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Abstract

Objectives: To investigate variationsin UGT1A1 polymorphisms and haplotypes among African
American and Caucasian women and to assess whether variants other than UGT1A1*28 are
associated with total serum bilirubin levels. Methods: The (TA)n repeats and 14 single
nucleotide polymorphisms (SNPs) in the UGT1A1 gene were genotyped in 335 African
Americans and 181 Caucasians. Total serum bilirubin levels were available in a subset of 125
women. Results: Allele frequencies of all SNPs and (TA)n repeats were significantly different
between African Americans and Caucasians. In Caucasians, three common haplotypes accounted
for 71.8% of chromosomes while five common haplotypes accounted for only 46.6% of
chromosomes in African Americans. Mean total serum bilirubin levels were significantly lower
(p=0.005) in African Americans (0.36 mg/dl) than in Caucasians (0.44 mg/dl). The (TA)n
repeats explained a significant amount of variation in total bilirubin levels (R*=0.27, p<0.0001)
while other SNPs were less correlative. Conclusions: Significant variationsin UGT1AL
haplotype structure exist between African Americans and Caucasiansin thisrelatively large
cohort of women. UGT1A1's correlation with total bilirubin levels was mainly dueto (TA)n
repeats in Caucasians but a clear correlation was not observed in African Americans due to the
high diversity of haplotypes and a small sample size. These data have implications in design of
epidemiologic studies of cancer susceptibility and pharmacogenetic studies for adverse drug

reactions in populations of African ancestry.
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Introduction

The UDP-glucuronosyl transferase (UGT) 1A1 gene has been implicated in a number of
processes, including conjugation of bilirubin from hemoglobin and hemoprotein turnover,
detoxification of potential carcinogens, phase Il drug metabolism, and estradiol metabolism
(Senafi et al., 1994; Bosmaet al., 1995; Malfatti et al., 2005). The nine UGT1A isoforms are
expressed to varying degreesin the liver (Strassburg et al., 1997) and mammary tissue (Senafi et
al., 1994; Chouinard et al., 2006). The number of TA repeatsin the TATA promoter region of
UGT1AL1 has been shown to be inversely associated with the transcriptional activity of UGT1A1,
with 5 and 6 repeats (allele *36 and * 1, respectively) associated with high UGT1AL activity, and
7 and 8 repeats (alleles * 28 and * 37, respectively) associated with low UGT1AL activity (Beutler
et a., 1998). The genotype, (TA)7/(TA)7, has been associated with Gilbert’ s syndrome, which

presents with mild hyperbilirubinemia (Bosmaet al., 1995).

The unifying premise of integrative epidemiology suggested by Spitz et al. is that the same genes
that are implicated in cancer risk may also beinvolved in aperson’s propensity to carcinogenic
exposure and/or to modulation of therapeutic outcome (Spitz et al., 2005). Therefore, constructing
genetic profiles that could be used to individualize therapy may also increase our understanding of
cancer risk genes and may be applied to cancer devel opment and prediction of outcome. To this
end, differencesin TA repeats of UGT1A1 have been shown to be responsible for the toxic effects of
irinotecan, an anti-cancer drug (lyer et al., 2002), and have also been linked with cancer
susceptibility (Guillemette et al., 2000; Adegoke et al., 2004). Of interest are studies suggesting an
association of UGT1A1 TA repeat polymorphisms with breast cancer among African Americans but

not Caucasians (Guillemette et al., 2000; Guillemette et al., 2001).
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UGT1A1 isthe main isoform that glucuronidates bilirubin (Tukey and Strassburg, 2000) and
variantsin the TATA promoter and phenobarbital-responsive enhancer module (PBREM) region
have been studied extensively, but variation in serum bilirubin levelsis not explained solely by
TA repeats. Few studies have explored the polymorphisms throughout UGT1A1 gene and
assigned functions to these polymorphisms (Sai et al., 2004; Kaniwa et al., 2005). In addition,
few studies have examined variants of UGT1AL related to total serum bilirubin within the normal
range (<1.0 mg/dL) (Bosmaet al., 1995; Sai et al., 2004; Lin et al., 2006). Nevertheless, it is
important to evaluate these to understand if variants causing hyperbilirubinemia are similar to or
different from those involving variation of total bilirubin levels within the normal range.
Identifying common alleles of UGT1AL related to bilirubin has important implicationsin both
cancer treatment and prevention. A recent clinical trial has shown that total bilirubin before
treatment was a positive predictor of grade 4 neutropeniain cancer patients receiving irinotecan
(Innocenti et al., 2004). Additionally, recent works have shown that the risk of cardiovascular
disease islower in those with higher bilirubin levels (Lin et al., 2006). It also has been
hypothesized that bilirubin itself may be a potent antioxidant and its slight increase within the

normal range may be beneficial in reducing risk of cancer (Grant and Bell, 2000).

