, d.f.=93, P=0.488). We
have performed all analyses that were reported below with
and withour the inclusion of the 8 GS patients who were
habimal smokers. Mo differences in inferences were found
(results not shown), Therefore, we presented all resules

including these 8 G5 subjects.

UGT1A1 sequence variants and their relation with bilirubin
level

Eleven sequence varianes in UGTLAL gene was ohserved,
of which 3 each were in the promoter, 3 in exon 1, 2 in
exon 2, 1 in exon 3 and 2 in exon 4, Mo variant was f{'.nu.nd
in exon 5 The genotype and variant allele frequencies at
these positions in patients and controls are given in Table
1. Of these 11 variant sites, 2 were non-polymorphic
(frequency of the rarer allele < 1%), while the remaining
9 sites were polymorphic cither among patients or among
controls or in both. One of the pc'.nh. morphic sites was the
TA insertion [[TA)TAA allele] in the TATA box of the
UGT1AL Pl’(‘.lt‘!'b(‘.lELIJ | The frequencics of the [TAPTAA
allele (0.879) and the 7/7 genorvpe (80%) among the
patients were significantly higher (P<0.005) than those
among the controls (0384 and 10%, respectvely). The

un-conjugated serum bilirubin values for G5 patients
belonging to the 6/6, 7/6 and 7/7 genotypes are presented
in Figure 1. The mean values of un-conjugated bilirubin
for G5 patients and normal conerols were 2,52 0025
mg/dl. and (061 & 0,08 me/ dL respectivelv. The mean+5E
value of un-conjugarted bilirubin among patients with
the 7/6 genotype was 3461 0.54 me/dL, which was not
significantly different (P=0.05) from paticnts with the 7/7
genotype (3.31 £0.33 mg/dL). The mean un-conjugated
scrum bilirubin values for these genotypes among controls
were only 0.59 20,10 mg/dL and (.64 20,15 mg/dL,
respectively,

Mo significant differences (P=1(L05) were found in
the mean bilirubin levels among individuals belonging
to the various genotypes at the remaining single
nucleotide polvmorphic loct, With respect to the Co844G
polymorphism resulting in a non-synonymous amino
acid change (A321G), all patents were CC homozygotes,
while about 36 of the controls were CG heterozygotes
(Table 1), We did not find any significant effect of the
G71R polymorphism on un-conjugated bilirubin level.
This polymorphism also showed no significant interaction
with the TATA box insertion polymorphism (results not
shown). These imch%q are discordant with those reported
among the Japancse

A novel human-specific trinucleotide insertion in Gilbert's
syndrome patients and its impact on bilirubin level
Among the polymorphic variants described in Table 1,
aside from the familiar TA insertion, the most seriking
was the CAT inserton (nucleotide positions -85 w -83)
in the CAAT box of UGT1*] promoter. Normally, there
is onc copy of the CAT winucleotide present in human
Genbank (heep:/ /www.nebinlm.nih.gov/ Genbank /).
We found two copies of this trinucleotide in some G5
patients. To confirm that this was an insertion we scarched
the chimpanzee (gi| 6456543 | gh | AF135463.1 | AF135463)
and gorilla (gi| 6456545 | gh| AF135464.1 | AF135464)
databases. In both 'LTPL‘ELC'-T- there is only copy, confirming
that the single copy is the ancestral state. This CAT
insertion was found only among nine (10%) G5 patients,
who were all homozvgous for the TA inserdon. We found
that GGS patients with the CAT-inserdon had a signi ficantdy
(P=<0.001) clevated mean level (6,13 £1.61 mg/dL)
compared to those without the inserdion (293 £0.28
mg/dL). Individuals who possessed the CAT inserdon did
not consistenty possess a varant allele at any of the other
sites. One individual who was heterozygous for the CAT
insertion was also hctcmngﬂuq for the 1322V variant,
and other three CAT-insertion heterozygores were also
heterozygotes for the H376R variane,

