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ABCG2: ATP-binding cassette subfamily G member 2
a-SMA: a-smooth muscle actin

BCRP: breast cancer resistance protein

BMI: body mass index

CKD: chronic kidney disease

eGFR: estimated glomerular filtration rate

ESRD: end-stage renal disease

FEua: fractional excretion of uric acid

GBD: global burden of disease

GFR: glomerular filtration rate

GLUT9: glucose transporter 9

GWAS: genome-wide association study

KDIGO: Kidney Disease Improving Global Outcomes
LME: linear mixed-effect

MDRD: Modification of Diet in Renal Disorder
NHANES III: The Third National Health and Nutrition Examination Survey
PCR: polymerase chain reaction

QOL.: quality of life

REML.: restricted maximum likelihood

SGLT2: sodium glucose cotransporter member 2
URAT1: urate transporter 1
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2B I (CKD: chronic kidney disease) (%, 12MEAIZHEITT 2B FREE « BRI T 20k
DOFRESF L ITHNT, BRFEE O & SRR E R (GFR: glomerular filtration rate) (25250
T, KA 4 (ESRD: end-stage renal disease) >/MILER B2 ED Y A7 K1 L L CRERN
IZHE 2 D 7212 2002 FEICEBRMICER SN BEMIEE TH D L N DEROZILIZ -
T, BTz l2 3% ESRD BN ERITHIML, EREFICEZRREAZLTWDH L
2, F7- CKD IZRHIFAIC K VER T - TBENFRETH DL Z &b, 20X 5 afErt
SNHEEL, BEENDIZESTWND. 1950~2017 FI2F1T 5 195 2 [E % %412 L 7= Global
Burden of Disease (GBD) study CTi%, {5t CKD B3E$k1% 6 £& 9750 H A L5 L TERY 2
AFIZBWTEH CKD stage G3 (eGFR: 59-45 mL/min/1.73m?) % & 7= CKD & « THE I
2000 AL EEHEH STV D 3 AT, AAOEMEEITEELITAD 100 HA%ZY
2688 N EHHARAIZHTH L 4, TF TR NI 72 > 726 O O IREZ2 I8 7 130R
LTy, FE7o CKD [TEATEIDE U@ bl 22 it L IREIC L » T, ToETZ2IEL,
BRF DEM THS QOL DUHEIZEHBAT 5. 6> T, 5l&fHiE CKD X° ESRD ~*fIi5d 5 Z &
FEROEZTY, EiBT 5EREFAHELZERT 5 9 2 THREORETH L.

ERERE ORI 72K NI, INESICE S R AR 7 v U OBEEORER L LT ERZINT
W%, CKD 13 < ORI EHEIHKE G 5 ZRFEGHERETH Y, Il O Bikne
R, BYE S 7o — Lo &R S, I 87 EOBREERRe, @it 18010, FER
Wi SR MIE 12, SREEIE BY 72 EORBOGIHT L > TNET 5 Z & AE ST
5. EREEMIEIC X A MR 2B EE & LT, WEELNHLNA TS B2 JERE X B KO
PRAIEE EN PRV R AT LB ENEEIND Z & TRIET 52, ZORBBED
Frfi T ESE B DT L T D 28 S RBIEOHTHITINA T, JREEZ D HDDIEHR
MIERERME (SUA) O ERICK DL =0 —T X4 T v U ROTTilEE N LIZERIC L Y, 1
BN BRI RAE & K OMEGHEL 2/t L CRIBN O MFREZ S &R 24+ 228 ko
% < O SUA & B EERE D BEEME: 2 i A L 1o A BRI e FEi S v, € D% <1d SUA @ Lk
FEEDHDBFTFHRARETHTHZ 2R LTS BWINA3 UL 72 n, EHFED
BRIRIT ABFZECIX, JREERE TIRIEDY CKD OMATEZIHI LenZ L2 ME L TR %238 2
2T FVVACENTEH SUA O EFIZE DY A7 3EMR, JRE & JREEREAIZ DRI RE &
hTunsg 3

CKD Zth® &3 2 HEAMEMRE DL ITEEHERZES LT Y, #Ho8RKHT
NEEAHICEET S, 2000 EiCe N7 LD RT 7 MNEFIDBfEFHSNZZ &2 REI0 I,
International HapMap Project %, 1000 Genome Project *¢ 72 SN2 X 547 7 53U 7 2 s OEEjR0,
T LRRTEAN, TN ZADPERE, KRBT — & AT S F RN OFE LW EEIZ XY,
BB BRATFOREMEIIIRA I LN E R 90 b 5. FRZ, BERICEET28E %
7 I B GRERERICII D Z & DT & 5 genome-wide association study (GWAS) DX,
CKD #th® & L2 K T+HEAKEBIZEBIT 5 —#H K LB (SNPs: single nucleotide
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polymorphisms) 72 £ OBREFIZ DWW T O Z ZPITILR L, BHEEICE b 5 2508
K DFRFE & A[HEIZ L 7= 373839, GWAS (% “common disease common variant 5% (233 T
BY, ZNCEoTEZ OREHEBERTZRELTEZ. LMALARBRL, HEINI-EAH
B2 CHLEBED D <*%®ﬁb#ﬁ%f%f%%? SRR IC BRI T DB s T
BIfE 308 OB TENFESNTWDHDOD, eGFR (IZH T 5 EEIERIED 19.6% L2t
TETWRWVWONRBURTH D . Z T rare variants @ﬁf%, FEFNLH D~ —F1—SNPs
X DZEMEOMBELE LTEXALNTEY, KARL L TIENREBERE T2 E8E AAETD.
EiRD> GWAS TIEBEHEREDBER 17217 T/ <, SUA L BIET 2 BEK 7 b 5% < F A
EN, TORTHRBOBEGSEA (T AR—%—) OEEENRHIA TS, 202
ElX, HHERCH DIREBEOENEIENCIZ N T VAR = —RNHETHY, HAZERKEWN
SUA OIBIEAI FITIE, REE N T VAR —F —DERLELRNEE(EE HOTNDH T &
EARBLTWD. AFETIE, ZORBNIVAR—FZ—0 1 5THY, HEEERTNERE
MAE « FEFIED U R 7 L7 h Z LB 5 ATP-binding cassette subfamily G member 2/
breast cancer resistance protein (ABCG2/BCRP) |2 H L 7= 2%, ABCG2 i3t ML AMIIN
R INT—RMEREBIEE 21T N T UV AR—F—ThV, B, /M, IR Rl
Wernss AT 44T RN 2 AT D 8. HANICIT D ABCG2 DFEIFIZE SNPs D7 L
VBT R <, FRICKEIEa R UHRERIR & 70 D5 rs72552713 (¢.376C>T, p.Q126X) i%
2.8%, X180 LoULHRRESTAR R 5 152231142 (C.421C>A, p.Q141K) 1X 31.9% & 45
ENTWD O Bz Y 27 7 LABEEDE W p.QLALK IZHOW TIRERIIIC b R B  S
Fgesn By, EYEETIIANLT 737 P OMBERIND L5 5, g 22X F 7
& HMG-CoA 1% Tt 35 [H 3K DRe 1 $ 5-5f oD FEM i, HH i B — P ] e 54 e o oS0 e v I 8 2
O EFFS %2 ZiublE, ABCG2 Hkkx 728 OFIEAN I b llas~Dlak 2 5 = &
ABCG2 73/ ERMfn OB ERIEIZ S EL L TER Y efflux pomp & L TEIWT WD Z & _t
K9 %. ABCG2 DIHEIK FIZ L o THEIEKY O/INMEGEREN ~DOYRIIEMEA I T2 2 & T,
M ORIGRINS LT HZ LIc ko TSNS, ZNH0HEANIME, =a—F /r
AWK THL T uTaxh s B, BAKITHL T N T OFBEKRTH LY T
DETHUEEE L LEBERRBRLHREINTND % 2ok 512, ABCG2 1T 3EHAIH A
F& LCHIRBICIES BFE SN TR Y, ABCG2 D siG Mo in i SR L3 B HE 2 % &
T2 CHIEHRINTE.
—J7, ABCG2 DAFIILE - AFRE L LT, BIROENIRME - /NG EEIZI W TRSL
(ZHEHES 2 F NS RER A Wik 95 3%, ABCG2 D KnfElL 8.24 + 1.44 mM T&H Y, SUA (B
Pk: 3.8 ~ 7.5 mg/dL, 228 ~ 450 uM) & Ll L THIZDMITE W EREE ST D 8, 372
bbb, AEPRRRESMTITAERM LW E R ENE KB O 21T ) 2 E AL L AR
STW5., BIEHERICBWTS, ABCG2 @ common variants 7% SUA [Z# %% 5 %,
p.Q141K DEEHITEAFIT ZH 57 SUA O EERIE SN TWS 8. Nz T, ~"7nu4
A THEMRHTIC LY, p.Q126X & p.QLAIK (XA —Ytafk LICHFE LRV Z &, FomiZ i
AT BRI E LEEE L2202 & D, p.Q126X & p.Ql4lK DA/ bED /2 — 2k -
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THEE SN D ABCG2 DHEREIR TICPEVIRRIEIE Y 27 DA v XS ER-$ 5 Z LAVREN
TV 5 B, p.Q126X & p.Ql4lK % FiR< ABCG2 OFEHE(L N4 rare variants D AEFE A IEH 12K
ZLEBEZ T, ZOMEROHAE DL HHREHEE L ABCG2 DRE% 535 L # Kk
L, BARANEHICHKT D ABCG2 BIEDER 4 T I A TH D Z LR EN TN D 425657,

F &AL OAIIIIIROBEE RS CTIREEZ BEAE - 72 L SUA ZFE L TWa52%, & b
DY, LD CRBIRIER THL V) 1—8 (REEAF ¥ —F) 2 koTun5 %
Tebb, b MIBT LY A OREESMITIIRETH Y, ABASEM T TIIRES D
T =A & UTHFE L T D RO OB E), HRAPEIZIZ N T o AR—F =2 L D5
EN VA TH D, KRB O FRE THLEMTITREL < O b7 v AR =% =13 HFEIYIC
BN THY, FICRBYEMEE~OBEMEDORE W N TV AR—Z — L LT, REBFRI b
7 U AR—H—To D SLC22A12 (URATL: urate transporter 1) %°, SLC2A9 (GLUT9: glucose
transporter 9) 6061 Z L CIREAHEN h T AR —H—TH25 ABCG2 THDH. FlZ, ABCG2
TR 72 BT/ MBI @BEE L TWDH Z &, ABCG2 OREEIOILEWE & DL,
And U7z BB Y & RIRR IS RER D FE R ~DO P b B E- L TV D Al B 2 bz,
ABCG2 HEREIX TIZ X 2 B RER IMIE D A 51 = X L ZfRIAT 5 72 912 i S 407 8 R R fLE B
FOLHIFENTTlX, ABCG2 LIRHIRIEHEM R & OBEMENTHE STz, L 2TAPRERE L
T, REDOTVIRICK LHEE ABCG2 BEREIX FIZfEVy, SRPIREEPRM EAMEINT 5 2 & 23R
Ehiz 2 2% Tz Abcg2-knockout mice Z AV 7= in vivo AFZEDN S, JREPA~DRER
PRI e N ERERICTEST D 2 &, BB ~DREEPEEDOFR AR DT 2. LLEORER
1D, ABCG2 HEREMR TIZ X 2 W R MLAE DRIE A T = X ME, IBEZTPLE LB TO
PREGHEIEOIR N 2 R E L, T E TERHE SN TE B0 OIRERHEIEA SUA DTEH M
(LS THERKRFZRLZLTND ZEATRTHEATH . 2D Linb ABCG2 FEREIK
T & DB R PR DR T 24 O IR TRERHEME R ORI, JREGPEAVEI & &8 T

