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1. SLC22A12 (URAT1)
2. SLC2A9 (GLUTY9)
3. ABCG2 (breast cancer resistance protein: BCRP)
4. SLC22A11 (OAT4)
. SLC17A1 (NPT1), SLC17A 3 and SLC17A4
. PDZK1 (PDZ domain containing 1)
SLC16A9 (MCTY9)
LRRC16A (CARMIL) and SCGN
GKRP (glucokinase regulatory protein)

. LRP2 (lipoprotein receptor related protein-2, megalin)
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The GLUT9 Gene Is Associated
with Serum Uric Acid Levels
in Sardinia and Chianti Cohorts
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GLUT family

Class I
GLUT1 SLC2A1
GLUT2 SLC2A2
GLUT3 SLC2A3
GLUT4 SLC2A4
Classes II
GLUTS SLC2AS
GLUT7 SLC2A7
GLUT 9 SLC2A9 Liver, Kidney
GLUT 11 SLC2A11
Class III
GLUTé6 SLC2A6
GLUTS SLC2AS8
GLUT10 SLC2A10
GLUT12 SLC2A12
HMIT SLC2A13
(H+/myoinositol transporter)
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Vmax 5.33 pmol/ oocyte min
Km 890 pM e

"min’
min

'

pmol cocyle
benzbroma

pmol cocyte
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* Control URAT? SLC249 ©70 200 400 600 800 1,000 1.200 1,4001,6001.800 " SLC249 URATY
Urate, uM

Vitart et al. Nature Genet 2008
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GLUTID E B R (Cis)

Substrates (1mM) Uptake (% of control) Substrates (1mM) Uptake (% of control)

Control (no inhibitor) 100.0
Urate 193
D-Fructose 102.1
D-Glucose 105.1
Lactate 918
Nicotinate 992
Orotate 1131
Acetoacetate 952
[;-Hydroxybutyrate 100.6
Succinate 97.2
Probenecid 461
Benzbromarone (50 pM) 316
Pyrazinoate (PZA) 102.9
Pyrazinamide 905
Pyrazine 106.2
Allopurinol 99.3
Oxypurinol 412
Xanthine 90.1
2-pyrazinecarboxylate 116.0
2,3-Pyrazinedicarboxylate 1122
Phenylbutazone 7.7

60"
15 =
64
28
84
Ta°
50

54 Sulfinpyrazone 786 %

5 i Losartan 369 2

70 Valsartan 1085 %

74 Captopril 1109 &
para-Aminohippurate 965 =

46 Estrone sulfate 795 %

57 Furosemide 1045 #

Bumetanide 886 + 43

Hydrochiorothiazide 973 & 95

Penicillin G 1097 = 41

Tetracycline 1347 ¢+ 40

Salicylate 899 + 57

Indomethacin 177 £ 08°*™

Ibuprofen 1105 2

Naproxen 836 %

Methotrexate 1103 2

Ascorbate 1236 =

DIDS 959 =

TEA 1077 #

Choline chioride 1246 %

36°
6.6

93
64

L L S

Anzai N et al. J Biol Chem 2008
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Health examination URAT1

W258X 4
da{;a:s;(().lllg(s)l();) E(e"m ) URAT1 mutation (W258X)

GLUT9 mutation

Serum data analysis
available n=23

Low frequency
Serum urate in controls

< 3.0 mg/d| 2 mutations
n =200 (0.94%) GLUT9 mutations
(R380W R198C)
PR EA M0 fiE
| [ | || iy (=5)
(with written consent) | n=350
n=20 ‘

