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s 5 % By

5-AF S-aminofluorescein

6-AF 6-aminofluorescein

ADC antibody-drug conjugate

5-CF 5-carboxyfluorescein

6-CF 6-carboxyfluorescein

DBF 4,5-dibromofluorescein

DCF 2,7-dichlorofluorescein

DDS drug delivery system

DM1 N?*-deacetyl-N?'-(3-mercapto-1-oxopropyl)-maytansine

E:S estrone 3-sulfate

FDA Food and Drug Administration

FL fluorescein

HBSS Hank’s balanced salt solution

HER2 human epidermal growth factor receptor type2

Lys-SMCC-DM1 lysine-N®-N-succinimidyl 4-(N-maleimidomethyl)
cyclohexane-1-carboxylate-DM1

MDCK Mardin—Darby canine kidney

MMAE monomethyl auristatin E

OAT organic anion transporter

OATP organic anion transporting polypeptide

PBD pyrrolobenzodiazepine

Rh123 rhodamine 123

Rh110 rhodamine 110

SF sulfonfluorescein

SMCC N-succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-
carboxylate

SR101 sulforhodamine 101

5-TAMRA 5-carboxytetramethylrhodamine

T-DM1 trastuzumab emtansine
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AEEX Y 7 1T EHFFEOMIC, Ko FEEML DDA N1 A E 3§~
&%%MLT%E“%1%2@&4/})/%ﬂﬂhméﬂfu%\%4Fﬁ4
V%ﬁ%fw%yﬁﬁ e, PUREEGL R EN AN AEEKGELTHEHA SN T

o A FEELNPOALSFEEL~OLBIIEREL L, @%%Lﬁﬁuﬁc:

76/VﬁﬁE£wMD£ﬁ¢>\ 1990 4E TIX 26% TH > 7= DIZx L., 2010 £ T
615%M:i7ﬁ%MLwaé F. Bt LEEOERKERIC b\f%> K55 -+ 12 3K
X 2011 2 E— 27 IZIFIERMIZNTH DD L, /3o A [EH T 2000 FELLFE
%MLﬁﬁfméo%®£m [ZxF 3 2 E A 1X, 2020 F TIEIK D 1 E IS 54%,
NAFEIELN38%ER>TEY, FIHEKEELINZOLZ 2 HEHDTND, &
AT, Buik-FE W HE A K (antibody-drug conjugate: ADC) <CrZ M = 3 5, iR iR
IR EOFTRAEEX VT 4 DPRLAIZHFEHLTETWD, ZHUHAIEEXYY T
A DFERBIIZL T2V OD, BRI HITAMIIEF LT, 4
B OEEmN ETsns ETRIND D, —FH, AIEENS L EHEELT
BO, ZUoNTEBMMBEERAPERZBER TS, ¥ Uo7 BMMBAEERZER
ELTEEERTIV I AR Y (Y/m T4 /ANy =a—0 ) R T L
VHEAENL (CHIFRD AR NSSA BHBEASE) REPMbnLTWnD, &# X

7 G [\t o A8 A AE %%ﬁ&&ii&@ m@%iﬁffw L7=2o T,

57BN 500 K OIK S LA ITREA LT iR R EoE TR ERTH
%, MO LRI E Wﬁﬂ@%i&/ﬂ& %ﬂ%#mi%mfﬁmfﬁé
— . MlaWNZ ] ﬁﬁﬁ%%ié%ﬁ@ﬁ%%ﬁﬁ%@ﬁﬁﬁ . fERD
K FTEHELONS AEE L TEATF D THDL, HFE, B rERELDIER Z R
OTHy, MlaNny o X7 EBRMBEEREZENE LIZAIEEX Y 70 & LT, 4
BERALNELTHLS ETREND,

BIEEX VT 0 OZHRAITHEN, FRx REYEED AT L (drug delivery
system: DDS) MFZE SN TRV, fHFE, = F¥ A P =T ARENEHZBORT
Wb, =R A b=y RE1T, MRELELOX 78, FEBIOMRIADOY

HBEMREAN~IYATLHEETHY . MREELETo/NEEE & 2 ik < MmN/
H’jﬁﬁ ENHRD Y, MIENICIYIAEND2WE (cargo) %a@d‘ﬂ’j = NN
A F—=vRICXVRNTELLENTHB, Iz FY — LA~ Lk S —&Miﬁ(ﬁ
%@%A%Dﬂéhéﬁ\*&%_i%%I/EJ*A%ﬁT)//~AK%ﬁ
T5, VY —ANEEEEBmEICRZALTEREY ., BESM CHlEET 284 ZmAk sy
REEZRZ F AL TNDHID ) = R b=V A SNTEMEDOELIXY VY — A

DREIND, ZOXO e nMREEMAL, MasA»0T7 IV BOBE R E
DRBEFROEHFGEIToTND, 2, VY Y —AIF, v7 a7 57—
DX BPIRBERMEICEWNW TS ERELEH A RZLTBY, Masnroxz o K
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YA P—=YRICIVRVIAATEREME S L., X7F Kk %2 MHC 7 7 A 11 4y
T oL X THREAIERT A2 TAANR—T O REISELZRBEIYE S,

ADC

* Monoclonal antibody
« Linker
» Drug (payload)

Fig. 1. Structure of ADC.

T RY A b= AR EEHLEEAERESY ) T 0 L LTADC R EIT BN D,
ADC IZE / 7 v —F VHE, BHEOEWHEY (payload) B LU I b i a3 E
L7000 v —THERINTEDY (Fig. 1) . 25 A MR B 172 38 k2% % e
ELTEMINARITH D, BIE, 12 D ADC N7 A U h & MEHKS D (Food and
Drug Administration: FDA) IZ X W KRB SN TE Y | FFEFITE < DA ADC 25 B IR
RERBEPEIC A>T D D, ADCIFMilaELm ORI A®Z, = R A4 F—T R
X OVNTELER, = FY—A2BXQRYV Y Y —2IIBITT D Y, 22T, £/
g —FNVHUED D WVIX Y U — RS AL, payload & i L. payload 23 HEY
TH 2D DNARW/NEEITERT 22 L THRMBDELRIET D (Fig. 2).

» 1. Binding to cell-surface antigen

\ Endosome/Lysosome
2. Internalization ? —)

4. Cytotoxic effect

ADC ZHp T 2V U —iZ. ADC DO LEMELEY TR I B L O 0
MZRETHIERELRLEFR THY , UM L IFOWRIC RS 219, Gl Y
VX pH RN E T UREREOMBANAOREDENSY VY — ARESE
IS L CUIlr & 4L, payload & it 9%, ERIRIGH &4 Tuy % payload D% < X
FEEEMEDRN @72 | ERE L 72 payload T @ WARKEZEMEL A L, K ICME

Tumor cells

Fig. 2. Intracellular dynamics of ADC.
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WABITL, ERNCERT L, 612, TomWERBEZGEELS ., HAME OB A
MBI EL BRI RERET LIS RAZ =R TCE D, — .
FEGIWT LY o — 1T BERICR LTIt E A L, UIWRY o — X0 b RE
PER®E VY, FECIMIA Y > —ADC X, U YV Y —LIZHER, B/ 7 —F ik
HMoaN oI, RENICHAEBEROT7T I VBEEBLOCY U —DBHEE LK
payload (modified payload) % Htti¥ %, WERE L 72 modified payload I& H 8 B9 15 U
FrEEKEEEZA L, AREZEEMMEV, Lo T, EAMKETOHEH
L. N RZ U F=RITEE IR,

Trastuzumab emtansine (T-DM1) XERIKISH S TW D IECIW R U > 7 — ADC
ThY, b b EEMEEGEK 5% %K 2 (human epidermal growth factor receptor
type2: HER2) (2%t 7 % & MEFUIK TH % trastuzumab, 172 F = — 7 U > [H 3 Al
T o 5 N*-deacetyl-N?'-(3-mercapto-1-oxopropyl)-maytansine (DM1) 35 L OVFE G ¥
WMFF=—F7 01 J1—T& % N-succinimidyl 4-(N-maleimidomethyl) cyclohexane-
1-carboxylate (SMCC) IZ L D #pk S T2 012 T-DM1 |X HER2 IZ/5A % . =
BRI R A P—v R VAELLSH, VY Y =2 ZBITT 5, VY
V= LI BITHR, DfRE, U Y rB X SMCC VU v — A payload IZfEA L 7=
lysine-N®-N-succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate-DM1
(Lys-SMCC-DM1) % 5§+ %5, Lys-SMCC-DM1 [ZF = —7 U VIZ/EA L. E& %
FLES 25 2 & T2 5] 2 Z 3, T-DMI [ trastuzumab X° lapatinib (Z K 5T P
AT L5 HER2Z G PAICK LTHOMEZ RS Z LN, BEMRERAB IO~ Y
AR TEREBWHEERET AV EZHOCTEHEICLIOALNIR> TD LB, X5
|12, trastuzumab B3 X ¥ V% U REH OB L2 H 3 5 HER2 G HEELT - R A
NDAUBREZFEZNSRE LEZEMMARARICEHE WV T, T-DMIL [ xf BEE (capecitabine +
lapatinib) (&% L, EEFAHEEH Th 2 M EAFHIM (PFS) B L OV 4 17 # [H
(0S) Z A BIZHER L, T-DM1 & xREE D PFS fRMEITZN TN 9.6 » HB L O
6.4 H. OS PREIZTZNZEN 309 » HB LT 251 s HTh-o72 9, S 51T,
AIKGEME H TH 5 B =I1E, T-DMI1 # T 43.6%, XTI T 308%ThH -7z, =
DX S ITEHRREBRICE W TS AZMEN R S 4L, BI/E. T-DMI X HER2 5P E5 7 1
AN ADRFEFELEL LT, HRAMICESHEN IR TV D,

