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In a series of studies on urate transporters, we found that 1)
GLUT12/SLC2A12 is a novel urate transporter and may affect serum uric acid levels by regulating
hepatic urate transport, 2) SVCT1/SLC23Al and SVCT2/SLC23A2, both of which are known as vitamin C
transporters, also act as urate transporters, and 3) analyses using URAT1-expressing cells revealed
that long-chain unsaturated fatty acids and food components such as fisetin and quercetin contained
in rooibos tea have relatively strong inhibitory effects on URAT1l-mediated urate transport.



ATP
ABC ABCG2/BCRP
Sci Transl Med, 2009
ABCG2 ABCG2
“ ? Nat Commun, 2012
URAT1/SLC22A12 Nature, 2002 GLUT9/SLC2A9

Am J Hum Genet, 2008 3
ABCG2 URAT1 GLUT9
ABCG2
ABCG2 —
GWAS
in vitro
in vivo
(1) URAT1
a- URAT1

Saito H*, Toyoda Y*, Takada T*, Hirata H, Ota-Kontani A, Miyata H, Kobayashi N, Tsuchiya Y,
Suzuki H.

(*: Equally First Author, #: Corresponding Author)

Omega-3 Polyunsaturated Fatty Acids Inhibit the Function of Human URAT1, a Renal Urate Re-
Absorber.

Nutrients. 2020 May 29;12(6):1601.

doi: 10.3390/nu12061601.

PMID: 32486008



()] GLUT12/SLC2A12 CRISPR/Cas9
GLUT12

Toyoda Y*, Takada T*¥, Miyata H*, Matsuo H, Kassai H, Nakao K, Nakatochi M, Kawamura Y,
Shimizu S, Shinomiya N, Ichida K, Hosoyamada M, Aiba A, Suzuki H.

(*: Equally First Author, #: Corresponding Author)

Identification of GLUT12/SLC2A12 as a urate transporter that regulates the blood urate level in
hyperuricemia model mice.

Proc Natl Acad Sci U S A. 2020 Aug 4;117(31):18175-18177.

doi: 10.1073/pnas.2006958117.

PMID: 32690690

©)
URAT1

Toyoda Y*, Takada T, Saito H*, Hirata H*, Ota-Kontani A, Tsuchiya Y, Suzuki H.

(*: Equally First Author, #: Corresponding Author)

Identification of Inhibitory Activities of Dietary Flavonoids against URAT1, a Renal Urate Re-
Absorber: In Vitro Screening and Fractional Approach Focused on Rooibos Leaves.

Nutrients. 2022 Jan 28;14(3):575.

doi: 10.3390/nu14030575.

PMID: 35276934

) OAT10/SLC22A13
OAT10

Toyoda Y, Kawamura Y, Nakayama A, Morimoto K, Shimizu S, Tanahashi Y, Tamura T, Kondo
T, Kato Y, Ichida K, Suzuki H, Shinomiya N, Kobayashi Y, Takada T#, Matsuo H*.

(*: Corresponding Author)

OAT10/SLC22A13 Acts as a Renal Urate Re-Absorber: Clinico-Genetic and Functional Analyses
With Pharmacological Impacts.

Front Pharmacol. 2022 Apr 6;13:842717.

doi: 10.3389/fphar.2022.842717.

PMID: 35462902

®)
GLUT9/SLC2A9

Toyoda Y, Cho SK, Tasic V, Pavelcova K, Bohata J, Suzuki H, David VA, Yoon J, Pallaiova A,
Saligova J, Nousome D, Cachau R, Winkler CA, Takada T, StibGrkova B.

Identification of a dysfunctional exon-skipping splice variant in GLUT9/SLC2A9 causal for renal
hypouricemia type 2.

Front Genet. 2023 Jan 17;13:1048330.

doi: 10.3389/fgene.2022.1048330.