“RE AR PRIR E” SET LSRR S e 82 IREBIZEIREE, BBYEIR OFF(E T Chtidh
b3 %. 2D ABCG2 HEREIK TIC X 2BAMEEE A~ DN~ D IRIG PRI ORI, RERIIZH
MU 72 RPIRBRIZ K> TIRESICB T DIRBEOFEEEITHO U 2 7 284 5 algettnd 5. IR
FRHE DOURE 1 LEHER R EE A v 7 T~ Y — L OIEMH L ZFE L RIELZERL T D720 &
CKD DfERIKF & EZX BN TND ¥ 7 REEPEIICINA T, ABCG2 IZAMKHBLHIA T &
L T 2-Amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP) (213 &5 A AR AME %,
S BIZITETIIREN R RBIEWE TH 5 Indoxyl sulfate Z (AN P L TV D Z & M3l
ST D 66,

UL EDOBEFNOHED G, ABCG2 [T HENE fofh: m R L IMIE & B % & OBHEMEIC I 1T 220 ]
ERGRF Th DA RSN, ZOMGERE G 2720, BEGME & REE ME 2 5 T —ik
HHAZEEL, b MRROIENAMEEZIT T2, AFRITET, EEGEMEEREE ME OB T
%% ABCG2 OEAHIBLEHIHMEIT 5 Z &, WIZ ABCG2 =D b DNEHERE~G 2 5%
a2 2 &2 RE LT, TREITAOEEN DI dE %N (eGFR > 60 mL/min/1.73
m?) ZxtRIZH A E 2k — MFREZIT 72,



5 2 B ARG IE

2-1 WRT YA v -

AT R AU BN 3 2 MR B O W T — ¥ 2 FIH L7c %k A& a2k — MR TH
%. 2007 4F0~ 5 2017 O MR &2 5217 72 3,250 AD 9 5, JhED 72\ 2,600 A A3 AT
LSBT D Z LICEE L., FEZE-2INE TR E ch 28 1 18-65 D A A A
THERL STV D, ARBFFEIE ABCG2 & 7 I X BEE a1 i R BR UE & R WM 72 B RE D HER &
ORI Z AT D72, FBiK7e EITRERT 5 — Rl BHSEEIR T OB L R/ R E L
BIR T DAMIED T T N I DR OTETRNE 2 IR 5 72 (2-6 FERHARIENT DIEZ 2 1R),
M7 V7 F=rORESN 10RILLEE 2520, T7/72b5, 9-10 4 OBH M % i
RLIZSINE ZxtG & Uiz, BRI 9 4R (RIFE Cldilb 2 W SINFEEERGE) & 9-
10 F M OB IR A et LBl E OREIZE T 218NN T AT 5729, £
FNOERFEAZ IR LTz, 7eds, RIFFEORANIEREL LT, SUA & BEHERED R FHERm DO
KL 9 DGR ERE, FREBE, BIEHSFHE, CKD stage G3 LLMED B % HFJEBA AR CHEA
MBS LTz, Lo T, AR OEET 2 RHEMIXIER 72 BEH%EE (eGFR > 60
mL/min/1.73 m?) Z#H 3 2 —EHTH 5.

2-2 AWFEEMIZIIT 5 AEOELE

ARFZET A~V v B S ICHERL U7 AFZEMBREHC AN Y, BFE~DBINE O 4312
BELHEiIN. FAE~ORBNIBREOHBREETHY, BIXFABREZ/RL THAHAR
FEE=ZIT5Z L3 mna l, 2LV OTHLREITE, ZOEAICHAFIEEZZIT 20N
TLERREET A Z L, BONTHERIIAZEOMREBRLSMIER LA & 2inz, EHE
IZTCAY T H—L R arkr 28 T05. RFERITHAERRFZORBREELZES
(IRB)/fm¥iZ B4 (KERE 7 17-19) 3 XL OB ESER KT (KGERE 5 29-143 (8759)) 12 &
DARINTEY, HEEBRRBORBAEEIL. HEXESENREORREELZES
(IRB)/fi ¥l BT o T,

KRIFFETIE, BMLUSNDERITHIEEENTSNEICEH» 2REAQHIIRMTHY, X8
PEIZFER STV D Z DB« RN LA AFRRITAE TR, FT T4 R —A
MEDPRFE Z e RIRBLE T 5720, MEAEHROEAG « FIHINE QN5 =F 424k B4 2 HHl
ZESF Lk (57— 2 5 0) ZEfEEFICEAL L0, AZENTE 2RV E D R TR
WrEiToT-. HHROARICELTYH, BANFKEINRNE D R ENEE LT0D

2-3 T—FZDNE
KRGO T — 2y MIFEE T LICEBINDBEZKOT — & 2 FLIT/EKR L TWB 720,
BEIR T — 2 OINEEIT 1 BN TIT - 72, 8-12 BRI e A IS ER 1. - TRIRAATV, M - A4k
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FRRA - JREMEREIZ L > TH DN EIRPREE A Lo, BHEREORIETH D eGFR
EEHT LB, TR EHuni.
eGFR (mL/minute/1.73 m? body surfase area)

= 194 x serum creatinine level 1%%* x age=287(if female, x 0.739)
ZOHEFERITHENRD MDRD K& EfE L LT, AARBRYES HARANATOH 7272 eGFR HE
BAL LT 2009 B LELDOTH D 7. NZ T eGFR 75 B HEAEZ Kidney Disease
Improving Global Outcomes (KDIGO) 7 A K Z A IZHEvy, BEHREER (Gl eGFR > 90
mL/min/1.73m?), B HERERE L T (G2: eGFR 60~89 mL/min/1.73m?) (Z43%H L 7= (Figure 1) 8.
ERERME DRZMIENEL LT, _N—RZ T A > ThD SUA N 7.0 mgldL % 8 2 7= kI 54 % SESE
PERREBIEREE L ClioTe . FBIEK TR (RIFRIZR AN ZBHO%, U7 — |
) ICHCOHERIOT o r— M EFEM L, RBE TEORMOAELEG L.

Persi I inuria categories
Description and range
Al A2 A3
Prognosis of CKD by GFR
and Albuminuria Categories: Nmiw Moderately Severaly
KDIGO 2012 Iceaaais Increased increased
<30 mg'g 30-300 mglg =300 mg'g
<3 mg/mmol 3-30 mg/mmol =30 mg/mmol

G1 Normal or high =90

G2 Mildly decreased 60-89

Mildly to moderately

decreased 45-59

Moderately to

severely decreased 90-44

G3b

G4 Severely decreased 15-29

G5 Kidney failure <15

GFR categories (ml/min/ 1.73 m?)
Description and range

Figure 1. Prognosis of chronic kidney diseases by eGFR and albuminuria categories: KDIGO
2012. Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased
risk; Orange: high risk; Red, very high risk. Figure 1 has been excerpted from reference 68.

2-4 Genomic DNAfH{E SNP Y=/ XA VT

A1fi 4> 7"/ 5 mL {2 0.2% Polyoxyethylene (10) Octylphenyl Ether (Triton X-100) U > & #%&fE
AEFRAIEK 10mL, 200 zam 050 B2 1TV (3500 rpm, 25°C, 15 min), AEZEHIE (F MLER) 2 1%
L7z, [ENY L7 BImERIZ Lysis Buffer (20 mM Tris-HCI (pH 8.0), 100 mM NaCl, 5 mM EDTA,
0.1% SDS) 400 uL, Proteinase K recombinant Solution 12 uL Z#$A01L, 55°C, 8 hour LA k1 > %
=2~ — ~ UMiIfR & &% L7=. TE saturated Phenol 500 uL C genomic DNA % f#itH{#%, 2-Propanol,
70% Ethanol THfitt L 7= genomic DNA % }5#e1%, TrissEDTA (TE) buffer 200 pL |Z¥%5f# L 7-.

it L 7= genomic DNA 40 ng {Zxf L THUNDERBIRD Probe PCR Mix kit % V7= Real-time
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PCR (polymerase chain reaction) #17\>, TagMan Assay (Z 4% SNP Genotyping % i L 7-.
Positive control & L T Applied Biosystems 3130xI Genetic Analyzer % fi\ 7= Dye Terminator
Sequencing Z 17\, ZFHIIZ SNPs 23[EE S 4172 DNA > 7 L& L7=. Genomic DNA i
1, SNP Genotyping &3 X TCTa— Nz 7z HTER T CiToiviz, TagMan
Assay, Dye Terminator Sequencing (Zf£ /] L 7= Primer, TagMan probe O ¥ EL %113 Table 1 (27
L.

Table 1. Primers and TagMan Probes Sequences.

Gene / SNP 5°-3’ sequence

ABCG2 / rs72552713 (Q126X) Sequencing primer GCAAGGAAAGATCCAAGTGG
Forward primer GCAAGGAAAGATCCAAGTGG
Reverse primer ATCAGCCAAAGCACTTACCC

TagMan probe (wild type) HEX - TACTTGTACCACG - BlackFQ

TagMan probe (mutation) FAM - TTACTTATACCACG - BlackFQ
ABCG2 /rs2231142 (Q141K) Sequencing primer AGGATGATGTTGTGATGGGC
Forward primer AGGATGATGTTGTGATGGGC
Reverse primer ATTACCTTGGAGTCTGCCAC

TagMan probe (wild type) FAM - AACTTACAGTTCTCA - BlackFQ
TagMan probe (mutation)  HEX - ACTTAAAGTTCTCAGC - BlackFQ

Table footnote: Primer and probe sequences used for TagMan assays of 2 common single nucleotide
polymorphisms of ABCG2 (rs72552713 and rs2231142) were shown. The five-prime and three-prime
ends are labeled with fluorescent dyes (HAM or FAM) and have the quencher (BlackFQ) attached,
respectively. Abbreviations: SNP, single nucleotide polymorphisms; ABCG2, ATP-binding cassette
subfamily G member 2.

2-5 Q126X & QL41K DFAEHEIT L D ABCG2 DIEREHEE

ABCG2 ?® common variants T& % rs72552713 (c.376C > T, p.Q126X, risk allele: T) & rs2231142
(c.421C > A, p.Q141K, risk allele: A) DA EOHIT L > T ABCG2 Ore & HEE L 7-.
p.Q126X X ABCG2 H§REA KL, p.Q141K (X ABCG2 #fE% S50%FEE £ TR FEH 5.
p.Q126X & p.Q141K o Minor allele frequency (MAF) (ZZ 12 2.8%, 31.9% & A A AT
BOWTEMEETRDOOND 0. Z0 2 50 SNPs [Z[FA— Yk LIRSS, £7-ETH
5728 HMZ linkage 237226, ] SNPs D240 ABCG2 BEREIR T DAL L 7= [K+ T
b5, £iz, oOEMHEE TRD 55 SNPs O 152231137 (.34G>A, p.VI12M, risk allele: A) 1%
MEREIR T AR - &9, TOMOZERMBE L MAF > 1.0% LMD TERWZ L v D, HARAEH
2815 ABCG2 HERED BTN & LTD p.Q126X & p.Ql41K 2 >DEFRIZ L » TKE
DN BEREHEE N FTRE T 5 2565 = 2 5D SNPs DfLAESHEHIZ LY, ABCG2 Hhe
100%, 75%, 50%, 25%, 0%0> 5 DOEEREH) 21T Y —IZX G NAIRETH H. AMFAET
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T ABCG2 O B EREHEIR T OFIE % + /0 I hEfR T 5729, ABCG2 HEEE 50%, 25% D %Kt5H %
ABCG2 #§#E 50%LL T & L THA L7 27 4 X L7z (Figure 2).

Haplotype Q126X (rs72552713) Q141K (rs2231142) Relative function
L Q [ Q — 100%
A Q | K /> 75%
¥ @ X | Q > 50%

cul v e @ >
function 1*C Q | Q )

75% Q| Q@ >

function . Z*C Ql K)
»<___ Q] K > < Q@] @ >
Q[ K > Y e T

=50% b

function - < K > 3 & X | QA >

Figure 2. Estimation of ABCG2 function using genotype combination of two common single
nucleotide polymorphisms. The ABCG2 function was evaluated based on combining rs72552713
(c.376C > T, p.Q126X, risk allele: T) and rs2231142 (c.421C > A, p.Q141K, risk allele: A). All
participants were classified into ABCG2 100%, 75%, 50% functional groups by the genotype
combination.