T-DM1 O A PER R STV D — 07, £ O M PN E) 78 6 8 #EA% (IC > W TR
RENZ N, VY Y= NTB W TR L7 Lys-SMCC-DM1 X, V> I —8B LRV
VUBREAHLTWVDLZ D, HFENRKE L, WBAKEELEWTZO, EIE
JBE 5 a8 P S HiR D TR W 19, L7228 > T, T-DMI1 PIEZh 2 3 5 72 1L, Lys-
SMCC-DM1 728 U Y Y — L7 bl R B~ SRV IS B AT 9 D 72 80 O K 5k 70 [ 125 i 1%
ARG THRINDIN., REFMARA D =XLFTHLNITR > TR,

VY Y= hZBT 2B FIEEMOBEZEEMBIZIT LT AR —F=2"Eb-
TWo, P77 RAR—=Z—iF, AEREZN L TN ODEiEZHE 5 K2 >
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NRIBTHY, LTI/, ©2I v bEx Ry ribaWwamts 52 &
THEMIGEBOMEFFICHELS L TWD 1D, 2, HxRFEERICED-> TBY ., ik
W L o TG 1820 —F W OnDMaE~NT v 2R —F — 13, NEME
fbamizi i, YO XS RARMELEMEBMET HZENMONTED

EISOEYBEREZRESTHIEERK - TH D 2, UV Y Y —AEIZE R

_F7/XT—&—ﬂﬁfb TR A P =T RAICLYVBRVALTEYES A —
P77 V=K VIREE L - ARERZ RN E D) Y Y — AR RREY & MY
«%%#é_&f WMEOFHMAICED, TS 2, Fiz, FE, VY Y —4D

SRR E L CoREITMA, MIEANOREBREOFEMIZELLMRAT 75V
VIURNREYOME L L ToORELIBEINLTEY, 22 TRIYY—L T
VAR—HZ = PNEBREE A S TS B, T RETIC, M, T B, RY
FR, XZLVAFT R, B2, BRAAY, VUEE. RV T IV EOARE
HibamaeY vV — AW%AML#5%7/XT &~ﬂﬁ%<ﬁién1m
B3 —F L VYA BITLEY N T AR =T G <
ZH BT AR —FZ—THDH P-gpS—HY VY —A \—%&fﬁb“(ﬁ URRE 71 WAV <172
HREN»SY Y —A~OWEEZHEI Z LT, DAMBEOZAHmMIECED > T
5_&bﬁ$iéivtw53ﬁ

) VY= AIBTLEmS PG OE G EEMEICE L T, DNA B X' RNA O
BEZEWICRE D 50L& LT SIDT2 "lEIN TS 39, DNAB L RNA DY VY
YV — Koy R C & % DNautophagy/RNautophagy (23T, SIDT2 [THfa’E o
DNABIURRNAZ U Y Y —LAN~ET HEEEZH>TWD, Fiz, VYV Y—
LEH N ETH D LAMP2A X, & DR ED X X7 EE D Y Y — A~ H HE
ETHZENHMONTND 3, LML, Wb ZoixE eI TMagns
VI —=ATHY, VY Y —LhbMRE~DES TEEW oK EREREIL R T
H 5,

T-DM1 J5 3R (5t 9 2 Mt b A 7 = X 2%, T-DM1 O il i PN &) AE il 40 5 4% 2 2 R
T 5 ETHEHETH D, HER2 Bl & O X T IX trastuzumab Ot A =X A L L
THLNTWD ¥, T-DMLIZEBWTH HERZ KB EOEK Fic kv, k2R3 2
EMHMBLINTE Y, HER2 ~OfE G & NIEAL O FEIZ X V| trastuzumab & 1789 72
LB ATEME T2 T722 < . Lys-SMCC-DM1 @ fig i & MR e N HIR S 2 39, 7=,
HER2-trastuzumab # &K O NTEL & o fiflZ. = R A h—v ZADRLGX 7
T& % endophilin A2 |2 X » THil#l =4, endophilin A2 # =2 — N9 % SH3GL1 ®
Sy 7B KD T-DML O MBI AN KR T2 2 End®E S TWn D 40,
é%’\UVV*ApH@Lﬁk%ﬂ’%ﬁUVV%A%%%@@@T\¢@%

DLy FREAIEH N T AR = = ERWEAINF E L COREBERT
wé“%%ﬁﬁ\rmu_ﬁﬁi%mﬁﬂhwﬁﬁﬁwf\UVY~Aﬁ%77
VETUAR—H —THD SLC46A3 ORI ENIEK T L TWVWD I ENRWME I,
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E 5 T-DML O &AM R 11X SLCA6A3 D /) v 7 X7 il k> THhEAb 4252 &
225 (SLC46A3 1L T-DML OB KB EH R BR T Th D 2 & B I huiz 48040,
LML, ZOFMED T AD=ALETAATH D,

T-DM1 OB N B EICB W T, VY Y —LA4—T 7 N TV AR—F—Thd
SLC46A3 7° payload DI E ~D R FEEE ZHEH L T DA BEREZE X LD
2. ARWFRIZIIT D SLC46A3 DEFNCHT L2MEITIZ LA ERER TR, L
7oy o> T, AW TIE, T-DM1 Ml N BB I35 1T 5 SLC46A3 D& EI DM I X
NADC B O it = HR9 L L. SLC46A3 OIEBER EIWCE T 2 Mat 21T - 72,

F1ETIE, T-DMI OFEPICHET LY VY -2 4 —T 7 N T U AR—HF —
SLC46A3 RNAMT =4 > T VAR —X—Th D LI H %3 T, SLC46A3 HEHE
FEAM D 72 O D AR ER OB sy FRERE R K VAR EE ORI E 2R AT,

%5 2 3 TlL. SLC46A3 Ofiikik Lt L COMBEICEH L, T-DMI O EEHIZE
i} % SLC46A3 O&ENCHET 5 Mat 21T - 72,

#5 3 F TIlL. SLC46A3 ORI N O E 2 BeaBEl FiEO M2 B & LT, &
Y7 r—7I2EH L. SLC46A3 D NIEE DR 21T - 1=,



W1E YV —ALEX NI 'E SLC46A3 OEEEERE

ADC IZHiiE O RMEEZFIH L, EFMEIC T2 B2 RHE L2285 2 AM
ICHEM AR ET D2 LR ARRARRENRFEREERS TH D, ADC 1T, 1) 2 AM
fakmbt ~OfE., 2) = R A =Y AKX DL5AENR, 3) = FY—238
LT VY — A ~DBIT. 4) payload D IFHE. 5) EHA~DIEHR. OBEHK OB %
BRCHEZREST DY, ADC O NIE/LEFE 23 8 L T payload fig H o 8 B i C
b=, Vo= DENCEY, ZOBOMBNEIEN RS, GIEHRY
Y1 —ADCIZNTEL#E, = FY =2 D 0WEY VY — A THfE S payload %

WEBES %5, ADCIIZHEH S5 payload IZTAMRBEEZEENEH WD, BHICY VY
— AL ME NIRRT S, — 5 UMWY o —ADC X, U o —E oy
fR S L7 W7o | Bk e ADC 4 ﬁﬁ‘&%& LC.TI/8EV U I—DEALE
payload % B+ 2, RO MEM L. B%E O payload & bl L Toy 1 & & AKEBEMEN
i < AR AR B 0 R A3 L 1648

LW ALY 1 —ADC ToH 5 T-DMI1 (X, HER2 G MEIL 2 A O IR I fE H
ENDZHBAAITHY ., 2013 412 FDA IT KV AR S TLLK, BWEIHE Tk <
fEH &N Twad, T-DMI1 (X, HER2 iIZxt 9 5 E / 7 m—F /L Hifk, FEEIEAR Y o~
AN—T®H5HSMCC, BELUOF a2a—7 U HEATHL DMl THEEIATEY Y
YV — AIZBW T Lys-SMCC-DM1 % i 4 % (Fig. 3), #4F. shRNA 27 U — =
Y7 XD T-DM1 OEZFEBICEHEZE R BEIR & L T SLC46A3 M [HE S iU,
SLC46A3 @/ v 7 X 7 3 T-DM1 O H ¥k & Lys-SMCC-DMl DY Y= LENE
BRABI®TDLERRESNTZ Y, &6 . SLC46A3 D ¥ Bl & % T-DM1
OIRFE BRI ICBEE L, T-DMI &“5%%@%?&/\4 F~—h—¢LTHETDZ
ENHE ST WD 44649 0 = b O EIL,. T-DMI1 R IZFH 1T 5 SLC46A3 D
BHEMEAZ IR L TWD 2, T-DMI FELHBLITIH T 5 SLC46A3 DEFIITAH TH

2o
SLC46A3 X SLC46A 7 7 X U —l@ 4 54 —7 7 h TV AR=F—=ThHY
M~77 IV —IZJ®7T % SLC46A1 [TFHEM N T »» AR — & — (proton-coupled folate

transporter: PCFT) & L T LK< HMBN TS O, T ETIZ, FMAR DT AT=X
LDIIATH D6 DD, SLCA6A3 M ATHED Al O HEIHINF T D 2 &%,
IRIZ B T DA A A AZ A LEERFFICEHDLL Z ERMbA TS 315D, &
. BDAMBIZEBIT2BE T /K OMBANIRY JAZ S SLC46A3 DI BL & & if
FEEEZRT ZEnMmEIN, BFAHTHDL L DD, SLC46A3 = RH A b»—
VARKBERE T D ZENRBREN TS ), Lo T, SLC46A3 O i 2% J&
METY R A b= ZRBREOWTIE T-DM1 DB &2 H#H T 2 & %,*E\éh‘érbx
SLC46A3 D4y FHkmed L VAR EIIRTEH L NITR > TRy,

SLC46A3 73 SLC46A1 L fHAMEAZH T HZ L2 BET 5 &, SLCA6A3 BNAEHKT
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=F T AR ==L LTHRET D REMEN/HESZEIND, LR > T, AHF
JETIX. SLC46A3 BNAMT =4 N T UV AR—F —Tdh D L& L T,
SLC46A3 #EREREAM D 72 b DAk 2 /FL L . SLC46A3 D4y FHie s KL OB
LB ORE z Rk &7,
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E1H MBI E SLC46A3I T EE DO ER

VY=L HZ U RXITEE, Ty 2 F—o0vnf vy rE®F—70DKH570
VY= LBAITY 7T LIZLIEAT D W, SLC46A3 RN D K 572> 7 F v E S
ZH T D50 N5 7 ® T, ClustalW program (https://www.genome.jp/tools-
bin/clustalw) Zffi f§ L T, SLC46A3 O —REE LM LT, TORR, Fr v
EF— 7 (YXXO, © [TBAKMET I JBERL) IZHYT 57 I 7 8BAE5 YELL
(Y446-L449) Z t | SLC46A3 @ C R¥gfHICA T2 2 LN E o7z, [
BROT7 I BES PO W OB INTEZ LD, K7 FILELS
DEVFER CRAINTWVWD Z LR I (Fig. 3).