PMID: 36733941



(©)] C Sodium-dependent Vitamin C Transporter 1
(SVCT1)/SLC23A1
CRISPR/Cas9

Toyoda Y, Miyata H, Uchida N, Morimoto K, Shigesawa R, Kassai H, Nakao K, Tomioka NH,
Matsuo H, Ichida K, Hosoyamada M, Aiba A, Suzuki H, Takada T*.

(*: Corresponding Author)

Vitamin C transporter SVCT1 serves a physiological role as a urate importer: functional analyses
and in vivo investigations.

Pflugers Arch. 2023 Apr;475(4):489-504.

doi: 10.1007/s00424-023-02792-1.

PMID: 36749388

@) C Sodium-dependent Vitamin C Transporter 2
(SVCT2)/SLC23A2
SVCT2

Toyoda Y, Miyata H, Shigesawa R, Matsuo H, Suzuki H, Takada T*.

(*: Corresponding Author)

SVCT2/SLC23A2 is a sodium-dependent urate transporter: functional properties and practical
application.

J Biol Chem. 2023 Aug;299(8):104976.

doi: 10.1016/j.jbc.2023.104976.

PMID: 37390985

6)) ABCG2
ABCG?2 Jr(a-)

Toyoda Y, Matsuo H, Tanaka M, Stibirkova B, Takada T*.

(*: Corresponding Author)

Biochemical characterization of Jr(a-) blood type-related ABCG2 variants: Argl47Trp and
Ser572Arg disrupt the plasma membrane localization of ABCG2.

Transfusion. 2024 Feb;64(2):412-414.

doi: 10.1111/trf.17625.

PMID: 38379528



26 26 5 23

Toyoda Y, Matsuo H, Tanaka M, Stiburkova B, Takada T. 64

Biochemical characterization of Jr(a-) blood type-related ABCG2 variants: Argl47Trp and 2024

Ser572Arg disrupt the plasma membrane localization of ABCG2.

Transfusion 412-414
DOl

10.1111/trf.17625.

Ohashi Y, Ooyama H, Makinoshima H, Takada T, Matsuo H, Ichida K. 12

Plasma and Urinary Metabolomic Analysis of Gout and Asymptomatic Hyperuricemia and Profiling of 2024

Potential Biomarkers: A Pilot Study.

Biomedicines 300
DOl

10.3390/biomedicines12020300.

Kiyomiya K, Tomabechi R, Saito N, Watai K, Takada T, Shirasaka Y, Kishimoto H, Higuchi K, Inoue 20

K.

Macrolide and Ketolide Antibiotics Inhibit the Cytotoxic Effect of Trastuzumab Emtansine in 2023

HER2-Positive Breast Cancer Cells: Implication of a Potential Drug-ADC Interaction in Cancer

Chemotherapy .

Mol Pharm 6130-6139
DOl

10.1021/acs.molpharmaceut.3c00490.

Nakayama A, Kurajoh M, Toyoda Y, Takada T, lIchida K, Matsuo H. 11

Dysuricemia. 2023

Biomedicines 3169
DOl

10.3390/biomedicines11123169.




Kuwabara M, Fukuuchi T, Aoki Y, Mizuta E, Ouchi M, Kurajoh M, Maruhashi T, Tanaka A, Morikawa 13

N, Nishimiya K, Akashi N, Tanaka Y, Otani N, Morita M, Miyata H, Takada T, Tsutani H, Ogino K,

Ichida K, Hisatome I, Abe K.

Exploring the Multifaceted Nexus of Uric Acid and Health: A Review of Recent Studies on Diverse 2023

Diseases.

Biomolecules 1519
DOl

10.3390/biom13101519.

Toyoda Y, Miyata H, Shigesawa R, Matsuo H, Suzuki H, Takada T. 299

SVCT2/SLC23A2 is a sodium-dependent urate transporter: functional properties and practical 2023

application.

J Biol Chem 104976
DOl

10.1016/j . jbc.2023.104976.

Toyoda Y, Miyata H, Uchida N, Morimoto K, Shigesawa R, Kassai H, Nakao K, Tomioka NH, Matsuo H, 475

Ichida K, Hosoyamada M, Aiba A, Suzuki H, Takada T.

