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Abstract — Promoter variants ¢.-3279T>G and A(TA)7TAA show mased level of expression of UDP-glucuronosyl
transferase 1A1 (UGT1Al) and consequently reduatiyity of the enzyme catalyzing glucuronidation ffirubin in
hepatocytes. Thus, coincidental occurence of batfants should lead to increase of hyperbilirubiiear contribute to its
manifestation. In this study, investigation of betriants in 101 patients and 84 controls in a @alan population was
performed and the results were compared with sdmilimbin levels. Despite high linkage disequilibm between the loci
(D" = 0.91, f = 0.69), we have proven an interaction betweenvdrants increasing the odds ratio for [(TA)7]+c.[
3279T>G] homozygotes to 54.2.
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The frequency of altered [(TA7)] allele among
INTRODUCTION the Caucasian population is 30-40%, resulting in
o the homozygous Gilbert’s genotype (TA)7/(TA)7
- _UGT1A1 catalyzes _ g_Iucu_ronldatlon ofin 9-16% of them. Since only about 5% develops
bilirubin and other xenobiotics in hepatocyte$hg  Gilbert's syndrome, other factors
and in this way it participates in hemecontriputing to  the  hyperbilirubinemia
degradation. The most frequent variant in th&evelopment are necessary (3, 14, 17, 18).
Caucasian population, two base insertion of TA Other promoter variant c.-3279T>G is
nucleotides in TATAA box of UGT1AL gene |gcated in the phenobarbital responsive enhancer
and its association with Gilbert’s syndrome, wag,oqule (PBREM) of the gene. This 51bp
firstly described in 1995 by Bosma&t al enppancer is regulated by the transcription factor
TATAA box region is the binding site of congiitutive active receptor in response to
transcription factor 1ID, which iniciates thenenobarbital induction (8). As well as in the
transcription. In  vitro experiments revealeyevious variant, the reduced activity of
decreased transcription and reduced enzymafigsT1A1 in phenobarbital enhancer variant c.-
activity in altered [(TA)7] allele of UGT1AL up 3279T7>G was shown experimentally (20). The
to 10_'30% 1,34, 7 1_8)- ] ] _ coincidental occurence of more genetic defects
Impaired glucuronidation results in Gilbert’syng/or the effects of epidemiologic factors such
syndrome - mild unconjugated hyper-bilirubinys stress, infection, starvation, is supposed to be
emia with fluctuating bilirubin levels from 20 tote  cause of the manifestation  of
50 pmol/l (rarely up to 100 pmol/l). hyperbilirubinemia. The relation of more genetic
Abbreviations: PBREM, phenobarbital enhancer module defects and hyperbilirubinemia was - well
viati : , i ule; . i .
UGT1A1, UDP-glucuronosyl transferase 1A1; documented in tEe Japanelse populatlgn in the
A(TA)TTAA , (TA)7; OR, odds ratio. most common change p.Gly71Arg and (TA)7
variant.
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Also, a haplotype analysis of UGT1Al gene ir3279G] was found in controls. However, two
the Korean population was published, bubhomozygotes (TA)7/(TA)7 was heterozygous for
distribution of UGT1Al variants in the c.-3279T>G (see Table 1). Correlation of ¢.-3279
Caucasian population differs (12, 13, 20). T>G and (TA)7 genotype and bilirubin levels
Maruo et al postulated that coincidentalwas evident in (TA)6/(TA)7 heterozygotes,
occurence of homozygous variants [(TA)7]+c.[however the difference was not significant (see
3279T>G] is the principal cause in developmernitable 2).
of Gilbert’s syndrome. However, Jirga al did In the probands group (n = 101), allele
not confirm this theory. We believe that eithef(TA)7] frequency was 97%, in the remaining
genetic or environmental factors can contributd% wild type was presented. Also, the wild type
to the development of hyperbilirubinemia. Therallele c.[-3279T] was in a minority (0.99%) in
in vitro studies can not simulate in vivo bilirubincomparison with 99.01% frequency of allele c.[-
metabolism conditions properly and we shoul8279T>G.] All wild type alleles in probands
also be aware of individual differences betweewere presented in a heterozygous state. Linkage
bilirubin metabolism in men and women. As walisequilibrium in probands expressed with D"was
know, no correlation of bilirubin, PBREM andhigh (D" = 1), but T was very low # = 0.32).
TATAA alterations in UGT1A1 was carried outCorrelation of genotype and bilirubin levels was
in probands and controls (10, 11). not possible to carry out because of the
uniformity of genotypes in this group.
MATERIALS AND METHODS

