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Human renal urate transpoter URAT1 mediates the transport of salicylate
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fREGURAR D) F VIR, Bl IRIBHEMNZ X 9 % paradoxical IR ERFO 2 EBHENT WS, T4b D, K
T (5~10 mg/dL) I B\ CTEIETORBHER 2K T S, SERE0ASmg/dL ML L) T2z iiinges &)
FlETH 3, 2002 FFI2b b N3y 1 WHE %217 - 72 B IR EBRIBL O REE & F >~ A R — % — URATI (urate
transporter 1) 12 X % RI BakIRIEHL X, FEEGRY Y F LB mM) ICX DIIflEns 2 L2 6, APFSETIR
URAT1 &Y FUBOMAER 2T 5 2 & T, %Y FABEDEFD paradoxical ZIH D73 THEF O i % H I
& L7z, URATI DREEE L OV F VB OEEIEEOMIEICIE, URAT1 ZE ¥ Bl HEK293 (HEK-URAT1) #Ji,
$ & OV URATI cRNA ZfEIFEAL 727 7V 4 A 5 2OV ER %2 f v 72, JEERRY Y F LR 13 HEK-
URAT1 Ml T D RI BERRIRIEHL D 3A & % FHIZBHE L 72 (ICs0 & 23.94M), RI BERkY U F VIR X RF AR A7 12
HEK-URATI 12 X DD AE 7, URATI T X 2 RI BV FOVIBHGE L, FEESRIREE, ) S, BXU
PRIBHEIMEESR R > X7 m v n Vi 8N Kk 2l 2321 72, URAT1 FEBUINRHIAGIC 517 % RIEEERY Y F VG
il 3 & OISR AF MR L R 2 7R U 72 (K 2 253 uM), £ 72, URAT1 FEBINAHIE <IN ~ o JEEE - v
FOVEBEEAIC X 56 7% RUGGRIREEID JAA ORI (+ 7 v ATGERIR) 05372890 & L7z,

PIEX D, ¥V FILERIZ URATI DEPEILE & 725 2 & 24O THEZR L, ¥ FILIEHS URATI (2 X 2 [RFEIN D
AAZAET 2 AR &, SRR & U CHIEIANPRIBHC D 3A A O IEE I 2 82 2 9 Alaglk 278 L 7z, 2 @ URATI
~OERO L D, Y FIUBOIRIEHEIIZ S 2 paradoxical IR ZHIHTE 2 L b s,

Salicylic acid derivatives are the most prescribed analgesic-antipyretic and anti-inflammatory agents. It is
well known that salicylate has a paradoxical effect on renal urate excretion. At low doses (5~10 mg/dL
serum), renal urate excretion is decreased, whereas at high doses (>15 mg/ dL serum), renal urate excretion is
increased. Since the molecular identification of the renal apical urate/anion exchanger URATI, it has been sug-
gested that this protein is responsible for the paradoxical effect because of cis-inhibition of salicylate (1 mM) on
urate uptake by URAT1-expressing oocytes. The purpose of this study was to examine whether or not URAT1
is responsible for the paradoxical effect of salicylate. In URAT 1 -stably expressing HEK293 (HEK293-URAT1)
cells, salicylate inhibited ['*C]urate uptake dose-dependently (ICso, 23.9 4M). URAT1 mediated the time-
dependent uptake of [*H]salicylate in these cells. [°H] Salicylate uptake via URATI1 was inhibited by non-
labelled urate and salicylate, and the uricosuric agent, benzbromarone. In the URAT1-expressing oocytes, we
observed the time- and concentration-dependent transport of salicylate (Km : 25.3 M) . Moreover, non-labelled
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salicylate injected into the URAT1-expressing oocytes stimulated[ '*C]urate uptake.
These results suggest that the “paradoxical effect” of salicylate can be explained by two modes of salicylate
interaction with URATI : (1) acting as an exchange substrate to facilitate urate reabsorption, and (2) acting as

an inhibitor for urate reabsorption.

