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doi: 10.1111/i.1469-1809.2006.00260.x

Genetic Variations and Haplotype Structures of the
ABCB1 Gene in a Japanese Population: An Expanded
Haplotype Block Covering the Distal Promoter Region,
and Associated Ethnic Differences

K. Sai'**, M. ltoda’, Y. Saito'?, K. Kurose*t, N. Katori's, N. Kaniwa", K. Komamura™, T. Kotake®,
H. Mcrishita®, H. Tomoike’, S. Kamakura’, M. Kitakaze’, T. Tamura®, N. Yamamoto™,

H. Kunitoh', Y. Yamada", Y. Che™, Y. Shimada", K. Shirao", H. Minami®?, A. Ohtsu®, T. Yoshida",
N. Saijo*, N, Kamatani®™, S, Ozawa** and J. Sawada'?

! Project Team for Pharmacogenetics, 2Division of Xenobiotic Metabolism and Dispesition, * Biocheristry and Immmnochemistry,
* Division of Medicinal Safety Scicnce, * Division of Drugs, ® Division of Pharmacology, National Institnie of Health Sciences, Tokyo,
158-8501

? Division of Cardielogy, $ Department of Cardiovaseilar Dynamics Research Institite, * Department of Pharmacy, National Cardio-
vasculay Center, Suita, 565-8565

10 Thoracic Oncology Division, " Gastrointestinal Oncology Division, National Cancer Center Hospital, ' Genetics Division,
National Cancer Center Research Iustituie, Tokyo, 104-0045

2 Division of Oncology/Hematology, 7 Division of GI Oncology/Digestive Endoscopy, '° National Cancer Center Hospital East,
Kashiwa, 277-8577 and

1 Division of Genomic Medicine, Department of Advanced Biomedical Engincering and Science, Tokyo Wemen’s Medical University,
Tokyo, 162-0054, Japan

Summary

As functional ABCB? haplotypes were receatly reported in the promoter region of the gene, we resequenced the
ABCBT distal promoter region, along with other regions (the enhancer and proximal promoter regions, and all
28 exons), in 2 total of 533 Japanese subjects. Linkage disequilibritun (LD) analysts based on 92 genetic variations
revealed 4 LD blocks with the same make up as previousty described (Blocks — 1, 1, 2 and 3}, except that Block 1
was expanded to include the distal promoter region, and that a new linkage between polymorphisms — 1789G>A in
the distal promoter region and IVS5 4+ 123A>G in intron 5 was identified. We re-assigned Block 1 haplotypes, and
added novel haplotypes to the other 3 blocks. The reported promoter haplotypes were further classified into several
types according to tagging variations within Block 1 coding or intronic regions. Our current data reconfirm the
haplotype profiles of the other three blocks, add more detailed information on functionally-important haplotypes
in Block 1 and 2 in the Japanese population, and idenuified differences in haplotype profiles between ethnic groups.
Qur updated analysis of ABCBT haplotype blocks will assist pharmacogenetic and disease-association studies carried
out using Asian subjects.

Keywords: ABCBI1, P-gp, haplotype

introduction

*Correspondence to: Dr. Kimie Sai, Division of Xenobi- .

' The ABCBY
otic Metabolism and Disposition, National Institute of Health )] . . .
Sciences, 1-18-1, Kamiyoga, Setagaya-ku, Tokyo, 158-8501, (P-gp)/multidrug  resistance  protein 1 (MDR1),
Japan. Tel. +81-3-3710-9478; Fax: +81-3-3707-6950, E-mail:  is located on chromosome 7q21-q31 and consists of

