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Figure 1  Uptake and efflux transporters in kidney proximal tubules.

Figure from Hillgren et al. (2013)
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Figure 2  Uptake inhibition and efflux inhibition methods
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Figure 3 (A) The effect of various concentration of NH4Cl on intracellular pH in hMATEI-
expressing HEK293 cells. (B) Correlation between intracellular pH and ratio of fluorescence intensity
of BCECF at 488 and 460 nm. Intracellular pH was calibrated using standardized pH buffers (pH 6.0
— 8.0, closed circle) containing 10 uM nigericin. Data from pH 8.2 and 8.5 buffers (open circle) was

not included due to a limitation of the method. Each point represents the mean value + S.D. (n = 3).
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Figure 4 Time profiles of intracellular PHJMPP* (A) and [*H]metformin (B) in hMATE1-
expressing HEK293 cells. After preloading [*HJMPP* (0.01 mM) and [*H]metformin (0.1 mM) for
10 minutes, efflux was initiated in 20 mM NH4ClI buffer at pH 7.4, and the remaining concentrations

of substrates in the cells were measured. Each point represents the mean value = S.D. (n = 3).
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Figure 5  Concentration-dependent efflux of PHJMPP* (A) and [*H]metformin (B).

Efflux of [*HJMPP* (nominal concentrations: 0.05, 0.5, 5, 15 uM) and [*H]metformin (nominal
concentrations: 0.75, 7.5, 37.5, 75 uM) were determined in hMATE1-expressing HEK 293 cells
(closed circles) and Mock-HEK?293 cells (closed squares) for 0.25 min. Intracellular concentrations of
substrates were determined by assuming that the cellular volume per milligram protein as 6.5 uL

[Gillen et al., 1999]. Each point represents the mean value = S.D. (n = 3).
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ERERIZ LV BEMEUYE L7- (Figure 6, 7 and Table 1),
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Figure 6  Inhibitory effects of various compounds on the uptake of FTH]MPP".
Uptake of [’HJMPP* (1 uM, 1 min) was determined in the absence and presence of indicated inhibitors
at pH 7.4 in 20 mM NH4Cl pre-pulse condition. Each point represents the mean value + S.E. (n = 3).
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Figure 7  Inhibitory effects of various compounds on the uptake of ['“C]metformin.

Uptake of ['“C]metformin (10 uM, 1 min) was determined in the absence and presence of indicated
inhibitors at pH 7.4 in 20 mM NH4Cl pre-pulse condition. Each point represents the mean value = S.E.
(n=23).
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Figure 8  Inhibitory effects of various compounds on the efflux of [*H|MPP*.
Efflux of [*H]MPP* was determined in the absence and presence of indicated inhibitors in 20 mM

NH4Cl buffer at pH 7.4 for 0.25 minutes. Each point represents the mean value = S.E. (n = 3).
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Figure 9  Inhibitory effects of various compounds on the efflux of [*H]metformin.
Efflux of [*H]metformin was determined in the absence and presence of indicated inhibitors in 20 mM

NH4Cl buffer at pH 7.4 for 0.25 minutes. Each point represents the mean value = S.E. (n = 3).
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Table 1 ICso values from uptake / efflux directions

ICso values were estimated by nonlinear regression analysis and are given as means + S.D (n=3) from

one experiment.

|C50 (HM), MATEI1

Inhibitor
MpPp* Metformin
Uptake Efflux Uptake Efflux

Pyrimethamine™ 0.492 + 0.039 1.19 + 0.061 0.313 + 0.052 0.502 + 0.058
Cimetidine* 4.43 +0.05 43.8 £ 0.13 2.56 + 0.04 6.12 + 0.077
Trimethoprim* 8.16 + 0.06 84.5 + 0.087 4,13 +0.09 11.3 £ 0.13
Quinidine* 6.77 £ 0.08 15.5 £ 0.094 5.82 + 0.06 5.00 £ 0.12
Ondansetron* 0.797 £ 0.025 0.935 £ 0.15 0.436 + 0.083 0.624 £0.19
Famotidine* 1.67 + 0.03 10.7 + 0.12 0.905 + 0.046 3.11+0.12
Dolutegravir 7.12 £ 0.085 23.8 £ 0.23 3.04 £ 0.086 9.07 £ 0.30
Vandetanib 3.36 + 0.063 352 +0.17 2.39 £ 0.034 1.60 £ 0.13
Cephalexin 2614 + 0.024 >10,000 2110 + 0.043 >10,000
Ranolazine 88.1 £ 0.043 111 £ 0.092 48.7 + 0.061 66.3 £ 0.31
Lansoprazole 60.1 + 0.049 148 + 0.22 44.0 + 0.056 66.5 + 0.24
Cobicistat 5.29 + 0.087 122 +0.11 2.75 £ 0.083 5.27 £0.23

* ICso values obtained by uptake assay were from Lechner et al. (2016).

MPP* % B & L CHWESA, i L7z 12 OFLERD 5 5, 8 >OERICE T
1%, uptake PHEFER, efflux #BRE D H O#E D F5 A CRAM S 4172 1ICso fE S 4 5L
DF=TH -7, Cimetidine, trimethoprim, famotidine, cephalexin Ti%, efflux PHEF SR T
BTz 1Cso fEEAS uptake PHEFRER CTH O D ICso AL W K&, ZOEITZENZEI 9.9
%, 10 1%, 6.41%, 3.8 Th o7, Metformin #FE & L CTHWZHA, FEEICTHOI
& % 7 L 72 cephalexin ZBR < 47T OFHEFEFD ICso fEIE uptake PHEFFBR & efflux [HER
BRTC 4 {5LIN T o7 (Figure 10A and Table 1), Uptake PHEZER TIL 12 OFHEHK S~
TTMPPAEIE & LA & metformin #5E & L7286 T, 2.3 AR DR D 1Cso
EE7R0, BATHIZETRENTWEEY, 202 SOIEERM TOIREMELFRI72 ICs ED
IO ORI o1z, —FHT, efflux [HEHABRTIL, 12 BAFHKS 10 OHFHLT 4 £5
UNDZETH T2t DD, MPP ZIEEIZH WA D ICs EA R E < 72 2 A A FE 0
o 172 (Figure 10B and Table 1),
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Figure 10  Comparison of ICsy values from the uptake and efflux direction using MPP* and
metformin as probe substrates.

ICso values were determined by nonlinear regression analysis and compared between different
transport directions [uptake and efflux (A)] and different substrates [MPP* and metformin (B)]. ICso
values of cephalexin in the efflux direction were not plotted because there was no observed inhibition
at the highest concentration (10 mM). The black line represents the line of unity, and the dotted lines

represent 4-fold errors.

% 485 In vitro-in vivo correlation IVIVC) DHRFE

WU, BHISRPEDEER T A RZ A T hMATEl OFLEY 27 Z5HiiT 5
ke UTHERE L T 2 mAE P A A IERS B TR D i KfE & 1Cso fED I (Cnax/ICs0) %
L LUCHY, K TO metformin @ AUC 2 25%LL o R ZHEH I X AfHA/ER
FEL, BOETHRT Y bATE 0.02 L OBEFREEE LTz, hMATE] S {EDEHAH
HAEFH® Y A7 ¥EIE, metformin 58 & U THWTIUS LB AA S 10 & HEiE S
[0 1Cso DIEVMT K o TEIKITRO b igino7z, £7z, famotidine ZfRE, §XTD
FRLEESEIZ DU T, metformin @ AUC E&H-U 27 %Z1E L < Tl L 7= (Table 2 and Figure 11) ,
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Table 2 DDI risk assessment based on ICs values from uptake/efflux directions and plasma

unbound Cpax.

Inhibitor dose Chacu  Metformin AUC  Cpayu /1Cs0. Metfromin references
(mg) (LM) change (%) Uptake  Efflux
Pyrimethamine 10 mg 0.0507 2 0.16 0.10 Miyake (2021)
Pyrimethamine 25 mg 0.138 30 0.44 0.27 Miyake (2021)
Pyrimethamine 50 mg 0.298 35 0.95 0.59 Kusuhara (2011)
Pyrimethamine 75 mg 0.410 76 13 0.82 Miyake (2021)
Cimetidine 400 mg 8.21 46 3.2 13 Somogi (1987)
Cimetidine 400 mg 4.43 51 1.7 0.72 Wiebe (2020)
Trimethoprim 200 mg 8.88 30 2.2 0.79 Muller (2015)
Ondansetron 8 mg 0.0471 21 0.11 0.080 Li (2016)
Famotidine 200 mg 1.00 2.7 11 0.32 Hibma (2016)
Dolutegravir 50 mgg24h  0.100 79 0.033 0.011 Song (2016)
Dolutegravir 50 mggl2h  0.179 145 0.059  0.020 Song (2016)
Vandetanib 800 mg 0.102 73 0.043  0.064 Johansson (2014)
Ranolazine 500 mg 1.05 39 0.022 0.016 Zach (2015)
Ranolazine 1000 mg 1.85 83 0.038  0.028 Zach (2015)
Lansoprazole 30 mg 0.088 12 0.0020 0.0013 Ding (2014)
Uptake Efflux
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BSHE EBE