Furthermore, population-based studies have shown that serum bilirubin levels vary with
gender, race and smoking status and are 10-20% lower in African American than in Caucasians
(Zucker et al., 2004). While there are well established differencesin UGT1AL TA repest allele
frequencies between Caucasians and African Americans, with (TA)s and (TA)s being absent in
Caucasians (Beutler et al., 1998; Guillemette et al., 2000; Guillemette et al., 2001), it remains

unclear whether there are additional differencesin other UGT1AL single nucleotide
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polymorphisms (SNPs) between the two racial groups, which may explain some of the observed

racial differencein serum bilirubin levels.

In this study, we aim to: 1) compare the variationsin (TA),and SNPs from the PBREM region
to the 3'-conserved region of UGT1A1 between African American and Caucasian women; 2)
describe the linkage disequilibrium (LD) and construct haplotypes for these two populations; and
3) examine the relationship between UGT1A1 polymorphisms and total bilirubin among
individuals with total bilirubin levels within the normal range. To our knowledge, thisisthe first
study to examine the entire region of UGT1A1 genein relation to total bilirubin level in

Caucasian and African American women.

Materials & Methods

Study Sample

The study sample included individuals from two sources: Self-reported African American and
Caucasian women who attended the Cancer Risk Clinic at the University of Chicago between
1992 and 2003, and self-reported African American women from the San Francisco Bay area
who enrolled in the Northern California Family Registry for Breast Cancer between 1995 and
2000 (John et al., 2004). DNA samples were available for 227 individuals (46 African
Americans and 181 Caucasians) aged 23-81 years who attended the Cancer Risk Clinic for a
comprehensive cancer risk assessment; of these, 59% had previous diagnosis of breast cancer
and 65% had afamily history of breast cancer. DNA samples were also available for 244 newly
diagnosed African American breast cancer patients aged 20-64 years identified through the
Greater San Francisco Bay area cancer registry, and 45 African American women without breast

cancer identified through random-digit dialing. Characteristics of the study population are shown
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in Table 1. All participants provided written consent and the study was approved by the
Institutional Review Boards of the University of Chicago and the Northern California Cancer

Center.

SNP Sdlection

Novel SNP identification was based on resequencing of the UGT1A gene cluster
(Maitland et al., 2006). Briefly, optimal sets of mapped based tagging SNPs (tSNPs) were
generated from LDSelect (Carlson et al., 2004) for African American and Caucasian populations
(unpublished data). As expected, the number of tSNPs for Caucasians (n=10) was smaller than
that for African Americans (n=18) since the number of genetic variationsis generally smaller in
the former. The criteriafor selecting these tSNPs were setting the SNPs with arelative MAF
>10% and ar? threshold of 0.8. An additional 6 SNPs were identified as well as (TA),. In total,
there were 26 unique SNPs based on the re-sequencing of the UGT1A1 genomic region. Of
these, 14 SNPsin addition to (TA), were selected for the expanded genotyping in the current

study while other SNPs were not pursued due to high repetitive sequences within primer sets.

PCR for (TA),

Variants were genotyped as described previously (Te et al., 2000). Briefly,
approximately 5 ng of DNA was amplified by PCR in 10 ul with primers flanking the
polymorphic TA locusin the promoter region of the UGT1A1 gene. The only protocol
modificationsto cycling were afinal extension at 72°C for 5 min compared with 10 minutes as
previously described. Control DNASs from individuals known to have a 6/6, 6/7, and 7/7
genotype were included in the PCR analysis. The amplified product yielded a 93, 95, 97, 99 bp

fragment which corresponded to (TA)s, (TA)e, (TA)7, and (TA)s, respectively. Samples were
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diluted 1:4, subjected to ABI 377 3700 Automated DNA Sequencer for (TA),, and scored via

Gene Mapper 3.7 (ABI, Foster City, CA).