2-6  FERTFHOMAT

2-6-1 FEFHEE OWRE

AFGEN LB RERE ORI 22 HERS & JE (B i JRER S, ABCG2 & B 2 M3~ % 72
(ZFHE S B IR OE PR CTh H. B, EEFRCIIRRRER AR T A EE
7 V=N RRA» e TRT 5 TRRTERFT D70lIcE mIns. BEECE
JHEOZ V=N RARA U MIBEHETHY, BREBBIESCBEBE~OEABHV LR
T&7, LIRS, ZOHOTY RRA 2V FORABHEOZ HLZ LKL, — KM
BEWRFRRRORIZE Z 5 A X2 b ZICKHME e o TN A AR O 7 1 —7 >

11



DELTH Y ERIRRR A Efi T 2 ~— FUiEmn 00 2072, BiEk T ORRISE I3 M iE
WL L TELIARVORBRTH D ™.

ZOX O REEEND, HO ) =k RiRA v b 20 LR CEll AT ReZ [
a7 — kT RiRA > b MEHR S CE 7=, National Institutes of Health @ £ > X—Z Hi[,
& L 7= Biomarkers Definitions Working Group (2 &LV, e — =2 RARA > MiE TA
biomarker that is intended to substitute for a clinical endpoint. A surrogate endpoint is expected to
predict clinical benefit (or harm or lack of benefit or harm) based on epidemiologic, therapeutic,
pathophysiologic, or other scientific evidence.] L EFINTWD 2. ThbbL, s — =
¥ RARA 2 ME () BERAFE R OBEICAYFRIEEMENRD 6D 2 &, (i) BRRRERO
FTHZTHT D ETHETH D EEFMRICL > TRINTWD Z &, (i) BKRRBRO =
T by RARA M 28RBS EEIRAIZIRICHIGE L TWD 2 &, OFRMEET /%
FIRBUZ SN, A~ = —TH D VENRH D, BHEBOBRKIFIEIZIBVTIE, KDIGO
2% Table 2 [ R L7y — b RARA  FZBELTWD B RO REMITIER

RXHERE (CKD stage G1 or G2; eGFR > 60 mL/min/1.73 m?) #H 425 —KEMTH D Z L b
P HIRIZ IS B REDIR T2 275 & PRI 2720, AEOY s — bz RARA Uk
1R EICKERE S eGFR 2B/ TIRIEIZHES X B L7- eGFR slope & L7-.
eGFR slope DHEHIZIWNT, BiK7ZR LI XD Z0T B eGFR OB LB HERED —EMED &
PEZAL DL F/NRICT D728, ARFFETiE eGFR OREHIE SAY 10 Bl b GEBMERES
9-10 4F) OMIESINEICRE LIz, £7z, BRI — by RARA M E LT, B
PAAAIRE & @152 fﬂTﬂ%ﬁﬁ\%ﬁﬂj L7z eGFRAK 2R (%) & M\ 7=, BRI 9 4R O SN
R AICBRIN L7 2 L2 L D selection bias 23 3AT HAHEME LB E TX 2V, LR - T,
ARFFE T = —fREE] (J_%ﬂ;ﬁf”ﬁ 9-10 47) & iBBRHIM &2 B IZBRSN U7 BRAMER] BRI
>9 4E) DMK Z el L, selection bias 232 L CUWVRWZ & 2R L 72,

Table 2. Suggested outcomes in measuring kidney disease status in randomized trial.

CKD stage Slow progression of CKD Rapid progression of CKD?
Early stage: CKD G1-G3a Slope of mGFR or eGFR, or 30-40% decline in eGFR using repeat
(eGFR =45 mL/min/1.73 m?) Surrogate outcomes®, or measurements to rule out transient
Combinations of outcomes acute effects
Late stage: CKD G3b-G5 End-stage kidney disease or End-stage kidney disease or
(eGFR <45 mL/min/1.73 m?) 30-40% decline in eGFR® doubling of serum creatinine level.

Table footnote: (a) For example, in patients with macroalbuminuria. (b) Surrogates may include
measures of activity of disease (e.g., in lupus nephritis) or kidney structure (e.g., in adult polycystic
kidney disease). (c) The added value of eGFRs outside the routine study visit schedule has not yet
been demonstrated and they may be unnecessary. Abbreviation: CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; mGFR, measured glomerular filtration rate. Table 2 has been
excerpted from reference 73.
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2-6-2 EHRRIE T I 2 EIEREME SRR ILIE « ABCG2 DEHIRh R DT

AWFZEIL ABCG2, HEEMNE S RIEIAE, BHERED 3 D0 K00 B 4 & a9 79
%z e R AT B Th D, 20 3 /FD 5L, ABCG2 IZREEHR T o &
R—H—& U THEEOE DD SUA O R & OBEMENFED b Tl 4244565 g
ZEGHIEEPEIC BV CE EAMEOREN 5 ABCG2 & SUA % [Fl— D E T /VICHAIAT Z &2
WEETH D Z LN TREENZ. £7-, CKD OFFHINC X » TBHEREDIK THEN AV linear
BB AE BV ATREM b E X Hiis. 2T, #EE ABCG2 Féfeh 7 = U — « CKD stage
T T IN—=TEAER L, ENETNOY T TV — 7 CHIE N S R BRI E S, 1B
SUA ££[F{ ™ eGFR slope % kb L 7-.

7o, BB TICHT 2 ABCG2 DEMIIREZFMT 22 L2 AME LT, X"—=2T A
>0 CKD stage & il - & R MLSE DR B ARE Td % SUA (6.0 mg/dL) % cut-off point & L
THEY 7 I V—T2ER L. (ER LT 7 —T7128 0T, BEBRENOKRTETOD
eGFR 2 bR (%) #H M L, Hfz L7z, £72 eGFR (L%t L ABCG2 2MERGiZh R % 5 2 7=
EBEZONAY T T N—TIZONWTIX, 7V B L% eGFR slope (2285 U FREE bL# & 2 Ji T
DR EFERE L, FERIT O T ORER M % b L 7=

2-6-3  Propensity score & 7z R BiRE

ARFZE I IEIE LB+ Cld7e <, CKD stage X°> SUA, ABCG2 OHEEMEE CHELMICY 7 7L
—7EI 2 T o7, o T, FHMETEHE T3 5 eGFR slope X° eGFR b &I B 4 5 2z 5478
B ERDFRE NN IREEREZTOMLEN b2, AR TY 7 r— LR
IENVEE 25T 18-65 7% THEAL S UICHHFRIRE CTH Y, BT E Tlde AFlm D/
HLREW. F2, BT INA—T DXy ENES CKD stage & SUA ISR ET S Z &icky, &
ORI T I N —F T Im A Z L AEE SV, BERRIR TS ) T B MRE e R
MIEDEMZR ORI BT, ZNOOERKFITMZ, BEHRE & & RER MLIE O BE
IZONWTERHEE 720 5 HIHORIEIEIE CH H BMI, £72X—RF A4 L TD eGFR % %[
FE L.

ABCG2 IZ/REAHENM N T L AR—2—Th v, BEMOHEND H ABCG2 Eint & SUA @
BIEME T CH D 24 ZOBOBIEMICE Y, SUAIZK > TH T I N—T5ET 5%
FENEOHZRTIE, 5EI%IZH ABCG2IZ KD SUA ~DRBENFRIFT D AREMNH - 7=, 1E- T,
EHEREIR N2t 2 ABCG2 DEMIZNRDOMEFHIIBWTIE, EIROLEEITMZ TR—2F
A TO SUA bFlFERIF- & L7z,

75 B3I propensity score paired matching & VT, RX—2XF A CHEL L E &S
BT HBMER L%~ v F 7 Li-. Propensity score &%, #5DHEER % EA I
LT THD. BRIELEIBEHEOTNZNND ZOEED K b Ul 3 2 #E 2 i
THZ L TR L DB L R/NRERD X OPET L LN RETHSH. T D propensity
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score [LAHE & & 2 HIVDIKF ML E, BT LW 2 1R A E L2 Ee U7
Ay ZEFETAMNDEB L. Ele~vyFr 707 A XAaE LT, BEF - IGO0
propensity score D74y DAEFFNER/INE 72D K 9127 % 1/ES optimal paired matching (one-to-
one or fixed ratio matching) %% V" C2EfE L 7. Optimal paired matching TiZ =+ U /X—Iig &
LCr Yy NEHLL 72 propensity score DFEYE(R A2 020 &3 U7ofEZ ek & L7c ™.
Propensity score paired matching Hijf% D ILEED/NT AT ONWTIE, TR ER 2
T AL, ML 7=,

2-6-4 WREIFHIRESE, DRWEET Y V7T T VT Y X4

AW THWEHEHFRIRGE, T7 U 2 ZHATIZ OV T Table 3 IZER L7z, p.QL26X
L pQUALK @ 2 SDOERIZ L - THE Sh7- ABCG2 OFEREIL, ABCG2 HEHE 100%,
ABCG2 #fE 75%, ABCG2 #HE<50%& 3 DD H 7 IV —IZRXK I N TS, ZOERERIC
Xy &7z ABCG2 H¥HE & e 424k & O ES# 13 two-tailed Jonckheere-Terpstra test (= J2 - T
FRREZEIT 72, ZOREICE T, HE ABCG2 HHE & FEBMNE OFHE L DIEE 7213 A
O BEME DA B G RO B A TR L 7=, HEE ABCG2 BERE L 4N E (2 %) D&
Bk OBEHEMEIZ SV TIE Cochran-Armitage trend tests (2 K - TEMEIRE 21T - 7=, W, 1Bk
HIMFIZH A L7z eGFR O KRIRMEIZ DU Tlds/h 3R IEIZ K 5 regression imputation (28 > T
e L, 355 eGFR slope [IZHENRNE HICEE LIz,

eGFR slope OFHEIZOWTIE, MEAEMEME S RIEMAESEM & IEH SUA EH L Dk, £7-
HeZ ABCG2 e 7 2V —M D EZ1TH Z & 2 BRE LT, /b ZRIEBICES S HIBIR
AT 5L (Linear mixed-effect model) (2L 2ET U v Vi 241~ 7=, #IBIRADIEETT
v EEEESRICINZ, BB ORI Z2ET VNICERR L L CRAAT Z LB ARET
HY, FHEDHELPHAOC2OEIERIFET LED H XV robust 72 ET MEIT CTH 5. EHIER
Rk, MEHERICHOUONT IV — (ka2 325 Z &R AIREZR 25 (RRFSE CId M fo
PE R fE O BB, ABCG2 #§fEHEEIC L A H T 2V —1fb) THhH, EEHRLITTH
LY TN T Ko TR BRI T 2 BRICR AT 288 (BIEORHEZR L) THY,
YTV TNRETTHETIETRMOER TH L. AR THEM L LME €7 /0T, @
BRI & AR IE L7z eGFR & ORMEBIRIZ) L, MMM R IREE MIE & 1B SUA, E7-H#E
& ABCG2 % [HEZN R, WFESnE Z L OUlfr & eGFR slope # A& & L CRADRET
VIR AGA AT . BESE e B R UE SRR & 1B SUA BB, F7-#EE ABCG2 i 7 /v —
T ORI OFRIE L LT, eGFR slope & [EEMRDOLZAEMZR ML, HitFiIAEA%
B L7e. AMFZECTHWZ LME £7 VT FORXTER I, OHHEEIIE &R DO
RIS B ETH 5.

Y =XB+Zy+e¢
y~N (0,6%D(6)), &~N (0,6°1,)
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Y: response vector.

X and Z: design matrix for fixed effect (nxp matrix) and random effect (nxs matrix).

B and ¥: fixed effect parameter for X and random effect parameter for Z.

g: error vector (nx1 vector, actual values are not observed.).

D(0) and I,: matrix of variance of random effect (sxs matrix) and identity matrix (nxn matrix).

EEDBEOHEEIZI, HIFRA & A (REML: Restricted maximum likelihood) &% % FVC
FHR L72. REML L TIEABRD OH N E EI, LME ET VHNOEBHRO/NT A —2 %
HET 2. B —HRRERS TH D Z & Z2E L TULFOR TR LI LE P (Y] B, 0, 62) (2D
WTHE L2 b ODHIR X LETH 5.