IHET, RIS & TV D hMATEL (2563 2 B 3 3Ef 77213, hMATEL
AL A~D 7 1 — 7 B OELY IAL ST A OBFE 2% L, fiEsMcishn Lz BLEEK O
ERE L MEIT L HETH -T2, L LARRS, ZOERRIL, AHSA72 hMATEL O
HEME 7 [~ ik D 5 AMEIARAFE T BLEH D 1Cs AR —TH 2 L HE L TITPh
TEELDOTHLHID, R TIE, IS ROTA N7 A AHESIEWHEAEERY
A7 HED, BEOH L > TRARDONEHLNIT S8, Hix7e hMATEL [H
FEILD 1Cso fE 2 LY AR T7 1) & PRl 5 O 7w TR Uiz, HEITmTo 1Cs fEH
HiEE LT, AR 37212 2 SO A hMATEL 28 (MPP'#5 X OF metformin) %
preload L, NG D efflux &7l % efflux PHLEFERIEZBFRE L7z, Yo HEN
B e X 72 O efflux solution FOEZFHIET 5 2 & 2 HIE L7273, preload Fik
DFFHiEl L0, preload Fifg % wash 9~ 212 CIRAVIH T 2 ENEHA TE W2 &b,
efflux 7 U 7 7 & RSB FRAF T 2 BSE OB —IRE 7' 0 7 7 A WA W TR E
L7= (Figure 4),

AIRINIC IR AT 2 FE OB RK AR 7228 1%, D7e &b 2 DOMEEE GHWT =
— AL H IO EDITEFITENT = — XD EZRR) ZRL, ZOBIGIT MPPH T
ICHHETH T, MPP R DD F A 1L, = Y —LEOHEN O/ = v 8
— FM A2 MZH 4 L (Martinez-Guerrero et al., 2016), Z ORI RY—A T v
vy 7 LTI S, Martinez-Guerrero (2 L AUIE, =2 Y — A0 b OB O HITE,
hMATE1-CHO #ifi 5> & @ MPP* ORI B O EE @ ¥, V B H -ATPase [HEAI DA
IZRD= U RY =L Ty BT OBIEICERR S B LT, LIch-> T,
72— APIEOE N3 8= kX kD ORI E T A PEEE R TEEL, S
572 % efflux FLERBROE/NOFEITARERA ¥ 2 X— 3 VA 025 2 EREL
720

AHFZETIE, hMATEL JE (MPP'E X OY metformin) @ 1Cs fE D#is D J7 MR KO0
FEEARGPEIZ OV T, uptake [HERER & efflux 3R T B 17z ICs EZ LL#Z L (Figure
10A), MPP*& metformin fH] T 1Cso E D BB KA Z bele L7z (Figure 10B) ., HEEJ7 7
DRI T MPP* & metformin S EEEAKIFHINC T2 5 ICs BEZ R T AT = A LT ETE5ESR
(ZITEE S TRV, T ORFZEICIB VT, efflux BHERBRITIE BEICERE L 3206 nTRE 7R
RNDA Fax—Ta VEEE LT 025 HEFFELES OO, ffash~Ein L7
FIDMILA S hMATEL EFHEAER T 2 /lRetk, E7i3MlantiaEiciizzr Y
— ATy BT EET D AREM A S RICHERT A 2 LI TE A, B AR SR &
HEM M T 4 500 ED 1Cs i D #= % 7~k L 7= cimetidine, tripmethoprim, famotidine,
cephalexin @ MAEHIEFERTE 3 RIXZ TN 86%, 60%, 81%, 86% & MLDBAEIK L
ey <, F 72 cimetidine, trimethoprim, cephalexin (2O Tld, hMATEl OfEEFT
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HHERFFICEETHAZ EHESNL TS (Ttoetal., 2010 ; Kito etal., 2019 ; Tanihara
et al., 2007), Efflux 7 U 7 7 > A TMIENOE MPPIRE L L CTHHREIND7D, Z0
RT A= ITEGHIIEA 0P 2 VT T A L HRNER ST RN DD,
hMATE1 OHEE 5 [~k 229~ 25 H 2B GRS <HMM) & Tics v T,
26 ORRE AR E AR AKAE L 72 ZBEHBITIN 2 T hMATEL 12 X > THIAAIZER
DiAER, FEREAIEE LTELFHET D2 & T, hMATEL ORLEIZINZ, MPPTOHfEN
ATy RY—A T vy B 7B E 5 2, MIENOIEREET MPP R &2 2L X
HHAHREMENE 2 Dive, ZOFEEE, IEMEMEE A A Mlla L U CHEERE TR
THRY, MRS 5 OFLE &N D OFLE %2 52 22 0BE L CRHMIEd 5 2 & D[R
XHERLTND, LnLRND, AEBKBERICBW T, BEICRT S 27 283 5
Te OISR AAER 25l 282121, RSP T 7' r —F 20 BLEN 6, invitro
7'a—7HE L LT metformin ZfEH L72HUY AR 50 TORLERERERA, hMATEIL
DOIRFEHE L TORBILAWD 1ICs HERET DO DORBRENETHDL EBEZ LN
77

A lalF % 1%, metformin & FEE & L CHWILERBR CH O 1Cs EICHE-S<
hMATE1 M {EDEGRSED I BAEH U A 27 I EICELY A7 1A & Ptk 51 C 28 ks ik
MmoloZ &R LT, 7z, famotidine ZFRE, BHOMMIYLRWOTA FT7A D
FA 7 H (Craxn/1C50>0.02) (ZHEESN 2 U 27 MBI W T TN TOEEFELEIZ SN T
metformin @ AUC EH U A7 Z1E L < FHI L7, Famotidine @ Cumaxu/ICso EIZ, H VA
HHET LY, PR T032 THY, ZAbEELH bHHID v M4 70 0.02 % EH
A H 030 59, famotidine 1X7e L A metformin O 7 V7 7 L A &EINEE 5 &
DHEENTWD, ZHHIE, famotidine 75 hMATEL fLELAMZ G, #] 2 1ZR pH 24
L&, metformin OFRINZFLEST 5 Z ENFERTH S B 2 Hv7- (Hibma et al.,
2016), Pyrimethamine 10 mg 4% 5-F 0 Cruax o/ ICso I, HL YV IAAIT[E T 0.16, HEMI7ET
0.10 TH DT H 00 5T, metformin D AUC EFH 35O BTV 2RV, L, B
V7 7 AZEBWTIL, pyrimethamine 10 mg OZIENRD H v, P HEIET 5 Z &
DHIHALTWD (Miyakeetal., 2021), #AHAA/EHZFE (victimdrug) 12317 % hMATEL @
BEREZ B OB Z AR OREHBENO A THMT 5 2 &L ORFICHO N, FH2 =
THIEREBET D, EEOMPETOIFESHIREZ, 4Kk hMATEL & OEHERNL
T 2N IRAME P E T IXEBNIRE DI ETRIREOYr S — e LTHEMT L Z
ElE, fHAEVEMZEE (perpetrator drug) & L TOHO U X7 FHMIZHB T, BEEL TWDH LD
2B DD, Bz, metformin B2 U 7 F > A0 pyrimethamine D %h5E:D & BEfEHNT T
I, pyrimethamine O M4 HHIREE TEFR S5 AT D invivo ICs fEAZ HHFIEETH D,
XtIind 5 in vitro ICsofE & i35 Z &N TE %5 (Miyake et al,, 2021), L L7235,
L0 EMEZ2TFRIOTZOI2E (BFIZ T v AR—=2 =05 LT, BIRTALRME Rz

20



JAPNIZ L E SR 2 ARG L7720, BRETIHARY), BT hMATE] [LEHKD
R ERO D L IEEAIRIEZHET D2 L 0%, KRE L GRETH S,

MPP* & metformin @ efflux 7 U 7 7 > A% uptake #A5& & [ U 20 mM NH4Cl % T
WAIZHEDPDD BT, BV IAZRYZ U T T R ZHRT4ENS 6.5 5/ NS 0o 72 (MPP*:
20 vs 130 uL/min/mg protein, metformin : 14 vs 55 pL/min/mg protein), Efflux 7 U 7 7
VL, MR ORIEEIREICE SO TR SN D728, Bie 2 IEEEGTE ORIRL NI
ZOAR—BORRTH L AIREMENH D5, & HIZ, MIROIMT L NERO HIREDZED MR
KHYRA =X LDOOEDTH D EHERT D, 20mM O NHACl Z 5 2 efflux solution (&
BT D &, FIHIOMIEAN pH 28 7.0 72> 72354, fMlEN pH X 8.0 IC EFHTHLWo ¥
fififRET ISR (data not shown) ZBET 5 &, WIHWIOMALA pH 28 7.4 725 7¢ efflux 75
TOMIEAN pH 134 8.4 LHEESND D, SEIFAWEAIEA pH fEREORKRERR DR
IZ8 D 8.0 LLED pH ITMIETE 2o Te, BERANITIL, efflux HEREBROLS, efflux
solution (pH=7.4) ® HYRFEIX 40nM TH Y, M TIL 4-10nM GHEFZN pH 723 8.0-8.4
EE) THDH, —J7, uptake PLERERD HIEE TN 400 nM (pH6.4), HifRst
NI % buffer (pH7.4) HT40nM ThH D, W7 v A TOMIS &ML O HYR
FE DRERHEIZIEIE 10 (58725, ZHUT uptake & efflux O )8 FE O g R 12 28 4
52, BBTEOLRB T TO efflux 7 V7 7 2 ADE/NHliZ 5 & Z L7Zr[REMENRE 2 5
ns,