Functional analysis of CAT insertion

Since abour 10% of the (TAPTAA homozygotes carried
the CAT insertion and the insertion significantly elevated
the bilirubin level, we postulared that the inserdon had a
functonal impact. To cxamine this, we studied the change
in DNA-folding of the promoter region caused by this
insertion. The most stable structures, namely those with
lowest free energy (dG) values, are given in Figure 2 for

the UGTIAL promoter region without (dG=-14.4) and
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Table 1 DMA sequence variations observed among Gilbert’s syndrome patients and normal controls

|

Location of vardant and

Jecdde poskion () Description of variant® Genotype/Allele frequency (p) Patients (%) Control (%)
LGTI®L promoter CAT insertion Insertion/ Insertion 3 V]
nps 35 10 43 Insertion/ non-insertion -] 0
Mon-insertion / non-inserlion 86 %
pllnsertion) 063 0.000

UGTL*] promaoter G—+C GG 9 9%

np 63 GC 2 0
plC) o1 0L000

LGTL*] promaoter {TARTAA—+ (TA): TAA /{TAk TAA 4 az

nps -53 1o -38 (TAp TAA (TA): TAA /{TAk TAA 15 =B
{TA) TAA f[TAF TAA Th 10
PIITA) TAA] 0a7Te 0.383

Exom 1 G—+A GG 85 90

np +211 {G7LR) GA 9 5
AA 1 0
PA) 0058 0026

Exom 1 T=HE T 9 ]

np +76 {I159T) TC 2 1
BT [ITRE 0.0E

Exom 1 T—+C T @4 L 7]

np +H25 (RA0TI4Y TC 1 0
pC) 000s 0.000

Exon 2 C—G cC 95 L]

np +634 (AI2IG) oG 0 9
PG 0uD00 01z

Exon 2 A AA 87 ]

np +6816 {13221) AG v ]
GG 1 0
PG M2 .03z

Exon 3 G—+A GG @4 95

np #7640 (D3N} GA 1 (1]
plA) 000s 0.000

Exom 4 C~T cC 93 %5

np #7939 {P3G4LY cT 2 1]
BTy o1l 0.000

Exom 4 A—+G AA 92 %

np #7975 (H376R) AG 3 (1]
pG) 0ullé& 0.000

"Amino acid changes resulting from nue leotide changes in the exons are indicaled in parentheses,
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Figure 1 Distibuions of un-conjugated serum bilirubin valwes among Gibent's
syndrome pafents classified by he genotype of the common TA inserion in he
TATA box of fve UGT1A1 promoter.

with (dG=-14.8) the additional CAT inserdon. A swriking
structural change was found around the region of the
insertion, the loops were converted to stems. It is well
known that formation of stems in the promoter could

reduce transcription of the gene. A detailed functional
amalysis of the UGT1Al promoter by luciferase reporter
assay confirmed that there was a two-fold decrease
in transcription cfficiency for the varant (TAPTAA
promoter allele, and a 20-fold decrease when there was
a CAT inserdon in the promoter on the background of
the (TAPTAA allele compared to the normal (TARTAA

promoter allele (Figure 3).

DISCUSSION
Genetcally determined un-conjugated hvpcrhthrul‘nncnua

constitutes a spectrum of dinical entides characrerized
by incremental serum bilirubin values related o graded
reduction of UGT1AL enevme activity, The most
novel f'mdm@h of our study is that a mrinucleoride (CAT)
inserton in the nuceotde posidons -85 to -83 of the
UGTIAl promoter was present in GS paticnts who were
homozygous for the causal TA insertion, but not in other
(S patients or in controls, This insertion significantly
(P<0.001) clevated the un-conjugated bilirubin level
(mean= 613 mg/dL) in the patents to the range usually
seen in Crigler-Najjar (CN) II svndrome. We have
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Figure 3 Transcripional acvibes of the (TA)<TAA, {TAl TAA and CAT alleles as
assessed by a lucferase reporier assay.