Jpn J Nephrol 2010 ; 52 : 499-504.
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B K b 7 > A R — % — URATI (urate transporter 1)
1%, BHEA A b F v A K —4% — OAT (organic anion
transporter) 7 7 2 Y —IZJB T 5 12 MIEEL@AIO S 1T,
R B2 BT D T B PR AN A I JRAE$ 52, URATI 1 RERIK
FEMEIZHEIN T 2 IRFE DI D iAA %2R L, ZDOID AAMEN
A2 R TR OR B2 AT 5 2 L (S AT Y RE
B Km : 9370 uM) 237 7 ) A X A ZOVIIREIIE T R R
ORI X DR SN T\ %, URATI I3HEE, =2
FUM, BIOHREHREES Y F I FoRBEYTHLE
TPV HIVR VBB (PZA) e EDEKET = A v EIRE E DR
W 179 IR/ 7 = A v SSHiliik ik < b, b IRIEAE % 2
X2 I FIFLFEME IOARE? =4~ EHAER
T2 ELMERINII LD 5, URATI IXIREEME % 2
B 2EYDOMEHRTH Y, Bire RIS ESE DAl
Hy—7y b THDEEZLNTWSY, LElD URATI O
FUENEIRMEE v Bk o BME & F o 72 i 2 0 LI
YL T 271 Th<{, URATI 2 a— F§ 3 8ET
SLC22A12 DZEREDS, FRIEIEE MEARIRER IMhE (OMIM220150)
ZBERI T EH 5, URATI 28 IC B\ TIRIEFER
%) P AIE R TH 2 EEL SN T»BY,

fREMEIRIECH 5 V) FIVIBRFEARDONRETH 54V
FOUMEIE, PUERERE 729 2 F, IRBHRIEESR 70~
FUF, ZLUHRIER 7 2=V 7% ) v L EFERIC,
B D IR B HEWE 12 % 3 % paradoxical KM% K> 2 & DA
SNTWV3Y, Thbb, KIEE(1~2g/day 5T 5~10
mg/dL ; #J 500 uM) 12 F > TE i T 0 IR I PEIE 2 R T X
H, FRIE(5~6 g/day #5-T 15mg/dL DL L 5 ¥ 1 mM DL
L) CIEBERTORBIERHZHMIE 2 L) HDTH 5,
ek DRI, AR I X RANE O PRI S5 b HRE 2 1
i3 2 & & CHRINEN IS 72T, F R miRER X
PRAGE D PRIEFFRINEERS 2 I 2 720, LFEZ OGN TE
7»:5>0

TTRbIbE, 1mM O Y FILEED URATL IZ K

% PRGNS %2 5 V) F OVIBIEAR MU IR 12 H LAY 22 %l
T2 2 L5, URATI 23 JRIGHEIHIEESE & Rk
VFVBOENE 25 LML T, ABFZE T,
URAT1 IZ &k 2%V FVBROTEREZ R § 5 2 & T,
B FOVIEE O BN IRIB PN X9 % paradoxical RN D4y
TR OBIAZ HIR L 7,
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['“C]Juric acid (1.85~2.22 GBq/mmoL), ['*CJsalicylic acid
(1.85~2.22 GBq/mmoL) ¥ American Radiolabeled Chemi-
cals Inc. (St. Louis, MO) X Dl A L 7z, Z DfthidZEIZs 7
2 T7NEY v FL ey GER) XD EAL 72,

2. HHRatEE

GRIOMFICH V2 FIRBE 7Y AR—% —
hURAT1 %581 HEK293 (HEK-URAT 1) flifiell%, BER D&
DR ST 29, HllE 37°Co 5 %CO,BREE T T,
10 %FBS, 500 (tg/mL geneticin % & & DMEM 55Hh %
TH#E L 0.05 % trypsin-EDTA i (137 mM NaCl, 5.4 mM
KCl, 5.5 mM glucose, 4 mM NaHCO;, 0.5 mM EDTA, 5 mM
HEPES, pH 7.2) CHERZAT\>, #EFUER 15~25 2L
72

3. HEK-URAT1 #fifa% A\ 2B V) A KL RER

A% 2 HHIZ 37°CD Dulbecco’s modified phosphate-
buffered saline (DPBS) ¥4 (137 mM NaCl, 3 mM KCl, 8 mM
NaH,PO,, 1 mM KH,PO,, 1 mM CaCl,, 0.5 mM MgCl,, pH
74) 1B L, RIEGRIRIBE X O FVIBROHLD 3A Z F2
B X OMIHIFEER 21T > 72, RIGRKEEE (10 uM) 22\ LAY
F VIR (5 uM) % & £ {K C1™-Hank’s Balanced Salt Solution
(C1™~free HBSS) i#% (125 mM Na-gluconate, 5.6 mM gluco-
se, 4.8 mM KCl, 1.2 mM MgSO, * 7H,0, 1.2 mM KH,PO,, 1.3
mM CaCl,, 25 mM HEPES) % [FEffiicl D552 E3FICimm L,
IR AR SEBR T UL 60 27 TH, Z DAL FEER T 2 il A
YF¥Fa~—tL, ZOMARDIARRZY Y FL— 3
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Fig. 1. Inhibitory effects of salicylate on hURAT1-mediated
urate uptake