AWFFETIE, BV IAH A & PR R O 5T 12 O hMATEL FLEIED 1Cso B 2 Huig
L, 42520072 hMATE] Ok o J7 [ak & 136 & ¢ uptake PLERRER ) 5555 1Cs
fEl%, metformin % in vitro 7’ —7 REH L L THEHT ARV, efflux [LERBREN S5
T2 ICso il & RS D ICso i k92 &, S BIZ, FH L7z 1Cs fE IR B O BSR4
A RTA NS T2 Coaxd/IC50>0.02 DF » b A7 T 71 —FC, hMATEL (2K T %
metfromin OFFERAIZRFEY M AEEAICL D AUC EROY A7 2 ELSHETHI &
WO, L0 AFLAICEEN D H D ICo EORE D722, Mgk o5 OFEE,
IR S ORRE & Bl 2 \ZFEIT 325 Z & A AEEZR BT 7272 in vitro RHlR OBR N L E
Do LU NG, FHEEMLBBIZBWTL, BEICHT DU AT 2T 572912
false-negative ZWET 72T AUT R HRVREZZET D L, metformin ZFEEHE L THWD
B0 3A A J7 10 T ORRERER L, hMATE]L ORAEIE & L COFHBFERBILEY D 1Cso E % IR
ETDICOERFEHETHDL LEX BN,
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B1E WS

V7T o ATRERIRIEIBRIC N A, IR A BT 52 4%72 h T v AR —
H— % LTCREBIRY 22 0o N CRERR S D, 37 U 77 F o AL, BRI 72w
EIRETDE, B2 VT T A AREKENEEZR (Glomerular filtration ratio : GFR) & Ifi.
RRIERE S () OEEZ5IK Z & THETE S, 7 U7 7 ALtk (Clearance ratio:
CR) 1%, 27 VU772 A% £, & GFR O THRTHZ L TEFRII, CRNV1 L Kkx
WA, IREEMEA~DOBEENN 72 W OB 5.2 712 LT\ 5, Bliga AR EEGHAR O TE
I B L HY & OXf Mk THx 2R a2 JEE & LTHW T 5 hMATEL B LW
hMATE2-K (2R 2 EWEAHEEHATIE, & 1| ETHR728 Y, metformin %D
hMATE1/2-K B (2% L T hMATEL2-K [HEER I &S o 2 LT, REEMOE 2 )
T T AN T D, RN DI OTHRPELE L, M ds XU O Kk
BimE D &, FERLmMEICEN D 572D, AT IZIB W TIE, M AA/EHHE (perpetrator
drug) & LTOY A7 FHMIZINZ, #HEAAEMZE (victim drug) & LTOU X 75l b
HETH D, HEI SR DORFTOFEWHEAESERTA N7 4 TlE, HBILEHOE s
WDI VT T UANRI VT T AD25%E MR D856 L, BREEORIN D HHEIC
X, BrBBILEMNE N TV AR—Z—DRETHDH Z EE2FHMET 2 Z ENRRD LN
Do —MRIIZ, BHELEW S hMATEL 36 J OV hMATE2-K OB IZ72 5 2 & O invitro #F
b AN LH RS E 0 HART, 7705 AERPR 2Rk 1 & Ii3ifin & oy
ABF T TORHMIEN NS TE T, L L7 n, FE RN 6 D 7 [a i O3E
(CE - THE—=TH D0 E S POERILEFHIAT DO TR,

X 512, hMATE1/2-K DI TET 5 &7 WD in vitro-in vivo correlation (IVIVC) FHIZ
HIERENH 5, Extended clearance concept (Yoshida et al., 2013; Varma et al., 2015) (2365
<&, Bpwr V7 T ZIARTHIL, BNENOFEYR B DN b E A 2
U7 Z A (CLrkidney) CEF I, 1BH OERKRER TE O D MAEFRE ISV
7 T T A (Clrphsma) CIEZ2VY, hMATE1/2-K {EMEIL Z D CLg kidney & BIH$ 5 7]
RRMER®H D, LnL, b FERKRER TIZEYOBIBAREZ RO D Z LITHR#ETH 5,
S I, EBEEHPEE TR EY FAME BRI T, BomicsiT 5
hMATE1/2-K DB 5-Z B & 72 L 72 fE#1% metformin (Nies et al., 2016), N-methyl
nicotinamide (Ito et al., 2012), I35 U8 gefapixant (Nussbaum et al., 2022) “EIZFR 5415,
L7 o T, AW TIEL, hMATEl OA /LY v 7 ThdH~ U A mMatel IZHH L7z, <
7 A2 mMatel & mMate2 D2 DDT A VT F— LN DD, ITNLRMIE O TEREIZ
RELT D DIE mMatel DA TH 5 (Otsuka et al., 2005), F£7=, mMatel / v 7 7 7 b~
7 A%, FEPO in vivo FEPENREIZIS T H mMatel OFLH-OMEICHHAFRETH Y,
metformin OHHHIT mMatel / v 7 7 7 b~ U ATHEZEIE T T2 2 L08mMbnTW5

(Tsuda et.al., 2009) .
Z ZTCARETIE, 9O FA o MAbEMZ M, & hMATEl O~ 7 241 Y 1
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7T H mMatel Z 585 X172 HEK293 Ml ~DHL Y iAATEM: & mMatel / ~ 7 7
U R U ATOE A I AER~ T A TORRE T 5 Z & T, invitro (B AZS
M) & invivo (FEHES ) OREREFRIZ DWW T, Bk o T aPEnN 2T 5 Ok EMER -
EEHITEEM L7z,
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%2 i in vitro uptake FRER
mMatel FE. HEK293 i~ 9 FEHHD 1 F A L MALE W O R UK AF R 72 BV A I &
mMatel %52 2IZHE 35 100 pM @ pyrimethamine 77E F TOHL Y 1A A % xf BARAE ~D

B0 A &g U7= (Figure 12),
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Figure 12  Time-dependent uptake of cationic compounds in mMatel-expressing HEK293
cells. Uptake of 0.3 uM of cationic compounds (almotriptan, naratriptan, talinolol, sumatriptan,
alogliptin, sitagliptin, rivaroxaban, saxagliptin, and vildagliptin) and the effect of mMatel inhibitor
pyrimethamine (100 uM) were determined at pH 7.4 in mMatel-expressing (@, O) and mock vector-
transfected (M, [J) HEK293 cells after intracellular pre-acidification with 20 mM ammonium
chloride (NH4Cl). Each bar represents the mean + S.D. (n =3). Statistical analysis was conducted using

one-way ANOVA with Dunnett’s post-test. *p < 0.05
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Alomotriptan, naratriptan, talinolol, sumatriptan, alogliptin, sitagliptin ® mMatel & ZdHfia
SOOI AT, MM L TARICE S, £TOIRYIAZIT mMatel BHEHK
pyrimethamine DN K > TR L7z, FEMirTRERR/NDA % 2_X—2 9 UHFH &
LT 025 738 E LT mMatel FEBLHENE & b BRI~ FIHIE D A7 2 38 NEAS L,
B RO ITA T A 2 TOFLRITHEY Y, FEBLMME &t AR ~D LV iAZ . (uptake
ratio: UR) 73 2 LA ETH 72 EFED 6 {LEW % in vitro DELY iALJF A DBk |2 55 <

B LHIE L7z (Figure 13 and Table 3),
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Figure 13  Initial uptake of cationic compounds in mMatel-expressing HEK293 cells. Uptake
of almotriptan (0.3 pM), naratriptan (0.3 uM), talinolol (1 pM), sumatriptan (0.3 uM), alogliptin (1
uM), sitagliptin (1 uM), rivaroxaban (1 uM), saxagliptin (1 pM), and vildagliptin (1 pM) was
determined for 0.25 min at pH 7.4 in mMatel and mock vector-transfected HEK293 cells after
intracellular pre-acidification with 20 mM NH4Cl. Each bar represents the mean = S.D. (n=3).

Statistical analysis was conducted using unpaired t-test. *p <0.05.
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Table 3 in vitro uptake clearances, net uptake and uptake ratios into mock vector-transfected

and mMatel-expressing HEK293 cells.

