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1. Identification of a major causative gene for gout

Urate excretion transporter
ABCG2/BCRP

Matsuo et al. Science Transl. Med. 2009, Nov.

m Renal urate transporters
- URAT1 and GLUT9

(Enomoto A, et al. Nature, 2002. &
Matsuo H, et al. Am J Hum Genet, 2008)

2 Proximal tubular cell
Urate reabsportion

:Physiological model Uats

Serum
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Urate Levels
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(Urine side) (Blood side)

= Another candidate for urate transporter: ABCG2

(Cheng LS, et al. Am J Hum Genet, 2004
Dehghan A, et al. Lancet, 2008)
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What's the cause of gout!?

Life style (Food, Alcohol) ?
Only environmental factors?

There should be genetic factors.

g

However, only rare genetic causes are identified.
(Mendelian disorders with abnormal metabolism)
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Genome-wide association study (GWAS)
of serum uric acid levels (SUA)

PDZK1
* GCKR

— SLC2A9(GLUT9)

Genes associated with SUA

ABCG2

SLC17A7 SLC22A11
LRRC16A SLC22A12

SLC16A9

Kolz M, et al. PLoS Genet. 2009.
Dehghan A, et al. Lancet, 2008.

Method

To identify a major causative gene of gout,
we performed “molecular function-based
genetic analysis.”

Functional analysis

Urate transport assay via ABCG2 (vesicle assay)
Transport assay of ABCG2 mutants (6 mutants)

Genetic analysis

Mutation analysis; Re-sequencing of 90 hyperuricemia patients
QTL (Quantative trait locus)analysis (739 Japanese)
Additional genotyping of dysfunctional SNPs (228 patients)
Haplotype frequency analysis

Further association analysis (genotype combination analysis)
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ABCG?2 is identified as a high-capacity urate exporter
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Matsuo et al. Science Trans! Med, 2009.

Genomic structure of human ABCGZ2 gene
and mutation sites

Exon 1
(bp) 493
Chromosome
4q22
5'UTR

2 345 6 7 8 9 10 11 12 13 14 15 16

222 2038153 158 152 102 251 83 90 125 155 90 83 2132
A * 3UTR
Vi2M Q126X (stop) Q141K G268R S441N F506SfsX4

A :Start codon ATG
* :stop codon TAA
UTR : untranslated region

We performed mutational analysis of all coding regions and intron—
exon boundaries of the ABCG2 gene in 90 hyperuricemia patients.
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Topology model of ABCG2 and mutation sites
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Urate transport function via ABCG2 and mutants

Urate transport
via wild type ABCG2
*

Bl + AMP
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Dysfunction in 5 mutants
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Tissue distribution of
urate transporter ABCG2
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Viaming et al, Adv Drug Deliv Rev (2009)

QTL (Quantative trait locus)analysis of
a dysfunctional variant of ABCG2 in 739 Japanese individuals
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— ABCG2 dysfunction increases serum uric acid levels!
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Physiological urate excretion model (normal serum urate levels)

Kidne Liver
Proximal tubular cell Hepatocyte
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(urinary secretion)

Common SNPs
in ABCG2

Impaired urate excretion model (elevated serum urate levels)
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Proposed model for urate excretion in humans

Haplotype Frequency Analysis

Variant 1 Variant 2

| Paternal B B e
‘ Al N 18 R

Maternal B
Allele Ci____i

(wt) (hetero)

in ABCG2...

Variant Frequenc
Vi2M Q126X Q141K Gout : Co‘r’ltrol Pepalii R SR
G C 0.465 0284 226x10" 250 1.94-3.20
« (O <« 0.071 0.018  4.10%X10"* 5.97 3.39-10.51
G C C 0.306 0.486 - - ‘
A C C 0.155 0.212 . - :
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Estimated Transport Function of ABCG2

1.0ne or no variant in one haplotype
2.Q126X = non-functional
Q141K = half-functional

= Patterns and functions are calculable!