sai@nihs.go.jp 28 exons. P-gp (1280 amino acids), @ member of the

gene, encoding  p-glycoprotein
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ATP-binding cassette (ABC) transporter superfamily,
is a large rtransmembrane glycoprotein that consists
of two transmembrane domains (TMDs) and two
nucleotde-binding domains (INBDs). P-gp was initially
identified as a component of the muitidrug resistance
phenotype in cancer cells (Riordan er al. 1985), but was
later found to be widely expressed in normal epithelial
cells of tssues such as the liver, intestine, kidneys, and
the blood-brain and testis barriers, as well as in lym-
phocytes (Fojo et al. 1987; Cordon-Cardo et al. 1989).
It is thought that P-gp plays a role in the protection
of these tissues against structurally-unrelated toxic
xenobiotics, and can modify the oral bioavailability
and renal secretion of a variery of drugs {Hoffinann &
Kroemer, 2004). Multiple other physiclogical functions
of P-gp have also been suggested in lipid transport {(van
Helvaort et al. 1996), cholesterol metabolism (Debry
et al. 1997); inhibition of ceramide-induced apoptosis
(Lia et af. 2001), and the initiation of immune responses
by cytokine release {Drach et al. 1996). Moreover,
reduced P-gp expression has been linked to cancer
(Siegsmund et al. 2002) and other diseases such as
Parkinson’s disease (Furuno et al. 2002) and ulcerative
colitis (Schwab ez af. 2003).

With recent advances in genomics research there has
been an increasing number of pharmacogenetic studies
focused on the ABCBT gene. Hoffineyer cr al. (2000)
showed that a synonymous 3435C>T mutation in exon
26 was associated with reduced P-gp expression in the
duedenuin, and increased plasma levels of digoxin fol-
lowing its oral administradon in healthy voluuceers.
Thus, the 3435C>T single nucleotide polymorphism
{SNP) has become the focus of much attention. How-
ever, repotts on the role of this common SNP have
been very inconsistent, which suggests that other fune-
tionai polymorphisms may be linked with 3435C>T
{Kim, 2002). Further studies revealed that 3435C>T
was closely linked to other conunon polymorphisms,
such as 1236C>T (silent) at exon 12 and 2677G>T
{Ala893Ser) at exon 21, and that the combinations of
these SNPs (i.e. haplorypes) differed greatly between
ethnic groups {Kim ef af. 2001; Kroetz ef af. 2003; Tang
et al. 2002, 2004). While an in vitro functional study
on the nonsynonymous 2677G>T (Ala893Ser) SINI? at
exon 21 showed that 2677G>T was associated with
enhanced P-gp activity (Kim er of. 2001), other stud-

Annals of Human Genetics (2006) 70,605-622

ies found no assocladon (Kimchi-Sarfaty et al. 2002;
Morita er al. 2003; Kroetz et al. 2003). One of these
latter studies also revealed that another nonsynonymous
SNP, 2677G>A (Ala893Thr), had no impact on P-gp
functon {Morita et al. 2003). Yet several clinical stud-
ies have shown that the haplotypes 2677T-3435T and
1236T-2677T-3435T are associated with reduced P-gp
activity (Johne et al. 2002; Kurata ef al. 2002; Chowbay
et al. 2003; Wong et al. 2005}, and that 2577A-bearing
subjects exhibit higher P-gp activity (Yi et al. 2004).
Studies that found no association between these ABCB{
SINPs and P-gp expression levels (Goto ef al. 2002), and
other conflicting results, have been summarized in re-
cent review articles (Kim, 2002; Ieiri et al. 2004).

Recently, ABCB1 gene promoter region haplotypes
were reported by two Japanese research groups, and re-
vealed the existence of functional haplotypes that re-
sulted in altered P-gp expression (Taniguchi et af. 2003;
Takane et al. 2004). In these stndies, haplotypes that
included —3$789G>A alone or in combination with
~ 145C>G were associated with decreased P-gp ex-
pression. However, the reported effects of haplotypes
carrying — 129T>C and two other linked SINPs on P-
gp expression were contradictory, showing reduction
and enhancement.

From these findings it is clear that the establish-
ment of detailed ABCBY gene haplotype profiles spe-
cific for each ethaic group is important. We previously
conducted haplotype analysis on 145 Japanese subjects
by dividing the ABCBT gene into 4 blocks, one of
which included the proximal promoter region, and re-
vealed that the *2 hapiotype in Block 2, which harbours
1236C>T, 2677G>T and 3435C>T, showed a strong
association with reduced renal clearance of irinotecan
and 1ts mewbolites (Sai er al. 2003}. However, recent
findings on the finctional distal ABCBY promoter re-
gion prompted us to identify the extended haplotypes
that encompassed the above promoter region in a larger
Japanese population.

