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ABSTRACT

Gilbert syndrome (GS) is a hereditary relatively common benign unconjugated hyperbilirubinaemia. The
promoter region of uridine diphosphate glycosyltransferase 1 (UGT1A1) gene contains a normal
A (TA)6TAA element; variations in this motif (A(TA)7/8TAA) are generally associated with this disorder.
This is a report of the varied effects of GS in a Mexican Mestizo family with a non-common (TA)8 repeat
in this population. The proposita and her mother showed (TA)7/(TA)8 genotype, while her father and sis-
ter were (TA)6/(TA)7, but only the proposita showed clinical manifestations. This report supports that the
(TA)7 and (TA)8 are necessary, but not enough to explain the features of GS. There are probably addi-
tional genetic variations ie, the presence of “modifier” genes or one can speculate that an oligogenetic
trait can contribute to the expression of the final phenotype.
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RESUMEN

El síndrome de Gilberto (SG) es un hiperbilirubinemia no conjugada, benigna, relativamente común y he-
reditaria. La región promotora del gen (UGT1A1) de la uridina difosfato glicosiltransferasa 1, contiene
un elemento normal A (TA)6 TAA. Las variaciones en este motivo (A (TA)7/8TAA) se encuentran por lo
general asociadas con este desorden. Éste es un reporte de los variados efectos del SG en una familia
mestiza mexicana con una repetición (TA)8 no común en esta población. La probando y su madre mos-
traron el genotipo (TA)7/(TA)7, mientras su padre y hermana eran (TA)6/(TA)7, pero sólo la probando
mostró manifestaciones clínicas. Este informe sostiene que el (TA)7 y (TA)8 son necesarios, pero no su-
ficientes para explicar los rasgos del SG. Probablemente hay variaciones genéticas adicionales, es decir,
la presencia de genes “modificadores“, o se puede especular que un rasgo oligogenético puede contri-
buir a la expresión del fenotipo final.
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INTRODUCTION
Gilbert syndrome (GS) [OMIN #143500], a benign condition
in which unconjugated hyperbilirubinaemia occurs without
structural liver disease or overt haemolysis (1, 2), is charac-
terized by episodes of mild intermittent jaundice that tends to
fluctuate in severity, particularly after fasting (3). A bilirubin
concentration range between 17 and 102 mol/L [1-6 mg/dL] is
generally accepted in GS (4).

Gilbert syndrome has an unclear inheritance pattern,
since many people do not have a clear family history, mainly
because the syndrome often remains undiagnosed. Powell et
al proposed an autosomal dominant inheritance with incom-
plete penetrance, and a recessive form has been suggested by
Bosma et al (5, 6). The molecular mechanism in GS involves
a polymorphism in the promoter of the UGT1A1 gene (Uridine
Diphosphate Glycosyltransferase 1 Family, Polypeptide A1;
OMIM *191740); this region contains a normal run of six
thymine-adenine repeats A(TA)6TAA, localized at -53 to -38
upstream. Homozygosity of two extra TA nucleotides inter-
feres with binding of the transcription factor IID and results in
a decrease of the glucuronosyltransferase–1 activity up to
about 30% of normal values and therefore higher mean serum
bilirubin levels (6, 7).

CASE REPORT
A 19-year old girl was referred to our department with a prob-
able diagnosis of GS. Neither scleral icterus, jaundice, fever
or other evidence of gallbladder disease were observed on clin-
ical evaluation, but ultrasound examination showed mild liver
enlargement. The laboratory test revealed low-grade uncon-
jugated hyperbilirubinemia (0.90 mg/dL), and increased
levels of transaminases (TGO 70 U/ml, TGP 142 U/ml). Her
apparently healthy father, mother and sister had normal indirect
bilirubin levels (0.5, 0.40 and 0.30 mg/dL, respectively).

Molecular analysis of the TATA-box region of the
UGT1A1 gene was performed by polymerase chain reaction
(PCR), according to Bosma et al. The amplified fragment was
purified and directly sequenced with an ABI PRISM 310 PE
Applied Biosystem analyser and the Big Dye Terminator v 3.0
cycle sequencing ready reaction kit (6).

Three different alleles were identified (TA)6, (TA)7, and
(TA)8. The proposita and her mother were compound het-
erozygotes (TA)7/(TA)8, the genotypes of both father and sis-
ter were (TA)6/(TA)7.

Bilirubin is usually measured as part of a panel of liver
function tests, such as liver alkaline phosphatase and liver
transaminases. In patients with liver disease, abnormal levels
of these enzymes are often combined with increased values of
serum bilirubin (8).