Participation Loss of function

in this study in oocyte
n=70 2 mutations

Further clinical
investigations

Matsuo et al. Am J Hum Genet 2008
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4C-Urate uptake
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I EHLGURRPL L I S PKE I RGSLGAQ
ATTGAGCACCTGGGAEGGIAGACCCCTCCTCATT T CACCCAAGGAGATCICGTIGGC TCTCTGGGGCAG
A N Iy ’i\ oy | \ ' i
A A AT AT AT AWTATAATR ATATRATAWIAY, AWANN /J\ A /\\/\/\/\/\A/\/\/\/\/\/\/\M/\/\/\
R380W R198C
| EH LGRWR P L L | S P KE IRCGS L G Q
ATTGAGCACCTGGGA AGACCCCTCCTCATT TCACCC AAGGAGATC| GCTCTCTGGGGCAG
A s ’(‘\;’.‘} ’_‘.“ f\ A ‘ ,\\ {\ };‘ A ‘1‘\ NI f‘\]‘w r‘~‘ A Aan /\/\ ‘ A
ANV W WUV UV WA U ANV
Hypouricemia
C I H® affected d
OO unaffected
N4 N N2
O‘)‘\. (\\‘O o‘SO O&, '\“.'7-5 (\."O\ ({éO\
Urate <% L Urate L &°
(mgldl) 56 1.5 27 42 55 4.8 4.4 (mgrdl) 21 4.8 4.4

—— e — — .. w—NTTRTTIERET €637 R198C mutant

378 )
}m utant 259 Wild type
(bp

GLUTY9EZE 24K FR ER EiE

GLUTYL GLUTYS
(Short isoform)

e
=
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S
o

=)
=
=

1.0

(pmol/oocyte/min)
l4C-Urate uptake
(pmol/oocyte/min)

=
=

Wild type |

Matsuo et al. Am J Hum Genet 2008
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GLUT9 mutations in conserved motifs
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ES, Urate

772N
URAT1 Urate GLUTIL
Lactate

EEHRAEBL2(E,
B ERBRMNEICESIN SV AR—S—REIZLEN?

GLUTORIEIEICHEEI RSB 2N EHLNT-.

Dinour D, et al: Homozygous SLC2A9 mutations cause severe renal hypouricemia.
J Am Soc Nephrol 21:64-72, 2010
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L]
sLc2A9 GLUTY
|

Glucokinase SLC17A1 NPT1 sLc22a110AT4

L -g‘l))rfain regulator LRRC16A CARMIL sLC22412URAT1
containing 1 Protein ! : i

PDZK1 GCKR MCT9 *

SLC16A9

Kolz M et al. PLoS Genetics 2009

ABCG2 (breast cancer resistance protein: BCRP)

® ABChS 2 RIR—B—D—D T, ATP§EE Y (ATP-Binding
Cassette) EFEIEN S EERIZEHL. ATPZF AL TYEOEES#XEE

L~

1T

® CMDABCrS U RAR—4—(d, HIIBOANSHAYEE RAH T HEiHR
V7L TEIK,

® ABCG2MiBEFI&. HHBCRP (Breast Cancer Resistance Protein) &L
TEAIMMEOINAMEIIO—=2F Ehi=,

o /NG, I, BRAEZEDIEAI(apical) EIZHEL . E#7 4> Rt
BMOHEREITS,
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(W/mg prot) (nl/mg prot ) ABCG2 + ATP
12 20 ® ABCG2 + AMP
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__9

Time (min) Urate (mM)
Matsuo et al. Science TM, 2009.

ERABCG2 BIZF DT/ LBEELERE AL

Exon 1 2 34 5 6 7 8 9 10 11 12 13 14 15 16
(bp) 493 222 20 38 153 158 152 102 251 83 90 125 155 90 83 2132
Chromosome \
4q22
5 UTR * 3 UTR
Vi2M Q126X (stop) Q141K G268R S441N F506SfsX4

A : A8—FaF2 ATG
* 1 #8IEORY TAA
UTR : JEERIR I8

904 D E RERMAE DEEHIIZDULNT,
ABCG2:EIzFNDEa—T s JElEE—IT VR LT,
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o = 160 B +ATP
% B 140
e SLERATHEEHE~ET
=100