SNP Genotyping

Genotyping was performed using the Beckman-Coulter SNPstream and procedures
followed the specification for the instrument (Fullerton, CA). Primer design for PCR and Single
Base Extension (SBE) was performed using Beckman-Coulter’s Autoprimer software. PCR
reactions were organized by SNP type. Reactions were composed of PCR primers at a final
concentration of 50nM, 0.2 U enzyme Hot Master Taq (Eppendorf, Hamburg, Germany), and 2-
5ng of genomic DNA per reaction. Amplification was performed according to manufacturer’s
conditions. All post amplification steps were performed according to Beckman SNPstream
specifications. Briefly, PCR clean up was accomplished by treating reactions with 3ul of
Exo/SAP (USB, Cleveland, OH) with incubation for 30 minutes at 37°C followed by 100°C for
10 minutes. SBE reactions were performed using reagents and protocols specific to the Beckman
SNPstream platform. SBE primers were present at a final concentration of 20nM. Reactions
were hybridized to Beckman Array plates and scanned by the SNPstream. Genotyping of SNPs

was done by DNAPrint™ Genomics (Sarasota, FL).

Bilirubin Levels

To explore the relationship between UGTIA1 genotypes and total bilirubin levels, data on serum
total bilirubin levels were obtained from the University of Chicago Hospital medical records.
Total bilirubin values for patients diagnosed with cancer were collected prior to start of any
treatments. If multiple values were available for a patient, the mean total bilirubin level was

calculated. The standard deviation for these patients ranged from 0.05 mg/dl to 0.35 mg/dl, with
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amedian of 0.11 mg/dl. For individuals who had known liver metastasis or significant hepatic

dysfunction, their bilirubin data were excluded for the analysis.

Statistical Analysis

Hardy-Weinberg equilibrium (HWE) for all loci was examined among African
Americans and Caucasians separately using a chi-square test. Differencesin allele frequencies
between African Americans and Caucasians were compared using a chi-square test or Fisher’s
exact test, as appropriate. Pair-wise LD was measured by Lewontin’s D’ (Hedrick, 1987) and the
LD matrices were plotted using the GOLD software package (Abecasis and Cookson, 2000).
Haplotypes were reconstructed using a Bayesian statistical method implemented in Phase 2.1
(Stephens et al., 2001; Stephens and Donnelly, 2003). To describe the haplotype diversity, we
calculated the effective number of haplotypes separately for each racial group (Carlson et al.,
2004). The effective number of haplotypes, analogous to the effective number of alleles (Hartl
and Clark, 1997), was calculated as Ne = 1/Spi?, where pi is the frequency of theith haplotype.
To find DNA regions in which there was no apparent historical recombination, we first searched
for haplotype blocks using pair-wise D' implemented in HaploBlockFinder (Zhang and Jin,
2003). Then, the minimum blocks were expanded by adding SNPs at the ends using the
following criteria. If the calculated D’ values between haplotypes contained in the minimum
blocks and the SNP at the end was greater than pre-specified value (e.g. 0.8), we concluded that
the added marker belonged to the same block. We proposed this haplotype block finding method
because multi-locus LD may not be adequately reflected by pair-wise LD. Within each block,
haplotype-tagging SNP (or microsatel lite marker) was identified manually with help from

HaploBlockFinder.

10
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Since the distribution of total serum bilirubin was skewed to the right, a natural log
transformation was done. For easier interpretation, geometric means and 95% confidence
interval (Cl) are presented. One-way analysis of variance (ANOV A) was used to test whether
bilirubin level varied significantly by TA repeat or SNP genotypes, without assuming a genetic
model. Coefficient of determination (R?) obtained from the ANOVA was used to indicate the
predictive value. Multiple linear regression models included TA repeats and individual SNPs to
examine the independent effect of SNPs after adjusting for TA repeats. Correspondingly, a
partial R* was calculated to indicate the additional predictive value beyond TA repeats. We also
examined the independent effect of TA repesats, race, breast cancer status, and age on bilirubin
levels using multiple linear regression models. Finally, we examined the relationship between the
inferred haplotypes and bilirubin levels in the Caucasian sample using linear regression models.

P values less than 0.05 are considered statistically significant.

Results

UGT1A1 Polymorphisms

The allele frequencies of UGT1A1 SNPs and TA repests are presented by self-reported racein
Table 2. TA repeats and all SNPs followed HWE except for marker 11 in African Americans.
The observed genotype frequency of marker 11 was 38 for genotype AA, 108 for AG, and 147
for GG, which differs from the expected frequency based on HWE (28.9 for AA, 126.2 for AG,
and 137.9 for GG; p=0.015). The observed deficiency of heterozygosity of marker 11 may be

due to chance alone because all markers flanking marker 11 were in HWE.