Table. ABCG2 function estimated from uniparental haplotypes

Uniparental | Uniparental Estimated In Total
Haplotype 1 | Haplotype 2 Function

2 None Q141Konly (100%+50%)2  75%
3 Q141Konly Q141Konly  (50%+50%)2  50%

Estimated not Number e OR* 95% CI*

transport Q126X 141K Gout Control |
on —-TL..CIC |
< 1/4 function /G AIC 16 8 3.39x10 258 10.3-64.6
T/C C/C
H o T . w6 T -9 =
ptneton Toieaa 3T MO 229%107 498 EoiTA
_SAfunction  C/C__ AC .. 2 .. 308 ___.229x107 _3.02  1.96-465
full function C/C CiC 34 439

*OR = odds ratio; 95% CI| = 95% confidence interval.

=ABCG2 dysfunction increases gout risk.

Odds ratio: more than 3
(maximum, 25.8)

Matsuo et al. Science Transl Med, 2009.
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Relationship between ABCG2 function and gout

Normal Control ABCG2 dysfunction L Gout
UA = 7.0 mg/dl atietnts

: No function m Odds ratio
’ Q126X TTIQ141K CIC } =58

(10% of gout)

1/4 function 23.3%

e b At

Odds ratio
1/2 function more than 3
T/C (80% of gout)

3/4 function
[ AIC

other gout rlsks~

Matsuo et al. Science Transl Med, 2009.

Conclusion 1

ABCG2

A high capacity urate exporter

A major causative gene for gout/hyperuricemia
(Matsuo et al. Science Transl Med, 2009.)
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1. Identification of a major causative gene for gout

Urate excretion transporter
ABCG2/BCRP

Matsuo et al. Science Transl. Med. 2009, Nov.

2. Identification of genes for renal hypouricemia

Renal urate reabsorption transporter
URAT1 Enomoto et al. Nature. 2002.

GLUT9 Matsuo et al. Am J Hum Genet. 2008.

— Therapeutic targets for hyperuricemia and gout

Identification of a renal urate transporter URAT1

URAT) BlsEyy B L AR Proximal tubule
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Enomoto A et al. Nature 417: 447-452, 2002 .
Urate transport via URAT1
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URAT1 is a causative gene for hypouricemia

Wild type Hypouricemia patients (JSDF hospital)
VRDWTULL Kikuchi Y et al. Clin Nephrol 53: 467-472, 2000

wauishuchin " = o .

per min)

W2s8stop
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Urate uptaks
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Enomoto A et al. Nature 417: 447-452, 2002

The physiological role of URAT1 :
Renal urate reabsorption transporter

Proximal tubular cell

Nat —=
Anion Q N

Target for uricosuric agent g Anion "
Benzbromarone RAT Lactate
Probenecid ~ icoti

- Urate - Nicotinate

PZA
Brush border Basolateral

Enomoto A et al. Nature 417: 447-452, 2002
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Renal hypouricemia

URAT1 (SLC22A12)
regulates serum urate levels.
a causative gene for renal hypouricemia type 1
(Enomoto, et al. Nature 2002)

Another type of renal hypouricemia?
Presence of another urate transporter?

GLUT9 ; the most significant association
(SLC2A9) with serum urate levels.

( GWAS studies; Li, et al. PLoS. Genet. 2007; (umc:;m i
Déring, et al. Nat. Genet. 2008; ;
Vitart, et al. Nat. Genet. 2008)

A candidate gene for hypouricemia?

Proximal tubular cell

Vitart, et al. Nat. Genet. 2008, April

* GWAS (Genome-wide association study)
GLUT9/SLC2A9 — serum urate levels
* Functional analysis
Urate transport via GLUT9/SLC2A9

b Km 890 uM
Vmax 5.33 pmol/min/oocyte
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The effect of benzbromarone on
GLUT9-mediated urate transport
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The flowchart for clinicogenetic analysis
(Large human database approach)

~
Health examination
database (JMSDF)

n = 50,000

l GLUTS mutation
analysis

n=23

Serum data
available

n = 21,260
|

A4

URAT1 Yes

W258X
= Lo | Renal hypouricemia with
iNo

URAT1 mutation (W258X)
n=47

Low frequency

Serum urate
< 3.0 mg/di

n =200 (0.94%)
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With written consent
(with written consent) n =50

n=20 l'

Outpatients

Participation
in this study

n=70

a Wild type
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2 mutations

l Renal hypouricemia with
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v I

Loss of function
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2 mutations

GLUTY mutations

(R380W, R198C)
n=3

Further clinical
investigations
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Urate transport activity in oocytes
b