demonstrated that this insertion in the background of
the (TA)s allele dassically described in G5, diminishes
UGTIALl manscriptonal activity to about 5% (2.4 hgh:
unies/ 10 pg protein) of the normal {44.9 bight unies/ 107 pg
protein), much lower than the 5004 reducton (22,9 quhl:
unies/ 1 pg protein) observed for (TA) alone, Thus the
combined biological effect of the CAT and TA insertons
is a further elevation in the un-conjugated bilirubin
level compared to that of the TA inserdon alone, which
is exactly what we have observed in the G5 patients
carrying the CAT insertion. This initial description of
the interactove influence of a novel mnudeonde inseroon
and the GS-type abnormality in the promoter region
alone, in the absence of a consistent exonlc mutation,
o quanttatively clevate un-conjugated bilirubin to levels
abserved in {“ri#lcr Majjar 1T (CN II) provides further
evidence of genetic heterogeneity and overlap of the
clinical syndromes of un-conjugated hyperbilirubinemia,
Thus, Gilbert’s, Crigler-Najjar I (CN I} and CN 11
syndromes may not be mutually exclusive clinical-genetic
enttites but are different windows of the quanddtative
spectrum of elevated serum unconjugated bilirubin levels,
The association (80%) between h(am(wml_ﬁulu
for the (TA)TAA allele and GS is much stronger in
India than reported carlier from most other ethnic
l_\rﬂup':“*'ﬁ'“"ml Graded reduction of UGT1 actvity has
been demonstrated wu:h mcn:a':mg length of the TA
rcpears in a recent ':l:l_u:[]I . It was demonstrated that 7/7
homozygotes and 7/6 heterozvgotes have, respectively, a

2273

Figure 2 Folded DNA structures of the UGT1A1 promoter
region with one copy of fie CAT trinudeotide {shaded region)
{A} and two copies of the CAT frinuclectide {CAT inserfion
allele, shaded region) (B.

}\‘k ey T;a‘.‘\ ) ! AR

52% and a 37% reduction of UDP glucuronyl transferase
activity in liver dssue homogenates. In our study, serum
un-conjugated bilirubin values among 7/6 heterozygote
G5 patients were high but not significandy different from
the 7/7 homozygotes. The finding of increased serum
bilirubin values among the 7/6 hetemeygore GS patents
to the same extent as those homozvgous for the classically
described 7/7 genotype, even in the absence of any other
consistent change in the UGT1Al gene, is intriguing, We
could not explain this finding, but speculate the role of
other interacting non-UGT1AT genetic variants

Although the inserdon of additional TA repearts in the
(TA)s TAA promoter, sequence of the UGTIAL gene
15 the most common varianon associated with Gilbere's
syadrome, (TA)sand (TA)s sequences in the TATAA
box have also been found™'¥, We did not find (TA)s
and (TA)salleles in our study participants. Moreover,
several mutanons in the exons have been found in other
populations, particularly from Asia, in associaton with GS
and hyperbilirubinemia, cither as the only abnormalitr or
in addition to the more common promoter defect™ 220,
We have identified several promoter and coding region
(all non-synonymous) variants of the gene (Table 1).
The G71R variant has been reported carlier!™ #*_ and
the P364L variant has recently been reported in one
Japanese G5 atient!™. Contrary to the ﬂnchng among
the Japam:q: the G71R change had no impact on un-
conjugated hlllrubm level in our samples, nor did it interact
with the dinucleotide (TA) insertion in the TATA box of
the UGT1AL pene. Many variants discovered in this smdy
have not been reported carlier and many variants reported
carlier were not found in the present sample. Although all
the observed variations in exons could resule in amino acid
substitutions, none of these significandy altered the mean
bilirubin level. Thus, the UGT1AL pene appears to tolerate
a large number of murations without any significant
deleterious effect. None of these was strongly associated
with the (TAPTAA allele in our study. However, the amino
acid change from isoleucine to valine at the amino acid
position 322 was only found among the controls and not
among the G5 patients, Further studies are necessary to
test whether this change helps bilirubin glucuronidation by
the UGT1Al gene

The UGT1AL polymorphisms have recently acquired
significance because they predispose individuals to altered
metabolism and enhanced toxicer of several drugs like
paracctamol, propofol, irnotecan, indinavi ir, efr, which are
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substrates for glucoronidadon by UGT1TAL P3¥ Exons
2-5 are shared by other UGT1A transcripts and isozymes
that mediate metabolism of xenobiotics apart from Al
invalved in bilirubin glucumnic’eaiiﬂnrrl. The new variants
in these exons may be relevant to drug metabolism, but we
have not tested this Our findings reveal thar it is crucial
to carry out detailed surveys on genetic variatons in and
around the UGT1AL gene and functional studies on
these variants for a deeper understanding of quanttatcive
anomalies of bilirubin,
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