The TATA box at the promoter region of the UGT1A1
gene has been widely studied; variation of these motifs [(TA)7
and (TA)8] has been associated with low UDP-glucuronosyl-
transferase–1 enzymatic activity (9). Some individuals with
the (TA)7/(TA)8 genotype have been described and only few
of them display the clinical features of GS (10, 11), suggesting

that environmental and additional genetic factors play a role
in the marked inter-individual phenotypic variability (12). Pre-
vious reports, based on population studies, have shown in-
creased bilirubin levels after a low caloric diet (13) with
significant gender variations higher in men (0.72 +/- 0.004
mg/dL) than in women (0.52 +/- 0.003 mg/dL), and smoking
status with reduced bilirubin levels in active smokers (14). In
a Japanese population, a substitution at -3279 T→G, in the
phenobarbital-responsive enhancer module of UGT1A1, re-
duces its transcriptional activity and is associated with in-
creased levels of bilirubin in plasma (15).

Besides the familiar A(TA)nTAA polymorphism, the in-
sertion in the CAAT box of UGT1A1 promoter (nucleotide po-
sitions -85 to -83) reduces the gene transcription. Normally,
there is one copy of the CAT trinucleotide in the promoter of
the UGT1A1 gene, the addition of an extra CAT element has
shown a significantly elevated unconjugated bilirubin level
(6.13 ± 1.61 mg/dL), when compared to those without the in-
sertion (2.93 ± 0.28 mg/dL). This insertion produces structural
changes in the DNA-folding of the promoter region, which
leads to a 20-fold decrease in transcription efficiency, com-
pared to a two-fold decrease for the (TA)7TAA variant (16).

The allele frequencies for (TA)6 and (TA)7 repeats in
Mexican Mestizos is 0.654 and 0.334, respectively (17), such
frequencies are similar to those reported in several populations
of European origin (6, 9, 18). However, the (TA)7 allele is
more common among people of African origin than in Cau-
casians (9). On the other hand, the (TA)8 allele in Caucasian
populations is extremely rare, but in the African population the
(TA)8 allele reaches a frequency of 0.069 (9).

Since the Mexican Mestizo population has a complex
process of racial admixture, mainly between Amerindians
(69%) and Caucasians (26%) and to a lesser extent Africans
[5%] (19), the presence of (TA)8 allele could be explained by
this genetic admixture. Nevertheless, the hypothesis of a new
mutation resulting from a recent genetic event, as suggested
by Tsezou et al, cannot be ruled out. Repeated sequences are
extremely unstable and may be modified as a result of unequal
crossing-over in meiosis or a polymerase template slippage.
This latter explanation is the primary mutational mechanism
leading to changes in microsatellite length, which has been
shown to be higher in dinucleotide than in trinucleotide re-
peats, by a factor of 2.2, and much higher than the tetranu-
cleotide repeats rate by a factor of 9.2 (20, 21). It seems
reasonable therefore that the (TA)8 repeat pattern can be found.

The mild hyperbilirubinaemia in the proposita, as well as
the lack of clinical features in her mother, support the idea that
(TA)7/(TA)8 insertion would only give a proclivity to develop
jaundice, but it is not enough to display the clinical features
described in GS. Although we do not have enough elements to
explain this finding, we speculate that known additional ge-
netic variations within the UGT1A1 gene (15, 16, 22, 23)
and/or in other genes involved in bilirubin metabolism, like
the organic anion transporter polypeptide 1B1 [OATP1B1]
(24), in addition to age, gender, co-morbidities and/or envi-
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ronmental factors are necessary to develop the clinical and bio-
chemical features. But another possibility to consider is that
GS is behaving as an oligogenic trait. The unclearness of its
inheritance pattern may be explained by different reasons, such
as undiagnosed cases and absence of clearer family histories.

Further studies are required to assess the molecular
mechanism(s) leading to GS, as well as the functional role of
each one of the above mentioned elements that contribute to
the syndrome, contributing to a better understanding of biliru-
bin metabolism.

REFERENCES
1. OMIM – Online Mendelian Inheritance in Man®. Johns Hopkins Uni-

versity, Baltimore, MD. MIM Number: 143500. [Accessed 31/18/2009].
Available from: URL: http://www.ncbi.nlm.nih.gov/omin/

2. Gilbert A, Lereboullet P. La cholemie simple familiale. Sem Med 1901;
21: 241–3.

3. Nixon JC, Monaghan GJ. Gilbert’s disease and the bilirubin tolerance
test. Can Med Assoc J 1967; 96: 370–3.

4. Sato H, Adachi Y, Koiwai O. The genetic basis of Gilbert’s syndrome.
Lancet 1996; 347: 557–8.

5. 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: 1108–12.

6. Bosma PJ, Chowdhury JR, Bakker C, Gantla S, de Boer A, Ostra
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: 1171–5.