The allele frequencies of TA repeats and all SNPs genotyped were significantly different

between Caucasian and African Americans (Table 2). Caucasians had only (TA)s and (TA)7

11
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repeats, whereas African Americans had broader variability in the number of TA repeats,
including (TA)s and (TA)s. Marker 6 appeared to be aunique SNP in African Americans. The
minor allele frequencies (MAF) of markers 13 and 15 in Caucasians and of marker 10 in African

Americans were less than 5%.

Linkage Disequilibrium and Haplotype Structure of UGT1A1 Gene

Figure 1 shows pairwise LD measured by Lewontin's D’ for the two racial groups. In African
Americans, there were two LD clusters: markers 1 to 5 (corresponding to the range from
promoter to intron 1) and markers 9 to 15 (3" UTR of exon 5 and conserved regions). A
historical recombination hotspot appears to exist between the two clusters. A similar LD pattern
was observed in Caucas ans, except that there was along-range LD between markers 3-5 and

markers 11-15.

Haplotype analysis was performed separately for African Americans and Caucasians. The
haplotype diversity was much higher in African Americans than in Caucasians, with 83
haplotypes inferred in African Americans versus 23 haplotypes inferred in Caucasians. The
effective number of haplotypes (the number of equally frequent haplotypes that would be
required to produce the same homozygosity as observed) was 17.7 and 5.4 in African Americans
and Caucasians, respectively. In Caucasians, there were three common haplotypes (frequency >
5%), accounting for 71.8% of all chromosomes. In contrast, the 5 common haplotypes accounted
for 46.6% of chromosomesin African Americans (Table 3). The top three haplotypes are the

same between the two racial groups but with quite different frequencies.

Two haplotype blocks were observed for both Caucasians and African Americans, with one

block consisting of markers 1-7, and the other block consisting of markers 9-15. Marker 8 did
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not fall into either block since it wasin moderate LD with either block 1 or 2 (D’ ~=0.6).
Although the gene was divided into two haplotype blocks, there was weak but non-ignorable LD
between the two blocks (D’=0.52 in African Americans and D’=0.45 in Caucasians). In
Caucasians, the first block was defined by two major and one minor haplotypes, and only two
markers (TA repeats and any one of markers 1, 3, 5 and 7) were required to tag them. The second
block in Caucasians was defined by four common haplotypes, requiring three haplotype-tagging
SNPs. In African Americans, five common haplotypes accounted for 85% of the first block and
four markers were required to tag them. The second block in African Americans consisted of five
common haplotypes and required four haplotype-tagging SNPs. In both blocks, haplotypes were

more diversified in African Americans than in Caucasians.

Bilirubin Level, UGT1A1 Polymorphism, and Race

Total serum bilirubin levels were available for 125 patients (89 Caucasians and 36 African
Americans). In the one-way ANOV A analysis, bilirubin levels were significantly associated with
TA repeats (marker 2) and several other SNPs (markers 1, 4, 5, 9, 12, 13, and 14). Figure 2A
shows the percentage of the variability in serum bilirubin levels explained by each marker (R?).
Specifically, the variability in bilirubin concentration explained by TA repeats was 27%
(p<0.0001). However, after adjusting for TA repeats, only marker 5 was marginally significant
(p=0.05). Figure 2B shows that 5% or less of variability in bilirubin level was explained by each
SNP beyond TA repeats. The geometric means of bilirubin levels by TA repeat genotypes are
presented in Table 4. Homozygous carriers of (TA); had the highest serum bilirubin level,
followed by heterozygous carriers of (TA)e/(TA);. Homozygous carriers of (TA)s and
heterozygous carriers of (TA)s/(TA)s had low levels of bilirubin. There were only afew carriers

of TA)s/(TA)7 and TA)e/(TA)s and thus no inference was made for these categories. TA repeats
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was still a strong determinant of bilirubin levels (adjusted p<0.0001) after adjusting for age, race,
and breast cancer diagnosis. Interestingly, bilirubin levels were significantly lower (adjusted
p=0.02) in patients diagnosed with breast cancer (0.40 mg/dl) than in those without breast cancer

(0.46 mg/dl).

Serum bilirubin levels were 22% higher (p=0.005) in Caucasians (0.44 mg/dl) than in African
Americans (0.36 mg/dl) (Table 4). Thisdifferencein bilirubin level was not explained by the
digtribution of TA repeats alone: after adjusting for TA repeats, Caucasians still had higher
bilirubin level than African Americans (p=0.018). Stratified by race, 29% of the variation in total
bilirubin level was explained by TA repeats for Caucasians and 17% for African Americans

(Figure 3).