P (¥16,0%) = f P (Y|B,6,0%)P(B)dp = f P (¥|B.6,0%)dp

P (BlY' aR' aR)

ZOTNT) RALTIE, 0B L TRAMELEZ 6 &, o? ICBL TRXELE 62 2k, F
BT 2 FHEA R T 5 2 EIC K VEENREAT A —F BEHEET S, REMLIE
EENROWEEIZ L > TRONDHBEZZBET LI LN TEL70D, BENROHAHE
ETDNAT A%M/NTHZENARRTH Y, BENFEOMVEIZEES L < 2O/
56 AR L 0 b robust TH D, ElROFRHIE, ABFZED eGFR slope DAl T
& LT REMLIEIZE S LMEET VAR L. ZOET VL, FEEDRZBHREH &
HESE R S R R MJE £ 721X ABCG2 HEREIR T, ZEMNRA T X 2UIF & T U ¥ LAR &%
ELTWD. ZORABIRET VEHG, BEMIFICIS T %5 eGFR slope, [HE 2RO A HAE
Mz ffsd L7

Table 3. Summary of the analytical approach to investigate the relationship between
asymptomatic hyperuricemia/SUA, ABCG2 function, and age-dependent decline in kidney
function.

Comparisons of Age-dependent Decline in Kidney Function Between Asymptomatic Hyperuricemia and
Normouricemia.
Predictor Baseline SUA (SUA > 7.0 mg/dL or not)
Outcome Repeated measures of eGFR
Approaching  Propensity score pair matching.
Purpose: Adjustment of the covariables.
Matched variables: Age, gender, BMI, and eGFR at baseline.
Caliper width: 0.2 of the standard deviation of the logit of the propensity score.
Algorithm: One-to-one optimal paired matching.
Linear mixed-effect model analysis.

15



Purpose: To compare the declines in kidney function between SUA > 7.0 mg/dL or not.
Estimation method: Restricted maximum likelihood method.

Subjects: Asymptomatic hyperuricemia and an equal number of matched normouricemia.
Subgroup: Estimated ABCG?2 functional group (ABCG2 functional: full, 75%, and <50%).

Exploration of Condition in Which ABCG2 Modifies Age-Dependent Decline in Kidney Function.
Predictor Estimated ABCG2 function
Outcome Categorized in change in eGFR from baseline to the end of observation: <10%, 10-20%, 20-
30%, and >30% decline in eGFR
Approaching  Subgrouping by the therapeutic target level of hyperuricemia and CKD stage.
Purpose: To explore the condition in which ABCG2 modifies the decline in kidney
function.
Subgroup 1 (n = 448): eGFR > 90 ml/min/1.73 m2 and SUA > 6.0 mg/dL
Subgroup 2 (n = 722): eGFR > 90 mL/min/1.73 m? and SUA < 6.0 mg/dL
Subgroup 3 (n = 406): eGFR 60-89 mL/min/1.73 m? and SUA > 6.0 mg/dL
Subgroup 4 (n = 309): eGFR 60-89 mL/min/1.73 m? and SUA < 6.0 mg/dL
Evaluation for Association Between ABCG2 Function and Age-Dependent Decline in Kidney Function.
Predictor Estimated ABCG2 function

Outcome Repeated measures of eGFR
Approaching  Propensity score pair matching.
Purpose: Adjustment of the covariables.
Matched variables: Age, gender, BMI, eGFR, and SUA at baseline.
Caliper width: 0.2 of the standard deviation of the logit of the propensity score.
Algorithm: One-to-two optimal paired matching.
Linear mixed-effect model analysis.
Purpose: To compare the declines in kidney function between the estimated ABCG2
functional group.
Estimation method: Restricted maximum likelihood method.
Subjects: Unadjusted or adjusted participants in Subgroup 3.

Table footnote: Abbreviations: SUA, serum urate concentration; BMI, body mass index; eGFR, estimated

glomerular filtration rate.

2-7 RLZY 7 ho=7 - EBME

WRHENTY 7 v =T

- JMP Pro 15 (SAS institute Inc., North Carolina, USA)

- R for Windows GUI front-end 3.6.3 (Comprehensive R Archive Network)

- Microsoft Excel (Microsoft Corp., Washington, DC, USA)

AR - BRARIA (M4 andf, f2fitor)

- 2-Amino-2-hydroxymeehtyl-1,3-propanediol: 207-06275, Wako, Osaka

- Polyoxyethylene (10) Octylphenyl Ether (Triton X-100): 160-24751, Wako, Osaka
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0.5M Ethylenediaminetetraacetic acid (EDTA): 311-90075, Wako, Osaka

Sodium Dodecyl Sulfate (SDS): 194-12841, Wako, Osaka

Proteinase K recombinant Solution: 161-28701, Wako, Osaka

TE saturated Phenol: 319-90093, Wako, Osaka

99.5% Ethanol: 057-00456, Wako, Osaka

2-Propanol: 166-04836, Wako, Osaka

THUNDERBIRD Probe gPCR Mix kit: QPS-101, TOYOBO, Osaka

Fluorescent labeled Prove: Technologies, USA

Origo DNA primer: Eurofins Scientific, Grand Duchy of Luxembourg

Brilliant Dye Terminator Cycle Sequencing kit v3.1: BRD3-100, NIMAGEN, UK
Prime Star GXL: R0O45A, TakaraBio, Siga

QIAquick Gel Extraction Kit: 28706, Qiagen, USA

PikoReal Real-Time PCR System (96-well block format): Thermo Fisher Scientific,
Commonwealth of Massachusetts, USA

Applied Biosystems 3130xlI Genetic Analyzer: Thermo Fisher Scientific, Commonwealth of
Massachusetts, USA
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3-1 R—RTF A BT D ABIEER O ERRA R D 7T

Figure 3 [IAMFE DN 7 0 — %3, AWFZEE~OSINCFE LR O 720 2,600 A D
55, BEMIM 9 R OSINE 638 AR STz, BEMIMIC L2 A2 Y —= 71T &
S THERNA T ADRIEAT DA REMEDNEBET 5. Z OBEIERERIN A 7 2A0OH 2 FHn L 7=
(Table 4). ABFFEDT — % & v MIAGRERE OREFZWT — 2 IS < 72w, #iFERIc X
HMIEIC L VAR Z O TR ENHER SN b 00, Bl —RT —Z 3 Th-oT-.
ZD%, N—ATA L TORAZ Y —= 7 THREE 19 N, IHFREE 13 A, BiESRE 1
N, F2_X—RAF A>T eGFR 7 60 mL/min/1.73 m? % F[a]> TW=&N#H 34 NzFRot L7z,
Mo T, AFFEOXMZRERI LI L LT 1,885 A3 BERI T,

Table 4. Population characteristics in participants of 9-10 years observation period and < 9 years.

Characteristics Observational period Observational period D
9-10 years (n = 1,962) <9years (n=638)
Age (y) 33.4+9.2 298+74 0.305
Male, n (%) 1662 (85.6%) 520 (78.9%) 0.124
Baseline eGFR (mL/min/1.73 m?) 97.4+20.2 94.0+155 0.134
Baseline CKD stage
Normal function (eGFR > 60) 1184 (61.0%) 379 (57.5%) 0.050
CKD stage G2 (eGFR = 89-60) 757 (39.0%) 280 (42.5%) -0.050
Baseline SUA (mg/dL) 58+14 55+1.3 0.157
(Hsﬁzri”;%mr:g " 326 (16.8%) 76 (11.5%) 0.108
Estimated ABCG2 function
Full function 941 (48.5%) 325 (49.3%) -0.011
75% function 767 (39.5%) 252 (38.2%) 0.019
<50% function 233 (12.0%) 82 (12.5%) -0.011

Table footnote: Values represent mean + standard deviation. Abbreviations (conversion factors for
units): BMI, body mass index; eGFR, estimated glomerular filtration rate; SUA, serum urate
concentration (mg/dL to umol/L, x59.48). D represents standardized differences between participants
of 9-10 years observation period and < 9 years. Standardized differences were calculated by the
following formula; (1) Standardized difference score (continuous variables) = (X1— X2)/(S12 + S2?)'2,
where X; and X;are sample means, and S;? and S;? are the variances. (2) Standardized difference score
(nominal variables) = (P1— P2) / [P1 (1 — P1) + P2 (1 — P2)]*?, P, and P, are the percentage.
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a. Individuals without gout
who have agreed to this study
n=2,600

excluded b. Observation < 9 years
n =638

c. 9-10 years observation
n=1,962

d. Enteritis:n =19
excluded Hepatitis: n = 13
Nephropathy: n = 11
eGFR < 80 mL/min/1.73m? n = 34 Data screening

e. StudyPopulation
n=1,885

f. adjusting age, sex, BMI, and eGFR to evaluate the association between
kidney function and asymptomatic hyperuricemia.

g. Asymptomatic hyperuricemia
VS
Normouricemia

h.  dividedinto 4 subgroups
to evaluate the association between kidney function and ABCG2 function.

Subgroup 1 Subgroup 2
(eGFR= 90, SUA = 6.0) eGFR =90, SUA <6.0
n =448 n=722
Subgroup 3 Subgroup 4
eGFR 89-60, SUA=6.0 eGFR 89-60, SUA < 6.0
n = 406 n =309

i. | adjusting age, sex, BM|, eGFR, and SUA.

J-  Evaluation of the association between ABCG2 function
and the decline in kKidney function
n =305

Figure 3. Flowchart for clinical biostatistics. (a) We surveyed the health examination database of
2,600 organization employee individuals without gout. (b, c) We selected 1,962 participants’ datasets
to screen for long-term observation in which 9-10 years of tracking data were available. (d, e) Dataset
for this observational study was used except for individuals with enteritis, hepatitis, nephropathy, or
kidney impairments (eGFR < 60 mL/min/1.73 m?) at entry. (f) Propensity score derived from BMI,
age, sex, and eGFR at baseline was used for adjustment between asymptomatic hyperuricemia and
normouricemia. (g) The comparison of age-dependent eGFR declines between asymptomatic
hyperuricemia (serum urate concentration [SUA] > 7.0 mg/dL) and normouricemia. (h) Both CKD
stages and cut-off SUA 6.0 mg/dL, the therapeutic target level for hyperuricemia, separated all
participants into four subgroups. (i) Propensity score derived from SUA in addition to BMI, age, sex,
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and eGFR at baseline was used for adjustment between ABCG2 functional groups. (j) The evaluation
of the association between ABCG2 function and age-dependent declines in kidney function included
305 men.

R—=ATA VAL LT, BEEINTBINHE 1,885 N2 & H#E ABCG2 HHEZ L 12 35D
7173V — (#EE ABCG2 #ERE: full, 75%, <50%) 24538 L 7= (Table 5,6) . IMikfR4 - Wﬁﬁ@
T—HEEFL, TNEND ABCG2 HEREN 7 IV — Z LT VEHIME & (R 22 B L7
(Table 7). &I N7 (n = 1,885) @ p.Q126X, p.Q141K O MAF 1L, ZI L 1.7% &
28.7% CdH-7-. BN 1,885 NDV-HJMFEHRIX 33.1 £ 9.0 5%, BIEMEEIT 85.4%, FHIEHMY
Wi 9.8 + 04 £, _R—ZF 4 > Th eGFR (X 98.0 + 19.6 mL/min/1.73 m? (eGFR = 90
mL/min/1.73 m2, n=1170, eGFR<90 mL/min/1.73 m?, n=715) (mean =* standard deviation) T -
7o, ARWFGEITRER S VT2 SN O BEAE Bl & PRIE LE O A= 1% 16.5% (311/1,885 A) Th
n, ZDHHT72.7% (226/311 N) (% SUA 7.1-8.0 mg/dL & tLERRIBIER CTH 7=, U 7 b— |k
RRIZEERT LB ANEIERL Y o r— R D, JREERE FEZRHA L T zdiX 99 A (5.3%) Th
v, Z0HH 37T AORAE LG BAZE (SUA <6.0 mg/dL) (2253 L TV 7=, ABCG2 HEEHE

REODAR T & MEE et & PRIE ML DA 28 & OB & 772 B2 58D 72 (p for trend < 0.001).
72, HEE ABCG2 #4HE 100%, 75%, <50% 47 = U —0 SUA IXZNZ4 5.7 + 1.3 mgldL,
5.8+ 1.4 mg/dL, 6.1 + 1.4 mg/dL & A &7 E5AE[A % 7~ L 7= (p for trend < 0.001).