Concentration-dependent inhibition of ['“C]urate uptake by
salicylate. The 10 uM["*C]lurate uptake was measured for 2
min in CI™-free HBSS in the presence of various concentra-
tions of salicylate (0.01, 0.1, 1, 10, 100, 1,000 uM) and
expressed as a percentage of control ["*C]lurate uptake in
the absence of salicylate. (mean=£S. E. M. ; n=4)
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4. 77 UAYXAATIVINEREE F - HEEERET

t I URATI cRNA 12 #1262, URATI cDNA %4
79 A 3 K% Hindlll T linearize L 7%, fEHIL 72d D%
B L LC T7 RNA R Y X 7 —X % H\7% in vitro TEEIZ
& D872, URAT1 cRNA(10ng) %2 7 7 V) /17 X 7 T )VEIHRE
MlcEAL, K ¥ <A (50ug/mL) % & 18°CD
Barth 7477 (88 mM NaCl, 1 mM KCI, 0.33 mM Ca(NO;),,
0.4 mM CaCl,, 0.8 mM MgSO,, 2.4 mM NaHCO;, 10 mM
HEPES) # H\»TA ¥ ¥ 2 _— } L7z, 2~3 H DR,
iR D ND96 7 (96 mM NaCl, 2 mM KCl, 1.8 mM CaCl,,
1 mM MgCl,, 5mM HEPES, pH 7.4) 1%L, RI fikibé
PIORLY SAAFERT 3 X 0PI %75 72,

5. MEHFRVNIE

M2 DOBTIINED 22\ t-test Z F o, GIEE 5 DL T
EEEAEDD L LT,
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1. URAT1 REHRBMIICA S h 2 REEEXICKT S
B U FIVEEDIMEHIhE

& U9 Y FILEEDS URATI 1T X 2 JREEHHE I & DR

SRR 5.2 2% R % 7%, HEK-URATI fillldic 81}
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Fig. 2. Time-course of['*C]salicylate uptake in HEK-
hURAT1 cell

hURAT1 and mock cells were incubated in Cl™-free
HBSS solution containing 5uM ['*C] salicylate for 2
min at 37°C. Open circles (O) represent the uptake
into hURAT1-expressed cells, respectively. Closed
circles (® ) represent the uptake into the mock cells.
(mean*S.E. M. ; n=4)

% RIBERIRIE ISR S 2 4 ) F OV O P I8 % 175 72,
Fig. 1 12T & 912, 4 FOURBIZIREMRAFMEIC URATI (2
& BIREBHE 2 IIHI L, 20D ICfHIZ 23.9uM TH > 72,

2. URAT1 RERBEMAIICH (T 55U FILEREX

GEV>C, URATI 23 ) FAMEREGT 2720 l, &£
BRICHHEZ AT 9 £ ) &2 MR 572, mock fMifE (2 >~
@ —)L) B & O HEK-URATI #Milfidic & % RI %5V F
JVBRIN D 3A A DRI 2 BT L 72, Fig. 2 1IR3 X9
12, mock MIMI~NDHEDIAZD A LNEH DD, HEK-
URATI Mgz & 24 FUIERHLD 3A A1, mock M~ D
BUD AR XD b FIRERTHR 2 50 R o 3 % 7R
L7,

3. URAT1 RERBMIBICH SN B U FIVEREHEIC

19 3 BRELEYDOIHIEKER

URAT1 (2 &k 24 ) FOVIEmXIZ, 2 URAT1 &AL
AT 2E L FARRICEBRICHAEN T 20289 2l 6
2§ %70, RMIFERAERLAY 2 ik HEYHE (500
uM) & LT HEK-URATI ffIc 5 L 72 B, RIEE%
U FOVEE (S uM) SHL D A 2 A E L, BHEWEIESR
(2> ba—)) L ofTliigziro 7,

Fig. 3 IZ/R T & 912, URATI T X % RI BV FL &
DD A, FEEERIREE & IRIBPEIEESR R > X 70 <
Ok DEEIC, F7o, JEERRY VU FOVRRIC L D RS
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Fig. 3. Effects of various urate-related compounds on salicylate 0 : . . . i
uptake by hURAT1 0 10 20 30 40 50 60
HEK-hURAT1 cells were incubated in a medium containing 5 Time {min)

uM [C] salicylate at 37°C for 2min in the absence (open
column) or presence (closed column) of several urate-related
compounds (500 uM). Each value represents the mean=S. E.
M. of four determinations.