Each value represents the mean + S.D. (n = 3)

Uptake (uL/0.25min/mg protein)

Net uptake Uptake ratio

Mock mMatel
Almotriptan 11.2 + 1.23 30.9 + 0.603 19.7 2.76
Naratriptan 527 + 1.18 29.1 + 3.86 23.8 5.52
Talinolol 5.16 + 0.183 20.6 £ 0.416 154 3.99
Sumatriptan 3.62 £ 1.29 185+ 2.25 14.9 511
Alogliptin 6.19 + 0.983 17.5 + 2.58 11.3 2.83
Sitagliptin 4.89 £+ 0.655 13.1 + 0.987 8.21 2.68
Rivaroxaban 9.66 + 2.09 13.7 + 0.987 4.04 1.42
Saxaglitpin 3.15 £ 0.716 4.01 + 0.459 0.860 1.27
Vildagliptin 2.99 + 0.567 3.62 + 0.311 0.630 1.21

38 mMatel /v 7 7D b~ 2%\ in vivo efflux 3R
9 FEEHD T F A MALEWZ mMatel / v 7 T U b~ U R EBAR< T 2 ZHFRR X
D 120 SFEIEHFHGEFHEZITY, MAERERE, SR-PPEMOEE, BhNRE 2 HE L
(Figure 14), MAEHPIREHERIL 120 0RERTH T X TO/EY TEFRBISEL TV
IR ToT=8, EOHOMENTIL 90 43 & 120 3128 D IMFEHIREDOFEETH 5 Cpave
LT,
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Figure 14  Comparison of the renal elimination of cationic compounds between mMatel
knockout mice and wild type mice. Plasma concentrations, urinary excretion rates, and kidney
concentrations were determined in control (O) and mMatel knockout mice (m) whose bladders were
cannulated for the collection of urine. Alomotriptan (4.0 nmol/min/kg), naratriptan (4.4 nmol/min/kg),
talinolol (2.3 nmol/min/kg), sumatriptan (5.1 nmol/min/kg), alogliptin (1.8 nmol/min/kg), sitagliptin
(2.2 nmol/min/kg), rivaroxaban (2.3 nmol/min/kg), saxagliptin (2.4 nmol/min/kg), vildagliptin (3.2
nmol/min/kg) was administered to male C57BL/6 mice by intravenous infusion. Blood samples were
collected at designated times, and urine samples were collected at 30 min intervals. At the end of the
experiment, the kidneys were removed. Each point represents the mean value, and error bars represent

the S.D. (n=4). Statistical analysis was conducted using unpaired t-test. *p < 0.05
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w7 T UMY T AD invivo N7 A —FEBER <y R LT 5 L, miEPRE
(Cpave) 1ZFWTIZE, sumatriptan (40%) , talinolol (27%) @ _ESF-2358&® B, JRABE
Tk 3o (Vurine) I%, alomotoriptan (41%) , naratriptan (28%) , talinolol (45%) ,
sumatriptan (33%) , alogliptin (30%) T/ L7z, BMEHFIRE (Cudney) & naratriptan
(116%) , talinolol (123%) , sumatriptan (102%), alogliptin (37%) , saxagliptin
(103%) , sitagliptin (42%) T EH L7z, BLED XL 1T, %5 2 fiT in vitro uptake 7R
B EHE SN 6 (kBB TE, MIEPIRE, JRPPEEE, B RED
W INZE D78 H a7 (Table 4), Almotriptan <° naratriptan @ J 9 (Z (i 2 EE
(BB IRMEEW ThH > TH, RPPHIEESLEBTIREOZ(KIZ LY, B2
U7 7 A (CLg plasmas CLR kidney) 1ZA BN T L7z, mMatel 4] f@m/\w\-ﬁy J
7 T v A%FT CLR kidney DK F 2R IALAEW % in vivo D437 1A1O mMatel &'
F L7k A, false-positive & 72 561X 72 <, invitro DHLY JAAL S5 1A TG & fE é
Iz 6 (EEWITT N Tinvivo JHE & HIE S 4, EMERREEHEIT &L, —F
T, saxagliptin |Z in vitro & in vivo DI HE N —E L 720 false-negative O —f5] Tl -
7
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Table 4 Pharmacokinetic parameters for cationic compounds in mMatel knockout mice and

wild type mice. Each value was determined from the data shown in Figure 14. Each value represents

the mean = S.D. (n = 4) Statistical analysis was conducted using Unpaired t-test. *p< 0.05.

Alomotriptan Naratriptan Talinolol

WT Matel(-/-) WT Matel(-/-) WT Matel(-/-)
Cpave (M) 28+82 29614 68.5+21  785+64 154+46 195+18"
Cuigney  (Pmoligkidney) 97.1+53.4 11816 3354212 724 +58" 618+40 1380100
Virine (nmol/min/kg) ~ 1.48+0.04 0.87+0.158" 2.35+0.18 1.69+03" 1.01+0.06 0.56+0.13"
F urine (%) 354+34 2174 50.4+56 38.3%6.6" 429+26 239+56"
CLio (mL/min/kg) 144 +14 135+8 65.7+10.8 56.8+6.6 154 +18 121+14"
CLg, plasma (ML/min/kg) 50.8+5.4 295+64" 329+5 21.8+4.4" 658+6.8 29.4+9"
Kpkianey  (ML/g kidney) 318+1.86 3.88%052 448+286 913+158"  362+3 70.2+104"
fp 0.64 0.74 0.36
CLg, kidhey (ML/Min/kg) 132+20 529+14" 503+18 1.25+066 1.68+0.15 0.347 +0.043*
CR 567+0.70 329061 317+0.77 21058 131+11 584+0.6*

Sumatriptan Alogliptin Sitagliptin

WT Matel(-/-) WT Matel(-/-) WT Matel(-/-)
Cpave (nM) 349+104 488%42 573+16.8 70.8+78" 309+88 369%3"
Cuizney  (Pmoligkidney) — 128 +96 259 +22 874248 1200 40 375+158 531 £50
Vurine (nmol/min/kg) 15£018 101+026"  1.88+£0.18 132052 1.96 £0.16 1.58+0.32
Furine (%) 28.2+3.8 20£5 105+10  73.1+284 84.7+98 713142
CLio (mL/min/kg) 149 +30 105 +12 31.6+28 256%24" 71.9+52 6014
CLg, plasma (ML/min/kg) 416+68 207+44" 33.1+44 191+84" 60.7 £6 432+108"
Kpkianey  (ML/g kidney) 325+22 516+0.64 137+42 153+16 108+38 13514
fp 0.83 0.59 0.74
CLg, kigney (ML/Min/kg) 922+35 1.76%0.7" 1.81+03 0.708 £0.4" 466+071 243+081"
CR 35809 1.78%03" 401+05 232+08" 586+0.74 417+11"

Rivaroxaban Saxagliptin Vildagliptin

WT Matel(-/-) WT Matel(-/-) WT Matel(-/-)
Cpave (nM) 174 + 48 212+20 304+86 365+36 849+238 1009
Cuigney ~ (pmoligkidney) — 475+30 416 110 355 +54 719+76" 531172 522 +90
Vurine (nmol/min/kg)  0.11+0.050 0.09+0.05  0.941+007 0.79+0.2 0.81+£0.08 0.7+0.19
Furine (%) 486+1.92  393%23 39.0+26 33.1%82 243+28 215%6
ClLyot (mL/min/kg) 1314100  10.8+1.40 7994102 664+78 382422 325+3
CLg, pasma (ML/Min/kg) 0648030 0.405+0.18 31.2+4.38 22462 9.24+1 6.88 +1.44
Kpxiaey (ML/gkidney) ~ 254+0.28  1.93+0.58 108+1.60 192+48" 5.81+1.9 49+1.32
fp 0.11 0.7 0.99
CLg, kidney (ML/min/kg) -0.35+0.13 -0588+0.14 1.98+0.49 0.635+0.33" -0.80+0.20 -1.42+0.39
CR 042+022  0.26+0.18 3.18+0.54 2.24+0.66 067+0.09 05+0.14
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% 48] 1In vitro-in vivo correlation IVIVC) DRRFE

mMatel / v 77 7 b~ A LBAERI< 7 20 in vivo & 7 U 7 F > A(CLR, plasma, CLR,
kidney) 7= (Figure 15Aand B) &Lt (Figure 15C and D) %FH% L, in vitro @ net uptake
& uptake ratio & FLfg L7z, ZDOfENT D R*EIE 0.32 (CLg, plasma, p=0.114) & 0.43 (CLg,
Kidney, p=0.0555) , FE DFEHT TIL R*fE1E 0.29 (CLR. plasma, p=0.136) & 0.66 (CLg kidney, p=0.00737)
T&H Y, Clrkidney PHOREHT DL DS KEETHNCAH B2 HB 2~ L7z (Figure 15),

A B
80 1 R?=0.3176 (p=0.114) 121 R2= 04291 (p=0.0555)
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Figure 15 Comparison between in vitro uptake and in vivo renal secretory elimination of
cationic compounds. In vitro net uptake and uptake ratio were compared with the difference (A, B)
or the ratio (C, D) either in plasma concentration-based renal clearance (CLR, plasma: A, C), or kidney
concentration-based renal clearance (CLg, kidney: B, D) between WT and mMatel KO mice. Closed
squares, closed triangles and open circle represent substrates (both in vitro and in vivo), non-substrate

(both in vitro and in vivo), false-negative substrate, respectively.
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E5HE ~vUR-b MNEOEEDEE

U ALE b EDORELBROTLDIZS, 9 EONFA A MEEEH D hMATEL FEHL
HEK?293 fifa ~DOHTHIE Y A (0.25 57) % B0ET L 72, Alogliptin IZ mMatel FSEiAf
Ja D #, rivaroxaban |X hMATE1 FEBAEIZ O AMFHANCH BRIV iAHZ R LT
uptake ratio DFHESIZIEF I B>~ 7= (Figure 16, 17 and Table 5),

R2=0.879 (p=0.00019)

12 -
Sumatriptan Naratriptan
10
x 8]
= |Rivaroxaban
- & -
L Almotriptan
= Talinoclol
< 4. /
=
L Sitagliptin
2 | /Alogliptin
{ Saxaglitpin
0 T T T T T T T T T T T 1
0 \ 2 4 6 8 10 12

vidagliptin -~ mMMate1 UR

Figure 16 Comparison of uptake ratio of cationic compounds between mMatel- and hMATE1-
expressing HEK293 cells. Initial uptake of almotriptan (0.3 pM), naratriptan (0.3 uM), talinolol (1
uM), sumatriptan (0.3 uM), alogliptin (1 uM), sitagliptin (1 uM), rivaroxaban (1 uM), saxagliptin (1
uM), and vildagliptin (1 uM) was determined for 0.25 min at pH 7.4 in mMatel- , hAMATE1-expressing
HEK?293 and mock vector-transfected HEK293 cells after intracellular pre-acidification with 20 mM
NH4Cl. Uptake ratios were calculated by dividing the mean value of uptake in mock vector-transfected

cells from that in transporter-expressing cells.
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Figure 17 Initial uptake of cationic compounds in mMatel and hMATE1-expressing HEK293
cells. Each bar represents the mean = S.D. (n=3). Statistical analysis was conducted using One-way

ANOVA with Dunnett's post-test. *p <0.05.