Table 5. Summary of frequency of rs72552713 and rs2231142 in the study population (n = 1,885).

rs number Change in DNA sequence AA change MAF
rs72552713 C376T Q126X 1.7%
rs2231142 C421A Q141K 28.7%

Table footnote: Abbreviations: AA, amino acid; MAF, minor allele frequency.

Table 6. Summary of classification into estimated ABCG2 categories using a combination of
rs72552713 and rs2231142 in the study population (n = 1,885).

Estimated ABCG2 category Number Percentage
Full function 916 48.6%
75% function 747 39.6%
<50% function 222 11.8%

Table footnote: The estimated ABCG2 category was determined according to the pattern of
rs72552713 and rs2231142 (see “Method section™).
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Table 7 Summary of baseline clinical characteristics (n = 1,885).

Estimated ABCG2 function

Characteristics: reference ranges Total Full 5% <50% 5;9,;
(n=1,885) (n =916) (n=747) (n=222)

Basic information
Age (y) 33.1+9.0 32.7+£8.7 335%93 335+9.1 0.1
Male (%) 1,610 (85.4%) 788 (86.0%) 625(83.7%) 197 (88.7%) 0.9
Observation duration (y) 9.8+04 98+04 9.9+0.3 9.9+04 0.3
Physical information
SBP (mmHg) 125.2+16.5 1255+16.7 1251+164 1242+16.2 0.3
DBP (mmHg) 76.2+11.4 76.2+11.4 76.5+£11.2 75.7+12.0 0.8
BMI (kg/m?) 227+35 22.7+3.4 22.7+3.6 22.7+3.6 0.8
Blood parameters
eGFR (mL/min/1.73 m?) 98.0 + 19.6 98.4+19.3 98.2+20.1 96.1+19.1 0.1
WBC: 8.6-3.3 (10° per uL) 6.0+£17 6.0+17 6.0+17 58+16 0.1
RBC: male 5.55-4.35, female 4.92-3.86 4.84 £0.40 4.85+0.41 4.83+0.37 4.89 £0.40 0.9
(108 per uL)
PLT: 348-158 (108 per pL) 240 + 52 243 +55 239+ 49 23549 0.05
TP: 8.1-6.6 (g/dL) 74+04 74+04 74+04 74+04 0.9
AST: 30-13 (IU/L) 23+9 23+10 238 239 0.9
ALT: male 42-10, female 23-7 (IU/L) 25+19 25+18 25+19 25+19 0.9
y-GTP: male 64-13, female 32-9 (1U/L) 41+42 40 £ 42 41 £ 42 40 £40 0.9
ALP: 322-106 (1U/L) 205 + 56 206 + 58 204 + 56 205 + 52 0.6
TG: 248-142 (mg/dL) 105 + 92 106 + 94 105+ 94 99 £ 77 0.7
TCh: 248-142 (mg/dL) 192+ 35 191+ 34 194 + 36 193 + 32 0.07
HDL-Ch: 90-38 (mg/dL) 63+15 63+15 64 £ 16 64 £ 14 0.3
LDL-Ch: 163-65 mg/dL 113+ 30 112+ 30 114+ 31 113+31 0.3
BUN: 20-8 mg/dL 13+3 13+3 13+3 13+3 0.6
SUA: male 7.8-3.7, female 5.5-2.6 58+14 57+13 58+14 6.1+14 <0.001
(mg/dL)
Hyperuricemia 311 (16.5%) 115 (12.6%) 133 (17.8%) 63 (28.4%) <0.001
(SUA > 7.0 mg/dL)
Blood glucose: 109-73 (mg/dL) 92.1+16.9 92.2+185 925+16.4 90.7 £10.4 0.7
HbA1c: 6.0-4.9 (%) 53+0.6 53+0.6 53+05 52+04 0.8
Urine parameters (%)
Urine occult blood 0.5

Negative 1,816 (97.4%) 884 (97.8%) 717 (96.8%) 215 (97.7%)

Positive 49 (2.6%) 20 (2.2%) 24 (3.2%) 5 (2.3%)

NA =20
Urinary protein 0.9

Negative 1,838 (97.6%) 893 (97.6%) 730(97.7%)  215(97.3%)

Positive 45 (2.4%) 22 (2.4%) 17 (2.3%) 6 (2.7%)

NA=2

Table footnote: Values represent mean + standard deviation or n (%). Abbreviations (conversion
factors for units): BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; WBC, white blood cell count; RBC, red blood cell count;
PLT, platelet count; TP, serum total protein; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; y-GTP, y-glutamyl transferase; TG, triglyceride; TCh, total cholesterol; HDL-Ch,
high-density lipoprotein cholesterol; LDL-Ch, low-density lipoprotein cholesterol; BUN, blood urea
nitrogen; SUA, serum urate concentration; blood glucose; NA, not available.
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3-2 EHEREIRT & EEERME S RERIMAE & BT

TREF) 70 S AEAR T & MBS B R B IE & O BIHMEIC S W CIHAE T 5720, BEEMES
PREZIMAERE (SUA > 7.0 mg/dL) & 1E% SUA B (SUA < 7.0 mg/dL) o288 (FFfim, MERI, BMI,
eGFR) ZX\—2 7 1 U TCHHIEL, eGFR OE®#ZBHF L7z, FHIERTHOILEREDNT AT
DWW TIEREM TR 7210 K - TRl L 7= (Table 8). [FEASICHEE ABCG2 T U —Z &
(S BEAEZFFEL, MG OIE RO NT R E R COERELZEIC L > TRHMh L 7-.
Propensity score paired matching (one-to-one matching) (2 & % 51 o A8 8%, AT & ik
LT, R L ST/ LT,

Table 8. Summary of characteristics before and after matching using propensity scores.

Before Propensity matching After Propensity matching
HU NU D HU NU D

Unclassified Number 146 1,024 143 143

Normal kidney  Male 146 (100%) 805 (78.6%) 0.522 143 (100%) 143 (100%)  0.000
Age 316+7.9 289+7.1 0.254 31.7+8.0 306+7.8 0.098
BMI 245+4.0 219+3.2 0.508 242 +3.7 24.3+3.8 -0.019
eGFR 103.0 £11.0 1104 +158 -0.384 103.1+11.1 103.4+10.0 -0.020
SUA 78+0.6 52+1.1 2.075 7.8+0.6 57+0.9 1.941

Unclassified Number 165 550 159 159

CKDstage G2  Male 165 (100%) 494 (89.8%) 0.337 159 (100%) 159 (100%) 0.000
Age 40277 39.2+8.2 0.089 39.8+7.6 392+7.8 0.055
BMI 252+3.6 23.1+3.3 0.430 249+3.4 249+36 0.000
eGFR 78.3+7.3 795+7.0 -0.119 787+7.1 786+7.6 0.010
SUA 7.8%0.7 57+0.9 1.842 78+0.7 55+0.7 2.323

Fully ABCG2 Number 54 522 51 51

Normal kidney  Male 54 (100%) 419 (80.3%) 0.495 51 (100%) 51 (100%) 0.000
Age 31.8+8.0 28.8 6.9 0.284 31.7+8.2 314+84 0.026
BMI 24.7+3.9 220+3.2 0.535 241+3.1 23.7+3.2 0.090
eGFR 103.0 £10.9 110.3+15.0 -0.394 103.1+111 101.3+9.3 0.124
SUA 7.8+0.7 52+1.9 1.842 7.8+0.7 55+1.1 1.764

Fully ABCG2 Number 61 279 60 60

CKDstage G2  Male 61 (100%) 254 (91.0%) 0.314 60 (100%) 60 (100%) 0.000
Age 402+7.0 384+8.1 0.168 404+6.9 413+7.3 -0.090
BMI 25.2+3.0 23.1%3.3 0.471 251+29 25.0+3.2 0.023
eGFR 78.3+8.1 79.6+7.2 -0.120 78.2+8.2 778+7.3 0.036
SUA 7.8%0.7 57+0.9 1.842 78+0.7 5.8+0.8 1.881

75% ABCG2 Number 62 402 60 60

Normal kidney  Male 62 (100%) 307 (76.4%) 0.556 60 (100%) 60 (100%) 0.000
Age 324+84 29.1%7.3 0.297 325%85 322+9.0 0.024
BMI 242 +3.9 219+3.2 0.456 239+35 24035 -0.020
eGFR 103.9+£12.2 1106+16.9 -0.321 1039+123 1045%+13.6 -0.033
SUA 7.7+0.6 52+1.1 1.995 7.7+0.6 5.6+£0.9 1.941

75% ABCG2 Number 71 212 67 67

CKDstage G2  Male 71 (100%) 185 (87.3%) 0.381 67 (100%) 67 (100%) 0.000
Age 40.1+8.4 40.0+8.3 0.008 402+85 409+6.9 -0.064
BMI 254 +40 23.1%35 0.433 24.8+3.2 248+3.1 0.000
eGFR 788+7.1 79.4+6.9 -0.061 79.0+7.1 785+7.3 0.049
SUA 7.9+07 56+1.0 1.884 79+0.8 5.9+0.9 1.661

<50% ABCG2  Number 30 100 19 19

Normal kidney  Male 30 (100%) 79 (79.0%) 0.516 19 (100%) 19 (100%) 0.000
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Age 29.6 £6.8 28.8+6.7 0.084 31.8+73 31778 0.009

BMI 246+45 214+31 0.586 231+33 234 %37 -0.061
eGFR 101.2 +85 110.7+156 -0535  103.0+8.9 104.3+10.8 -0.093
SUA 78%0.6 53+11 1.995 7.7+06 56+07 2.278

<50% ABCG2 Number 33 59 29 29

CKDstage G2 Male 33 (100%) 55(932%)  0.270  29(100%)  29(100%)  0.000
Age 40.3+7.6 39.7+84 0.053 404+7.7 392+75 0.112
BMI 248+38 229%27 0.408 239%29 23.6+30 0.072
eGFR 775+6.4 79.2+6.7 -0.183 785+6.1 77.7+6.8 0.088
SUA 78%05 58+0.38 2.120 7.7+05 59+038 1.908

Table footnote: Values represent mean + standard deviation. Abbreviations (conversion factors for
units): HU: asymptomatic hyperuricemia; NU, normouricemia; BMI, body mass index; eGFR
(mL/min/1.73 m?), estimated glomerular filtration rate; SUA (mg/dL), serum urate concentration
(mg/dL). Normal kidney and CKD stage G2 represent >90 and 60-89 mL/min/1.73 m? of eGFR.
Standardized differences were calculated by following formula; (1) Standardized difference score
(continuous variables) = (Xuu— Xnu)/(SHu? + Snu?)Y2, where Xuu and Xy are sample means in the
participants with asymptomatic hyperuricemia and normouricemia, and Snu?> and Snu? are the
variances. (2) Standardized difference score (nominal variables) = (Piu— Pnu)/[Phu (1 — Phu) + Pau (1
— Pnu)]¥?, Pau and Py are the percentage in the participants with asymptomatic hyperuricemia and
normouricemia.

A B, BOE M R IR IR MERE & IE% SUA BEOBBRIRICIIT 5 eGFR K T
T 5720, LME B VRN 2 Ei L7-. LME 7 /L OfE R L OEEED eGFR slope
Z Figure 4 |27, H#EE ABCG2 #ERE CARME, F7-IIHEE ABCG2 HAE 100%, 75% 4 7 =
U —IZ8BI1F 5 eGFR DfRIFHY AR T8 B | L MBS et (5 R B8 iE AR, 1E% SUA FERD CHEGHY
RHEBEERD IR -T= (Fig. 4-a, b). L L7 5, #iE ABCG2 #ERE<S0% 7 2V —
BT, CKD stage G2 (eGFR: 60-89 mL/min/1.73 m?) Tl MESE M 5 R B2 MLJE 0 eGFR slope
% IXIER SUA &R LT, AEIZ eGFRIK T A& L7z (p for interaction = 0.027, Fig. 4-b).
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Figure 4. Comparison of eGFR decline between asymptomatic hyperuricemia and
normouricemia with and without classification by ABCG2 estimation. Participants with
asymptomatic hyperuricemia (HU, serum urate concentrations > 7.0 mg/dL) were matched to an equal
number of participants with normouricemia (NU, serum urate concentrations < 7.0 mg/dL) by
propensity score based on age, sex, baseline body mass index, and baseline eGFR (See Table 2 for a
detailed summary). (a) eGFR declines in asymptomatic hyperuricemia and normouricemia patients
without classification by estimated ABCG2 function. (b) A comparison of eGFR decline between
asymptomatic hyperuricemia and normouricemia with classification by estimated ABCG2 function (p*
for interaction = 0.027).