In this study, we sequenced the distal ABCB1 gene
promoter regions from 333 Japanese subjects. This re-
gion covered approximately 2.5 kb upstream from the
rranslarional initation site, adjacent to the previously
described Block 1 region. We found that the promoter
region SNPs were closely linked with SNPslocated over
a relatively wide range (up to intron 3) m Block 1, such

© 2006 The Authors
Journal compitation € 2006 University College London
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ABCBT haplotypes in Japanese

Table 1 Additional primers used for sequencing of the ABCB/ gene promozer region

Primer name Forward primer (5’ to 3')

rimer name everse primer {5’ to
P R, p 'to 3y

First amplificacion®

MDR1-1ZF1 CCTGCTCTGTTTTTCACCGT
Second amplification
MDR1-P1F GAGAGGGACTACTGGTTAGC
MDRI1-P2F AAGGACTGTTGAAAGTAGCA
MDR1-P3F CAGAGATCATAGGCACAAAT
MDR1-P4F GAAACATCCTCAGACTATGC
Sequencing
MDR1-P5F ATTTCTTTGAAGTGCTTGGC
MDR1-P6F GATCTTTACCTGATGCTCAA
MDR1-P7F AGCTCACGCCTGTAATCCCT
MDR1-P4F GAAACATCCTCAGACTATGC
MDRI1-PSF ACGTACTTTTCCTCAGTTTG

MDRI1-1ZR1 ATTGGTTTCCTCTATGCAGA
MDRI1-PIR TGGTCCATCTGGGGTAAATG
MDR1-P2R TTTGAGACGGAGTCTTGCTT
MDRI1-P3R AAACTTCAGACGTCAGATCA
MDR1-P4R CAGGAGGAATGTTCTGGCTT
MDR1-P3R GCCACCACCACTTCTGTCAA
MDR1-P6R. GTGCCTATGATCTCTGTTTT
MDRI1-PIR TGGTCCATCTGGGGTAAATG
MDR1-P8R AGGAAAAGTACGTGCAATCT
MBDR1-POR ACACGTCTTTCAAAGTTCAC

Other primer sets used were as previously reported (Sai ef al. 2003).

*The same set as previously used for the enhancer and promoter regions.

that it was necessary to re-evaluate the functional sig-
nificance of Block 1 haplotypes. We also sequenced the
same regions as covered by the previous study, includ-
ing the enhancer region (Geick et al. 2001) and all exons
and surrounding introns, for an additional 388 subjects.
These results allowed vs to add novel haplotypes to three
other blocks. Lastly, we performed a network analysis on
the haplotypes obtained in each block and compared the
profile of ABCB1 haplotypes in Japanese with those of
other ethnic groups (Kroetz ef al. 2003; Takane et al.
2004).

Materials and Methods

DNA Samples

All 533 Japanese subjects were patients with either ven-
tricular tachycardia (121 subjects) who were adminis-
tered an anti-arrhythmic drug (amiodarone) and/or 8-
blockers, or with various cancers (412 subjects} who
were administered an anti-cancer drug (paclitaxel or
irinotecan). Genomic DINA was extracted directly from
blood leukocytes. This study was approved by the ethi-
cal review boards of the National Cardiovascular Center,
the National Cancer Center, and the National Insticute
of Health Sciences. Written informed consent was ob-

tained from all subjects.

DNA Sequencing

Amplification and sequencing of the ABCBT gene were
performed as previously deseribed (Sai e al. 2003), ex-

O 2006 The Authors
Journal compiladon © 2006 University College London

cept that the region sequenced included the promoter
region up to 2.5 kb upstream from the translational initi-
ation site. For the promoter region, PCIX amplification
was first performed using the previous primer set that
covered from 7 kb upstream of the transcription site to
exon 3, and then new primer sets were used for the
second PCR and sequencing (Table 1). Amplification
and sequencing primers for the other regions and the
PCR. conditions used were the same as previously re-
ported (Sai ef al. 2003). Genbank NT_007993.14 was
used as the reference sequence. Nucleotide positions
were based on cDINA sequence as previously described,
with the adenine of the translational initiation site at
exon 2 numbered as +1. For 5'-flanking variations in-
tron 1 was skipped for numbering nucleotide positions.