QOOO0000C DEOEEEEO
UJJ‘LT\X)\,Y\IT Jm PEODEEED
|

Human 421 LSAGLLLLPAISLCV‘VKCTSWNEGSYELLIQEESSEDASDRAC
Dog 421 LSAVLLLIPAVSLCV“VKCTSWNEGSYALLTQEESSEDTS DR—-
Pig 421 |LSAVLLLIPTISLCIVKCISRNAGS ¥ V LiliIQEESNEDTSDR--
Mouse 421 |LSAGLLVLPATSLCCVKSIGWEEGS ¥ L LiLiVHEEPSEHTSD-~-
Rat 421 LSAGLLVLPAVSLCMJ‘VKCIGWEEGSYTLLIHDEPSEHTSDS--

T™M12

COOOCOO00 ! DO0000C0000
LUJMJ,,M 190006660060

Human dC 421 LSAGLLLLPAISLCVVKCTSWNEGS-——-—————————————————

Fig. 3. Mammalian SLC46A3 shares a lysosomal-sorting motif in its C-terminal
region. Predicted  membrane topology of  SLC46A3 by TMHMM
(http://www.cbs.dtu.dk/services/TMHMMY/) and sequence alignment of its C-terminal
region between mammalian species. The sequences predicted as tyrosine-based
lysosomal-sorting motifs are shown with red color characters. Human dC is a C-

terminal amino acid sequence deleted in SLC46A3 mutants in this study.
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SLC46A3 O JHIE Z MR T 5 72 12, FLAG-tagged SLC46A3 % — i 1 7 B
S 7= HEK293T i 2 v T, FLAG (2% 2 e mE e fa 247\, MmN 4 L
HFxT~—h—EDHFELEZBE L7 (Fig. 4A), SLC46A3 [T LIV VYV — A~
—H—"To 5 LAMPl-mKate2 L REL, —#, )= RY —L~—D"—Th
% mCherry-RabSa, %> F Y — AL ~—F—"Th 5 mCherry-Rab7a 5 L NI )L
U~ — 5 —"Td® 5 B4GALT (NT)-mKate2 & £ F7E L 7=, #RAYIZ. SLC46A3 1T ER
~— W — T 5 calnexin-mKate2 XL A F TV —Ah~v—F—Th D mKate2-
PTSI.X b2 RU T ~—Hh—Tdh 5 MTS-mKate2 & 1F & A CIHJFGE LR - 72,
NS DOFERIT, SLC46A3 NEIWCY VY —AIZHELTWVWDLZEERL TS,

WAZ, SLC46A3 ZMifufE ~REA S ¥ 57-DIC, YELL # & & C RimHEK % X
R ESH 72 b b SLC46A3 Z Bk (SLC46A3dC) Z1EML L 7= (Fig.3)., W EthE Y
XV ZOMBANBEEZRFT L& 2 A, SLC46A3 dC ITMHIRREIZRAEST 2 2 &
W B2 &7 572 (Fig. 4B), — . — O MM SLC46A3 dC 7% Rab7a I L O}
LAMPI L #:BELTWVWDH Z 25, SLC46A3dC O 7 X/ BELH Fic=r K Y —
LABIRN Y Y=L BTV T T ADRGFEETDHIERREBEINT,

IHIZ, 446 FEHOF & 449 FHORA TV E2T T =VICERL I
SLC46A3 (SLC46A3 [AELA]) #{EH L, Z O REZ B2 L= R, SLC46A3dC &
[ AR L2 e L2 JR fE L 7= (Fig. 5).

UBDEBRO-DIC, NEME T v 2R —Z — 2 X 5N A & MK
V> Madin-Darby canine kidney II (MDCKII) #fifid Z 34 L, SLC46A3 dC & EFE Bl
MDCKII (MDCKII/SLC46A3 dC) Mifa 2 {FR L7-, 7o, @b mEdaic Ly,
MDCKII #i fg 12 35T 4 SLC46A3 dC AR LIC B3+ 5 Z & 2R L 7= (Fig.
6).
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HEK293T cells expressing SLC46A3

mCherry-Rab5a Calnexin-mKate2 | Merge

Early-endo

mCherry-Rab7a mKate2-PTS1

Late-endo
Peroxi

MTS-mKate2

LAMP1-mKate2

Lyso
Mito

B4GALT (NT)-
mKate2

Golgi

HEK293T cells expressing SLC46A3 dC

mCherry-Rab5a Calnexin-mKate2

Early-endo

mCherry-Rab7a mKate2-PTS1

Late-endo

MTS-mKate2

LAMP1-mKate2

Lyso

B4GALT (NT)-
mKate2

Fig. 4. SLC46A3 dC mainly localizes to the plasma membrane. Immunofluorescence
staining of FLAG-tagged SLC46A3 (green) in transfected cells by anti-FLAG
antibody. HEK293T cells were transfected with 3xFLAG-tagged (A) wild-type human
SLC46A3 or (B) C-terminal deleted mutant human SLC46A3 (SLC46A3 dC) and
mCherry or mKate2-tagged organelle marker protein (red). The results were replicated
in three independent experiments. Blue color, nucleus. Scale bar, 10 pum. PTSI,
peroxisomal targeting signal 1; MTS, mitochondrial targeting sequence; B4GALT

(NT), N-terminal 81-amino acid human beta-1,4-galactosyltransferase.
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0 HEK293T cells expressing SLC46A3 (AELA)
N~

Human (AELA) 421 [LSAGLLLLPAISLCVVKCTSWNEGSAK LA I0EESSEDASDRAC
T™M12

Fig. 5. (left) Predicted membrane topology and C-terminal sequences of SLC46A3
(AELA). (right) Immunofluorescence staining of FLAG-tagged SLC46A3 (AELA)
(green) in transfected cells by anti-FLAG antibody. HEK293T cells were transfected
with 3xFLAG-tagged SLC46A3 (AELA). Blue color, nucleus. Scale bar, 10 pm.

MDCKII cells expressing SLC46A3 dC

Fig. 6. Immunofluorescence staining of FLAG-tagged SLC46A3 dC (green) in
MDCKII cells. MDCKII cells were transiently transfected with 3xFLAG-tagged
SLC46A3 dC. Blue color, nucleus. Scale bar, 10 pm.
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%28 SLC46A3 NEMEEE DR E B X O = 55 1 3

SLC46A3 X SLC46A 7 7 2 U —I(ZJ& L ,.SLC46A1 L5 30% DRI EH T+ 5,
SLC46A1 IFEMB I OA M ML XV — M POEBREHEL HIUKFMWICET LT
HZENMBILTWND 5530 L7eh o T, SLC46A3 ﬁx@&ﬁﬂdﬁ?fﬁ*&?%ﬁ/
ftEWEwmET DEORIEN Cl, ZTORMEBRIET 5720
MDCKII/SLC46A3 dC fifaz H W T, A7 =4 L& O M AE Y A Jéaaé%ﬁ
AT o 72, MAaS pH 5.5 ® 5. MDCKII/SLC46A3 dC #lifid ¥ L Y mock #ll il
% [*H]estrone 3-sulfate (E;S). methotrexate, [*H]nicotinate. [*H]palmitate I J OV
['*Clurate # & ¢ Hank's Balanced Salt Solution (HBSS)T 5 I /EAH &, Mlalw
E&DL&E% BL7Z, TORE. MDCKII/SLC46A3 dC 2 B\ T E;S 2N A

TV IAEIN.E DY AL &L mock M & Bl L THKI 1045 & 22> 72 (Fig. 7A).
é 512, SLC46A3 dC 12 K% EiS kD %4 EA MFET 572 ® 12, FLAG-tagged
wild-type SLC46A3 3 J N SLC46A3 dC % — M (2 FE Bl & ¥ 72 HEK293T #ifa = H
WTC, EiSOMANEY AR EREZIT- 72, T DOFEFR, SLC46A3 dC FEHMRIC B
WT ES OABERBMVIAARNBD SN (Fig. 8), TN HDOFERMNDL ., SLC46A3
MESEZBMETANI LV AR—F—ThHAHLZ LR RINT,

SLC46A3 H kG ME D pH M2 RitT 5729 \—\pH {KTE’J%OCH&D A F FEBR &
1T > 7=, MDCKII/SLC46A3 dC @iz 351 % EiS LV iA . Al fE At pH DK T I
EWER L, pH4.0 205 45 OB THR K TH - 7= (Fig. 7B) —Ji. pH74 2B
THIEIEMEIWEE L, 2O/ RIL. pH45 25 SO0 ICHEFFENTWD Y Y
V= LIZEBWT D, SLC46A3 NN R RESHEET HZ L 277 L TW5D,