GLUT9L
(long isoform)

GLUT9S
(short isoform)

14C- Urate uptake
(pmol/oocyte/min)
14C- Urate uptake
(pmol/oocyte/min)

(Matsuo H, et al. Am. J. Hum. Genet.2008)

Physiological model
Proximal tubular cell

Normal serum
urate levels

Basolateral
(blood side)

(urine side)
Pathogenic mutations
GLUTOL (R198C, R380W)
GLUT9S (R169C, R351W)

Impaired urate reabsorption

Urate @}'ﬁ'gs

= v Low serum
- =T e % urate levels
e "" (hypouricemia type 2)

Urate -

(Matsuo H, et al. AJHM, 2008)
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Renal hypouricemia

Renal hypouricemia type 2
Symbol; RHUC2 (MIM 612076)

Gene; GLUTY9/SLC2A9
chromosome 4p16-p15.3
(ref. Matsuo et al, Am J Hum Genet, 2008)

Renal hypouricemia type 1
Symbol; RHUC1 (MIM 220150)

Gene; URAT1/SLC22A12

chromosome 11913
(ref. Enomoto et al, Nature, 2002)

Conclusion 2

URAT1 and GLUTSY

Renal urate reabsorption transporters

Causative genes for hypouricemia type 1 and 2

(Enomoto et al, Nature, 2002)
(Matsuo et al. Am J Hum Genet, 2008.)

ABCG2

A high capacity urate exporter

A major causative gene for gout/hyperuricemia
(Matsuo et al. Science Transl Med, 2009.)
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RESEARCH ARTICLE

GENETICS

Common Defects of ABCG2, a High-Capacity Urate
Exporter, Cause Gout: A Function-Based Genetic
Analysis in a Japanese Population

Hirotaka Matsuo,'* Tappei Takada,? Kimiyoshi Ichida,>* Takahiro Nakamura,™*

Akiyoshi Nakayama,'’ Yuki Ikebuchi,” Kousei Ito,” Yasuyoshi Kusanagi,' Toshinori Chiba,'
Shin Tadokoro,' Yuzo Takada,® Yuji Oikawa,” Hiroki Inoue,’ Koji Suzuki,'® Rieko Okada,'’
Junichiro Nishiyama,'? Hideharu Domoto,"” Satoru Watanabe,'* Masanori Fujita,"*

Yuji Morimoto,’ Mariko Naito,"" Kazuko Nishio,'" Asahi Hishida,"" Kenji Wakai,"" Yatami Asai,"*
Kazuki Niwa,” Keiko Kamakura,'® Shigeaki Nonoyama,'” Yutaka Sakurai,'® Tatsuo Hosoya,*
Yoshikatsu Kanai,"” Hiroshi Suzuki,” Nobuyuki Hamajima,'' Nariyoshi Shinomiya’

(Published 4 November 2002 Volume 1 bsue § Sral)

Gout based on hyperuricemia is a common disease with a genetic predisposition, which causes acute arthritis.
The ABCG2/BCRP gene, located in a gout-susceptibility locus on chromosome 4q, has been identified by recent
genome-wide association studies of serum uric acid concentrations and gout. Urate transport assays demon-
strated that ABCG2 is a highcapacity urate secretion transporter. Sequencing of the ABCG2 gene in 90 hyper-
uricemia patients revealed several nonfunctional ABCG2 mutations, including Q126X. Quantitative trait locus
analysis of 739 individuals sh dthatac dysfunctional variant of ABCG2, Q141K, increases serum uric
acid. Q126X is assigned to the different disease haplotype from Q141K and increases gout risk, conferring an
odds ratio of 5.97. Furthermore, 10% of gout patients (16 out of 159 cases) had genotype combinations result-
ing in more than 75% reduction of ABCG2 function (odds ratio, 25.8). Our findings indicate that nonfunctional
variants of ABCG2 essentially block gut and renal urate excretion and cause gout.

Matsuo et al. Science Transl Med, 2009 Nov.

Molecular function-based genetic analysis

Identification of causative genes and pathogenesis
for “common diseases” including gout.

Effective Prevention Earlier Diagnosis Molecule-targeted Drugs

Personalized Medicine Improved

prevention and therapy
based on individual difference
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