Vitamin C transporter SVCT1 serves a physiological role as a urate importer: functional 2023

analyses and in vivo investigations.

Pflugers Arch 489-504
DOl

10.1007/s00424-023-02792-1.

Toyoda Y, Kawamura Y, Nakayama A, Morimoto K, Shimizu S, Tanahashi Y, Tamura T, Kondo T, Kato 13

Y, Ichida K, Suzuki H, Shinomiya N, Kobayashi Y, Takada T, Matsuo H.

O0AT10/SLC22A13 Acts as a Renal Urate Re-Absorber: Clinico-Genetic and Functional Analyses With 2022

Pharmacological Impacts.

Front Pharmacol. 842717

DOl
10.3389/fphar.2022.842717.




Toyoda Y, Cho SK, Tasic V, Pavelcova K, Bohata J, Suzuki H, David VA, Yoon J, Pallaiova A, 13

Saligova J, Nousome D, Cachau R, Winkler CA, Takada T, Stiburkova B.

Identification of a dysfunctional exon-skipping splice variant in GLUT9/SLC2A9 causal for renal 2023

hypouricemia type 2.

Front Genet. 1048330
DOl

10.3389/fgene.2022.1048330.

Ohashi Y, Kuriyama S, Nakano T, Sekine M, Toyoda Y, Nakayama A, Takada T, Kawamura Y, Nakamura 81(2)

T, Matsuo H, Yokoo T, Ichida K.

Urate Transporter ABCG2 Function and Asymptomatic Hyperuricemia: A Retrospective Cohort Study 2023

of CKD Progression.

Am J Kidney Dis. 134-144
DOl

10.1053/j .ajkd.2022.05.010.

Tomabechi R, Kishimoto H, Sato T, Saito N, Kiyomiya K, Takada T, Higuchi K, Shirasaka Y, Inoue 1(3)

K.

SLC46A3 is a lysosomal proton-coupled steroid conjugate and bile acid transporter involved in 2022

transport of active catabolites of T-DM1.

PNAS Nexus. pgac063
DOl

10.1093/pnasnexus/pgac063.

Tomabechi R, Miyasato M, Sato T, Takada T, Higuchi K, Kishimoto H, Shirasaka Y, Inoue K. 20(1)

Identification of 5-Carboxyfluorescein as a Probe Substrate of SLC46A3 and Its Application in a 2023

Fluorescence-Based In Vitro Assay Evaluating the Interaction with SLC46A3.

Mol Pharm. 491-499
DOl

10.1021/acs.molpharmaceut.2c00741.




Kawamura Y, Nakayama A, Shimizu S, Toyoda Y, Nishida Y, Hishida A, Katsuura-Kamano S, Shibuya 9

K, Tamura T, Kawaguchi M, Suzuki S, lwasawa S, Nakashima H, lIbusuki R, Uemura H, Hara M,

Takeuchi K, Takada T, Tsunoda M, Arisawa K, Takezaki T, Tanaka K, Ichida K, Wakai K, Shinomiya

N, Matsuo H.

A Proposal for Practical Diagnosis of Renal Hypouricemia: Evidenced from Genetic Studies of 2021

Nonfunctional Variants of URAT1/SLC22A12 among 30,685 Japanese Individuals.

Biomedicines. 1012
DOl

10.3390/biomedicines9081012.

Toyoda Y, Kawamura Y, Nakayama A, Nakaoka H, Higashino T, Shimizu S, Ooyama H, Morimoto K, 60

Uchida N, Shigesawa R, Takeuchi K, Inoue I, Ichida K, Suzuki H, Shinomiya N, Takada T, Matsuo

H.

Substantial anti-gout effect conferred by common and rare dysfunctional variants of 2021

URAT1/SLC22A12.

Rheumatology (Oxford). 5224-5232
DOl

10.1093/rheumatology/keab327.