K12, SLC46A3 dC NMEMEM VAL DOE Hh 2 Mmet Lic, 44/ 747 Thd
nigericin (FMEEZ M L CK'BLIUOHERBRT L2 LIk, MERASND K
FOH B E AR 2k S %5, HBSS H1 ™ NaCl # KCI (& # L 7= K* buffer % i
VT, nigericin THLEL L 721, pH5.0 12 5 EiS DIV AL FEER 21T o 7= (Fig.
7C), NaCl % KCl ICEH L7 A (BEEMIERLSEMHET) TiX ES BV ARIZEE
L 725> 7= —J5, nigericin % & ¢¢ K' buffer O gL (HEE ARHELSZMHT) I
LV, MYOVALDPBEEFIZERTLE, S HIZ, Na“?a Cl7z EofoMifas A 4 > >
WEERFTLEEZA WVWTAL BEISORVIAARIZIZTEAERZEL 20> (Fig.
9), TNHDOFFELY ., SLC46A3 dC (TN X H*/;;%E{/U@a%%@hﬁ & LTES %
Wk 52 ENRENTZ, £72,SLCA6A3 1TV YV VY — LN L DOH M\ & HIEE A
EAFIHL, EEZMBEFm~@ET 22 ERR"BINTT,

B %12, SLC46A3 dC /M 7EME EiS UV IA B DHEFHI /N T A — X Z RS 5
T, BEKGFHNRMDAALEREZITN, Iz R - 207 oI ESE I
BT Y RAEH Kn) ZEH L ESTVIARILS I ECEMBROICHEMLIZTZD,
B0 A B EE Z 1 0128 & L7 (Fig. 10), fiF & LT, EiS BV A A I fafnik: %
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R L. Kn B2 33.3 UM, Viax fE 2% 1.46 nmol/min/mg protein & & H X 7= (Fig. 7D
¥ &L O Table 1),

A B
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3 ° o .
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Fig. 7. SLC46A3 mediates proton-coupled estrone 3-sulfate uptake. (A) Uptake of
[*H]estrone 3-sulfate (10 nM), methotrexate (10 puM), [*H]nicotinate (200 nM),
[*H]palmitate (20 nM), and [!'*CJurate (1.8 pM) with 50 uM urate in
MDCKII/SLC46A3 dC cells. Uptake for 5 min was measured in HBSS (pH 5.5). (B)
pH dependence of [*H]estrone 3-sulfate (10 nM) uptake. Uptake for 1 min was
measured in HBSS (pH 7.4) or modified-HBSS-containing citrate for pH 4.0—4.5, or
MES for pH 5.0-6.5. (C) Effect of a proton gradient on [*H]estrone 3-sulfate uptake.
The uptake was measured in HBSS (pH 5.0) or modified-HBSS in which NaCl was
replaced with KCI1 with or without 10 pg/mL nigericin. (D) Concentration-dependent
estrone 3-sulfate uptake. Uptake for 1 min was measured in HBSS (pH 5.0). SLC46A3
dC-specific uptake was calculated by subtracting the uptake in mock cells from that
in MDCKII/SLC46A3 dC cells. The solid line represents the computer-fitted profile.
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Fig. 8. Uptake of [*H]estrone 3-sulfate in HEK293T cells transiently expressing
FLAG-SLC46A3 WT or FLAG-SLC46A3 dC. Uptake for 5 min was measured in HBSS
(pH 5.5). Relative uptake was calculated by dividing the uptake amount in cells by

that in mock cells.
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Fig. 9. Effect of extracellular ions on SLC46A3 dC-mediated [*H]estrone 3-sulfate
uptake. Uptake of [*H]estrone 3-sulfate (10 nM) for 1 min was measured in HBSS (pH
5.0) or modified-HBSS in which NaCl was replaced as indicated except for “Ca?’,

Mg?* free” in which Ca®* and Mg?" were simply removed.
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Fig. 10. Time dependence of [*H]estrone 3-sulfate uptake in MDCKII/SLC46A3 dC
cells and mock cells. The [*H]estrone 3-sulfate (10 nM) uptake was measured in HBSS
(pH 5.0) for the indicated time.
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% 38 SLC46A3dC NMEM ESHEVIARIIK T 2L 2NEE{LEYORE

SLC46A3 DAL EH M Z Mt 272012, EiS BV IARITH T 28k~ e WK ME
&% o E 2R 2 70 L7z (Flg 11), = O #5E 5% cholesterol sulfate # & < A 7
2 A NG RE KO IC EiS MVIALNBHEFICHFTE T, —FH. W
BAEAT v A4 N, dehydroeplandrosterone ZRE, EISIYVIARIZIZE AL LER
Br b Z27ehho7-, £72. estradiol 3 & U 25-hydroxyvitamin D3 @ 7 /L 7 & > &3
BRI EVIHEFEEEZ AT 2126867, p-acetamidophenyl B-D-glucuronide,
4-methylumbelliferyl-B-D-glucuronide 3 X U8 a-naphthyl B-D-glucuronide ® X 9 72 kb
B FEORWIT V7 e BiAERIIHEEEEZ RS20 o7 (Fig. 12).
SLC46A1 DHE Th HHEML L OMOKEMEE ¥ I 2| hemin 72 & O N K A H
T2 ML EWIC L A FEIBE S LR o0, KL Kim 52 XY | Sled6a3 /
I T U YU RTINSO EREN 545 2 &b SLC46A3 23 iFfig 2
J OB AA AL RIS T L BIRR S LTz 0P, SLCA6A3 38 A A o % §Y nﬂa
TOPE TS0, WAEIC L ERREZITo, LrL, AERMEED
REIRBOLNRNo T,

F 72, 40 pM D HEACHIAFAE T 3 X O IEAF/E T MDCKII/SLC46A3 dC #ifid 35 L OF
mock Ml OMIE N EHMELZRE L2, AERLELIZRD SN »- = (Fig.
13),

AT aA RigG e L OH 2 O SLC46A3 (2 X3 5 BLFITE 2 LLi 3 % 729 12
dehydroepiandrosterone sulfate, 25-hydroxyvitamin D3 sulfate, pregnenolone sulfate,
cholate, glycocholate, 35 & O taurocholate @& EKAFHI 72 BV A A & 7FAl L 7=,
BT RTOILEWIE MDCKII/SLC46A3 dC MW TAHEICINY A £ L
(Fig. 14), Ei\S O KnfHE LV IRV E A HFEH 47z (Table 1), BV iAHRZ U T T v~
A (VmaX/Km) I% 25-hydroxyvitamin D; sulfate THR A TH YV . ARG CTHRE S L7

BOHWCTROLEFBZEETHD Z ENRBI N, pH 5.0 I8 5 FH| LogD
ﬂE X 25-hydroxyvitamin D3 sulfate, cholate, estrone 3-sulfate, pregnenolone sulfate,
dehydroepiandrosterone sulfate, glycocholate, taurocholate ®JIE TH <, EiS B8 X W
cholate Z &, MVIAHZ VT T AT EEOREBMHELEMELEZ, Lo T,
SLC46A3 [ZHRMEE & L TEEMEO &GV AT oA AR & O % &
TR L., RN T, ZhAblbao ) Y Y — L bMaE ~O Pk H
ZHOTWDL Z ERRBI N,
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DWater-squbIe vitamins I:l Steroids D Steroid conjugates D Bile acids D Others

Control o

Ascorbate - 350 o
Biotin = OHPOo O
Flavin adenine dinucleotide — o0 Hp o
Flavin mononucleotide - ohle &
Folate - o a¥
Hydroxocobalamin = Fao8
5-Methyltetrahydrofolate — 31 o
Nicotinate - TP o0
Pantothenate = oGk~ oo
Pyridoxal phosphate — o &
Riboflavin = o8 o
Thiamine pyrophosphate = A ®Ro
Cholesterol - b &
Dehydroepiandrosterone — OR1-000
Estrone — R
25-Hydroxyvitamin D 5= . L
Pregnenaclone = o @fo
Cholesterol sulfate — 1o %
Dehydroepiandrosterone sulfate 1%
Estradiol 17B-glucuronide — =R
Estrone 3-sulfate 41— 366
25-Hydroxyvitamin D 4 glucuronide -{ @
25-Hydroxyvitamin D 5 sulfate 41 P <0.0001
Pregnenolone sulfate |18
Cholate 41—
Glycocholate 41—
Taurocholate 1——1P
Billirubin = HOolo O
CuCl,= @ e r=09625
Hemin - 3500
2-Ketoglutarate o8
Succinate = o o
T T T I 1
0 50 100

Relative uptake (% of Control)

Fig. 11. Steroid conjugates and bile acids strongly suppress SLC46A3 dC-mediated
estrone 3-sulfate transport. Effect of various compounds on the uptake of [*H]estrone
3-sulfate (10 nM) in MDCKII/SLC46A3 dC cells. Uptake was performed at 37°C, pH
5.0, for 1 min in the absence or presence of inhibitors (20 pM for cholesterol,
dehydroepiandrosterone, estrone, pregnenolone, 25-hydroxyvitamin Dj;, 25-
hydroxyvitamin D3 glucuronide, 25-hydroxyvitamin D3 sulfate, hemin, and bilirubin

or 200 uM for the other compounds).
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Control %

Estradiol 173-D-glucuronide - & P <0.0001 Steroid glucuronide

p-Acetamidophenyl B-D-glucuronide :h
4-Methylumbelliferyl-3-D-glucuronide - :ﬂ? Other glucuronides (relatively low molecular weight)
a-Naphthyl 3-D-glucuronide = (o] %0
T T 1
0 50 100 150

Relative uptake (% of Control)

Fig. 12. Inhibitory effect of glucuronide conjugates with relatively low molecular
weight on the uptake of [*H]estrone 3-sulfate (10 nM) in MDCKII/SLC46A3 dC cells.
Uptake was performed at 37°C, pH 5.0, for 1 min in the absence or presence of

indicated glucuronides (200 pM).
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Fig. 13. Intracellular copper levels in MDCKII/SLC46A3 dC cells and mock cells. The
cells were cultured in the presence or absence of extracellular copper (II) chloride (40

uM) for 1 day.
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Fig. 14. Uptake of steroid conjugates and bile acids in MDCKII/SLC46A3 dC cells
and mock cells. Uptake of indicated compounds (5 pM) was measured in HBSS (pH
5.0) for 1 min.
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Table 1. Kinetic parameters of SLC46A3 dC-mediated steroid conjugates uptake, and predicted LogP and LogD values of steroid conjugates and bile

acids.