3-3 EHEREIRT & ABCG2 #hE & o BEfRsT

EREREIR T ITX9 % ABCG2 DEEMIMR 2RI 5729, BRSNS IE (n = 1,885) %
SUA L R—R2F A D eGFR M D 4 SOV T 7 N—TIZ08 L, TNEhOY T 7 —72
L2 eGFR OZE# Z B L7=. ¥ 7 7 A —7O/ERKICIX, JEEIEHEO B SUA fE (6.0
mg/dL) & CKD stage % cut-off point & L CHVY, LLFDEEICAHE L7=: subgroup 1 (n = 448),
e¢GFR > 90 ml/min/1.73 m?, SUA > 6.0 mg/dL; subgroup 2 (n = 722), eGFR > 90 mL/min/1.73 m?,
SUA < 6.0 mg/dL; subgroup 3 (n = 406), eGFR 60-89 mL/min/1.73 m? SUA > 6.0 mg/dL; subgroup 4
(n = 309), eGFR 60-89 mL/min/1.73 m?, SUA < 6.0 mg/dL. 7 7' /L— 7 ] T OB BRI o e K7
IL15» ARmThH T

INOOYT 7N —T7TENEIEIBRMER O IBHME TRICT TD eGFR D& LE %
B L7= (Fig 5). Subgroup 3 23T, BBRBRAAD B & TIRFIZ2NT T eGFR K T ERAY 20% %
2 TV EIG I3 E ABCG2 BEREDIR NIZHBI L CTHEMN L, #E ABCG2 #REHY 100%,
75%, <50% TE L4 12.6%, 20.9%, 32.8% T & - 7= (p for trend < 0.001).

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4
< Y 0.0%
100.0% -2 70 4.9% 0
10.4% il 12.8%
16.0%
80.0% GFR decli
el lecline
40.4% | 35.0% | 41.9% 37.4% 31.7% during
36.2% y 31.9% 41.8% 45.2% follow-up (%)
60.0% : > 30%
27.9% = 20-30%
10-20%
40.0% <10%
34.0% 37.2% 323
= 37.0% 388% 33.8% 55.8%
50.0% 47.29 o o
20.0% 39.3% Roe 41.9%
18.2% o 7% 9
17.5%  17.7% 121% q005 14T%
0.0%
Full 75% <50% Full 75% <50% Full 75% <50% Full 75% <50%
SUA 2 6.0 mg/dL SUA < 6.0 mg/dL SUA 2 6.0 mg/dL SUA < 6.0 mg/dL
(n=448) (n=722) (n = 406) (n=309)
Normal kidney function (eGFR 2 90 mL/min/1.73 m?) CKD stage G2 (eGFR: 60-89 mL/min/1.73 m?)

Figure 5. Changes of eGFR during the observational period in subgroup analysis. All participants
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were divided by CKD stages (cut-off eGFR, >90 or 89-60 mL/min/1.73 m2) and therapeutic target
serum urate concentration (SUA) of hyperuricemia (cut-off SUA, <6.0 or >6.0 mg/dL) into 4
subgroups. Proportions of participants whose >20% eGFR decline in subgroup 3 increased with
ABCGQG2 dysfunction; 12.6%, 20.9%, and 32.8% in ABCG2 full, 75%, and <50% functional groups,
respectively (p for trend < 0.001 by the Cochran-Armitage trend test).

ABCG2 /358 7) 72 SUA BIEK - Ch 57, 7 7L —THIZHE W TH SUA DGR 1 &
LTEGFTDEEZLNTZ. 6>, kil L7z subgroup 3 IZBWTR—2Z2F A D SUA %
GO BT AZITVY, T eGFR slope Z 5 L7z, fRIEFHIZ2EHREIX T & ABCG2 & D
BIEEIZ DWW THRAET 5720, b FlEo 70y ABCG2 BRE<S0% 1 7 2 U — & fLiE L L C,
ABCG2 ###E 100%, ABCG2#HE 75% 77 =Y —[#]T SUA Z & e 3t & (fFln, PE7I, BMI,
eGFR, SUA) #_X—A 7 A4 CTHiIEL, eGFR OB & BB L7-. FHERIHOILEED AT
AN DWW TIIREM] CORERE L2 X > CHEfli L 7= (Table 9). Propensity score paired matching
(one-to-one matching) (= X 2 A% OIS /L, FRFERT & bl U O, B (LZE & B ICHE
INLTz.

Table 9. Summary of characteristics in subgroup 3 before and after propensity score matching.

Estimated ABCG2 function

Full function 75% function <50% function D1 D2
Before adjusting  Number 182 163 61
Male 180 (98.9%) 163 (100%) 61 (100%) 0.105 0.000
Age 39.3+7.38 39.8+8.2 40979 0.139 0.092
BMI 242+3.4 24.4+3.9 240+34 -0.049 -0.080
Baseline eGFR 785+7.6 79.5+6.7 776+6.5 -0.090 -0.201
Baseline SUA 6.9+0.8 71+09 72108 0.237 0.053
After adjusting Number 122 122 61 - -
Male 122 (100%) 122 (100%) 61 (100%) 0.000 0.000
Age 408+7.1 40.3+8.2 40979 0.047 0.005
BMI 239+3.2 239+35 240+34 0.028 0.027
Baseline eGFR 782+7.7 782+6.5 776+6.5 -0.056 -0.085
Baseline SUA 71+08 71408 72108 0.034 0.047

Note: Values represent mean + standard deviation. Abbreviations (conversion factors for units): BMI,
body mass index (kg/m2); eGFR (mL/min/1.73 m?), estimated glomerular filtration rate; SUA (mg/dL),
serum urate concentration. D1 and D2 represent standardized differences between ABCG2 full and
<50 % functional groups, or between ABCG2 75% and <50% functional groups, respectively.
Standardized differences were calculated by following formula; (1) Standardized difference score
(continuous variables) = (X1 — X2)/(S:? + S22, where X; and X, are sample means, and S;? and S,? are
the variances. (2) Standardized difference score (nominal variables) = (P1— P2)/[P1 (1 — P1) + P2 (1 —
P,)]¥2, P1 and P are the percentage.
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ib%%%%)ﬁ%éf’, BEIRIIC 31T 2 eGFR R FIEE 4 ABCG2 #ie 7 /L — 7 THle 3 5 7=

¥, LME &7 VT 2 30 L7=. LME &7 /L O#5 81 L %D eGFR slope % Figure 6 (2
R LTz, A EFRERTTIE, ABCG2 B%EE 100%, 75%, <50%% 7 = U —@ eGFR slope 3%

FUZ 1 -0.988 + 0.040, -1.076 + 0.043, -1.148 + 0.069 (mL/min/1.73 m2/year, mean + SEM) T&H ¥,
ABCG2 #RE<50% 7% 7 = U —(% 100%HERE 7 =Y — & bl LU CHEIC eGFR K AN
LTV (p = 0.046). L8 B % ik, ABCG2 #EHE 100%, 75%, <50% %47 = U —0
eGFR slope |3% #1241-0.946 + 0.049, -1.040 + 0.046, -1.148 + 0.069 (mL/min/1.73 m?/year, mean *
SEM) To®h -7-. ABCG2 HEREIK T OREMZRKREMTHLH SUA O EHZFHEL TH, %
AT & FREIC ABCG2 HERE<50% 7 7 = U —|% 100%F&HRE D 7 =Y — & beillt L CH EIC eGFR K
THEEEAS I L C U= (p = 0.015).

82 Before adjusting 82 After adjusting
eGFR slope (mL/min/1.73 m2/year) eGFR slope (mL/min/1.73 m?/year)

~ 30 — Full -0.988 * 0.040 ~ 80 — Full -0.946 = 0.049
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Figure 6. Evaluation of the association between ABCG2 function and age-dependent eGFR
decline before and after matching using propensity scores. The slope of eGFR decline before and
after *adjusting by serum urate concentration on top of age, body mass index, and eGFR at baseline.
<50% functional ABCG2 significantly accelerated the decline in eGFR compared to full functional
ABCG2 regardless of adjustment (before adjustment, p for interaction = 0.046; after adjusting, p for
interaction = 0.015). Sample sizes of the full, 75%, and <50% function group were 182, 163, and 61
men and women before adjustment, and 122, 122, and 61 men after adjustment, respectively (See
Table 3 for a detailed summary).
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BAEEE

SUA O b5 L BHERE & OBTEMEIC OV T, T E TE L OEFIE TR SN TR Y,
FNHD%L M SUA O EFRNBHEEOFHRARE TS5 2 LA RB LT g 1814172931
ENT 60 FLL EfikfoE L C oM S 41T D KEERTI & AF5E C o 5 A ILRTRFSE ClX, JREBHE
DOFFHAE X2V SUA 7.0 mg/dL LA FTH->ThH, SUA D EFIZfE-T CKDFIEY 27
BEWVIRDLRHRE S TWD B Fie, BABRBRKRZ HWTREETTIE, SUA & B JREE bR
2L OREMER R ST Y, JREENT 2 S 7 W BN IRAE(L 2 BE U 7= BB REAK T 2 (e
THZELWMEEINTND . ZNHOFERND, BN SUA o BRI, BRI RHRH
BTHLREAB T TR, REBEOH HITEKF LRV BlRIE(GIC L 2B EEZ(EET S
AIREPEDSVRIE S VT E T2, L LR B, RGN & PRI ME ~ OV A B R O 1%
BATDRMNDINEDNTHR L TE, RIEHMERMEGRIZE O T n. FZEE, FBET RS
NTCWD [EIRBRMSE « JEDIEFETA R 74> % 3] Ti%, FEEL2AT5ERER
MJE O BNV TIREERS FRIT ML L CHERECE 202 ) 2 WnWH 7 V=D r7 TR
Fa kL, EHBIRT 2869 5 B9 CTIREERE THEZH WD 2 & A PEEICHEET 5.
ERESNTVDN, ZORIPE 727 CRROBEENENZ EEZFRITA 7 A N T
LTV 7. —F, ESAOTA KT A4 NZBWTIREER: FEOIBIRAEIZ OV TOE &IX
72 <, BIEB O @ PRIEME ISR LT OREERE FEOM R ITHEIE S L TnZny ® TEICE
i S 7z CKD-FIXBR T8, CKDBFIIKT D7 w7 Y ) —/IZ L D PREERE T#EIEIT CKD
EITZIH Lo olc bl LTS B Z ORI, CKDEITICRT 2 AR 727 o~
U J =M K DRI THRIEIIARE TIERWAREZ R L Tnd. L L2RA S, CKD-
FIX 5882 TIX SUA RN IERIROBINE 2 &1 2 &°, mEICH#IT L= CKD B4 (stage G3-G4)
RBRLELTWD L, BIEDKREE (T6%) N =0 —T X 4T 3 v RILEEZ IR
LTWeZ &2k, MIGREBICEDRREZN LIERELZHE L TV DR d 5 2 &b
SEELTNWA. 5T, BEDOH T VN —F I REEM FEIENE DD ENICON TR L
TEHT, SUA &BHERE L OBEMEIZOWTOMER T BT  AIRERZE LTV,
AWFFETIE, ABCG2 DO<50%BEREIR T & MESE it i PRI MSE (SUA > 7.0 mg/dL) 2834735
CKD stage G2 47 7 /L— 128\ T, BHEBEDIR F3INEE S 2 AIREMEA VRIB S ufz. HIZ,
SUA %@ BOTRR BIEECTH D 6.0 mg/dL (V7 7 —TF ZHEK LB S ABCG2 OB HAE
SOFEEDIRAT LT, AFFROR RITEEZR ABCG2 HEREDIR T I M IR MIE T X 2 &R
DERR 7L 720 952 L 2L TWd. RIFFEIE p.Ql26X & p.QlAlK DZEFMHFE D F;
WHARANEMZT ST-2 000, 2D 2 SDOEROMAE DI L AMREHTE 1T - 7-.
Z OHEFEFEIT p.QLALK H— bbbt L C K VIR A 5 < ABCG2 OIEREZ R L TV 5 42 %
. ZIET SUA O ERICE 2B HREDOIRN TN O T & U CIRBEIEIEAE S, REmE R -
F LB &R T 2 0F O RERIAE LB 2 IV TE 7228, ABCG2 OREREIL MY SNPs, FFiZ
p.QUALK DZERMBE NI A THIEFIZTENZ L b, T LMEROFHEICI X
ABCG2 HEEIK T EFICEG LTV A AREEEZ " L CT\W5d. UL EAREEZ D &, 4%
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ICREHERE & SUA & O BSEMEZ G4 % 1 C, ABCG2 % HE /B EN 1 & L TEET
HVBENDD.