Haplotype and Network Analyses

Linkage disequilibrium (LD} analysis was performed
using SNPAlyze software (Dynacom Co., Yokohama,
Japan). According to the LI pattern we divided the
ABCB1 gene into 4 blocks following the previously
described block partitioning, except for a changed bor-
der between Block 1 and Block 2 (IVS5 4~ 123A>C
was shifted from Block 2 to Block 1). Diplotype con-
figurations (combinations of haplotypes} in each block
were inferred by LDSUPPORT software, which deter-
mined the posterior probability distribution of diplotype
configurations for each subject based on estimated hap-
lotype frequencies (Kitamura ef of. 2002}, As Block 1
was expanded we re-defined the Block 1 haplotypes.
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For Block 2 haplotypes the previously defined *8c¢ was
deleted due to a shift of IVS5 4 123A>G o Block 1.
For the rest of the haplotypes we followed the hap-
lotype nomenclature used in our previous study (Sai
et al. 2003) and added the newiy-identified haplotypes
consecutively. In our nomenclature the group of hap-
lotypes without amino acid changes or marker SNPs
in Block 2 (1236C>T, 2677G>T/A and 3435>T)
was defined as "1, and haplotype groups bearing non-
synonymous SNPs or marker SNPs in Block 2 were
consecutively numbered as described previously (Sai
et al. 2003). Novel haplotypes within each haplotype
group were designated in descending order of fre-
quency. Haplorypes inferred in only one patient, or
ambiguously defined, were described with “?”, and
some rare variations described as “Others” in Fig-
ures 3-5. To allow comparison with previous reports
(Taniguchi e al. 2003; Takane et aof. 2004) an addi-
tional classification for Block 1 haplotypes was given
in Fig. 7, based on marker SNPs of the promoter region
(—1789G>A, —1461.— 1457deiCATCC, —371A>G,
—145C>G and — 129T>C).

Nerwork analysis of haplotypes was performed to ob-
tain cladograms using Network 4.1.0.9 (www.fluxus-
engineering.com.). Network calculations were based
on algorithms of the reduced median network (for
Blocks —1, 1 and 3) or the median joining nerwork
(for Bleck 2). Haplotypes inferred in only one patient
were omirted from the nerwork analysis due to their low
predicrabaliry.

Results

Additional Genetic Variations

In this study we sequenced the distal promoter region
covering approximately 2.5 kb upstream of the transla-
tional initiation site in exon 2 in 533 Japanese subjects.
We also re-sequenced the enhancer region, and ali 28
exons and surrounding regions (the same regions that
were sequenced in the previous paper), in an additonal
388 subjects. A rotal of 92 genetic variations were de-
tected in the entdre region sequenced in this study. All
of the allelic frequencies were in Hardy-Weinberg equi-
librium. Since we did not find any apparent differences

Annals of Human Genetics (2006) 70.605-622

in SNP frequencies between the two disease types (P >
0.2233; Fisher’s exact test), the data from all subjects
were anaiyzed as one group.

In addition to the variations reported in our previ-
ous study we detected 44 further variations, includ-
ing 35 novel variations, as listed in Table 2. Novel
variations included 8 nonsynonymous substitutions:
49T>C(F17L), 144G>T{K48N), 304G>C(G102R},
1342G>A(E448K), 1804G>A{D602N), 2359C>T
(R787TW), 2719G>A(VI071) and 3043A>G(T1015A);
and 2 synonyméus substitutions: 354C>T (¥118Y} and
447A>G(K149K); with frequencies ranging from 0.001
to 0.005. Other novel variations in the 5'-flanking re-
gion were 11 nucleotide substitutions and one deletion,
while in the intronic regions there were 11 nucleotide
substitutions, one deletion, and one insertion (Table 2).

The highly polymorphic variations 1236C>T,
2677G>T, 2677G>A, and 3435C>T were detected
at frequencies of 0.572, 0.410, 0.183, and 0.440, re-
spectively, which was consistent with our previous ob-
servadons (Sai ¢t al. 2003). In the newly-sequenced
promoter region the reported polymorphic varia-
gons —1847T>C, —17839G>A, — 1461 ~ 1457del
CATCC, and —1347T=>C were found at frequencies
of 0.084, 0.204, 0.030, and 0.084, respectively, which
were comparable with frequencies in Japanese in previ-
ous reports (Taniguchi er al. 2003; Takane ef al. 2004).