Compounds K (LM) Vimax (nmol/min/mg protein) Vinax/Ki (uL/min/mg protein) LogP LogDs .
Dehydroepiandrosterone sulfate 56 = 1.1 1.51+0.08 269.6 3.42 1.04
Estrone 3-sulfate 333 £ 27 1.46 +£0.04 43.8 3.83 1.46
25-Hydroxyvitamin D3 sulfate 02 + 0.1 0.27+0.02 1350.0 4.30 333
Pregnenolone sulfate 1.2 + 04 0.79 +£0.07 658.3 3.64 1.26
Cholate 26.7 + 3.3 2.32+£0.09 86.9 2.48 1.84
Glycocholate 14.6 + 2.7 1.31 £0.07 89.7 1.38 0.12
Taurocholate 11.7 £ 2.3 0.78 £ 0.04 66.7 -0.24 -1.46

The experiments were performed with two biological replicates to calculate the mean value of K, and Viax for each compound. Data are presented as the
mean + s.e.m. (n = 4). Predicted LogP and LogDs, values of each compound were calculated with the online platform Chemicalize developed by

ChemAxon (http://chemicalize.com).
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Bafl B8

Z U E T SLC46A3 D4y 1 HEH %i(ﬁéfié’a%%ﬂiﬁ%f&mt ARETIL, i
EIEMEICBE T 2522 FTIC L W . SLC46A3 28 HIYKFM e AT v 4 FlaGkR
i@%%%%?Vxﬁ—&—@%é:t%%%wmbto

SLC46A3 @ HYKAFH R AT v A F‘T@A{ZISI\*?‘/XK—&—& L T O B e Fr 1
A SLC 77 2 Y — A RNR—0OHTIHFFICa=—7ThH o, SLCI0A X
SLC17A. SLC22A. OATP/SLCO 7 7 2 U — # //\—i,c Ergh A7 a4 Fladik
FT U AR—=Z =3I BELFETIN, 2hb T AR—F—F Na" @i, &
B\, AT = ﬁ/%Hahkmx@%L%%@ﬁ&?5”“>*n%ﬁ&fm
N7 U AR—F =T, FICHREELZHBELTEY, IHH@H%%: L7ZcAT8ma AR
BRAEKROEXRICEE L TWb, dBAIC, SLC46A3 T EICY VY Y —LIZRELT
BY D BELLIYY—LANNLONRE HIREAEZRE ) &5 5 L5 2
HBiILbH, ZTDOF x 1L, SLC46A3 O EIEEN HIRE AR Z LB LT 52 L0, VU
VY=L pHIZHYT 2 pHICEBWTEBCTHD LIk HFEnd, 274
REAEERIITAV T I VR EXYIVDREEXY RN IE, VRZ U RXIED XD 7
EHXUNTEIZELYD, 2 R A PV AREENLTCY Y Y —AFETHEITIND
63659 L72M 5T, SLC46A3 1T AT A FRAEKDOY VYV —A0bOHHICED
STWaHEEZLND,

SLC46A3 1 C KMEIKICHFEET AT e v EF—T7I0L0V Y VY —A~DF
HEHEZZT2EE20ND, B 1HICB W T, SLC46A3 BNEIZY VY — AT
ETHZ L, BLOCRMHEE (Y446-C463) D KB SLCA46A3 D #ll fi 5~ D J5)
HFlEERIER T EE2RLE, 2RO O EIX, SLC46A3 DY vV — AJF1EL
NEIZ C KU (Y446-C463) THIM SN TVWAHZ L ERLTWVD, IHIC
446 ZFHOT v b 449 FHOu A %7 7= I|ZEH L7 SLC46A3
(SLC46A3 [AELA]) IZ SLC46A3 dC &[RRI ~F/ENR LT, LN - T,
LR CHRE SN TWD Y446-1L449 BLHNIT Y ¥V Y — L~ FEHEICE b
L9 rETF—T7THDLHEEZLND,

SLC46A3 ORNRKFRMEEZFE LIS 2200 53, SLC46A3 DA FR % T
S TH D, Slc46a3 /7 v 7T U b~ U A2 HWTCERETDOMHFZEIZ LD | SLC46A3 I
gD AR A A A2 AL FERBICEAG T 5 EBHLNTR -T2, L,
ARETIIMNAMICEET2NEEERELZRETHIENTE o, F oA

FEIZB W T, SLC46A3 AT A NSRBI OB ALz REST L —T,
HWALEIZ E\S BV AR ICEB LN E2WHMBIC TR LE, LER-> T, 0L 2
AFEARHTH D2, SLCA6A3 1T AT A RLMEHEBY 7V v 7 2HET 25 2
& T, W%%’ﬁ@%%ﬁ@“’%@%ﬁxfwé&%x%hé iR A A A K
VAWZEITDH SLC46A3 OEEZW LMNICT HDIT, SLRHIMENPLETH
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Do
AMMHETRELIEAT oA NG RSB B®BE = YA F—3 2 & O BE M
ERHTZENTERN o7z, SLC46A3 1T AT A RIAELIABR 2/ L 7=
N 7)o 7k Ry A4 b=y AE2HETEELZLNDN, =K
A P = AHIHEEICET2I0RIMAEDLETH D,
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BSHE N

AREETIL, SLC46A3 HEEFEA 7= O MR BE O B2, 4 T HERE R L OVE B A L
B O R GE ., kR RS B T D B &2 AT o T

SLC46A3 O — kA& Z AT L7-fE R, C KMEIKICT vy v ®F — 7 HEELS &
BT H5ZEDRHLBNIR-T, 2O/ Z & T CRKimfElkd REIZ LD  SLC46A3
DRIETY VY — L5 I ~EL L7z,

SLC46A3 dC Z ZEHR B X7~ MDCKII fifa 2z W CA AW T =4 LAWY
DOAMEANELY IAZZ G L7/ R, SLC46A3 dC FEEMAEIZIHB W T E1S BV A &
MBAE IZH K L7-, SLC46A3 dC I fEME EiS BV A &%, Mt pH (K7 Th
D, pH4.0 225 45 DM CTHRRIEMEZRT —FH, pHT74IZBWTHLELE, &6
2, ZOWVIARITA A 7 47 T D nigericin LWEIZ L VKT L 7=,

Bx e NEHMALEWIC L2 EFEEROMRE, BEiS MVIALIZIAT 74 /K
BLOEHRBIZIVARICHESINLD Z EXH N, HEEEZRL
IHNBAEEMITWVT LY SLC46A3 dC FHLHIIZIHS W CTHHE 2RI D A 23852 &
iz,

LI XV, SLC46A3 1T HYKFM R AT a4 FRAKB L OHHEE b T v AR
— X —ThdbI BRI,
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F2E T-DM1 EFRERBICEBIT A SLC46A3 D £ E| o 2 BH

T-DM1 |X HER2 & / 7 = —F LV HIK TH % trastuzumab, JEGIWH Y > —Th
5SMCC VYU v —BLOFa—T7U HEHATHS DML LD LD 1112,
BhE SN T-DMIIZ N AMIET O HER2 ICHEA L%, = R¥ 4 F—2 R |Z
FOAELEN, VY Y=L ~BITT 5, VY Y —AIZBWT, T-DMI IF57fif &
o, ISR CTH D Lys-SMCC-DM1 % iE#E 9 % (Fig. 15), Lys-SMCC-DM1 %
RN 110371 THY, WA A THDHZ EnD ., AREEERMENIEFITK
WO LR o T, ML 0RERKEEREMELEST B2 5,

%1 EIZEB W T, SLC46A3 2 HYKFEM R AT oA FIaA KRB X OBt - 7
VAR—=HE —=THDLIENTREN, VY YA ME A~ D EE Ak
HZ DR ENT, FEY Y. SLCA46A3 1T = RO A b —v A RKE % HlE9 2
L TT-DMI OEGZHIET 2 EFHRLEN, CNORNEERE L R A b
— AL OBEMEII A THY . T-DM1 HEHHEH A T = X LTI D SLC46A3
DBEENIH S 2> TR,

ARE TlX, SLC46A3 % Lys-SMCC-DM1 % U YV ¥V — A7) & il J & ~ B 2 i 25 9
% Z & T T-DMI O35 & Hl4H 3 5 & K% 32 T, SLC46A3 @ Lys-SMCC-DM1 i
FIZET 2 BmE 21T o 12,

QT\T)J\/\SQO qﬁﬂ

o
>§g HoN

Fig. 15. Chemical structure of Lys-SMCC-DMI.
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% 18 SLC46A3 ® Lys-SMCC-DM1 FJ VAR —F —¢ LCOHEERE