*p<0.05 ; **p<0.01 ; ***p<0.001 versus Control

Fig. 4. Time-dependent uptake of ['*C]salicylate
via hURAT1 in Xenopus oocytes

The uptake of 5uM ["C]salicylate was meas-
ured for 1 h in control oocytes (closed circles)
and oocytes expressing hURAT1 (open circles).
(mean=*S. E. M. ; n=8~10)

ICHH 2321 72, T ORKHD 6, HEK-URAT1 #Mifldic &1 %

V) FOVEBE N, REEEED & & L HUSAER G 450 r
Ihfibns 2 LRI NL,

400 |
4. URAT1 RIRMWBHRETOY ) FIVEEOEY) A &8
ESHE: %50 ¢
X510 URATI 23IRES & 4 1) 5 )VER & 0 Ze i & 17 5 200 | ?

FIVAR=F —=THEPEIDITODTHNT 2720,
77 Ay AT TOVINREIIEFEBLR 2 v TG L 72,
URAT1 cRNA % i A U 72 SNREAIHEIC JERRR PRI (50 nL) %2
HEAL, 1ZUDICHEAR 1 KEICE T 5 R Y 1
O IAHRZBGT L 72, Z DR, Fig. 4 ISR d#@D,
77 Ay AT VIR B R IT B T H HEK-
URAT1 fif@ic TH SNz d EFERIC, av a—iclh 50
NCEYW LYY FIOVBRORFREMKAAE DI Y IAR 2 Bi%E T &
72 EH5ITFig 5 ICRT LIS, REKREEOIRD AR S
BZI N, 2O Km flild 253 uM ThH -7z,

5. URAT1 FEZSREHENEIC 517 5 IREAER Y A S A D Fig. 5. Concentration-dependent uptake of ['*C] salicylate via

BAY U FIVEED b5 > XTTERR hURAT1 in Xenopus oocytes

5,1 C URAT1 cRNA JEBIONAHMIAI., K (ay pr—)  The uptake of 5uM [*C] salicylate by control or hURAT1-
1), JEBEFUR 35 X OJEBEIY U F LI 08 microinjec- 0 '”19’0?%%y,tisogazon&eis,gg%duf&; zmhejnfs'at;e,f”?i'gi
tion I X D UNREMIEH IS TEAR, Z40o DIVEEIAD  10).

RI BEERIRIE (20 uM, pH 7.4) DHL D IAAEZME, LKL Inset, Eadie-Hofstee plot. V, velocity ; V/S, velocity per concen-
# tration of salicylate
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Fig. 6 12739 X 912, RIBLRIRERDHLD 1A A 3 BEHR Ol
DFAMEARETa Y b e — VRRICHARTHEICM S 5 72 DEDZ 6, ¥ FIVEIE URATI DEILE TH
FTHL, YU FOLBEARCE LT, X5 ICHEH RN D, IHICIFIIE L LRI AL ZEET 2 2 &
2T EDPHEI RS T, IR L 7,
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Fig.6. hURAT1-mediated urate uptake in
Xenopus oocytes

Trans-stimulatory effects of lactate and salicy-
late on urate uptake via hURAT1 were
examined. Control (open columns)and hURAT1-
expressing (closed columns) oocytes were
injected with water, cold lactate (10 mM), or
salicylate (10 mM). After washing, oocytes
were incubated with 20uM ['“C] urate. The
amount of ['“C]urate accumulated for 1h was
determined.(mean£S. E. M ; n=8~10)

#¥% 1 5<0.001

z =

SRElHbNOIUIATRICE T, V) FILRRIC X 5 Bl
PRIBHEMNZ X3 % paradoxical ZI5 D 70 T HF D figiH %2 H
L& LT, URATI IZ X %4V F VBTG DRI % #af L
72,

B PREETS 132 DM k- THIlE s 2 &b
ST 22, B Z LW FHFNE O B RBBINAE 1%, B
TORRBEFFRIN D TOE 72 URIBPEH O MIflic X h 4T 3
EEZon, FHIC, ARIRFBINAE 13 PRSI O HIH] 3
FUORBHEE O TGEIC X DL 2 EEZ6NTERL, 2D
BPTETIYF IR, 702y R, 7220789V,
ZLTH Y Filx, BlEo KBS 2 paradoxical
BRIREZES ZENMEINTVEY, Thbb, (KEE
D 26 DIEYNLENE T ORBYEM 2 KN S, SRET
BT o IRIBPE 2 m S 1 %,

2002 SEDO b NHNDIIE 7 N — 712 & 2 B LIRS
E ORI + 5 > 2 £ — % — URATI D4y FFEY %
% & U 72 SR B AR PR I £ AT D &5 SR, URATI
HEEFRIEIEFHETIRE 72 F 3 F ORBBYEIHNHIR 237