LD analysis was performed using the 92 detected
genetic variations, and pairwise rho square () val-
ues for the representadive 46 polymorphisins (alleles
detected in 5 or more chromosomes), and the re-
sults are shown in Fig. 1. With the additional distal
promoter region sequence close linkage relationships
were observed berween —1847T>C, —1347T>C,
=371A>G, ~129T>C, IVS3 + 36C>T and IVS5
4+ 76T>G. A close linkage was also detected be-
tween — 1789G>A in the promoter region and VS5
+ 123A>G in intron 5 (formerly classified as Block
2). Based on these linkage relationships we changed
the previous border becween Block 1 and Block
2, such that IVSS 4+ 123A>C was now classi-
fied as part of Block 1. The other linkage pro-
files were the same as previously described, confirm-
ing the previous partcioning berween Blocks 2 and
3. Sumilarly, the enhancer region at around 7 kb
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-8104T>C
-1847T>C
-1789G>A
-1461delCATCC
-1347T>C
371G
-145C>G
-129T>C

IVS1 -78delG
V83 +360>T
V84 -76T>C
V54 -25G>T
304G>C
325G>A

V85 +76T>G
V35 +123A>G

|VS5 +2234-T
VS5 +224G>T
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VS12 +17G>A
IVS13 424TC
V813 481C>T
V314 +38G>A
IVS15-69T>C
WS16 +73A>G
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V520 +24G>A

ABCB1 haplotypes in Japanese
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Figure 1 Linkage disequilibriom (LI3) analysis of the ABCBY gene. Mairwise LD {° values) of the polymorphisms detected in 3 or

more chromosomes is shown as a 10-graded blue colour.

upstreant of the transcriptional start site was assigned as
Block —1 as described previously.

Haplotype Analysis

We estimated the diplotype configurations (haplotype
combinations) ef all 4 blocks using LDSUPPORT soft-
ware, Diplotype configurations were obtained at prob-
abilities over 0.9 for 100%, 92%, 95%, and 98% of the
subjects for Blocks — 1, 1, 2, and 3, respectively.

© 2006 The Authors
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In Block — 1, one novel haplotype, *1d, was identi-
fied. Thus Block 1 contained four * 1 laplotypes (Fig. 2).

The most common haplotype was *ta with a frequency

of 0.988.

For Block 1 five haplotype groups consisting of 39
haplotypes were newly assigned. Of the 35 haplo-
types in the "1 group, 10 haplotypes were ambiguous
and were included as “Others” in Fig. 3. Haplorype
groups "2 to *5 were defined by the nonsynonymous
SNPs 325G>A(EL09K) (*2). 304G>C{G102R) (*3),
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49T>C(F17L) (*4) and 144G>T(K48N) (*5). The
most frequent haplotype was * 1aata frequency of 0.541,
followed by *1b (— 1789G>A and IVS5 + 123A>G),
*1c (IVS1 — 78delG), and * 14 (IVS4 — 25G>T) at fre-
quencies of 0.098, 0.079, and 0.041, respectively. The
nonsynonymous * 2 and * 3 groups occurred at frequen-
cies of 0.017 and 0.005, respectively.

Site 5'-Flanking
- -8128
Paosition 8121 -8104 | -7970
del
Nucleotide change | CTAA| T>C | C>T
CCAA
Amino acid change N _{Frequency
*1a 1053 | 0.988
o *1b S 2 0.002
iy G g 0.008
d | 2 0.002

Figure 2 ABCBT haplotypes in Block —1 for 533 Japanese
subjects. The haplotype nomenclature followed the definitions
used in our previous study {Sai ef al. 2003). Newly identified
haplotypes were consecutively named as shown in boldface.
N: number of chromosomes analyzed.