MW AMBLIZ 17 D5 SLC46A3 DR BLE DK T i T-DM1 itk 5l & = &
44.46.47.66) ST.C46A3 78 T-DM1 D U YV YV — K2 BT 5 5% TH % Lys-SMCC-DM 1
ZHESEEET D0 MmET 5 72 ® I, MDCKII/SLC46A3 dC #ll i 8 & O mock #il i 12
BT 5 Lys-SMCC-DM1 UV IA B FEER A 1T o 72, £ DO FEFR . Lys-SMCC-DM1 @ H
A AT, mock AAEIZ HE#E L C. MDCKII/SLC46A3 dC MifEIC B W CEHEIZ K& W
Z L MWREN T (Fig. 16A), £7. T-DM1 @ payload T& 5 DMI1 b [A £
MDCKII/SLC46A3 dC MildiCB W THEICHWRVIALDZE Oz, T b DR
DIARIE, M pHIERZMETH Y . B 1 ET/REI N7 EiS BV A A O pH K71k
E—EHT HHRETH o= (Fig. 16B B L ¥ Fig. 7B), & 512, E;S B W 3A 2~ 1%, Lys-
SMCC-DM1 ¥ X" DMI1 12 XY HEICHE S v/ (Fig. 16C), #iZ., Lys-SMCC-
DM1 B X O DM1 OEL Y AA X E;SIC LY BAFICHE S iz (Fig. 16D), 215
DFER B Lys-SMCC-DM1 35 L O DM1 | SLC46A3 12 X 0 EH Gk & vt S
N5z ENRENT, E5HIT, SLC46A3 X DM1 Db EH » 2 Rik+ 5 2 &
DRI S L7z,
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Fig. 16. SLC46A3 recognizes Lys-SMCC-DM1 and DMI1 as substrates. (A) Time-
dependent uptake of Lys-SMCC-DM1 (5 uM) and DMI1 (1 uM) in the
MDCKII/SLC46A3 dC cells. Uptake was performed at pH 5.0. (B) pH-dependent
uptake of Lys-SMCC-DM1 (5 pM) and DM1 (1 pM) in the MDCKII/SLC46A3 dC
cells. (C) Inhibitory effect of Lys-SMCC-DM1 and DMI1 on the uptake of [*H]estrone
3-sulfate (10 nM) in MDCKII/SLC46A3 dC cells. Uptake was performed at pH 5.0 in
the absence or presence of Lys-SMCC-DM1 and DM1 (200 pM). (D) Inhibitory effect
of estrone 3-sulfate on the uptake of Lys-SMCC-DM1 (10 pM) and DM1 (1 pM).
Uptake was performed at pH 5.0 in the absence or presence of estrone 3-sulfate (200
uM).
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® 2 SLC46A3 FAZEHI D ER

U YV —NIZRET HNEMED SLC46A3 2 Lys-SMCC-DM1 kT v AR — & —
ELTHRET 222 EHEBN T2 LIEIRETHLID, TNETORKRLD,
SLC46A3 OB AHEREZ L E T 2{LAEWIX. Y YV V) — A TOHD SLC46A3 % i L 7= Lys-
SMCC-DM1 Ok % B L . T-DM1 O B&h 2K F & 5 /g »n H 5 (Fig. 17).
ZORREMEERIET 72 ®IC, £T SLC46A3 OFLFHI A HRHE Lz 7, R

T,V Y Y —AWNEEMN Lys-SMCC-DM1 B X O LEAOHMEEH S TH D Z & %
EZREL, VY Y —ALNEREIEY (lysosomotropic drugs) % i#®4R L 7=, SLC46A3 dC
It £ Lys-SMCC-DM1 BV A A lcxt T 2 EBEDREZBRFLE &2 A,
clarithromycin, erythromycin 3 & O rifabutin (2 £ 0 . Z DO HL Y A Z 2B I E
S i’z (Fig. 18A), — 7. chloroquine, clindamycin 3 & OF imipramine (2 & % &
MREFBD N2> 72, T35 lysosomotropic drugs (X, SLC46A3 dC ST 7E1E EiS
BV AZIIZK L TH RO EFEEM %~ L7 (Fig. 18B),

F72. T35 lysosomotropic drugs 7% SLC46A3 |2 L Wl S 2 Rt L 72,
pH 5.0 T & I % clarithromycin 3 X % rifabutin @ #l fu N B 0 1A & X
MDCKII/SLC46A3 dC #ifd & mock M CTRFEE Th - 72 (Fig. 19, — F5 .
erythromycin X Y A 7~ X MDCKII/SLC46A3 dC MR ICB W TH EIZE N > 7208,
Z O IAFZIEHEIZIEHF B AT v A oG R ok is s & ik L TR o 72
(Fig. 15), TN 6 DFEFIX. SLC46A3 D kB HE % [ % 3 % lysosomotropic drugs
I SLC46A3 DHEE L5 LD %UL%BH}—%IJT%%S_ EERFRLTWVWD, EHIT
Chemicalize (https://chemicalize.com) (Z X ¥ pH 5.0 {Z¥ 1T % faf & IR HE & T 1 Lf_
At B | clarithromycin, erythromycin ¥ J O rifabutin LiE?éﬁ . ESITAEBEME A
THLETFTHMEN/Z, £/, Lys-SMCC-DMI1 B XU DMl B E2H S 20 & Tl
SNz (Table2), LLE X VW, SLC46A3 IZIEEBHEZ AT HILEME B RIEET L L
THRBLAEVW ENRTRB I,
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Viability (% of no treatment)
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Fig. 17. Predicted schematic and results of Lys-SMCC-DM1-drug interaction through

SLC46A3 in lysosomes. Impairment of lysosomal SLC46A3 function by a potent
SLC46A3 inhibitor cause the inhibition of Lys-SMCC-DM1 escape from lysosomes,

thereby reducing T-DM1 cytotoxicity. The predicted profiles of cell viability treated

with T-DM1 in the presence (a red line) or absence (a blue line) of a SLC46A3

inhibitor are shown.
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Fig. 18. Inhibitory effect of lysosomotropic drugs on the uptake of (A) Lys-SMCC-
DM1 (5 uM) or (B) [*H]estrone 3-sulfate (10 nM) in MDCKII/SLC46A3 dC cells.

Uptake was performed at pH 5.0 in the absence or presence of lysosomotropic drugs

(200 pM).
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Fig. 19. Uptake of lysosomotropic drugs in MDCKII/SLC46A3 dC cells and mock
cells. Uptake of indicated compounds (2 pM) for 5 min was measured in HBSS (pH

5.0 and 7.4).
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Table 2. Predicted pK, value and charge status of lysosomotropic drugs, DM1 compounds,

and estrone 3-sulfate

Compounds pKa (strongest basic) Charge at pH 5.0
Chloroquine 10.32 +2
Clarithromycin 9.00 +1
Clindamycin 7.55 +1
Erythromycin 9.00 +1
Hydroxychloroquine 9.76 +2
Imipramine 9.20 + 1
Rifabutin 9.03 + 1
DMI1 - 1.93 0

Lys-SMCC-DM1 9.52 0 (zwitterion)

Estrone 3-sulfate N.A. -1

The pK.a values and charge statuses were calculated with the online platform Chemicalize

developed by ChemAxon (http://chemicalize.com). N.A., not applicable.
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BH3IE T-DM1 OFRMBEEHRIZH T 5 SLC46A3 FRER D EE

SLC46A3 FLEAIZS T-DM1 O I E BT 5 D REH 2 72901 HER2 B PR 23
A ABRARK Td % SK-BR-3 il 2 vy, T-DM1 35 KUY SLC46A3 FLEFESIFAE T H
D M A AR ARl L 7o, RBRES TR S T-DMI O i 3, SK-BR-3 il fid i
%92 T-DM1 @ 1Cso fEIZH D X % & L7z (Fig. 20), #FF#E U . SLC46A3 [HE A
Td % clarithromycin, erythromycin ¥ X O rifabutin (£, BAZF M EF R %2 L5
I, 0.01 pg/mL @ T-DM1 fF7E F TIEH 50%72> 5 100%FE T, 0.03 pg/mL O T-
DM1 7772 F TIEH 10%720 5 50%E T L L7 (Fig. 21). = O R 5 . SLC46A3
FLEZN R 2 H 3 5 lysosomotropic drugs (2 & VW . T-DM1 @ #% i 20 5 3 55 3 5
BRI N, KBWIZ, SLC46A3 HLEDRZ T L AL RIS R o
chloroquine, hydroxychloroquine 3 & O' imipramine (£ 3 2 Z M A 77 3 % L 5
S . clindamycin |% T-DM1 O Z M a2 RICFHEE 2 b5 2 727> > 7=, HER2 [GYER A
Ao M BARE CdH 5 HCC1954 M & O KPL-4 Ml 7 miticksnTh .,
chloroquine, hydroxychloroquine 3 & O" imipramine |2 £ U fifa A7 N LA Lz
el ERE, RO RNS S (Fig. 22), Chloroquine, hydroxychloroquine 35
& O imipramine @ T-DM1 £ A fE 2h Rkt 3 5 8 I M la ) TR - 7=, Z v,
UY=L APRLRCHTIMEIEA T =R LRI L > TERRDZLICERT
LB BHND O,

150

100
ICs0 = 0.0072 pg/mL

50

% Viability (vs. control)

0 T 1T 1T 1T 1 1T T 1
10-510-410-310-210-110° 10" 102 103

T-DM1 (ug/mL)

Fig. 20. Calculation of the ICso value of T-DM1 in SK-BR-3 cells. Cells were exposed

to indicated concentration of T-DM1 for 4 days. Solid line is computer-fitted profile.