Table 5 in vitro uptake clearances and uptake ratios into mock vector-transfected, mMatel- or
hMATE1-expressing HEK293 cells.
Each value represents the mean £+ S.D. (n = 3)

Uptake (1L/0.25min/mg protein)

Uptake ratio

Mock mMatel hMATEL1 mMatel hMATE1
Almotriptan 11.2 £1.23 30.9+0.603 39.8 £1.56 2.76 3.55
Naratriptan 5.27 £1.18 29.1 £3.86 49.6 £3.11 5.52 9.41
Talinolol 516 +0.183 20.6 +0.416  20.8 +0.306 3.99 4.03
Sumatriptan 3.62 £1.29 18.5 £2.25 29.7 £ 2.15 5.11 8.20
Alogliptin 6.19 £0.983 17.5+2.58 8.27 +1.69 2.83 1.34
Sitagliptin 489 +0.655 13.1+0.987 12.5+0.436 2.68 2.56
Rivaroxaban 9.66 £2.09 13.7 £0.987 20.8 £ 0.643 1.42 2.15
Saxaglitpin 3.15+0.716 4.01+0459 299 +1.02 1.27 0.949
Vildagliptin 2.99 +0.567 3.62+0.311 244+1.12 1.21 0.816
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FEoHi BE

> hMATEL 2SHEEND &, MEFREICRE B d 2 &< Bligno
FEEOWREN EAT 5N H VD, BHEESCIENDOELIZ o7 b, LML, B RO
BB T — # 72 5 hMATEl SMEQBWEEF 27 VT 7 AZHET D Z LITES T
1272 <, B MIBIF S invitro & invivo DY U 7 T o AOFEBIRIR & IEREIZMiGET 5 2
CIXREETH D, £ TARIMIETIE, vV ADOAN Y0 THD mMatel /v 7 T U b
~ 7 AZBIT D MATE Z 4 L2 RO 2 b 2 50 ~, 9 FE O F A4 b EW % A
WG, AESER e dat 7 & IR & D in vitro TOEY IAZGER ) BHIE S D
RS in vivo & EMER - EEMIC BT 20 ENERE LT, £ LT, mMatel &
hMATE1 D[] T® in vitro D FEEFEFROFERN D, FEEL M Z TO IVIVC OIMFEH A EE
MELETH L L LT,

AR TIL, ~ U ADRPPEIIZIIT D mMatel DEEMIZONWT ) v 7T 7 kv U
AN DZ ETHRERDD Z ENTE T, Invitro THEE LHE SN 6 {LEWIZ
in vivo efflux BERO KA NNT A —H |2 ) v 7T 7 b~ AL AR~ T XM TEBN I~
b7z, mMatel OKRIBEOENED/NT A —Z KBS VD DE, extended clearance
concept (2N D &l # DALEW DO 73 WIS T DAEEBH K FT 5, =& 21E, &
7225 DY AR RIS TH 556, mMatel RIBOFENTL, [RPPEMFRELZE
fbs¥5Z i<, BIRAOEDREZ LA IS REREW, Tz, BIENO
WEMIRE Z AL L72 CLr kidney P/ v 27 T U b~ TR EBpAER < 7 2 OE{LIX
mMatel ZJ7 L7 W EFHET 27200 L0 KWEETH D EE 2 bbb, AFET
%, Rl L72 9B D 9 B CLr kianey 23085 T FHNCAH BIZIA L2 7 2% in vivo &H
E LT LTz (Tabled), 7083, AMFETIT 4L BEO~ D A2 HWERER, 766
229V T Cliiindey DA BEAZMHT D Z LN TE -, LML, Bat LIZALEWA invivo
DIETIH N E W I FEiwm A E X MR, ERAR AT oXHBE L, Mokt
AIREZR T 7RI AT 5 72 &, TEEVRV invivo EROREIDBMETH A 9,

Saxagliptin |%, #hA & O H AR FIZH VTS in vitro TiE mMatel (2 K D HY iAAHN
RO BT, mMatel / v 7 T h~ U A TIEEAER < 7 2T Copave & Cridney D L 5-
DHEHIND T LT, Clryidey DA EIMK T T2, in vitro & in vivo DFEEHIET A —E L
72WMESN T o > 7= (Figures 13,14 and Table 4), Z O )& Z 73 5 52 272 B X & 0>
TIX72\W 23, Saxagliptin [ Zfth> DPP-4 BLEHK L (X572 0, DPP-4 OIEVEERNALD Ser 630
LIARG AT L (Kimetal,, 2006), < OfFEE-EIRIZER ICRW Z L3l ST
V% (Wangetal.,2012) , DPP-4 [ BIZmHHLT D2 L3 M5 TED, 2D K 9 72 target
specific & L < I& non specific 72f5 &P & 1S, invitro DIEEHEE RiZH U A7 OOk
DEFZ BN, EEITIE, 2O X0 RA—8IL, FEMBARIZI T LW EAE AR
MU A7 FRNZEBWT, MBEERLAREERH D, K VKEEOE in vivo THIMEZ Ff
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O, BN invitro AT LAOBENIIF SN D, BoUWICE T 5 OCT2 I & U hMATEL
N7V AR—=H =D %2572 90IZ, OCT2 LT hMATEL % HijE G5 L7
MDCK #ifid 72 £ OfgiAHIIE I B S 5 1L TIE, metformin 53 W77 6]~ DRk H3 7
BHEN TS (Konigetal., 2011), hMATE1 O % 8235 HIE ~F 3 S 72 BOA 2Bk ©
TERE EE R 0N O D LAY (pramipexole, lamivudine, memantine,
trimethylamine—N—oxide) I%, OCT 2 & hMATE 1 %z 388l L 72 transwell RITHRFE L 72 #%
Al SRR I W T, W RA~OBEEZ R T EVW I ME S H S (Knopetal., 2015;
Miiller et al., 2013; Miiller et al., 2017; Gessner et al., 2018), hMATE1 /7 5 & /07 U
T T AL D ORMIEEERBRN OGNS 7 U T T AL DO IVIVC [3HGEE
SNTWARWD, A TR LN REBRT 5 L, MIBNICEE I EHRE LS
FEHEIZ LTz invitto 7 V7 TV AZERTHAVENRHDH EBEZBND,

mMatel #4195 in vitro TOEYVIAZY VT 7 A & in vivo COEHQWT VT Z
ADMRE ERINCBELEET D7D, /) v I T U MDA LBARI I 2O VT T
A (CLR, plasmas CLR kidney) P ZEALZFHHE L7=, (Tabled), ARWFIETITo72 4 DO R B iR
Hro 95, CLy kidney D EEDENTIZ O AFEFHOICH B /2FERE (R>=0.66, p=0.00737) 3%
W BTz (Figure 15), Z @ R 2{i}Z false negative T > 7= saxaglitpin Zfx< & 0.66 7>
5 0.85 (p=0.00398) (k¥ L7z (datanotshown), FHRRER CHHE 5D CLR plasma I
MAERIEN S OB IABEFRHEO 7 VT Z7 o AB LW, EWEE T 20W7 VT 7>
ATHRSNDEENNT A= ThHb, LIZBN>T, CLRplasma (ZMLE IS & O HI 2
THIHR 2 19 2 0k & FEAR T3 REWFEDIR BN T RIFIZIB N T DA CLrkidney & FHE
T 5, SBIZ, CLrkidey DHEOFENTIX B IERE AT (faianey) (TIRTE L2V NT R
—ZTHDHN, ZZEDIHTTIL fdney PIHETHEDFEEEZ 51T 2 Z & DY CLRkidney D L OfFHT
DHPHERABEZ R Lc et s LTE AN, BLED X 912, mMatel DIEER
k723 invitro (HXV IAAZJ7mA]) & invivo (HEMEITM) (ZEMR7Z < [Fl—T, RAF72FHEEN 7
DT b, AEFRZRPEI T &3 & QIR IALER TR O D in vitro D
uptake ratio 73 in vivo DB CO S WHEREDIEERE E LTHHATH S Z EBVRIBE S Lz,

mMatel & hMATE] D7 </ BRECHIFRRIVE (78%) 72 TR S 72 L BV, mMatel
& hMATE1 DO @ uptake ratio (21X RAF 722 HBE A BIEL <7z (Figure 16), 2D Z &1
hMATE1 @ uptake ratio 73 & MZFWTH hMATEL 241 L 72 CLiyianey & FHBI S5 Al HE
LTS, EEE, ZhoDHEYOE 7 VT 7 AREKIKERICKLL2 7 VT 7~
Z (f,x GFR) & EEY, W5 LTW\% (Table 6),
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Table 6 Renal clearances, fraction unbound in plasma and filtration clarences observed in
human clinical studies. Greater CLg plasma than f, x GFR indicates the involvement of active renal

secretion. 125 mL/min was used as GFR for human.