In Block 2 15 haplotype groups consisting of 61
haplotypes were inferred, including 38 newly-defined
haplotypes. Of the 61 haplotypes 24 were detected in
only one patient or ambignously inferred. Ambigu-
ous haplotypes within each group (groups "1, *8, and
*10) were indicated as “Others” or “?” in Fig. 4.
The most frequent haplotype was the *2 group at
a frequency of 0.386, which harboured 1236C=>T
(exon 12), 2677G>T(A893S) (exon 21) and 3435C>T
(exon 26). Groups "1, *10 [2677G>A(A893T)] and
"8 (1236C>T) were found at frequencies of 0.216,
0.174 and 0.141, respectively. Other minor haplo-
type groups were *6 (3435C>T), *9 [1236C>T and
2677G>T(AB935)], *4 (1236C>T and 3435C>T) and
*11 [1236C>T and 2677G>A(A893S)] at frequen-
cies of 0.034, 0.020, 0.016, and 0.005, respectively.
All these frequencies were comparable with our pre-
vious findings (Sai et al. 2003). Novel haplotype groups
bearing amino acid substitutions were assigned as *12
[1804G>A (D602N)], *13 [2719G>A (V907I)], *14
[1342G>A (E448K)], *15 [2956A>G (M986V)], *16
[3043A>G (T1015A)], and *17 [2359C>TR787TW)],

STe FEx V{5-UTRI Tl 1 | Ex. 2] 3| Ex 4] M4 Ex 5 [
Poclon |80 2310 g7 | 788 | - "t a7 | -amm | -tome{ -vous f s | are [ oaas | azn | MOV ug [V oy 'YTS; 'f"zs; CIR N Rl el
Nucloolide change | ¢ | 6T | 1€ | @4 | &8 ‘ffécc“ TC | B BoC | ToC [ A6 | 06 | 66| BE [aal6]| 6 | T &T | 1o | 6T | 80 6a 16 | w5
Amina acid change F1iL K48n G10ZR{ E105K] N__|Frequency
12 0513
‘b thnd 0.038
1c 0.079
18 0041
e ! S K i - 023
“1f = 026
"1g . 028
i 077
G} - 0017
‘1 : 0.016
1k 0.015
L 5,012
“ *im 010
‘in 01
"o 004 |
o .00,
g 0.602
i 0.00
s 0.002 |
it .00
u .00:
v 001 |
v 001
Mx .00
3y 00
Others .00
T 1 p] 0.017
°3 ‘38 3 0.005
4| a7 ] 0.008
5| Ee? 5 0,001

Figure 3 ABCB! haplotypes in Block 1 for 533 Japanese subjects. Block 1 haplotypes were newly defined due to the change of the
Block t border. Rare and ambiguous haplotypes (n = 1) are shown with *?”. Haplotypes assigned in only one patient or ambigaously
inferred are shown as “Others”. Sites for nonsynonymous substitutions are indicated by their group-name numbers,

MN: number of chromosomes analyzed.
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with frequencies that ranged from 0.002 for "12 and
*13, o 0.001 for *14 to *17. Another new haplotype
was defined as *18 based on the simuluneous presence
of 2677G>A (A893T) and 3435C>T, with a frequency
of 0.001. It was also noted that *1{'in Block 2 was com-
pletely linked with *1d (IVS4 — 25G>T) in Block 1.

In Block 3 three haplotype groups consisting of 21
haplotypes were inferred, including four new haplo-
types. Of the 21 haplotypes three were ambiguously
inferred and included in “Others” in Fig. 5. The most
frequent haplotype was *1a with a frequency of 0.753,
followed by *1b {0.176). As observed previously, the
rare haplotype groups *2 [375iG>A (V12510)] and *3
[3587T>G (I11965)] were observed at frequencies of
0.014 and 0.001, respectively.

We also analyzed the diplotype combinations for all
4 blocks (i.e. the whole gene) for all 533 subjects. The
combination patterns were highly diverse with 1 toral of
353 diplotype combinations observed. The frequencies
for the majority of diplotypes were less than 0.01. The
10 major combinations are listed in Table 3; all combi-

nations were made up of the major haplotypes in each
block.

Network Analysis and Nucleotide Diversity

We performed a network 'analysis of the haplotypes
in each block to obtain cladograms based on the sites
and numbers of mutational events. For Block —1 the
rare haplotypes, *1b to *1d, appeared to be derived
from the major haplotype-*1a (Fig. 6a). For Block 1
most of the minor haplotypes were connected to one
of the major haplotypes *1a or *ib. However, *le,
*1g, *1h, and "1p were shown to be distant from the
above haplotypes (Fig. 6b). Haplotype groups includ-
ing *1b and the closely related haplotypes *1f, *1j,
*1k, *1}, *1m, "iL, and * 1q were characterized by the
presence of — 1789G>A. Of these haplotypes the *1k
and *1j subgroups were characterized by the additional
SNP -371A>G, while the subgroups "1m,”1L and
*1q contained the SNP — 145C>G. The separate sub-
group that consisted of * 1e, *1g, * 1h and * 1p contained