Pregnenolone sulfate |3, & Bl FIME D SLC46A3 E TH Y . UV Y Y — L EMME%
IRE 72, T-DM1 O #ZhIZ %t 3 5 pregnenolone sulfate ® 52 % it L 72 4% &
clarithromycin < rifabutin XV b HREICB W TMRAFERE LA S &7 (Fig.
14]), Pregnenolone sulfate [TIKEZ@METH Y, MEEZZB®R T H72DICE N7
VAR—H —NRETH D (Fig. 13), MANEEITMBEABEE LY KW L
BExbhb, £, TV Y Y- LANREFSLHIEVWEHERESNDS, LR
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T. lysosomotropic drugs & IIxfAYIZ, U Y Y — A SLC46A3 OREREAFHET 5
T2 AT I LB = R E O J B AL pregnenolone sulfate AL E THDH EEZ LN D,
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Fig. 21. Effect of lysosomotropic drugs on T-DM1 cytotoxicity. SK-BR-3 cells were
exposed to T-DM1 (0 pg/mL; black, 0.01 pg/mL; yellow, 0.03 pg/mL; red) for 4 days

in the presence of lysosomotropic drugs as indicated.
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Fig. 22. Effect of lysosomotropic drugs on T-DM1 cytotoxicity in HCC1954 and KPL-
4 cells. the cells were exposed to T-DM1 (0 pg/mL; black, 0.01 pg/mL; yellow, 0.03

pg/mL; red) for 4 days in the presence of lysosomotropic drugs as indicated.
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Fig. 23. Effect of pregnenolone sulfate on T-DM1 cytotoxicity. SK-BR-3 cells were
exposed to T-DM1 (0 pg/mL; black, 0.01 pg/mL; yellow, 0.03 pg/mL; red) for 4 days

with pregnenolone sulfate as indicated concentration.
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48 T-DMI1 fFREITX T 5 lysosomotropic drugs D 2

Lysosomotropic drugs 28 U ¥V YV — A2 3 5 T-DM1 @ 55 f# % #iill 3 % "l e M &
5'5 PR3 57212, Alexa Fluor 488 f&fifi L7=ht b b~ I1gG ik &= AW\ THE MG =17
.T-DMI1 EA# OMIMNICEFET 5 1gG Mt L 7= 4D, HCC1954 fil g 1X T-DM1
%Z 15 57 [ #: 8 S ¥ 7% . chloroquine, clarithromycin, imipramine 3 X OF rifabutin
FETHDWVITIHEGFET T HEEELZ,Z OH R, chloroquine 3 X 1" imipramine
ERBECHE RE DRI (Fig. 24). 2 obE&Wn T-DML O 4 fig # ] %
LT T-DMI OFEBZIR T I L ERRB Iz, ZOMBIL, Lt ®E &
—H L7 4Y, —J clarithromycin 3 X OF rifabutin (%, /E HREIC 753’%@ T-DM1
m@@&f#z‘)‘iﬂ%ﬁ&H:ixbl—lﬁéfkof:: Embh, YUY Y —AIZBIT S T-DMI
SIRICE B LW ERRENT,
UL; V. SLC46A3 FLEANITY ¥V V — A bAKE ~?D Lys-SMCC-DM1 i i%
ZHEST DL T, T-DMI O 2 ies S &5 2 LB RBRINT,

Control Chloroquine Clarithromycin Imipramine Rifabutin

Fig. 24. Immunofluorescence staining of T-DM1(green). HCC1954 cells were pulsed
with 1.5 pg/mL T-DMI1 for 15 min at 37°C, and chased for 1 day in the presence or
absence of chloroquine (10 uM), clarithromycin (30 uM), imipramine (30 uM), and
rifabutin (30 uM). Blue color, nucleus. Scale bar, 30 pum.
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BSHT BE

Z I E T SLC46A3 [TV DD LMY > 77 —ADC OB FEHIICEE TH
HZLENMESNTELEN, ADC BRICB T A2HEEIAHTH - 7-, KETIT,
SLC46A3 78 Lys-SMCC-DM1 # B #Hiix 3 5 Z &, 3 X SLC46A3 FHEAIIZ LV
T-DM1 ORI H T 5 Z L AW NI L, REFAIL, T-DM1 BEEh B A B =
ALITHIT D SLC46A3 ODEEREHIZ 55 F LNV THRIAT L E & BT, LI
Y —ADC ORBICEM LD D TH D,

#1 HilCB W T, SLC46A3 728 T-DM1 DV YV J — AIZE T D5 W T 5 Lys-
SMCC-DM1 # it 95 Z W Ehic, £, F 2 H TIX, W< DD lysosomo-
tropic drugs (2 XV . ZOWEIEVEREEFE SN D Z & MN/R Sz, Hamblett I
SLC46A3 @ / » 7 X 7 % T-DMI1 fifEZ5l & 2+ 2L, BELWWU VY —2K
IZ Lys-SMCC-DM1 &M T 5 Z & Z#FEGE L, SLC46A3 ® U Y YV — L Lys-SMCC-
DMI exporter & L TOXRFAZELB L 1, ZhbadFEwdr e, WKOLH7R T
DMI BB A =X LN Bz b b, HER2 IZHEE L7 T-DM1 X, WIEL S 1
7Y Y Y —AIZBIT L. Lys-SMCC-DM1 % i+ %5, = L C. 8L 7= Lys-
SMCC-DMI1 % SLC46A3 (2 LV VU Y Y —LanbiiflE~mEsh, Fa—7 VU v
ZHEFET L2 & CTHRMTDREZFEEST 5, — . clarithromycin, erythromycin 3
& O rifabutin @ &£ 9 72 SLC46A3 BHEAI2S T-DMI1 M R 2 BHEF IR TS5
EWV O FERIT, NAMIEICI T D SLC46A3 DR BLE DK T2 T-DM1 O it 4 (2 B
HIpHZ Ll —ET D 49 Lysosomotropicdrugs 1A A F 7 v B T A H =X
Kk, 2 Ry =RV VY —LbDEI e a s XR— A MZELLE
FE9 % 708, L 727285 T, lysosomotropic 72 SLC46A3 [HLE A%, SLC46A3 12 L 5
U Y Y —ALfEEZN LT Lys-SMCC-DM1 O #LET 5 Z 212X v, T-DM1 ®
BHMHEER T SEDEEZEZXZL20O0RRYETH D,

HHTREZ LT, SLC46A3 1T Y VY — L0 b M E ~ o ik J7 o &g A
WHEE R EZ A L. Lys-SMCC-DM1 @ X 9 72 b g4y + B D K& W5+ % i
KT DH, KETIL, SLC46A3 MWk x AT A R EEIT TR, HEDR
72 % Lys-SMCC-DM1 (43 & 1103.7) X DM1 Z#gik ¥+ 5 Z &R "3 ve, L
Mo T, SLC46A3 OEEREMEIIMDOY VY VY — L N T UV AR—=F =10 HEW
EEZBND 53, ABCBI/MDRI/P-gp (ZHIAEEE 721 T/ U vV Y — ARICHTF
ETLHZHBNTUAR—F—ThHorN, EWEMBRENDLY VY —A~HET D
=, BYHEHRKEELTEDDOY VY —L~DOREICEETH D Z ENREH
TW5 39, XFMIZ, SLC46A3 IE=> RY A F—T RENTHHEYDOY VYV —
DO HMIE ~OBEICEERERH 2 RIS LEZX BN D, SLCA46A3 Yk
EIZHAHA T2 0BG T 572912, SLC46A3 O ILEREIEICE T2 & 5 722 5
TR METH D,
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BeH /N

AETlX., SLC46A3 O Lys-SMCC-DM1 ik 2B+ 2 Mgt 217 - 72,

Lys-SMCC-DM1 @ #i i PN B Y JA Z~ 1X mock HiAE & tb# L MDCKII/SLC46A3 dC
MIIZBWTHEICE S, BEIKARICHEM L, ZOmRY AT pH &
ZPETHO, pH 5.0 TEMP->7-—FH. pH 7.4 1B W TIX mock Mifd & RIFEE TH
D.EISHYIAHZ D pHIKAFMEE —F L=, & 512, SLC46A3 dC M fEME Lys-SMCC-
DMI1 Ht ¥ JA A 1%, SLC46A3 DHE TH H EiSIC LV HE I L7z, #IZ. SLC46A3
dC I 7EME EiS B YV A A X Lys-SMCC-DM1 (Z L v fLE & iz,

SLC46A3 dC /M 7EME Lys-SMCC-DM1 Ht Y JA 7 1% lysosomotropic drugs T& %
clarithromycin, erythromycin 3 & O' rifabutin IC X VB HICHEFEINTEZ, 2 b
SLC46A3 IHEAIFE FIZHB W T, T-DMI /EHA RO MR AR ITHEIC EH L,
F£ 72, SLC46A3 J'E T& % pregnenolone sulfate fF/E FICHB W TH ., mIEEEH T
o %5 H . [FAERIZ T-DMIL AE I O Ml i A2 7 == 53 B 5 LTz,

U Y Y —2IZKAFT 5 T-DMI & S fE R k12 K0 Bl L 72 #5 & | clarithromycin
B X O rifabutin fEAREICE T 251 T-DM1 IR LEFRBE O, 202
& £V | clarithromycin 3 X O rifabutin [TV ¥V YV — A IZE T 5 T-DM1 O 53 iR 12§
BLEWZ EBnRBINnTT,

L EJX Y, SLC46A3 XV YV Y — A b AIKLE ~® Lys-SMCC-DM1 i ik & 1 5
Z & T, T-DMI1 Oy 2 Hil# 3 2 Z & AR S i,
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B 3IE SLC46A3 DHENEEB ORI EPR XUV SLC46A3 HE/HERIER~D
it

%2 FEIZHB VT, SLC46A3 X T-DMI1 OIEHER#H Y TH 5 Lys-SMCC-DM1 % [H
BWiX+ 228 C, 20EIBHRLEHEET 52N L, S HICHKIT,
Boehnke & (% SLC46A3 2k~ 2B 1T DAEE T / R 1 D HL Y IA x2h 3R D P
ERFTHHZIEZRAL, FIZAHTHLIDY, O R A4 F—T AT
SLC46A3 N E T 5 Z EMNRBINTWD 3, L7=2»> T, SLC46A3 @ F'E /B
EHROFEIX ADC OB KA b — v AHEOMI 22 L. ADC XJF
BHF B 7280 DDS OERELIZORN D EEZDBND,

N7V AR—=H—0 in vitro BEREFFMICB W T, BWRE L EEEEZHT S
FEAM TIE DR D B LD TR, — REVIS . BN PR R AE A X LC-MS/MS IZ LV &
WIRKE CTERTEIMWEN N T VAR—F —OMEFMICH LN, B1ED
KO 2 8 Cl. S EEFAR S LC-MS/MS % W 7= 3F{i 2 & V. [*H]estrone 3-
sulfate ° A7 10 A RIAIK, BB EE72 & D SLC46A3 ONKRMEE #RE L7, L
DL, ZALH Ol 51T SLC46A3 DO HERE 2 Bl 2> Dl I Tl 3 5 A kI
RiIFTTW5b, —F, 7 —T7Z2H0@mEii Mk ETlicFkae b T v
AR —=F —DOHRE D BN IZIEH STV 5D 7480 Ly L, SLC46A3 (2
TIE, 2O X9 @t EIXFRE I LTV,