CLg, plasma fy f, X GFR reference

(mL/min) (mL/min)
Almotriptan 433 0.7-08 88-96 Jansat (2002)
Naratriptan 220 0.8 100 Tfelt-Hansen (2000)
Talinolol 283 0.45 56 Westphal (2000), Tubic(2006)
Sumatriptan 263 0.84 105 Lacey (1995)
Alogliptin 163 - 218 0.8 100 Sheen (2011)
Sitagliptin 350 0.62 78 Sheen (2011)
Rivaroxaban 40 0.073 9.1 Kubitza (2010)
Saxaglitpin 230 1.0 125 Sheen (2011)
Vildagliptin 217 0.91 113 Sheen (2011)

LIrL7e G, b FERIRIZEWTIEENEO hMATEL 23MET 5 EH0wEAa 2 U 7 7
VAR D LIIERE LTHEETH Y, xR EEBER T ANERH D, £T,
CLridney & EFT D 72OIT1E, BIRNOEEIRE 2RO Q2T UTR B0, B o
T IE s (positron emission tomography: PET) (i3t Ml O 3EY) O IR EE-FFfH-7 v
T ANEGOME—DFETH S (Gormsen et al., 2016; Shingaki etal., 2015) 23, $FEk72
RO LB ERNICHEFZRET 2 0Hk 27 e—7 L LTEAT L ENNER
72, EHEMBAFEICBWTHFERIC PET k2 WA A=Y U THEE1T 5 Z LI3E
TR, RIT, BRM & T hMATEL2-K Z782IZfiET 2 2 L3 TE HEEN 2
W2 ENRFET D, SEEHMIIZHAVWE 9 D B F 4 MBI D Clrkidney (ZXFT 5
MATE [H# 3K pyrimethamin (20 pmol/kg, bolus injection 15 min prior to start of infusion) @
MFII mMatel / v 7 T 0 b~ AR THLNATLL DXV 0> 72 (Figure 18),
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Figure 18 CL g, kianey difference between wild type mice and mMatel(-/-) mice or control mice
and PYR-treated mice. 20 pmol/kg pyrimethamine was administered via bolus injection 15 min prior

to start of infusion of test substrate.

Miyake & DHFFEIZ & % & pyrimethamine | KEGRR 5 & (75 mg) T, MATE &
Td»% metformin, methylnicotinamide 33 X T N-methyladenosine D& 7 V7 7 A% %
ALEHL 55%, 58%, 48%Jd/ b ¥ 5 Z E N LTS (Miyakeetal., 2021), 507172 FH5E
HTH D pyrimethamine (ZFVTH, hMATEL/2-K JEMEN 22 PLE &5 rlREME 3K
W, Tz, v RALERRD v OB TIX hMATE2-K 7% hMATEL (2l 5 &RV VR
BHETHLHLODHEEL TV D AIEEMENZET 5415 (Parasad et al., 2016; Ishiguro et al.,
2023; Fukudaetal.,2017), hMATE1 & hMATE2-K [TIEE SR MEN EE T 5 72, hMATE]
& hMATE2-K O 525 L 5 2 EEN & MBIRIZEV T hMATEs &9 5 23 Was
P SN BERORBE G T 57 DIIINETH D, Ii%IZ, hMATEL Z 4 L7- 3K
W EVER 2 X0 EENICHEE T 2720120, Ml 7 a7 7 A VBB LT T
NV W NI RV Coh A 9 (Nakada et al., 2018; Mathialagan et al., 2017) ,

AWFTEIE, APRFR 2R PRI T A~ OHRiE & VXK E O in vitro OEY AR U T Z
VA L in vivo mMatel ZJ L7=B0w7 VT T o AOFHBEEMEE L= T O/FZET
&%, Invitro uptake FRER TR & HE SN 723EWIE, mMatel 24T L TRPICHER S U
5 ENER SN, EEOBFEITREO HFAEICKEET, R—CThdrI LEmrLT,
<~ AZBIT S IVIVC £~ AL b MEO uptake ratio (& BAF72ARBI NGRS Sl Z &
15, B MEBEIZISV T uptake ratio 28 hMATEL &/ 20 oA 728 L 72
2D EBNRBE NI,
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AWFZEIE, EFRMBAFRIZIBVT, hMATEL %41 L7 3K AAER U X 7 % hMATEL
O AEFREE) 72 BRI T [ OBk & i & OV IALRER E U TR 2 2 & R4k
Z, OEHRED b7 AR — —[ERE, QRERMMR L OWIERE D 2 SOMlE
DOEEOLEYE AV THREEL, i CT? mMatel 3 X X hMATE] OFEEE & in vitro
FEMEEE O BIENEZ B 52029 5 Z & T, FiHlEIRABARAL G O B OREEE O
WM EAER Y 27 Mz fRelc T2 2 L2 HME LT,

% 1 FTIX hMATE1 BLEIEO PR 5 7 C ORLE TR 2 & BRI G35 8- 72 Fik
ZBAF L, 12 FEHOREE O hMATE] [HEHED 1Cs B AN Y A A J5 1) & Heilk T 1 TR 72
% nERET LT-, hMATEL % 5@fil38 8l X &7- HEK293 flifas AV C, fainsto H )
iz N THICERES 5 2 & ¢, WEERO S mEZ 2> hr— L, BAEEKD ICsfiix
B0 5AA T 1A & HEME G T Tl L72 /5 3, metformin 238 & L CHWEHEIL, @ik
DO HEVEIZFE DT ICo D ZEN 4 (FLUNTH 72 2 ER STz, £, HHY R HE
BT D Coaxa/ICs50>0.02 ZFEIE L L THW A, uptake PR & efflux PLERER)
5B HNTZ ICs [HDIEWZ X 5 metformin AUC EFIZBITAMEAER DU X 7 HEIC
ZT oo, THODORRNG, EIRMEFEIZBW T, BEICKT 2MEERNY X
7 HWRINT D T ORSFI I M D M b BET D &, metformin OFFREL Y JA A
(26T D BRERER DS, BB RL A D hMATEL FLED ICs 2 IET D720 Dk R
DEBREIFTH D & LTz,

2 ETE, 9FEEHONTFA MG E M, B N hMATEl O~ U AA /LY s
T %5 mMatel Z iR FEL <72 HEK293 il ~DH Y IAATEME & mMatel / >~ 7 7
b~ U 2 TOMITEFIREHER, JRPRZ(CEPERE, BMANRE 2 BAR~ 7 2 To
fili B & b U CREI L 72,

R0 3A B J5 18 DBG LSS < FERFIE X, mMatel ZEBLHIN & 5 BRARIL ~DEL Y JA T~
& & Dt (uptakeratio) 732 LA EZFEHEL U, PR m Ot 255 < B HER, B
TEANIREFEHEDRE 7 ) 7 F > A (CLrkidney) @ mMatel / v 7 7 7 b~ A L BpAER<
U AMOFE R E Lic, ZOREE, BV iALT O FEEHE & HEt 7m0 EVER) 72
FEHEOMIZIT—EMEN R 51, invitro BV 1A ZG R T mMatel & & HE 472 6
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DG T X TIZEWT, invivo FEER TEIRIZ mMatel ORF 5238 4172, Uptake
ratio & CLgidney O KR A B ARFHBI N A B, AU mMatel 0 JEE ARG 2 i
EOFHAMEIZEDL LT, F—ThHDHZ L2l TEY, invitro BV IALGAER)H15 5
A7 uptake ratio | in vivo DE WS VT T L AZBIT HEEMNEZ RET 50 B
LD Y B EBZ LT,

S HIZ, mMatel & 78%D 7 X/ FERCAIFE R 2 797 hMATEL & O] T uptake ratio @
BB A oIz, Z oML, FEBE IS ORI hMATEL 23 R7-9 4
B ZFHME3 572912, & b hMATEL @ invitro i85k T 541 5 uptake ratio 23 F F 72 f5 15
ERVGEL T LESRRLTND,