80

['“C] R &S

6
4
2

BARANICETDABCCHELEFIZHITHSNPsHEE

SNPs MAF
. S13L 0.003

)1 P
Wi i\

. R160Q 0.003
. G354R 0.003
. F431L 0.003
. S441N 0.003
. F489L 0.008
. F506SfsX 4 0.003
11. R575X 0.003

Maekawa K et al. Drug Metab Pharmacokinet 2006.
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Estimated Genotype Number

4 %* 0 *
transport Q126X Q141K Gout _ Control RIS e
T c/IC
i o o TN -21 i
< 1/4 function Tc AIC 16 8 3.39x10 258 10.3-64.6
: LU 9 :
| Mefuncton oieTAA T o A cisodt i s il
__3/Afunction  C/IC . AC 72 308 229x107 302  1.96-465
full function C/C CiC 34 439

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

>ABCG2DEEEMNMET I 5&
3. 02fZLL E (B K25. 81Z) DHEIEYRY

7IOANDEE BERANIZETHABCGEIEFDSNP(Q141K)
CinEFREEEDQTL(E M H EEAL) iR 4T

Male + female Male Female

mg/dl P=2.02 X 10 mg/dl  P=0.0144 mg/dl P=0.0137
6.0 7.0 6.0

5.0

Serum Uric Acid Levels

4.0 5.0
C/C C/A A/A C/IC C/A A/A C/IC C/A A/A
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. SLC22A12 (URAT1)

. SLC2A9 (GLUT9)

. ABCG?2 (breast cancer resistance protein: BCRP)

. SLC22A11 (OAT4)

. SLC17A1 (NPT1), SLC17A 3 (NPT4), and SLC17A4

. PDZK1 (PDZ domain containing 1)

. SLC16A9 (MCT9:monocarboxylic acid transporter 9)
. LRRC16A (CARMIL) and SCGN

. GKRP (glucokinase regulatory protein)

. LRP2 (lipoprotein receptor related protein-2, megalin)
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PDZK1 (rs12129861) GCKR (rs780094)

4 |

Sarum Urie Acid (mglat)
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HUMAN SODIUM-PHOSPHATE TRANSPORTER 4 (WNPT4/SLCI743) AS A COMMON
RENAL SECRETORY PATHWAY FOR DRUGS AND URATE

Promsuk Jutabha™', Naohiko Anzal*’”, Kenlchiro Kitamura®, Atsuo Tanlguchl®, Shujl
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1. SLC22A12 (URAT1)
2. SLC2A9 (GLUTY9)
3. ABCG2 (breast cancer resistance protein: BCRP)
4. SLC22A11 (OAT4)
5. SLC17A1 (NPT1), SLC17A3 (NPT4), and SLC17A4
6. PDZK1 (PDZ domain containing 1)
7. SLC16A9 (MCT9:monocarboxylic acid transporter 9)
8. LRRC16A (CARMIL) and SCGN
9. GKRP (glucokinase regulatory protein)
10. LRP2 (lipoprotein receptor related protein-2, megalin)
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ABCG2 (Q141K) Cumulative risk alleles

mg/dl mg/dl i
PDZK1 (rs12129861)
6.0 i GCKR (rs780094)
OAT4 (rs17300741)
MCT9 (rs12356193)

McArdles . GLUTID Val2531le
(rs16890979)DAT0O, REZE TIE
m;ERERE0.43mg/dIT DIE T EEHE .

4.0 4.
C/C C/A A/A <3 3 4 85606

Male + female Male + female
Matsuo et al. Science TM, 2009. van der Harst et al. Hum Mol Genet 2010.
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Akizuki S. Ann Rheum Dis 1982

FBATHESS Farvt3F—(HR) FH2249A12H




=EH

1. BRICHTHREDERINC(E. SLC22A12 (URAT1)E
SLC2A9 (GLUT9)M XRS5 L. REBIZKY BB RER
MAEZEET

. RERD 5 WIZIZFABCG2HA B EL ., #BEEETICKYELL
EREBOE-EROXKEHEEITI LR TS,

. MEREIEICH T HREENSV A R—3—DERHEE
(&, S<IFZRLY,

BRABHESIFav I —(EE) Fk2249A12H