Site Int. 26 | Ex. 27 int. 27 Ex. 28
- V526 IVs27 [IvS27|IVSer IVS27|IVS27| IVS271IVe2T | IVa2T7EIVS2T7 | IVS2Y
Position 78 | ™% | 463 | 180 | 182 | 172 | 168 | 167 | -119 | 87 | 86 | -8g | 374 | 7
Nucleatide change | C>G | T>G [ C>G | A>G [ GoT I GoAl T>C 1 A>G | CoT| A>G | T>C |insCl C>G | GoA
Amino acid change H1965 g1249G| vizsi] N |Frequency

*1a 803t 0.753

‘b ~ded 188 | 0.176

e EEF 27 0.025

“id Sy 5 0.005

*1f BTy 5 0.005

“ih ek 4 | 0004

‘1 Bt 4 0.004

= ‘e ke REES 3 0.003
L 4. 4h 2 0.002

*ig resr i 0.001

all i 1 0.001

"1k 341 1 G.001

“1m L 1 0.0¢1

1o 2uafd 1 0.001

*Mr 2, 1 0.001

Others 3 0.003

* ‘23 ’542* 9 0.008
b o 2l 6 0.006

3 *3a 283" P 1 0.001

Figure 5 ABCB/ haplotypes in Block 3 for 5333 Japanese subjects. Haplotype nemenclature followed the definidons vsed in our
previous study {Sai er af, 2003), Newly identified haplotypes were consecutively named as shown in boldface. Haplotypes assigned in
only one patient or ambiguously inferred are shown as "Others”. Sites for nensynonymous substitutions are indicated by their

group-name numbers.
N: nwnber of chromosemes analyzed.
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ABCB1 haplotypes in Japanese

Table 3 Diversity of block diplotype combinations across the 4 blocks

Block —1 Block 1 Block 2 Block 3 Number of subjects
“ta/1a *ta/"la *2d/72d “1al*1a 24
*ia/ 1z *1a/*1a *2d/*2d *1b/*1a 13
*1a/*1a “1e/"1a *10a/"2d *1a/"1a 12
*1a/*1a *1a/*1a *2d/*1e “1b/*1a 11
*1a/*1a *le/*1a "10a/"2d "1a/"1a 9
"1a/*1a *1a/*1a *2d/*2d *1e/*1a g
"la/t1a *1b/*1a "Ba/'2d "1a/"1a 9
*1a/"1a *le/*1a *10a/" 1e “1b/"1a 6
*1a/*1a *1g/*1a *10a/72d *1a/*1a 6
*Ta/ 1a *1d/"1e *10a/73f *1a/*1a 5
*1a/"1a *2a/*ta *10a/*2d *1a/"1a 5
*1a/*1a "1e/1a *10a/*2d *1b/*1a 5

A rotal of 353 diplotype-combinations across the 4 blocks were detected in 533 subjects.
The number of subjects for the other combinations was less than 5.

*ib
a) Block -1 c) Block 2 "‘ga
*{ a. *7 k( 1§ 1'2 *f
., ¥1b
O+
> #1d

b) 1

s,=1j

#fL

*3d “Ad Hy Ry

Figure 6 Network analysis of ABCB/ haplotypes of Block —1 (a), Block 1 (b). Block 2 (c) and Block 3 {d). For each block, the
circle area represents the approximate haplotype frequency, and line length between the circles is proportional to the number of
muzations. Haplotypes inferred in only one chromosome were omitted from this analysis. The classification by Takane cf of. (2004) is
indicated with dashed lines.
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the three linked SINPs, —1847T>C, —1347T>C and
—129T>C. This network profile supported the pre-
vious classificaion of promoter region haplotypes by
Takane et al. (2004}, as indicated by the dashed lines.
However, our current study revealed the presence of
additional subtypes. Detailed comparisons between our
Block 1 haplotypes and previously described promoter
region haplotypes are described in the nexe section.