Of the 89 Caucasi an patients with bilirubin data, 3 patients were excluded from the analysis of
haplotype and bilirubin since their haplotypes were constructed with a high level of uncertainty
(probability<80%). Table 5 shows the diplotype configuration (haplotype pairs) and the
relationship with total serum bilirubin levelsin Caucasians. Bilirubin level varied significantly
across the diplotypesin block 1 (R*=0.33, p<0.0001) and the diplotypesin block 2 (R?=0.22,
p=0.01). However, this haplotype-phenotype correlation is mainly due to the effect of TA repeat
polymorphism. After removing the effect of TA repeat polymorphism using linear regression
models, neither block 1 (partial R?=0.06, p=0.17) nor block 2 haplotypes (partial R>=0.14,
p=0.14) were significantly correlated with bilirubin. Thisis because (TA), was one of the
tagging markers for block 1 haplotypes and it was also moderately linked with haplotypesin
block 2 (Table 5). In the 36 African Americans with bilirubin data, 20 distinct diplotypes were

found in block 1 and 19 diplotypes were found in block 2. Therefore the study lacked statistical
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power to examine the relationship between UGT1A1 haplotypes and bilirubin levelsin African

Americans.

Discussion
Thisisone of the first large scale studies to examine the distribution of UGT1AL variants other

than TA repeats among an ethnically diverse cohort of women. Furthermore, we linked these

variants with serum total bilirubin, which is an important UGT1A1 phenotype.

The distribution of the number of TA repeats observed in this study is consistent with previous
studies (Bosma et al., 1995; Beutler et al., 1998; Guillemette et al., 2001; Innocenti et al., 2002).
(TA)s and (TA)g was each found in about 5% of African Americans but in none of the
Caucasians. The allele frequency of (TA)7 was dlightly higher in African Americans (0.375) than
in Caucasians (0.323). UGT1AL polymorphisms other than TATA box have not been well
studied and several SNPs (M6, M8 and M 10) identified in this study are novel. The allele
frequencies and corresponding genotypes of these SNPs were quite different between African
Americans and Caucasians. The MAFs of marker 9 (c.*211) observed in this study (0.276 for
Caucasians and 0.382 for African Americans) were comparable to a previous study (labeled as
1813C>T), which reported a frequency of 0.220 for Caucasians and 0.350 for African Americans
(Kaniwaet al., 2005). Furthermore, with the exception of SNP M5, the MAFs are comparable to
that of the CEPH and Y oruba groups from the Environmental Genome and HapMap Projects
(2003; 2006). For M5, the MAF for African Americans (0.431) is between the values from the
EGP data set (Y oruba 0.292 and CEPH 0.455) which may be due to the larger sasmple sizein this

study or due to admixture of African Americans.
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We described the haplotype structure of UGT1A1 gene from its PBREM region to 3'-
conserved region. We found it was better to describe the haplotypes using two blocks for both
Caucasians and African Americans with the advantage of low haplotype diversity within each
block. For example, in African Americans, the effective number of haplotypes for blocks 1 and 2
was 4.6 and 5.2, respectively, less than that for the whole gene (Ne=17.7). Sai et al also reported
that UGT1A1 could be divided into two blocks among Japanese (Sai et al., 2004) and Kaniwa et
al used the same two blocksto describe UGT1AL genesin African Americans, Caucasians and
Japanese (Kaniwa et al., 2005). The boundaries of the two blocks proposed by Sai et al are
similar to this study. In our study, the first block ranges from PBREM and promoter regions to
intron 2, instead of to exon 1 asin the previous study (Sai et al., 2004). This discrepancy may be
due to the arbitrary cutoff points of LD measures, as markers 6-7 in intron 2 were not in
complete LD with markers 3-5 inintron 1. We believe it is better to include intron 1 in block 1
for African Americans and Caucasians as shown in Figure 1 and Table 3. In Caucasians, marker
1 (at -1352 upstream of transcription starting point) and TA repeats were sufficient to tag the
common haplotypesin block 1: C7 0.323, A6 0.569, C6 0.107. Interestingly, these haplotype
frequencies were similar to those tagged by markers -3279T>G and TA repeats for Caucasiansin
previous studies: G7 0.36-0.39, T6 0.45-0.53, G6 0.09-0 (Innocenti et al., 2002; Kaniwa et al.,
2005), suggesting that these three haplotypes are the same although different markers were used.
For African Americans, the haplotypes tagged by marker 1 and TA repeatsin this study were
also comparable to that tagged using markers -3279T>G and TA repeats in previous studies
(Innocenti et al., 2002; Kaniwa et al., 2005). However, the haplotype diversity within block 1
was greater in African Americans than in Caucasians and thus more tagging markers are required