F 72 CKD-FIX il & & de Z N E TORKRER 23 Lo BEML LT, AFETHO L
T BEFHIX PR AR TRERR S, BRREED O DRI N2 INF I RE SN TN D, L
RTORFZED B, 20 AL T O H AR N EIFEIER D 88.2% 7% ABCG2 HEREML ! SNPs 245 L
THY, ABCG2 HEREIL T SNPs (X 20 5 AREL FOJREFIED Y A 7 Z i K 222 512D 5
ZEPHMEINTWS M E R TR A - S IRERIE O RIER D E T = 3 ADJE
Bz T, ABCG2 DOBEEERIIIZ S 3/ N o & R I |2 B35 Z & 8, ABCG2 O
EFFBIn T AR Z 2 DU AT 256, BIEFHLIPALNIEF LT L2 RO LT
W5 I D ORI, ABCG2 BEREIR 23 BURIE DA HFAL, /NE# GO SUA @ E5F-
WCBEEL TWDH Z L 2RI 56D THD. ANFFEEMD 20-40 3G 0D 72 D3 4EH 2 b
IR SN TH D 2 &, AFREMICEBWVTH ABCG2 BEREIK T2 X 5 H72 SUA D
FEEM AR O LA E 2 DL, ABCG2 HEREIK NIC X 2B HFRFD 6D SUA O EHITR
JEFEIED I T2 5T, EHEREIN T 240 3 2 AlRetE S R S 4L 5.

AHFIE TH/R S 172 ABCG2 HEREIR TIC X 2 BHEREIK T O MBEMF & LT, H—IZRFIR
bRt DI X 2B AmAEZ T 6N 5. JiT9E XL U, Abcg2-knockout mice (23T
SUA @ EFZFEYY, R ~DOUERY 2R SRIEHRIEE O Z i LT\ D 2 b O L
5, ABCG2 BEREIN NILmIREEIR &/ L CHE - IRESICISIT 2 IRIBIERE B DR Y A 7 Z 8N
EELZENTHEND. HEULEHFE LT, XU X7~/ 8 oRBHEIMEERIC
F o THIRPIREEHEM OISR D HivD . 5 KD REET — L OO R R EHE
MEIIR 2 DT 5. 6o T, BGBMAREZ R CHEft & O Bl X ENTH D,
PREGHEMHEMESR 2 5 512 X 2 BHERRIK T & oIS 0 L Z AR STy 8081
ABCG2 BEREAX FIT L 2 R FIREA PR O O IEREFIE, BBE 72 £ 06 OB PRIME T IC
LDREET — NV OWINEARREL T2 2. §72bh, ABCG2 HEAEIX FIZ XL 2 JREE D IR kit
BEOHIMIEFHTH S Z ENBESN, ZOMEERZIR T RERIEE OB EHEAREIC KT

HEIZOWTIEEROIMFNMETHD.

5O L LT, ABCG2 HEREIK TIC X D IRFIEWE OHEMNEE SN 5. ABCG2 1FA
FREERRAMEEZET D N TV AR—F—TH Y, REETZT TIERL A > RV % i
B PHEL TWD ZEBRRE SR TND 0 v R I URBRITENATEIC L - TEES R
L4 F=LOREFHTHY, REXWRIRFBEVWE CTH D 2 BFHEENSEFICHEEL TV D
BAIIZIR & & BICHRE SN DAY, BHEREIR TIC X 2 PRt &K P i, ST R E
MR C R S D 88 SEER, BRI OA > R D URREEIRE X 38 Tl 10 uL AR
THHN, REBAREBEE TITEYTH 250 pl, KT 550 uL F2E £ T L2 8. (o
R VIR B AR 2B E O TR L EES 28 88, o o N URIREIC X 5 AHf%D
A LI TS ERR R FRIZ KX D NF-xB OIEMAL, ZAUTEED p53 X0 Stat3 72 EORBLFHEEZ /T L
7= a-smooth muscle actin (a-SMA) O¥INNILCL =0 —T VXA T o U ROTLHEICL D L E 2
HRTWD 8992 = ABCG2 & A > RE AR, TIUTEE D HIR~DEBIZ OV CIdir
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FEMFZERHED SN TEY, in vivo EER2>5 CKD £ /LD ABCG2-knockout mice Tl EFA:7Y

EHER LT A > R URRRRIEE, FETRO EANREO b O - kB ReBs
HEMTOMFITIX, ABCG2 BEAEDEEMK TIX SUA LIS LB Y 27 ThDHZ LR
WEINTND B Zb DAY ABCG2 HEREIK NIC L0 HERE Il A o R L Liilg s
MR EA BT A WREM AR LTS, AFRICEWTH BHEENREKT L
ABCG2 BEREIR FHEDO A CREEEIR FOME A RO/ Z &, F_X—RF 1 2 TD SUA Ol

RO LT Z OBERER T OMEN R L2 L 2EE T 5L, ABCG2 HEREIL F72% SUA
DEFROHRLT, IREIEWE 72 ERHEEN 22 L - TR CKD 3JE - #7212 L 5
HTEERBETHRERTH ST,

ABCG2 #relT3EMM & O AEMERIC L > THEET 5. ABCG2 i FIFEEL L 7o ML M a
A LRGN, SUA OEBI G5 2 ERME SN TS 25 lOEMDH L, 77
FYALy NN AT u~vn g EORER THEEZ 5T 10 OIEY O IAFE T T ABCG2 D
JREBELETEMEZ 20% A FE TR FEIED ZERHALNERSTND % 2O EIXREERE T
FOA KOOI L 1FHNZ, ABCG2 A4 L7 JREZHEMIAZPHE L TW A A Z R~ T H DO TH
%. HIZ invivo EBRICBWT, ¥ 7 =27 X% Y Ry MIEKEEREL - S MPEEICK
VT ABCG2 DifiiidsiEME# R HE L 2 52 Z ENP LN o7z % 7eks, ZOMAIZESD
T Ei SNTHERRRICBWTY, BEARD 7 =2 7% Y 2% v F3MEE D ABCG2 fiikiE
PEEET 2 Z L2 RBT HRREPMEINTVD 5. Z0Z L5 REERE FIERA O
mﬁén,%ﬁéhé%@%%ﬁﬁ%bfwé:&ﬁ%ﬁéhfwé.Kﬁ%@%%kﬁ%

, EHSRENER AR T L2 m RERIE DY 7 7 L— 2B T, ABCG2 DffidkiEt: 4 fHE

Loé—%@%ﬁ®@%iw ROMERTFIC LV ETRICEEST SR DY, 5% ER
LN NETH D,

Kﬁwi%ﬁﬂwﬁﬁﬁ%fkn WL OMDFIFIRRA NS 5 = L PR T D LER D
L. BT, BIERAA T ADFIETH S, ABFSEITHERIR S O EWREREZI 07T — 2 24
fafbf:?b@é: U7 )— MREZEIR L7222 MEBRRO T v r— MW7 —4%t > b &
EHAL TS, M, BHARTRERZEIIR SN TR Y, BRI RERIBENRE TR0 E
FNTWD. K5 Tiﬁ%%%w ABCG2, MESEfp! m fRIEEIIE, FEHERE DR RFRIHERS
DBEMEZ DOV TR EDORZHE L 720 9 2BRAZ A7 V== 7 LTWDHN, BRI i%%
TE TRV, FRPIREE, A > REIIUVERBROREITIT> TE 5, ARHFIE CTHERR S
7= ABCG2 H¥REIR T2 X 2 B HA ﬁT@l%%%%Emm&ﬁ_omfmﬁmif%&n

FOMRRE LT, AL ABCG2 BIBKT & B T4 & OBIEMEIZ DUV CERR L 78152
I LTI CORE TH D78, BUR TN LZMRGEH 2R — RBFEE LRV, R
WRFE DRI TN/ N S <, FRIZHEEMERE <50% LL N ABCG2 %A 7 L EIKEA
ol AWFIEOREOFEM « EREAZ AT 5720, &IRBIE - & EERIEKT
ABCG2 #H T HHIK%Z L VR TE 5 L 9 KM REM TRIET 2 HLERH 5.

ORI E LT, AMFRECTHEESNTESNERHARANIRESNTNDLRTHD. A
72T ABCG2 DREREHEE 2 L 7= p.Q126X & p.Ql41K DBEE 1T I EN <, KT V7T
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N THEDE 20 % Kz p.QL4IK IC O W TIZEERANCIAS BIZE SN TE Y, HAAN (32%)
EERME (34%) 122V, T AU AT —a v/ NTIEHRRE (11-12%), 7T AV DRT 7V
TN (B%), Y FLEOT 7 U B A (1%) TIEENRLERE UTHEET S 0% £72, KbF
72D ABCG2 BEREHEE T & 7= p.Q126X & p.QI41K LIAMZ b, FEFITIRMEE TIEdH 50
ABCG2 HREIZH 2% 5.2 5 rare variants (LT 525, ARAFFETIEZEILH D rare variants (2
DNTIEBE LT, b0 ABCG2 DFEREIL T - KB Z {5 rare variants |35/ S AE
IZxF L CRE T 2 Z s SN TR Y ¥, A% OMATIZIZEN S OFES N U TR
TOMENDH L. Mx T, Fxa NEMEBARANERDD RH S ERIKT - REZHED
rare variants O RIZITEENGRD LT, AFEZE - 5 @%ﬂkW.UL%Mizék
ARWFFED DG DT AER 2 EEEA e — BERNIMET 272 0121E, Bk Lo NFEZE - ik
%@EK%V?-%Wﬂ%@%%E#éM%ﬁ%é.ﬁ%h,ﬁﬁn@ﬁﬂzﬁ—kﬁﬁ%
40> ABCG2 BIELAFZE D FEMi 2 Miatd™ A BRI, SREMNORESE, HIZET A Iico0
THEE LR TR LR,

FIUORHIK E LT, ARBFETIE ABCG2 DRk IEMEIZ D\ CREEER 22 E il 2 L7z
FTIEARL, B ETHEDE L SNPs Th 5 p.Q126X & p.QLlAlK DFAE I L - THE
ELTZDOHRTHD. it-T, ERL rare variants OLERI RGN B0 & L X7 BE~DOFIERIE
FRIZBIT ARBEDERITEE SN TRV, TETITRMEEZ V- ABCG2 OFBLED
W E 715 %, Positron emission tomography (PET) % F\V 7= ABCG2 D% o€ J5 k72
ERMLIILTE TS O KFEOFHFIEIZ LD ABCG2 BEREHEE Tlid¥ > 7 L wrse T
A v OBURD BBEBR T OB % AT, ZHUXMECHEER 2> O i B Y 2 7L AR EU AT BE
%7 7 2 DNA %ﬁﬁwaf:ﬂ%ﬁ%@ﬁi#ﬁ G, RIS W E WO FERNH D b D
D, KWIEDORERZ S ANHIET 5 720121%, XV #i{#72 ABCG2 kit 4 e+ 5%
EORBNINEENS.