L, ABFZETIE, HHEBISEEMIT OV T hMATEL [ZAEK$ 2 S RIFE BAEFH o
U A7 FHIC, B0 IARRERZ AV D Z L OYMEERGE LTz, T OMEE, ko
PEIC K 67, BHEZED ICs fEIE metformin ZFE & L CTHWAEEIT 4 FLNTH Y [FH
HrEZONDZE, FRRERHBIERS LOWMSEAN KT D EEHLNE L,
D OFERIT, BT mMatel 35 X OV hMATE] OFERE & in vitro sFMEFEIE O B
[CEERREZ G52 56D ThH Y, FBUEMILAEW DRI I I\ THEIZ FE i FTRE7R in
vitro BV IAZGRBROMER NG RITE NS 2 Z E B3 WFFS D, AFFEORE O — etk
ZELOHRT 57201, SBHZ TN THA S hMATEL (TR T 2 LW A 1EH
DEFRFER 2 S HITMATWS 28T, FEWHEAER Y 27 o FHEOR & 2l
B 258 - BUERRHE O b ETe & O & IR L TV D,
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Eif5E

D VIR, ARFFEOHEEIZER U CRAGEIZRE) 72 5 THag, MHfREZ 0 £ L2
HRKRFRFBE FFSRZERE 07 HMmEE A % flrEe JeAlc s Lo ik
BROPFEERLET,

Flo, KREKZDIZHIZY, Hx OFRREBE & HIChi-lnmim& RS54
ZNTTIHE £ LoAE RS il A2 IEE Bk sk AL XV E
<HFLH L P ET,

BT, AR NITHE £ LI RO RFRFRE P R50F 41 sh e
RO BB 1648, FE R FIRBEFAN B — oA 0 X0 EEHHE L B £,

S DI, AR E ARREZITT DREZEZTCIFED, BHEZLOITEE2 WX E
Lz, BARXR=U I —A TN SRS KB R VRS A REe
+:, AN 181, Bojan Bister ATENE, HIUFEE H&E, 5612, EBRICEBEE £
Liz, MBEELE K, =2A5L0K, THE MELEY T AR =7 =T DK
RRICTR  GEHE L £ 7,

BB, WobniEL T NEFH-b L, IxBfEE L LT T NRITLN
SR LET,

2024 £ 5 H
TERR PR
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Chemicals and reagents
[**C]metformin (100 mCi/mmol), [*H]metformin (8 Ci/mmol) (%, Moravek Biochemicals

(Brea, CA, USA), [PHJMPP* (80 Ci/mmol) /% American Radiolabeled Chemicals (Saint Louis,
MO, USA) X W REA L7z, FEEEFRIARD metformin IZF1EHIEE (Osaka, Japan), MPP™,
almotriptan malate % Sigma (St. Louis, MO, USA) X VA L7z, Alogliptin, naratriptan
hydrochloride, rivaroxaban, saxagliptin, sitagliptin phosphate, sumatriptan succinate, talinolol,
vildagliptin % Toronto Research Chemicals (Toronto, Ontario, Canada) X WA L7z, D
OREIIFFR S LI 7 L—FObOE AW,

Animals

mMatel(-/-)~ 7 A3 H R E R RS B AE O s B — e A K 0 Dt BN 27
V7= (Tudaetal.,2009), BFA4M C57BL/6) ~ 7 A XA L7 LD BEA LT-, ARBRIT
S T B EBRI T AR I O EERIESH A > TTT o 72,

Cloning of mMatel, cell culture and transfection

~ 7 A mMatel cDNA (NM_026183) (X% 717 /34 4 (Shiga, Japan) TA LA L,
pcDNA3.1 ()ZH 77 m—=>7 17, & K hMATEl1 cDNA (NM _018242) # %7 7 1
—= 7 L7z peDNA3I(IEY =/ AT L BN LT, Parental HEK293 I
10% fetal bovine serum & 1 % antibiotic-antimycotic solution (Thermo Fisher Scientific, USA)
% & Tp low glucose Dulbecco’s modified Eagle medium (Thermo Fisher Scientific, USA) %
HWWT, 37°C, 5%CO0s, 95%I ST THy#E L7z, hMATEL 5 X O mMatel % —i#f%
(23 B4 5 HEK293 Mifiai, 4 AFFEAT D Lechner 23 LAFTIZ R4S L 7= (Lechner etal., 2016)
[RIER D F 1L THEZE L7z, Parental HEK293 #fifiid % poly-D-Lysin == — bk Z#172 24-well plate
12, 0.75x10° cells/well & 722 KX 9 \Z#EFE L, *# HIZ Opti-MEM (Thermo Fisher Scientific,
USA), vector contro/hMATEl/mMatel 77 A X K (0.1 pg/well) & FuGENESG transfection
reagent (0.6 uL/well, Promega, USA) DIEATAIKIZ BEE S 72, Transfection 3 HIZIX 5
mM DOFEEET N U U L BRI L, & T U AR—F —DRBGHEEET T,

Uptake experiments using transiently transfected HEK293 cells
hMATE! 3 JX O mMatel % —i@MIC3E B9 5 HEK293 #ifld~? uptake #ERIL, 2bF
FEATD Lechner A LARTNCERE L7 (Lechneretal., 2016) [EED HFETIT-o72, R T A
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Txrvar2 Btk (BT ) U LAESORMICAH L3 A), 37°CITE L7 20
mM NH4Cl % & ¢e transport buffer (130 mM KCIl, 2 mM KH,PO4, 1.2 mM MgSOs, 1| mM CaCl,,
20 mM HEPES, 5 mM glucose : pH 7.4) T2 [EI&#1%, [F buffer T 10 43f#] 37°CifiE

720 RIZ NH4Cl % & & 72\ transporter buffer (Z{&#L L 5 /pMErE 325 2 & C, Mz
FEMEIZ Lz, AR~V IAZTEE (PHIMPP!, ["“Clmetformin %7213 9 F¥HO I F
ML EY) BB X OFHESE A & e transport buffer [ZEHL 5 Z & TR L 7=, —ERF
M4, buffer ZW5|FR%E L, JK# L7- transport buffer T 3 [RIVEET 5 Z & T, Mg ~D
BV iAB A5 1k STz, ORI 2 V72 225R I, NaOH 2% 1 B[] 37°C Tl
YRR L, HCl CTHFIf%, Ultima Gold XR (PerkinElmer, USA) LiRA L, WKL F L
—3 a7 4% —TRI-CARB 3110TR (PerkinElmer, USA) Z AT, &M 2 HIE
L7oo FEEERRAR 2 =BT, 200 pL OFERUKZ N2 TR R 7 L— 3—THllfa %
BN L7z, 0.1%XfZ2Eie 7 ¥ h= b U L2 ISRETRIZIRA L 1000 g T 5 4y [EEE
THZETRY VT ZtToTz, EEZHED 1 %X THINL, LC-MS/MS HIEICH
Wie, & well DX /87 B FlX, bovine serum albumin & R &Rk & L C Lowry 15 CHIE
L 72(Lowry et al., 1951),

Efflux experiments using transiently transfected HEK293 cells

hMATE1 % —i&PEIZ 5819 % HEK293 a5 @ efflux iBRIL, P27 =2
Y2 Hig (BEERT N U U L2 G IC i U723 H), 37°CICANE L7z NHLCl 25
FE 72V transport buffer T 2 [FIPEHE%, [F buffer T 30 Z3f] 37°CHHE L7, RICHEE

(PHIMPP" & 7= 1% [*H]metformin) % &1 NH4Cl % & F£ 72\ transporter buffer (Zi&E4H#2 L,

FAAENIZ 10 43I % preload L7z, HIfE 5 O efflux iZ 20 mM @ NH4CI & ffi 4 O

3% 5L transport buffer [ZEHAT 2 Z & THAG L7, Efflux O Ik, KRR, K
EIHIE 1% 3R 0 uptake 3R & [FIER D T71ETE 272 o 1o MM OF B IR 1T, HEK293
a4 % 6.5 uL/mgProtein & {iE L CHH L7z (Gillen and Forbush, 1999)

:ml? HH_

=

it
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Equilibrium Pre-load Termination

37°C 37°C ice-cold
Aspirate Aspirate Aspirate Aspirate
culture media NH,CI free buf NH,CI free buf 20 mM NH,CI buf
l l with substrate with or without
Wash (x 3) with Add 250 uL l inhibitor
NH,CI free buf NH,4CI free buf Add 250 uL !
l with substrate 20 mM NH,CI buf Wash (x3) with
Add 500 pL l with or without ice-cold
NH,CI free buf 10min inhibitor NH,CI free buffer
! I I
30min 0.25min Dry up
I}

Cell collection

Supplemental Figure 1  Assay procedure of developed efflux assay.