(Table 3). Similarly, the haplotype diversity within block 2 was aso greater in African
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Americans than in Caucasians. In this study, the haplotype block 2 extended from 3' UTR of
exon 5 to the conserved region. To our knowledge, no previous study had examined this. These
ethnic differencesin SNP and haploytype distribution suggest that the presence and strength of
the associ ation between UGT1A1 genotypes and phenotypes including drug toxicities and cancer

susceptibility need confirmation in independent populations.

Consistent with a previous study conducted in Caucasians (Bosma et al., 1995), we showed
that TA repeats were strongly correlated with total bilirubin within normal range, accounting for
29% of variations among Caucasians and 17% among African Americans. It is conceivable that
the observed differences between the two groupsis due to the diversity in the African Americans
and the relatively small sample of African Americans patients with serum total bilirubin levels
available for study. Nonetheless, our observation that serum total bilirubin levels were also lower
among African American is consistent with previous population based studies (Zucker et a.,
2004). TA repeat polymorphism was also shown to be responsible for variation of bilirubinin
Asian individuals with asimilar R? (Ki et al., 2003; Sai et al., 2004). In addition, an Asian-
specific variant, 211G>A (*6, G71R) in exon 1 has been associated with variation in bilirubin
(Huang et al., 2000; Ki et al., 2003; Sai et a., 2004). A study conducted in Japanese found that
1813C>T in 3 -untranglated region of exon 5 was weakly but significantly associated with
bilirubin level after adjusting for TA repeats (p=0.03) (Sai et a., 2004). In this study, we showed
that the same SNP, M9, was not significant after adjusting for TA repeats (p=0.11). Among
Caucasian, we did not find other variant that was associated with bilirubin conditional on TA
repeats, as shown in both the genotype analysis (Figure 2) and haplotype analysis (Table 5). Our
sample size for African Americans was relatively small, thus we can not rule out whether there

are other UGT1A1 variants accounting for the variation in bilirubin in African Americans. This
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callsfor further investigation of bilirubin levelsin alarger study among African Americans as

bilirubin can serve as an antioxidant and therefore may be a surrogate biomarker for risk.

A review of UGT literature suggests that bilirubin is selectively glucoronidated by UGT1A1
(Tukey and Strassburg, 2000). A linkage analysis of pedigree data from the Framingham Study
estimated the heritability of serum bilirubin to be 49% + 6% and the peak multipoint LOD score
islocated 1 cM away from the UGT1A1 gene. The authors concluded that UGT1A1 may be the
major gene controlling serum bilirubin (Lin et al., 2003) but aimost all subjects were Caucasians.
Potentially, there are other factors such as other isoforms of UGT orother genes that moderate
the variation in serum bilirubin because bilirubin levels also depend on the rate of bilirubin
production, transportation and elimination. The presence of Gilbert alelesis not necessarily
linked to hyperbilirubinemia (Kadakol et al., 2000). In addition, UGT genesin mice are
regulated by factors such as CAAT-enhancer binding protein (C/EBPalpha) (Lee et al., 1997).
Recent studies suggest these factors may influence human hepatic enzymes such as UGT2B7
(Ishii et al., 2000). Thus, these factors may play arole by enhancing or suppressing UGT activity

and thus bilirubin in humans.

With respect to the racial differencein bilirubin levels, we observed the paradox as pointed out
previously (Beutler et al., 1998): African Americans had lower bilirubin levels but had higher
frequencies of (TA)7 and (TA) g than Caucasians. In each stratum of TA repeats genotypes,
(TA)6/(TA)e, (TA)e/(TA)7, and (TA)7/(TA)7, African Americans still had lower bilirubin levels
than Caucasians. It has been documented that African Americans have lower hemoglobin levels
than Caucasians (Perry et a., 1992) and the difference in hemoglobin existed after excluding
subjects with iron-deficient erythropoiesis and a-thalassemia mutations (Beutler and West,

2005). Other genes such as G6PD and OATP2 or environmental factors may account for this
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racial difference. For example, OATP-C has been correlated with conjugated bilirubin in a pilot
study of 23 patients (leiri et al., 2004) This finding warrants further study because same total
serum bilirubin in African American and Caucasian patients who are treated with glucoronidated

drugs may indicate different toxicity profiles.