7. OMIM – Online Mendelian Inheritance in Man®. Johns Hopkins Uni-
versity, Baltimore, MD. MIM Number: *191740. [Accessed 6/03/2009].
Available from: URL: http://www.ncbi.nlm.nih.gov/omim/

8. Rudenski AS, Halsall DJ. Genetic testing for Gilbert’s syndrome: how
useful is it in determining the cause of jaundice? Clin Chem 1998; 44:
1604–9.

9. Beutler E, Gelbart T, Demina A. Racial variability in the UDP-glu-
curonosyltransferase1 (UGT1A1) promoter: a balanced polymorphism for
regulation of bilirubin metabolism. Proc Natl Acad Sci USA 1998; 95:
8170–4.

10. Iolascon A, Faienza MF, Centra M, Storelli S, Zelante L, Savoia A. (TA)8
allele in the UGT1A1 gene promoter of a Caucasian with Gilbert’s syn-
drome. Haematologica 1999; 84: 106–9.

11. Coelho H, Costa E, Vieira E, Branca R, Santos R, Barbot J. A new case
of (TA)8 allele in the UGT1A1 gene promoter in a Caucasian girl with
Gilbert syndrome. J Pediatr Hematol Oncol 2004; 21: 371–4.

12. Kaplan M, Hammerman C, Maisels MJ. Bilirubin genetics for the non-
geneticist: Hereditary defects of neonatal bilirubin conjugation. Pediatrics
2003; 111: 886–93.

13. Felsher BF. Effect of changes in dietary components on the serum biliru-
bin in Gilberts syndrome. Am J Clin Nutr 1976; 29: 705–9.

14. Zucker SD, Horn PS, Sherman KE. Serum bilirubin levels in the US pop-
ulation: gender effect and inverse correlation with colorectal cancer. He-
patology 2004; 40: 827–35.

15. Sai K, Saeki M, Saito Y, Ozawa S, Katori N, Jinno H et al. UGT1A1 hap-
lotypes associated with reduced glucuronidation and increased serum
bilirubinin irinotecan-administered Japanese patients with cancer. Clin
Pharmacol Ther 2004; 75: 501–15.

16. Farheen S, Sengupta S, Santra A, Pal S, Dhali GK, Chakravorty M et al.
Gilbert’s syndrome: High frequency of the (TA) 7TAA allele in India and
its interaction with a novel CAT insertion in promoter of the gene for
bilirubin UDP glucuronosyltransferase 1 gene. World J Gastroenterol
2006; 12: 2269–75.

17. Arámbula E, Vaca G. Genotyping by “Cold Single-Strand Conformation
Polymorphism” of the UGT1A1 promoter polymorphism in Mexican
Mestizos. Blood Cell Mol Dis 2002; 28: 86–90.

18. Monaghan G, Ryan M, Seddon R, Hume R, Burchell B. Genetic varia-
tion in bilirubin UDP-glucuronosyltransferase gene promoter and
Gilbert’s syndrome. Lancet 1996; 347: 578–81.

19. Juárez-Cedillo T, Zuñiga J, Acuña-Alonzo V, Pérez-Hernández N, Rodrí-
guez-Pérez JM, Barquera R et al. Genetic admixture and diversity esti-
mations in the Mexican Mestizo population from Mexico City using 15
STR polymorphic markers. Forensic Sci Int Genet 2008; 2: e37–9.

20. Tsezou A, Tzetis M, Kitsiou S, Kavazarakis E, Galla A, Kanavakis E. A
Caucasian boy with Gilbert’s syndrome heterozygous for the (TA)8 al-
lele. Haematologica 2000; 85: 319.

21. Kruglya S, Durrett RT, Schug MD, Aonadro CF. Equilibrium distribu-
tions of microsatellite repeat length resulting from a balance between slip-
page events and point mutations. Proc Natl Acad Sci USA 1998; 95:
10774–8.

22. Sampietro M, Iolascon A. Molecular pathology of Crigler-Najjar type I
and II and Gilbert’s syndromes. Haematologica 1999; 84: 150–7.

23. Kaniwa N, Kurose K, Jinno H, Tanaka-Kagawa T, Saito Y, Saeki M et al.
Racial variability in haplotype frequencies of UGT1A1 and glucuronida-
tion activity of a novel single nucleotide polymorphism 686C>T (P229L)
found in an African-American. Drug Metab Dispos 2005; 33: 458–65.

24. Lin Z, Fontaine J, Watchko JF. Coexpression of gene polymorphisms in-
volved in bilirubin production and metabolism. Pediatrics 2008; 122:
e156–62.

Tintos-Hernández et al