Urate

Salicylate
(high dose)
Fig. 7. Proposed model of paradoxical effects of salicylate via hURAT1
OAT : organic anion transporter, URATv1 : voltage-driven urate trans-
porter 1, DCs : dicarboxylates

Trans-stimulation
by salicylate Salicylate

URAT1 (low dose)

KT 22 EMWREN, E FTIE URATI 23ME—D PZA DfE
FERTH 2 2 EBHORIC 5710, CDddirlt
b, E9YVFIFNEBLCZzoR#YTH 2 PZA)ICKL D
paradoxical ZIHEIE, BN D PRI T IARERE 1209 2 IR
TlE7 <, URATI IZ X 2 IREE IR~ D ETDH 5
LEZoNbIcEo T,

ZZIThhbz, B3 702V R, 72078
vV, U FIEED 0T R ESRLAYIDIAF TR 2T Y
FNURRITHE D, Z DEMED IRIEHEI X9 % paradoxical &)
B 72 3 FHEEIC, URATI 23ERIER & 2 200 &
I OWTEHZ HEG L 72,

URAT1 1S9 2% ) T )L oD R i 2% Sl 0 SR 130 i
AFE T, IC, A% 23.9uM TdH - 7= (Fig. 1), % 7=,
URAT1 OV FOVIBREE X + 7 4 7 A0 6 Km il 25.3
UM TH o7 (Fig. 5), ¥V FIVEE 3 g/day #FEOHG-DERIC
MR 20mM 282 % L &0, 3 FLBOEN
FEAEII 0% TH 2 Z LV E2EET 5 &, WHEARRRIED
F200uM E#EZ 50, THUEY Y FOLEED IRERHE IS
D ICsfiE & O URAT1 OV FILIEIGHL D Km fifl & D K
E\, Lo, ) FOURRISERR TOHR HET URATI
~OENC X 0 IRIBEHR IR 2 AlRBESRE VW EE 25
Nns,

X512, YU FILEEIE URATI DRI EThH 22 L b
Al DFEERD S W & A2 & 725 72, HEK-URATI filfidic 1)
% RIB5%A Y F VRO JA SIS IR R AAE IS L,
mock MMEDK 2 5L ETH D (Fig.2), 77V AV AHL
IVIRREINE % F Vs 72 SEBRIC X o C b R DS RS 5 iz
(Fig. 4 8 X ' Fig.5), %72, HEK-URATI flllgic B} 3%
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i % O JRIEBIEA AP D A ) F )L % 0 IR o i I
23, BEERD URAT1 O bREEX %9 2 S| 525k & Bl
ERERLALZED, YU FILEEL URATI DIETH 5
TREMER LFFT % (Fig. 3), Lo T, Y F MBI LS
PREGFRIUE T 13 2 O URAT1 O JREEFFRINIC 53 2 BH
FEVEH (FEIHEE) 9 2 & THHWEE & 25 72 (Fig. 7).,
—J, BV FOVERDS URAT1 %4+ § 2 JREE R INAE 12
< &I, YU FIOVEEDIRIE L DAHILE L2 5 L
DD EZP T, Z TR TIX, microinjection
B X DT o Y EOFEAE FENITOR T L
URAT1 SUREMNFEBLR CIRIE & 4 ) 7 VIR 0 sZHaiiig o
AlREME 2 RE L 72, MBS A S NS ) FOLIRIE RI
FEAR IR D HL D 3A & %2 FH Wi L 72 (Fig. 6) 72 @,
URAT! I3 TEHEIRIER & ) F LR 0 ik 2 Hy, )
FOBIC X 2 RGP X, MO GREEE 7 >~ A
R —% — OAT1 7%\ » L OAT3 CHIEMIZE D A F 74
U FOLEES @ URAT1 ~D k5 > Z UM (FEIME T) &
W) & THIEIRE & 7o 72 (Fig. 7).

#® &

) FOVEEIE URAT] ORBRIEE & 7% 2 2 &) Tl
AN, X 5ITH Y FOVERIZ URATL IC & 3 IRIE & D53
HEL R EHREINLI EDS, T FLBOEIRE
PR 59 % paradoxical BIHRDEE57T-13 URATI TH 5
ZEDTRBI NI,

E

KREAEAZ BICH T, FRELTITH I 2 7o 72 e RO E R A
AR P 2 SR T VBB I F & ORI TS PR L £ 9,

AKX D8I, HARPRHARM SR AUZE a5 & I NEA
WIS R K S DBl 2 52 TiTb i g L7z,
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