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Genomewide scan for gout in taiwanese aborigines reveals
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Flowchart for molecular-function-based clinicogenetic
analysis of gout with ABCG2 polymorphic variants

Functional analysis
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Experimental protocol for vesicle transport assays

/> . ' | filtration count

&
(&,
" pcDNA3.1 ADP+Pi

" ATP
[14C]urate \£.<’y>

transfection  rightside-outvesicle

ADP+Pi
ATP\\f

. ",
14C]urate 2 *
[MClurate (& ‘

]

ADP+Pi

.

TP

inside-out vesicle

ABCG2

HEK293 cells

Membrane vesicles 37°C +ATP

incubation




Urate inhibits ABCG2-mediated transport
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Vesicles prepared from HEK293 cells expressing ABCG2 were incubated with 500 nM
[*H]estron-3-sulfate (ES) plus the indicated inhibitors or unlabeled ES with or without
ATP. The amount of [*HJES was measured after 1 minute. AZT, 3'-azido-3-
deoxythymidine. Results are expressed as means + S.D.

Although urate required a higher concentration than did unlabeled ES to inhibit [BH]ES

transport via ABCG2, the potency of urate was similar to that of the previously reported
substrate, AZT.

ABCG2-mediated urate transport
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ATP-dependent transport of [“Clurate was detected in ABCG2-expressing vesicles but
not in control vesicles after indicated periods. Results are expressed as means + S.D.
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ABCG2 transports urate with high capacity
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Concentration dependence of ABCG2-mediated transport of ['“Clurate was detected
with 5-minute incubation. Results are expressed as means + S.D.

Kinetic analysis revealed that ABCG2 mediated the high-capacity transport of urate,
remaining their function even under high-urate conditions. Calculated parameters of
ABCG2-mediated transport of urate were a Km of 8.24 = 1.44 mM and a Vmax of 6.96
+ 0.89 nmol/min/mg protein. The calculated Km value exceeded the highest
concentration in the experimental condition. This is due to the low-solubility limitation of
urate, a property related to the monosodium urate crystal formations in gout patients.

Genomic structure and mutation sites of human ABCG2 gene

Exon 1 2
(bp) 493 222
Chromosome
4q22

34 5
20 38 153

5 UTR
Vi2M Q126X (stop)
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Q141K G268R

10 11 12 13 14 15 16
83 90 125 155 90 83 2132
* 3'UTR
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A :Translation start site ATG
* : Translation termination site TAA
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Results of sequence analysis of ABCG2 gene

Wild type Wild type Wild type
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Urate transport analysis of mutated ABCG2

180

10: = 180 W are
% é 140 O+ awp
c 9 120
S a
s o5 100
)
5 E 80

= 60
52
¥ a 40
== 20

0
> ¢ A “
(\“O N 4}9’%\ oo W

Vesicles prepared from HEK293 cells expressing the wild type or variants of ABCG2
were incubated with [“Clurate with or without ATP. The amount of ['“Clurate was
measured after 5 minutes. Results are expressed as means = S.D.

ATP-dependent transport of urate was reduced by approximately half (46.7%) in Q141K
and was nearly eliminated in Q126X. The V12M variant did not show any changes in
urate transport relative to wild-type ABCG2.

Western blot analysis of wild-type and mutated ABCG2

(7]
> X A\
RN ,1}& O\qga O\b:\ =

& &
ABCG2 “”’ s

- 110

Na*/K*-ATPase a

Western blot analysis showed a band of approximately 80 kDa in wild-type ABCG2.
V12M showed a similar ~80 kDa band of almost the same density. Half-reduced
expression in Q141K and no expression in Q126X were observed. As a loading control,
the expression of Na*/K*-ATPase o was detected.
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QTL analysis of ABCG2 Q141K and serum uric acid levels
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QTL analysis of ABCG2 Q141K and serum uric acid levels
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Quantitative trait locus (QTL) analysis of the high-frequency dysfunctional variant Q141K
in ABCG2 and serum uric acid levels (SUA) was performed in 739 Japanese individuals
from a random sample of Japanese population, including 245 male and 494 female
subjects. “C/C,” “C/A,” and “A/A” indicate wild-type subjects, heterozygous mutation

carriers, and homozygous mutation carriers of Q141K, respectively. Results are
expressed as means + S.E.

The analysis revealed that SUA significantly increased as the number of minor alleles of
Q141K increased (p=6.60x10%). These findings indicate that ABCG2 controls SUA in

vivo, and that there could be great inter-individual differences in this function because of
its polymorphic nature.
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Haplotype frequency analysis of variants

Allele Frequency
Vi2M Q126X Q141K Gout Control

P-value OR* 95% CI*

G C A 0.465 0.284 226 X 1013 2.50 1.94-3.20
G T C 0.071 0.018 4.10x 10712 597 3.39-10.51
G C C 0.306 0.486 - - =

A C C 0.155 0.212

* OR = odds ratio; 95% CI| = 95% confidence interval.
OR is obtained by comparing with the non-risk haplotypes GCC and ACC.
Risk alleles for Q126X and Q141K are underlined.
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Association analysis of ABCG2 genotype combination
in gout patients

Estimated Genotype Number g o 0 *
't transport Q126X Q141K Gout  Control Pwalue R %% Cl
WA LU CC 2 )
=1/4funct|on T/C AIC 16 8 3.39 X10 25.8 10.3 -64.6
U oL dC 9 )
<V N
{]'_3/4function  C/C_ AC 72308 229 X107 302 196 -465
full function C/C C/C 34 439

*OR = odds ratio; 95% Cl = 95% confidence interval.
OR is obtained by comparing with non - risk genotype combination C/C(Q126X) and C/C(Q141K).
Risk alleles for Q126X and Q141K are underlined.

Relation between ABCG2 transport dysfunction and gout
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