In conclusion, this study reconstructed the haplotypes of UGT1A1 gene spanning from
transcription-regulating region to 3'-conserved region with (TA)n repeats and 14 SNPs and
showed wider variation of UGT1AL haplotypes in African American women than in Caucasian
women. Theracial differences in haplotype distribution may be responsible for different toxicity
profiles for African American and Caucasian patients treated with glucoronidated drugs and
cancer susceptibility, suggesting that more than (TA)n profileis needed in the African American
population. Regarding functions of UGT1A1 polymorphisms, it is clear that TA repeatsisan
important factor for total bilirubin variation in Caucasian population and there may exist other
variants related to bilirubin within UGT1A1 gene but these variants are less likely to be clinically
significant. In African Americans, the role of TA repeats remains unclear but further studies with
larger sample sizes are necessary to elucidate the function of other variants and haplotypes.
Future studies are planned to examine the UGT1A1 gene with alarger sample of African

Americans as well as a sample of Nigerians.
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Figure Legend

Figure 1. Linkage disequilibrium (Lewontin D’) of 15 consecutive markersin UGT1Al in

Caucasians (A) and African Americans (B). These graphical displays were generated by GOLD

and are avisual representation of the LD statistics. The scales on the right indicate the Lewontin

D’ values. A color scheme closer to red (D’ = 1.00) represents strong association of the SNPs
(linkage disequilibrium) whereas a color scheme closer to blue (D’ = 0.00) represents areas of
linkage equilibrium. The SNPs are arranged by the physical order and distance on UGT1A1

along the x and y axes.

Figure 2. (A) R-sguare calculated from simple linear regressions of bilirubin on each UGT1A1
gene polymorphic marker. (B) Partial R-square calculated from multiple linear regressions of
bilirubin on each UGT1A1 gene polymorphic marker adjusting for TA repeat polymorphismin

all subjects.

Figure 3. Box plot of bilirubin levels by race and TA repeat polymorphisms of UGT1A1. Box
represents lower quartile, median and upper quartile. Whiskers extend to at most 1.5 times the

the interquartile range. Dots represent observations outside of whiskers.
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Tables
Table 1. Characteristics of Study Sample
African Caucasians Total
Americans
No. of tota 335 181 516
Enrollment site
San Francisco Bay area 289 289
Chicago 46 181 227
Age, mean + SD 49.2 +10.0 480+ 100 48.8+100
No. with breast cancer 282 91 373
No. of related individuals 6 20 26
Serum total bilirubin available 36 89 125
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Table 2. Polymorphismsin UGT1A1 gene by race

Marker Location Reference  Position* cDNA positiont Major > Allele frequency+
SNPID Minor

Allele  Caucasians African
(2n=362) Americans

(2n=670)
M1 PBREM region§ rs3755319 173691 c.-1352 C>A 0.570 0.333
M2  Promoter ~174990 c.-53 TAGB) O 0.063

TA(6) 0677 0.521
TA(7) 0323 0.375

TAB) O 0.041
M3 Intron 1 rs3771342 178771 ¢.864+2865 G>T 0.107 0.218
M4 Intron 1 rs4148325 179417 ¢.865-2371 C>T 0.322 0.417
M5 Intron 1 rs4148326 179570 ¢.865-2218 C>T 0.575 0.431
M6 Intron 2 181937 ¢.996+18 C>T 0 0.100
M7 Intron 2 rs1018124 182226 ¢.996+307 A>G 0.081 0.129
M8 Intron 2 182521 ¢.997-82 T>C 0.106 0.352
M9 3 UTR of Exon 5 rs10929303 187524 c.*211 C>T 0.276 0.382
M10 3'-Conserved region 188164 c.*851 C>A 0.128 0.035
M1l 3 -Conservedregion rs4148329 188170 c.*857 C>T 0.500 0.314
M12 3 -Conservedregion rs6717546 188227 c¢.*914 G>A 0.430 0.508
M13 3 -Conserved region rs1500476 192593 ¢.*5280 C>T 0.009 0.207
M14 3 -Conserved region rs6431631 194144 ¢.*6831 A>C 0.289 0.179
M15 3 -Conserved region rs17863803 194435 c¢.*7122 A>G 0.014 0.115

*Physical locations are based on GenBank reference sequence AF297093.1

tPhysical locations based on GenBank reference sequence NM_000463.2 and ascribing to
HGSV nomenclature, http://www.hgvs.org/mutnomen/