Determination of intracellular pH

AN O pH 1%, hMATE1 Z —iMhICH BT 5 HEK293 il 4 #0t pH fandK 2°,7-
bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein acetoxymetyl (BCECF-AM) (Z 30 4rf#]
preload L, ff % @ buffer ~EHLE O NHEZ1T 5 Z & THRIE LTo, S8BT wt~
L — U —%— Enspire (PerkinElmer, USA) DOEjtL) £ (488 nm 35 LT 460nm), %
B (535 nm) ZAWTHIEL, 2 SOREREOL AR Lz, MlaA pH O &
1%, 10 uM @ nigericin % & A% %E pH buffer 2 hMATE] BEBLMilR & 1 v F =2 X—T 3 >
L, Liboi@v #eflE2 4% 2 & CYEf L7z (Thomas et al., 1979),

Infusion study compounds in wild type and mMatel knockout mice
Invivo EIHEFHERERIT, WEOHE (Kitoetal.,2019) & [AERD S57LTIT > 72, mMatel

J w7 T R~ ABLOEAER CSTBLI6) ~ T A% A Y 7V VIREET, BT ==

L—ya &L, $FRk K Y Harvard Apparatus Syringe Infusion Pump (Harvard Apparatus,
USA) % VT 2 nmol/mg/kg DR T 120 43 & Frlesx 5- Lo, gt 7 i b
BALAT 30, 60, 90, 120 73 1% (ZSEERAR> S AL L, 20,000 g T2 4y 0oBEd 2 2 & T

MAEZE T2, JRY 7L, 30-60, 60-90,90-120 @ 30 43 EFE TEIL L 10 58D K THy
WUTo, 120 OG- TH%, BlgAfEH L, 4 55O phosphate-buffered saline T7As-E

TIA XLz, BFoiiE, IR, BIEOY T MT 4 EEOTE =R L&A T
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20,000 g T 10 RlEOoBET 2 2 & ThRZ 37 21T\, B % 4 (5 EO/K THIR%
LC-MS/MS HIEIZ Tz,

Determination of the unbound fraction in plasma

MAEFIERE AT () FHITEEO®RE (Kitoetal., 2019) & FERD HIETIT -7z,
Rapid Equilibrium Dialysis (RED) device (Thermo Fisher Scientific, USA) % f\>, ~ 7 Al
HE(100%), RO U U2 buffer T 5 5AR L7l (20%), % U E2 buffer & 37°CT
12 WRfEEEAT L7z, BEH L7 3E8MIREEIZ 0.2 uM & LTe,

LC-MS/MS analysis for test substrate
In vitro uptake FRERY 7L OWPEL, BEEEKIA 7 v~ ~ 7 F 7 ¢ — (Prominence

UFLC XR, Shimadzu, Kyoto) % & L 7= API5000TM kU 7 /LU EHVE B4 4EE (AB
Sciex, USA) Z AW TITo7=, In vivo efflux RERY > 7 /L ORIE, BEHEERIKS o~
k22 7 4 — (Prominence UFLC XR, Shimadzu, Kyoto) % #f L 72 QTRAP 5500 & &4y
Mri&i& (AB Sciex, USA) & HWTiT o7z, FEMD #7551 Supplemental Table 1 [Z7R
B

Supplemental Table 1  Analytical methods for test compounds

(A) In vitro experiment

; Gradient
Compounds Column Mobile Phase condition ';I;):Z Q1 Q3
A B B% (m/z) | (m/2)
Almotriptan 336.3 58.0
Naratriptan 336.3 98.2
Sumatriptan 296.2 58.1
L. . 0 min; 3%,
Alogliptin Atlantis T3 0.1% 0.1 mir 3%, 340.3 | 115.9
Saxaglitpin 3um, Forn.1ic acid Acetonitrile 2.6 min; 95%, 0.4 316.3 | 179.9
Sitagliptin | 21mMmx 50 mm S 408.2 | 235.1
gliptin 5.0 min 3% : .
Vildagliptin 304.3 | 154.0
Rivaroxaban 436.2 | 145.1
Talinolol 364.4 | 308.1

46



(B) In vivo experiment

. Gradient
Compounds Column Mobile Phase condition ';I;):: Q1 Q3
A B B% (m/z) | (m/z)
- 0 min; 3%,
Almotriptan Atlantis T3 0.3mrrl1ri]n; 3;3, 3358 | 58.0
Naratriptan 3um, 2.2 min; 90%, 335.7 98.1
3.0 min; 90%,
Sumatriptan | -1 MM X 50 mm a1 i 30 2962 | 157.1
Alogliptin 340.5 | 116.0
0,
Saxaglitpin For?’r.]ilc/;ci d Acetonitrile 0 min: 3% 0.4 316.4 | 180.2
Sitagliptin | 'mertsil ODS-4, 0.3 min; 3%, 4082 | 235.0
- — 2um 3.0 min; 90%,
Vildagliptin 2.1 mm x 50 mm 4.0 min; 90%, 304.3 | 154.0
- ' 4.1 min 3%
Rivaroxaban 436.2 | 1449
Talinolol 364.9 | 309.2

Data analysis (in vitro)

hMATE1 & mMatel (2 XDV AL 2 U7 T A%, FrROitERUTHEDSWT, Hifla
WIZE D A E N7 E &%, V) 7z transport buffer OB RE & well O X X7 &
BCHRT2ZETCHHLE,

Xcell

Uptake CL =

medium

Uptake CL 1ZHX Y iAFx 7 V) 7 Z > A (ul/designated time point/mg protein), X.en /LR

IZH D IAE N HE & (pmol/designated time/well),  Cegim I transport buffer H 05L& i
& (uM) %29, Netuptake I%, hMATEl % L < |¥ mMatel FEHILOE Y AL T U T
T ANDX IO AR VT T A% LBIWTEI L7z, Uptake ratio 1%,
hMATEL & L < {3 mMatel EHAMILDOHLY 1A 7 U T T 2 A S RAROIR Y AT~ 2 )
TIUARERTH I ETHRH L,

hMATEL (2 X% efflux 7 U7 7 v AL, FrROiERIZE ST, 100 M D
pyrimethamine 777E F CTlX hMATE1 (352 2ICE &5 EE L, pyrimethamine f77E
DB EE R EN D efflux #& TREOMIINIEE R A E L 72 Lo &, MR ERE
R OHERL D AUC & well O X R EETHRT A2 & THRIE LT,

— X,

Xe pyr
Efflux CL = =X "tn
friux AUCy_,,
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Efflux CL 1% efflux 7 UV 7 7 > A (pl/designated time/mg protein) , X, 1% 100 uM
pyrimethamine f£{E D efflux & THF (t, : FLEHERIF T efflux BA4ATE 0.25 47) OflkEA
LB AF & (pmol/designated time/well) , X, (T FABRFEO Mo L E R F R LR T
pmol/designated time/well) ,

70— 7 FEEIThMATEL 2 Tdh 5 723, FAENIZ preload 4 O HIHE PN £ 1 X hMATEL
AR & vector D& N T AT 27 vy Lok TIIRE < B2 Y, efflux illBk
BRAEIRF DI NIRE A [F—I23 5 Z CIIRARE Ch o 7o, £ D7 a L b — L

ZIE, cHEEMIIRE VD O Tk <, hMATE! %83 HEK293 M [AERIC 7 7 — 7 B
% preload L, efflux solution F(Z hMATE1 /&M 4 52 RICBHE % pyrimethamine % 100
uM &Nz 7=,

Efflux 1 > % 2 _X— g ORI S O IE I E O 1T —REERICHE D
&L, MBIV IRE OREFMZE(LO AUC IZEL TOXTHRI Lz,

ty X (CO - Ctn)

A -
Ubo-ta = T0(c, /0

AUC [ TARRR K R B - AR P AR (WMxmin), 4, (3 efflux £ > F 22— 3
VR (min), Cp IZWIHTMIIANARIEEIRE (M), Cu i3 6, FERUCTOMIE RIS E R
(WM) ZRT, 6, \TILFEM ATRE e fe/ Nl & LT 025 &2 E LT,

Pl RBHEJRFE (ICs) 1%, GraphPad PRISM software version 8.3.0 % VT, 4 /37 X
— 42T 4 7 AEIFRUITE SN TRE L,

CL — CL,y;
CL=CLmin+< (CLmax min) >

1 + 10((ogICso—DxHill)
CLIFEY Az S U< Tefflux 7 U 7T 7 &, HIMIEAMIEIN L 72 transport buffer H
OFLESRIRE, Hill (T2 v — 77 8E £,

Data analysis (in vivo)
PRPPEMESR (Fuine), B2H 27 VT 7 A (CLi), MEEFRERLEDE 7 VT T2
(CLR,plasma), J/"ﬂ) T@EXH@EP [ﬁl EF“/);%}_._H: (Kp,kidney> %i@%ﬂﬁqj]%};ﬂt%@@%y U
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TTUA (CLR,kidney) TLL ORI LD %ﬁ L7,

Vurine ave
Fine = ——— X 100
urtne — Infusion rate
Infusionrate
CLtor = —C
p,ave
CL _ Vurine,ave
Rplasma — C
p,ave
Cridne
_ y
Kp,kidney - C
p,ave
_ CLR,plasma - fp X GFR
CLR,kidney - K
p,kidney

CR = CLR,plasma
f» X GFR

Virineave 13 90-120 73 D R PHEMEIHREE 2R3, Vipine 15 30-60, 60-90, 90-120 73 DR H1Z
Pe S 7= B D EIREIR D 30 43 TR 2 Z L THH L2, Cpae 12 90 53 & 120 53D
MAE P IREE DNEEMEZ KT s Chianey ITFRBRKE THRERL (120 53) TOENEF O E A KT,
CLg kidney & CR 13~ 7 A GFR % 14 uL/min/kg (Davies and Morris, 1993) & L Cit&H L7,

Statistical analysis
2 HEM O HL#Z 121 XIZ1E Microsoft Execl 365 A HVY, F-test 412 unpaired t-tes #4795 Z &

WX EEEREZIT 72,3 BELL EO#ZIZ X, R software version 4.1.2 2 Y, ANOVA
& F 3% < Dunnett’s test CH B ZZMELIT -T2,
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