Ogura M, Toyoda Y, Sakiyama M, Kawamura Y, Nakayama A, Yamanashi Y, Takada T, Shimizu S, 34

Higashino T, Nakajima M, Naito M, Hishida A, Kawai S, Okada R, Sasaki M, Ayaori M, Suzuki H,

Takata K, lkewaki K, Harada-Shiba M, Shinomiya N, Matsuo H.

Increase of serum uric acid levels associated with APOE € 2 haplotype: a clinico-genetic 2021

investigation and in vivo approach.

Hum Cell. 1727-1733
DOl

10.1007/s13577-021-00609-w.

Toyoda Y, Takada T, Saito H, Hirata H, Ota-Kontani A, Tsuchiya Y, Suzuki H. 14

Identification of Inhibitory Activities of Dietary Flavonoids against URAT1, a Renal Urate Re- 2022

Absorber: In Vitro Screening and Fractional Approach Focused on Rooibos Leaves.

Nutrients. 575
DOl

10.3390/nu14030575.




Nakayama A, Kawamura Y, Toyoda Y, Shimizu S, Kawaguchi M, Aoki Y, Takeuchi K, Okada R, Kubo Y, 61

Imakiire T, lwasawa S, Nakashima H, Tsunoda M, Ito K, Kumagai H, Takada T, Ichida K, Shinomiya

N, Matsuo H.

Genetic epidemiological analysis of hypouricaemia from 4993 Japanese on non-functional variants 2022

of URAT1/SLC22A12 gene.

Rheumatology (Oxford). 1276-1281
DOl

10.1093/rheumatology/keab545.

Chang SJ, Toyoda Y, Kawamura Y, Nakamura T, Nakatochi M, Nakayama A, Liao WT, Shimizu S, Takada 35

T, Takeuchi K, Wakai K, Shi Y, Shinomiya N, Chen CJ, Li C, Okada Y, Ichida K, Matsuo H; for

Japan Gout Genomics Consortium (Japan Gout).

A meta-analysis of genome-wide association studies using Japanese and Taiwanese has revealed 2022

novel loci associated with gout susceptibility.

Hum Cell. 767-770
DOl

10.1007/s13577-021-00665-2.

Akashi A, Nakayama A, Kamatani Y, Higashino T, Shimizu S, Kawamura Y, Imoto M, Naito M, Hishida 33

A, Kawaguchi M, Takao M, Matsuo M, Takada T, Ichida K, Ooyama H, Shinomiya N, Matsuo H.

A common variant of LDL receptor related protein 2 (LRP2) gene is associated with gout 2020

susceptibility: a meta-analysis in a Japanese population.

Hum Cell. 303-307
DOl

10.1007/s13577-019-00318-5.

Fujikawa H, Sakamoto Y, Masuda N, Oniki K, Kamei S, Nohara H, Nakashima R, Maruta K, Kawakami 9

T, Eto Y, Takahashi N, Takeo T, Nakagata N, Watanabe H, Otake K, Ogata Y, Tomioka NH,

Hosoyamada M, Takada T, Ueno-Shuto K, Suico MA, Kai H, Saruwatari J, Shuto T.

Higher Blood Uric Acid in Female Humans and Mice as a Protective Factor against 2020

Pathophysiological Decline of Lung Function.

Antioxidants (Basel). 387

DOl
10.3390/antiox9050387.




Saito H, Toyoda Y, Takada T, Hirata H, Ota-Kontani A, Miyata H, Kobayashi N, Tsuchiya Y, Suzuki 12

H.

Omega-3 Polyunsaturated Fatty Acids Inhibit the Function of Human URAT1, a Renal Urate Re- 2020

Absorber.

Nutrients. 1601
DOl

10.3390/nu12061601.

Nakayama A, et al. 79

Subtype-specific gout susceptibility loci and enrichment of selection pressure on ABCG2 and 2020

ALDH2 identified by subtype genome-wide meta-analyses of clinically defined gout patients.

Ann Rheum Dis. 657-665
DOl

10.1136/annrheumdis-2019-216644.