FMinor aleefrequencies of total sample are presented except for TA repeat.
8Phenobarbital responsive module
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Table 3. Common haplotypes and haplotype blocks within UGT1AL gene*

Caucasians (2n=362)

African Americans (2n=670)

M1-M15 M1-M15
A6GCTCATCCTGCAA (28.2%) A6GCTCATCCTGCAA (11.2%)

A6GCTCATTCCACCA (24.0%) A6GCTCATTCCACCA  (8.2%) =

C7GTCCATCCTGCAA (19.6%) C7GTCCATCCTGCAA (13.1%) 2

C6GCTCACCCCGCAG (7.8%) 29

C7GTCCATTCCATAA (6.3%) 5

Total (71.8%) Total (46.6%) 28

Nef 5.4 Ne 17.7 z 7

8=

g

M1-M7 M8 M1-M7 M8 M9-M15 %g

2dGCTCA (56.9%) o AG6GCT (24.55) o dTGdAA (33'9f)§%

. T (89.5%) C7QTCCA (36.4%) T (64.9% QCACCA (17.5%)

C7GTCCA (31.85%) {c (10 5°)} CeTCC (8.5%) C (35.1% deATAA (17.0%)88

CgTCCCG  (8.3%) 0 . T PONEIE

C6QCT (9.4%) dceCcaG (11.2%)§

A5GCT (6.3%) qCcACAA  (5.8%)FG

Total (97.0%) (100%) Total (85.1%) (100%) (85.4%)°x

Ne 2.3 Ne 4.6 5.2 33

*Braces indicate haplotype blocks and boxes indicate haplotype-tagging single nucleotide polymorphism (SNP) or microsatellite marker.

tNe, effective number of haplotype

¥20¢ ‘€z |udy uosjeunor 1345V e Bio'sjeuinofisdse pwp wouy papeojumoq

S!E

U

"UOISJBA SIU] WOJ} 1B} Ip A2 UOSIOA 2
€8TYT090T PWP/ZCTT 0T -10d

31


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on May 3, 2007 as DOI: 10.1124/dmd.106.014183
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #14183

Table 4. Geometric means (95% confidence interval) of serum total bilirubin levelsby TA
repeat polymorphism and race

No. Geometric mean (95% Cl) R? Pvalue
TA repeat 0.271 <0.0001
56 7 0.344 (0.278-0.427)
57 1 0.260 (0.260-0.260)
66 55 0.376 (0.351-0.403)
67 46 0.427 (0.386-0.473)
68 2 0.304 (0.131-0.707)
77 13 0.672 (0.525-0.860)
Race 0.064 0.005
Caucasians 89 0.439 (0.408-0.472)
African Americans 36 0.361 (0.321-0.405)
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Table 5. Geometric means (95% confidence interval) of serum total bilirubin levels by UGT1A1

haplotypes in Caucasians

Haplotype* No. Geometric mean R° Partial R
(95% ClI) (p-value) (p-value)t
Block 1 0.327 (<0.0001)  0.060 (0.17)
A6GCTCA/A6GCTCA 30 0.371(0.337-0.409)
A6GCTCA/C7GTCCA 29 0.445(0.403-0.491)
A6GCTCA/C6.C.C. 13  0.431 (0.371-0.501)
C7GTCCA/C7GTCCA 10 0.697 (0.503-0.966)
C6TCCC./C6TCCCG 2  0.382(0.156-0.935)
C6TCCCG/C7GTCCA 2  0.315(0.256-0.386)
Block 2 0.220 (0.01) 0.146 (0.14)
TCCACCA/CCTGCAA 26 0.367(0.332-0.405)
CCTGCAA/CCTGCAA 22 0.494(0.421-0.579)
CCTGCAA/C.CAC.A 14 0.435(0.366-0.518)
TCCACCA/TCCACCA 8  0.408(0.313-0.532)
CCTGCAA/CCCGCA. 7  0.524(0.357-0.769)
TCCA.../CACACAA 5  0.470(0.333-0.664)
TCCACCA/CCCGCAA 2  0.358(0.221-0.578)
CACACAA/CCCACAA 1 0310
ccceecaa/ccceeaar 1 0920

*Markers 1 and 2 were used to tag haplotypesin block 1. Markers 9, 11, and 12 were used to tag
haplotypesin block 2. Dots indicate that aleles can not be fully determined by haplotype-tagging

markers.

tPartial R? and corresponding p values were calculated in linear regressions after controlling for

TA repeats.
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Figure 2
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Figure 3
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