Table 1. Distribution of genotypes in probands and costrol
(TA)7 and c.-3279T>G variants were investigated10i

patients and 84 controls from a Caucasian populaiitmod Probands (n = 101) Controls (n = 84)
samples were taken with the signed informed consktiite
participants. Genomic DNA was extracted from the T TG GG T TG GG

peripheral blood leukocytes according to the stehda

procedures. Genotyping of TA repeats of UGT1A1 gen & - ) i g » 9 !
was performed by PCR and the sequencing with 5 &7 . 2 4 &7 4 379
AACTCCCTGCTACCTTTGTGG-3 forward and 5- ~ i

TCAACAGTATCTTCCCAGCATGGG-3reverse primers 77 - - g - 2 o

(product size 239 bp). Analysis of ¢.-3279T>G préeno

variant was carried out by PCR and RFLP with the dse q_ ble 2. A f bilirubin level di
Hpy8I restrictase (10). In all subjects, liver tests were aole 2. Average of bilirubin levels according to genotype

checked (total serum bilirubin and its conjugateattion, in controls (in pmol/l)

ALT, AST). Statistic analysis was performed by CubaX

odds ratio calculator (2, 6). TT TIG GG
6/6 837 (22.31) 847 (=0.81) 13
RESULTS ~ ) N o
6/7 B.48 (£3.66) 10,58 {=4.39) 13,62 (£3.15)

Criteria  for probands group were '’ ° 123 E5 0

determined according to the guidelines for ~ The overall survey of proband and control
Gilbert's syndrome diagnostc - mild9roup was as follows. There is no doubt about
unconjugated hyperbilirubinemia with a lowetthe higher frequency of [(TA)7] allele in
limit of bilirubin 17 pmol/l without hemolysis or Probands (97%) than in controls (32.14%) as
other liver injury. Control and proband groupdVell as the 99.01% frequency of c.[-3279T>G.]
were consistent in sex and age; the average a&jtle in probands compared with 38,69 %
of controls was 16 years (SD+4.19) and ifrequency of the same allele in controls. Linkage
probands 17 years (SD+5.3). Average total serufiiSequilibrium of two variants in both groups
bilirubin level in controls was 10.69 pmol/Was significant D"= 0.91,°r= 0.69 (P<0.0001).

(SD+4.0) compared with 46.7 umol/l (SD+26) inThe distribution of genotypes for the haplotypes
probands. formed by these 2 loci is significantly different

Frequency of wild type [(TA)6] allele in between patients and controls — P = 0.00005, chi

controls was 67.86% versus [(TA)7] allele 32.1F 24.99, df = 4. The odds ratio (OR) for the risk
%. Further frequency of allele T in c.-3279T>cRllele ¢.[-3279T>G] in the PBREM is 34.42
variant was 61.31 % in contrast to allele G 38.6(?5% confidence interval from 19.14 to 61.89),

% in controls. Linkage between alleles [(TA)7]_?_nd 38.71 for the risk allele [(TA)7] in the
and c.[-3279T>G] was D'= 0.79% £ 0.47 in TATAA box (95% confidence interval from

controls. No homozygote for [(TA)7]+c.[- 21.71 to 68.99). The odds ratio increases for the
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homozygotes for both risk alleles to 54.20 (95%nkage disequilibrium D’=0.95 allele (TA)7 is

confidence interval from 30.15 to 97.45). linked with ¢.-3279T>G allele, this and other
studies document genotype (TA)6/(TA)7
DISCUSSION together with ¢-3279T>G/-3279T>G and even

(TA)6/(TA)6 coincidentally with ¢-3279T>G/-

The aim of our study was to establish thé279T>G (data calculated from Jirsaal) (10).
role of c.-3279T>G on hyperbilirubinemia inThe most interesting fact is that we found no
humans. We have demonstrated that this varidi¢mozygote (TA)7 together with homozygote
is strongly associated with affection by thavild type c.-3279T. In no other studies of
Gilbert's syndrome, with OR 34.42. ThisCaucasians, African-Americans or Japanese with
association signal is probably not only due t&tal number of investigated persons more than
strong linkage disequilibrum with the other800 found this genotype (5, 9, 10, 13). This is
variant (TA)7, because we have shown additiéemarkable because homozygous wild type
efect of these two variants by demonstrating afA)6 together with ¢.-3279T>G allelic variant
increase of the OR for the homozygotes for bo#oes exist. However, controversially the
variants. We correlated bilirubin levels withhomozygous wild type -3279T together with
coincidental occurence of both variants. ReguldRutated homozygote (TA)7 does not occur.
data collection and limit estimation is important
in epidemiological studies and should not be
underestimated. In G!Ibert S .synd'rome, d'ff_ere,rgor the financial and material support we thankhi grant
results can be obtained with diverse criteriausm 0021620806. We thank Prof. Milan Jirsa for icet
Since the occurence of (TA)7 allele in theeading of manuscript.
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