Nakashima A, Ichida K, Ohkido I, Yokoyama K, Matsuo H, Ohashi Y, Takada T, Nakayama A, Suzuki 33

H, Shinomiya N, Urashima M, Yokoo T.

Dysfunctional ABCG2 gene polymorphisms are associated with serum uric acid levels and all-cause 2020

mortality in hemodialysis patients.

Hum Cell. 559-568
DOl

10.1007/s13577-020-00342-w .

Toyoda Y, Takada T, Miyata H, Matsuo H, Kassai H, Nakao K, Nakatochi M, Kawamura Y, Shimizu S, 117

Shinomiya N, Ichida K, Hosoyamada M, Aiba A, Suzuki H.

Identification of GLUT12/SLC2A12 as a urate transporter that regulates the blood urate level in 2020

hyperuricemia model mice.

Proc Natl Acad Sci U S A.

18175-18177

DOl
10.1073/pnas.2006958117.




Kawamura Y, Toyoda Y, Ohnishi T, Hisatomi R, Higashino T, Nakayama A, Shimizu S, Yanagi M, 59

Kamimaki I, Fujimaru R, Suzuki H, Shinomiya N, Takada T, Matsuo H.

Identification of a dysfunctional splicing mutation in the SLC22A12/URAT1 gene causing renal 2020

hypouricaemia type 1: a report on two families.

Rheumatology (Oxford). 3988-3990
DOl

10.1093/rheumatology/keaad61.

Toyoda Y, Pavelcova K, Bohata J, Jesina P, Kubota Y, Suzuki H, Takada T, Stiburkova B. 22

Identification of Two Dysfunctional Variants in the ABCG2 Urate Transporter Associated with 2021

Pediatric-Onset of Familial Hyperuricemia and Early-Onset Gout.

Int J Mol Sci. 1935
DOl

10.3390/i jms22041935.

20 8 3

Tappei Takada

ABCG2-mediated transport of urate and its interaction with urate-lowering drugs

G-CAN 2023 9th Annual Research Symposium and Workshops

2023

Yuki Hori, Yasuhiro Enomoto, Yu Toyoda, Tappei Takada, Atsuyoshi Nishina, Hideo Satsu

Search and Analysis of Flavonoids Upregulating Urate Transporter ABCG2

JAACT2023 Nagoya

2023




45 2023

2023

148

2023

ABCG2

17

2023

2023




SLC46A3

38
2023
31
2023
143
2023
URAT1
35 2022 JAACT2022

2022




ABCG2

2023

2023
ABCG2
76
2022
2021
GLUT12/SLC2A12

2021




145

2021

Tappei Takada, Hiroshi Miyata, Yu Toyoda, Hiroshi Suzuki

A novel urate transporter, GLUT12/SLC2A12 - Discovery of an unsung transporter by species-dependent study design

94

2021

46

2021

Tappei Takada, Yu Toyoda, Hiroshi Miyata, Hideo Satsu, Hirotaka Matsuo, Kimiyoshi Ichida, Hiroshi Suzuki

Functional Cooperation of Physiological Urate Transporters and Their Modification by Food Components

JAACT2020 Fuchu

2020




30

2020

54

2021

2024

2022

update




2022

LocoCure

2022

2022

GLUT12

2021

ABCG2/BCRP




Blanka Stiburkova

2021

ABCG2

https://plaza.umin.ac.jp/~todaiyak/t_takada.php

(Matsuo Hirotaka)

(00528292) (82406)
(Inoue Katsuhisa)

(50315892) (32659)
(Satsu Hideo)

(80323484) (22303)




Institute of Rheumatology,
Prague

Charles University, Prague

Charles University Hospital

Frederick Natl. Lab. for
Cancer Res.

National Cancer Institute,
Frederick

Natl. Inst. of Allerg. and
Infect. Dis.

Ajou University School of
Medicine

University Ss. Cyril and
Methodius

Nephro Dialysis Center,
Michalovce

Children’ s Faculty
Hospital, Kosice

University of Otago