The Block 2 cladogram showed that there were four
major haplotypes, *2d, * 10a, *1e and *8a, and that most
of the minor haplotypes appeared to be derived from
*le, "2d or *8a (Fig. 6¢). Network analysis showed
that the *2 and "8 haplotypes, which share the SNP
1236C > T, were distant from * 1e and * 10a, and that* 10a
and the adjacent * 13a that both have 2677G> A without
the common polymorphisms 1236C>T, 2677G>T and
3435C=T, are relacively closely related to the *1 group.
The "8 group bearing 1236C>T was highly diverse
and included many haplotypes. The *4 {1236C>T and
3435C>T) and "9 (1236C>T and 2677G>T) groups
were related to "8 and *2. This network profile sup-
ported the previous classification of Block 2 haplotypes
based on common polymerphisms. For the *6 group,
containing 3435C =T, "6a and * 6b were distantly relared
to *1 haplotypes, which suggested that different murta-
tional and/or recombmational events were responsible
for these haplotypes.

For Block 3, "1b and the other minor "1 haplotypes
were related to the major *1a haplotype, while the *2
group (*2a and *2b) with nonsynonymous SNPs ap-
peared to be derived from etther *1a or *1b (Fig. 6d).

Comparison of Block 1 Haplotypes with
Reported Promoter Haplotypes

To compare our Block 1 haplotype strucrures with
the previously reported promoter region haplotypes
(Taniguchi e al. 2003: Takane er al. 2004), we classified
Block 1 haplotypes into 6 subgroups (A. B, E, G, J and
L} based on the marker sites in the reported haplotypes
and the network analysis perfornmed in our present study.
The sununary of this comparison is shown in Fig. 7.
Haplotypes that did not harbour any of the previ-
ous markers were classified into subgroup A, in which
"1a was the major haplotype. The B subgroup, which
inciuded *1b, was defined as haplotypes that con-
tained ~ 1789G>A. Haplotypes that contamed addi-

Annals of Human Genetics {2006} 70,605-022

rional SNPs —371A>G or — 145C>G were classified
into subgroups | (including *1j) or L {including * 1L}, re-
spectively. Subgroup G was defined as thase haplorypes
that contained the three linked variations (— 1847 T>C,
—1347T>Cand — 129T>C) in which *1g was the ma-
Jjor haplorype, and subgroup E (including *1e) was de-
fined as those baplotypes with the three linked variations
plus -1461_-1457delCATCC.,

As indicated by the cladograms in the previous sec-
tion, our study revealed that subgroup A, previously
classified as wild-type, could be further classified into six
types: the major *1a type without any marker variadon
and five other types with either IVS1 —78delG (*1c),
IVS4 — 25G>T (*1d), 325G>A(E109K) {*2a), IVS5
-+ 123A>G (* 1n), or 304 G>C{G102R) (*3a). Each of
the B, ], and L subgroups that shared — 1789G > A were
further divided into two types based on the presence
of IVS5 + 123A>G. Subgroup G, with the three re-
ported marker SINPs, was also linked to [VS3 4 36C>T,
and this subgroup was further characterized by the pres-
ence of IVS4 — 25G>T (*1h and "4a?) or IVS5 +
76T=G ("1g). Subgroup E was linked with both [VS3
+ 36C>T and IVS5 4- 76T>G.

Ethnic Differences

It is well known that there are differences in the
frequencies of functionally important haplorypes in-
volving comumon SNPs (1236C>T, 2677G>T/A and
3435C=>T) and promoter region SINPs between differ-
ent ethnic groups (Kim ¢f al. 200%; Xroetz et al. 2003;
Tang et af. 2002, 2004; Takane et al. 2004). To charac-
terize these haplotypes in the Japanese population, we
compared the frequencies of Block 1 and Block 2 hap-
lotypes that harbour common SNPs with representative
reported data from different ethnic groups (Kroetz ef af.
2003; Takane ct af. 2004) (Tables 4 and 5). Block 1 hap-~
lotype frequencies were generally consistent with those
from previous reports for Japanese (Takane er of. 2004),
except that our study did not detect the reported H7
haplotype that contained —1154T> C alone (Table 4).
[t has alse been suggested that there 1s much more hap-
lotypic variation in Japanese than in Caucasian popu-
lations (Takane ef al. 2004), and our study supporced
this.

As for Block 2 haplotypes, the * 1 and *2 groups were
the common major haplotypes in all the ethnic groups.
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