ftiam & LC, ABCG2 I MESE it i PRI MUE & B RE D BIMRIEIZ 31T 2 W REAGIK 1 T dH

é:kﬁ%%w&@ok.:hi?,E%%K%E@ﬁﬁ&éﬁﬁ&mﬁiz%%éﬁ%%
L7 & SN TELDR, ®E ABCG2 HEREIK THNZ DWW TIZZEDIR Y TN Z & 0VRE S
iz, HRZ ABCG2 HERE(X T « KIET SNPs OBEENEWT VT ISR\ T, ABFZEDORE T
RIS BRI IE~OIRFENADERE B XD 9 X T, BERIET VA LD 9 5H5H
RChD. BRFENLEMAIND, ABCG2 DEISHIEERITA % ORFFE, FrT REeIC B
L7 P ORI+ IC BB SN ORI RmE L7020 95 Z LW,
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oG

b FOT Y R ORKEEYN TH L IRERIE, IR TOREL, B - HEILE TCoOPEkD )
#IZ XD SUA XS D —EDEEEEZR-> TWD. ZOBHENEMT 5 E SUAITESR L, &
iE - FARPEE 2 BT 5. EIRERERE O #Y) Ze BE R R AR ThH Y, IR X
DHTH L7 RIBIERERIC KV BRI T Ao SR T enmonTngd. — 5T, RBE
OHTHZRDR2NGE, T772b5, SUAD ERZO L OB T 25 & 292 L 23,
SR DPEFRF IR O KRS T g BN U Ly s, A ARFZED 51X
PREGEIE T D EREERR T 28035 2 & ~OBERRIME DA S 238, BREEY O &R
fi M JE & EHEREIR T & D RIEME I DWW TR 22k fi~ & = o TR0,

SUA IRV % B 2 2 BIsKF & LT, BOEARME « HE IRV TRERHRIEAR > 7
ELTHB LTS ABCG2 21 B s . ABCG2 ITHFFICINALE 7> & D FRER P 0 HLa ) 72
filE & L TREREL T D, ABCG2 BEREIR T IXIHILE TORMEHEMIK T4 L SUA % I
S-S, MR (RER) IRP~DRBIEZENIE L 2 E8mMbNTND 2 Zo
Z &3 ABCG2 12 & 2B REEHENAS, SUA OEFEMEDOHERFIZCE W TRWOIENKE L FHY
LTSI EWRLTERY, RROREITEREEMOIEDOH TR THL AR TR
ERBRIMAE” & L CHE IR TWA. £/, I TIE ABCG2 131 v R UILEilE L & DR
FIEWE Wk T D AEEBER T & LTHEWTWD ZERHLMNE RS> TS 8 [E5T,
ZRHDHMENS ABCG2 BEREIR NI & 5 SUA EFIZHE ) REEDEARTLRFIE D HFEIC X
D RHEREICEE L T A ATREME, 7D ABCG2 M3 & IREAMEBIE OB BAEHGIN 1 & 72 0 9
HZLEWRBENTWE., LML S, ABCG2 & BHERE DHER 2 HEWTaYI B L 72 iE 2
F5EIxZ L <, ABCG2HEEEIL FIZ X 2B e~ DR BIIREIEThH o 7.

ARFIETIE, JREE N TV AR—HF—L L THMBLILD ABCG2 [T MZ YT, MEREM: &R
R MILE & BB T & OB 2 R 2 R LA L7z, ABCG2 [IHERERIE - MR
DEA (p.Q126X, p.Q141K) NEHETRDO LN TEY, Z 02 >OERIFE Ytk BiolF
E L7722 &, ABCG2 O rare variants OBEE A ZS L L b U CIERITRNZ & s, Wi
HOMAEDEITL > TEED ABCG2 #REA KK L7477 3V —1k (ABCG2 FHE 100%,
75%, 50% L0 F) #1795 Z LN ARETH 5. ARAFFEEMITEF 72 EHEE (eGFR > 60
mL/min/1.73 m?) A9 5 %M (n=1,885) TH Y, 311 FIA% & RERMIE (SUA > 7.0 mg/dL)
EH LT, ABFZETIEBME N SELNT- ABCG2 DEMIFH & FER T LICEK SN D
fREZ M OT — 2t~ b & HVT, 9~10 4[] eGFR % 1BHR L7214 A1f & 2k — NMFZEE K
L7z, KFETIEBFHOY s — o= RABEA 2 & LT eGFR slope (mL/min/1.73
m?lyear) & BIERBIFICIIT 5 eGFRZ LR (%) & L, ABCG2, MEJE et & RER MUE & BHEHE
& O REEME 2 B A L7

a1 F P IEE RV R R FR IE & B REREAR T O BIEMEIZ I T, ABCG2 A3 RAE A+
& LTHERET DB e st Lo, AWFEEM 2 HEE ABCG2 eV 7 2 Y —Z L7/
JL—7{k L= ABCG2 #HE 100%H 7 =V —, 75%H 7T 2V —, 50%LL Fh T =V —D 3FEIL,
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ABCG2 HRERNHEDOREE B YTz 4 DOV T I N—TTHIE LT, V7 7L — Tl Cix
N—R 7 A [T CKD stage = & |24 Hn, PRI, BMI, eGFR % 3LZ5f & L T propensity score
ZVERE L, optimal matching (I X D IEZIT 72, 2LV T 7 —FHND 5 H ABCG2 #
HE 100%,#F 75%#, F 7 RSBEOEMICINT, MEEGENESIREE A IXES SUA K EI1EIX
[A%? eGFR slope Tdho7=. ZiZxt L ABCG2 #EHE 50%LL T 72> CKD stage G2 DOFETIE,
HESE et i JRIER IS 1 X E 3 SUA Bk & bhiie U TR E IS BHEREIS T &2 Nk L 7= (p for interaction
= 0.027). ABCG2 M IEH ~#REL T, F7= ABCG2 HERENKRDIEDY 7 7/ )L —7T eGFR
slope B[AHFETH o722 &, ABCG2 BNEEITIKT L7z8E O A MSEM: RIS ME 12 K 5
BEREIK TRBEE ChoTo Z LA BET H L, AFROREEIT ABCG2 73 HENE B2 i IR 2 i fiE
& RFSREIR T O BB I B WD TR REARIR - & L TIER L TV A AMREMEZ RIR T 5 O Th
5.

WIZ, ABCG2 BEHEIX T S BHEEEI F 2R T 5 E CORMMF21T-72. Z Z TILCKD
stage (2N %, B OIEE HIEE CTH 5 SUA 6.0 mg/dL % cut-off point & L, 4 >DOH 7 7 L—
7% VERK L 7= subgroup 1 (n = 448), eGFR > 90 ml/min/1.73 m?, SUA > 6.0 mg/dL; subgroup 2 (n =
722), eGFR > 90 mL/min/1.73 m? SUA < 6.0 mg/dL; subgroup 3 (n = 406), eGFR 60-89
mL/min/1.73 m?, SUA > 6.0 mg/dL; subgroup 4 (n = 309), eGFR 60-89 mL/min/1.73 m?, SUA < 6.0
mg/dL. Subgroup 1,2,4 <TiX ABCG2 HEHREML T & BEHEAE & OB EME IR CTE o 7.
Subgroup 3 Ti, ABCG2 BEREDIK FIZFEVy eGFRIK TS EH- L, BHRBALE) DI TR
17T eGFR K M 20% & 8 2 TV =EIA 1L, HEE ABCG2 BEREAY 100%, 75%, <50% Tl
ZH 12.6%, 20.9%, 32.8% Td> - 7= (p for trend < 0.001). Z D#EFi%, ABCG2 M EHEREIC B2
TOABEMSEMEE LT, Dbt SUA BRI THD Z &, FBHENRERTTHZ
EDRIBE .. ZhUE, ABCG2-knock-out mice & VN2 AEATRIFZE DGR & E A I —E L
THY, LT3 Tld CKD &5 /L0 ABCG2-knock-out mice (23N TAELT R L Tz
66, ARBFFEICH VT H BHERENME T L72BRIC ABCG2 OB HERE~DRENHPL L, JefTHf
HEFELRWFERTH-T-.

Z® ABCG2 (2 X ¥ HENFEBHIZF 7= subgroup 3 IZBW T, _X—RAF A v O, %
B, BMI, eGFR (Zh1z, SUA %+:Z88|ZhN% propensity score (2 K AHIEZFTYY, A
H£RHi#% D eGFR slope # ABCG2 #1723V —Z LICHEH Lz, WA BRI TIX, ABCG2
HE 100% 77 =V —, 75% 47 =V —, 50%LL F#7 =Y —@ eGFR slope (%1% #1-0.988 +
0.040, -1.076 + 0.043, -1.148 + 0.069 (mL/min/1.73 m?/year, mean + SEM) T& ¥, ABCG2 F&HE
<50% 7 7 = U —I% 100%FERE 7 = U — & bl L CTHEIC eGFRAK FIEEEAINE L Tu 2 (p
= 0.046). J:75 B4 Tk, ABCG2HEAE 100% 47 2V —, 75%H 7 2 U —, <50%H 7 2V
— @ eGFR slope 12 % #12#1-0.946 + 0.049, -1.040 + 0.046, -1.148 + 0.069 (mL/min/1.73 m%year,
mean + SEM) Tdh -7z. ABCG2 BEREIRX FORERRKRB TH LD SUAD ERZFEL TH,
FHEERT & [FERIC ABCG2 BEBE<50% 7 7 = U —I% 100%HEEE D 7 2V — & ik L CTH EIZ
eGFR K T 23 03E L TV /= (p = 0.015). SUA OIE  ABCG2 FEREIR FIC & % BHkhE
KT DAEM R D TRAE LT AR RIT, 2 OB R MG FREEME O ER 2 S 720 Vlsz L
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TR TH LR A T L TV D,

ABFFED D, ABCG2 23 @ EITHREML T L7 BilCIW T, & IRER MIE 13 BEE B2 35\ C
HEEEIR T AZMREL 55 Z L aREMESNRE SN, ZOBEMKF L LT, ABCG2 MBI
T L A RER 2R P IREEPEIEEOEF 72 EH, £7o4 0 KX URBRZ A & LT IR
SEMBEOERPZET HD. LN LB OIFERRE LT, RFROT A xR 72
LW T — 2 Wt A& aR— MIETH L7720, JRPIREBYEIE &SI A R¥
IV DR EEVTAE TE TV, - T, FRERANICIIAR RZFIET 272018, Zhbo
F—Z R L0 TR R — FAMETH S.

THET, EEEACHERE O BEGNE R R B ME X ELARRE B L E SRTE RN,
EE ABCG2 HEREIK FHIZ DWW TIZZEDIR Y TIE/eWn 2 EVRIB STz, Afe TR S8
eI, 5% OBRBEEDEFIFFIZHB\W\T ABCG2 OEEM AR5 L & bio, &
FEGH O @ RIBIMIE SO N ADER 2w T 2 L THERZET XLV 5560
Thb.
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AWPIER LOAROIERIZHT= 0, THEE L LTk, HZRE R DHHEE, HHREE 1
D E LIEARE - AR fHARERICERRO#HE LR LET.

ARWFFER LOARRROIERRICHTZ Y, ZRLDEIEE, L2 TES £ LIEAKRT - JREA
B RN, BEHASER, BIRBMBIGEA TEHOBELZERLET. £,
LFRBFZEE & L CERRLDMRNZBY £ LEEdBESERRY: Hliget, MERE
A, HORERLRRZIRAT « REREE Y O 7 — hBPRI SRR, ARORUREE - BAED i AR,
DIEEERIRARE « o FARHIE A BEEeA, PILBEE, SHELE, WAE
WioeE, FRZFPEZHEMEZN  PAEREECRSELP LT ET.

AWHIER LOAROIERICH =Y, BIFFEE & L TIREWEE E LIEARS: - kgt
b5 BPKEARBIRIHEA TRHOE LR LET.

BRI, BFRIEENC Y70 RFORELZ I U, SCERZESRLEO BRI~ R HE
B IR EATEE E L. £, AWFEROERICYS Y, FFERICSIML W =ZWi= b E
DELT, TIWHEAFTIZERT D ENTERNSTEL DHFAITHLEVIEHHR L LT E
K
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