AREETIX., SLC46A3 Ol 2> Dl (E R GEREM HiE DL Z# B & LT, #ok
7u—7IZFH L, SLC46A3 DHIMIEEDORR 21T o7, BT, [FE L Zdok
HEEE AT invitro BEREFIM A 2N L, T OS2 M Lz, &kBIlC, WL
L 7= B RERTEMM SR 2 W T, SLC46A3 OFREE D RIE 2k 2 71-,
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B 1H SLC46A3 OHFHAEAXLEE DR E

SLC46A3 Dt B E # B3 5 729 1C, MDCKII/SLC46A3 dC #ifd & v T
B x g lb MO A7 ) —=2 7 %47 > 7= (Fig. 25A), pH5.0lcB T 55
HHALA W OB A B FEBROFKE R, Fig.25B IZ/79 X 912, MDCKII/SLC46A3 dC
# A2 51T D 5-carboxyfluorescein (5-CF) @ il B PN B ¥ 3A A 2% mock Al & bb#g L
THEIZEL, 150 % TH > 7=, MDCKII/SLC46A3 dC #M AL 25 1F 5 6-carboxy-
fluorescein (6-CF), sulfonfluorescein (SF) ¥ X U 5-carboxytetramethylrhodamine (5-
TAMRA) @ mock MAIZX T 2B MRANILYD ARITH 15 fFTHY, 6-
aminofluorescein (6-AF) B W TIL S FEThotc, Lo KILEWIT 2,7-
dichlorofluorescein (DCF) # R &, MEIMICAE TH -2 b OO, MAIANELY JA &
ElX mock MR T EAEEDLL R o7, ZOREFEIX. 5-CF 2% SLC46A3 O i fE
R bE L TWVWDZEERL TN D,

I HIT, MYAAEREL, 5-CF ORI ANILY IA A Z @ E M I THEFR L 72,
MDCKII/SLC46A3 dC i fid TIZM W AR S vic — F . mock MARIZ I 1T 5 g
KiTZT < bFNnThH -7 (Fig. 250),
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Fig. 25. Identification of fluorescent substrates of SLC46A3. (A) Chemical structure
of fluorescent compounds used to screen SLC46A3 substrates. (B) Uptake of various
fluorescent compounds in MDCKII cells stably expressing SLC46A3 dC. Stably
transfected and mock cells were incubated with HBSS (pH 5.0) containing the
indicated compounds for 10 min. The final substrate concentration was 1 uM
[fluorescein (FL), 4,5-dibromofluorescein (DBF), 2,7-dichlorofluorescein (DCF), and
rhodamine 123 (Rh123)] or 5 uM [5-aminofluorescein (5-AF), 6-aminofluorescein (6-
AF), 5-carboxyfluorescein (5-CF), 6-carboxyfluorescein (6-CF), sulfonfluorescein
(SF), rhodamine 110 (Rh110), 5-carboxytetramethylrhodamine (5-TAMRA),
sulforhodamine 101 (SR101), and rhodol]. (C) Fluorescent microscopic images of 5-
CF in MDCKII/SLC46A3 dC and mock cells.

-43 -



% 28 SLC46A3 dC S 7EME 5-CF i 3 55 14 0 FEAH

SLC46A3 dC /M {EME 5-CF EL VD IA R D FeE 2 FEMMi 3 5 712, 5-CF &# W\ T, K
R AFRY . pH KA K MR EKR AR AR TR AT o 72, £7 . SLC46A3 dC
SAEME 5-CF BV A O K[ R E 7' v 7 7 A )L & Fi~ 7=, MDCKII/SLC46A3 dC #
Mz B % 5-CF OB Y A BIE 10 47 £ TEMBHIC EH L= (Fig. 26A),
— . mock MALIZIIT D 5-CF BV IAAHIL 15 53 DIV AL KR Z @ L Th T H
Th o7, SFORRUKAFH I AL S RERICBZE S L (Fig. 27A),

WIZ 5-CF LV AR T 2/ u4h pH OB Z Mt Lz, Mias pH © EF I
PEVN | SLC46A3 dC /M 7EME 5-CF B W JA & 13K F L. pH 6.5 TIHK L 7= (Fig. 26B),
SF LV AL D pHIKFEME S FAE TH - 7= (Fig. 27B), 5-CF BV A & % pH 5.0 TH
RKTHVY, pH 45 THEICK T LE, ZOFEIX. pH 4.0-4.5 TR AKEEZ2 R T
ESSEYVIAR LI TH o2, S-CFITHEED pKa 2 H L TS 729, 5-CF i
EIEEOMK TIX., 5-CF O pHIKFH b FHEOLNLICERT LI EEZLND,

SLC46A3 dC I {EME 5-CF RV A B D HEFRHHI /N T A — X Z RO 2729012,
BEKGAORMDIAALEREZITV, I VT Y R 20T U0RICESE Kn B LV
Viax 2 FHH L7, EREFERERNS ., MV IARKMAZ 54 Mls pH % pH 5.0
IR E L7, 5-CF Y IAAITRAAMEEZ R L, Kn B X O Vinax I, TN 4 5.93
uM ¥ K O 526 pmol/min/mg protein & H H S 4172 (Fig. 26C), SF H YV AR IZE
THRBRICAHAIEINBEERIN, KnfEB IO Vau HIX. T TN 4.66 pM B LW
174 pmol/min/mg protein & H H S 172 (Fig. 270),
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Fig. 26. Characterization of SLC46A3 dC-mediated 5-CF transport properties. (A)
Time-course profiles of 5-CF uptake in MDCKII/SLC46A3 dC and mock cells. Uptake
of 5-CF (5 uM) was measured in HBSS (pH 5.0) for the indicated time. (B) Effect of
extracellular pH on 5-CF uptake. Uptake of 5-CF (5 uM) was evaluated for 5 min in
HBSS-containing citrate at pH 4.5, MES at pH 5.0-6.5, or HEPES at pH 7.4. (C)
Concentration dependence of 5-CF uptake. Uptake of 5-CF (0.5-100 pM) was
measured in HBSS (pH 5.0) for 5 min. SLC46A3 dC-specific uptake was calculated
by subtracting the uptake amount in mock cells from that in MDCKII/SLC46A3 dC

cells. The solid line represents the computer-fitted profile.
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Fig. 27. Characterization of SLC46A3 dC-mediated sulfonfluorescein (SF) transport
properties. (A) Time course profiles of SF uptake in MDCKII/SLC46A3 dC and mock
cells. Uptake of SF (5 pM) was measured in HBSS (pH 5.0) for the indicated time. (B)
Effect of extracellular pH on SF uptake. Uptake of SF (5 uM) was evaluated for 3 min
in HBSS-containing citrate at pH 4.5, MES at pH 5.0-6.5, or HEPES at pH 7.4. (C)
Concentration-dependence of SF uptake. Uptake of SF (0.5-100 uM) was measured in
HBSS (pH 5.0) for 3 min. SLC46A3 dC-specific uptake was calculated by subtracting
the uptake amount in mock cells from that in MDCKII/SLC46A3 dC cells. The solid

line represents the computer-fitted profile.
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% 38 SLC46A3 dC Jr7EM 5-CF BU D A AT x4 5 BEZn SLC46A3 B /PLEA]
DEE

SLC46A3 1T AT r A NGB X OEHEEEZ HYK 09 IC 53 5. 5-CF 2% EiS
& SLC46A3 BLER G HAMN A LA T 2 0BT+ 272012, EiS /L T B X OIE(FAE
TIZH T 5D 5-CF DR EKRAFAREY JAS FEBR Z 57 L 72, Fig. 28 3 X U Table 3
IZART X D1, 5-CF O KuflIX 20 uM B X V50 uM @ E S 7/ FIZHB W T, 9.3
UM B Z N 13.8 uM, 206 uM £ TEH L7z, — 0. Vo fHIZ3 9 5 21X
PPN ThHoTe, ZOFERENDL ., EiS O 5-CF BV A B %3 5 L E R L 5 A L
EThHLHLI EBRRINT,

SLC46A3 1T AT v A FHAEKB X OMEH B 7Z1F T2 <. clarithromycin,
erythromycin ¥ X OF rifabutin @ £ 9 72 lysosomotropic drugs <> T-DM1 47 fift ¥ % 7%
W3 D, 5-CF 2% EiS 0)1&*’%% & L T, SLC46A3 O RE /PR EA| O R ﬂﬁﬁf“
LD ET 572 01T, SLC46A3 dC I LM 5-CF B Y IA B2 %F 3 % BE & SLC46A3
ﬁég/ﬁﬂ%%ﬂ@ﬁﬂ%?ﬁ%%aﬂ?ﬁﬁ L 7=, MDCKII/SLC46A3 dC A2 & 1F 5 5-CF Bt
iAZ 1%, chloroquine, clindamycin ¥ X O' hydroxychloroquine % f& < # Bt & (1
VAR Bﬂiémt (Flg 29A), SF %9@2 ELTHERLELS b REOREN
=57 (Fig. 30), VS5-CF RV IAZIZ T HHEZF L EiS BV A 212 %t
THHEFROMI Eﬁ%fﬂa%ﬁ%%mm&b%nt (Fig. 29B), Z D Z &b, 5-
CF 1 E\S O L LT SLC46A3 EE/MEH DAV IV —=TIZHEHATH
HIZEMRBINT,

800+ -@ Control
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Fig. 28. Mode of inhibition of estrone 3-sulfate (E;S) regarding SLC46A3 dC-
mediated 5-CF uptake. Concentration-dependent 5-CF uptake (0.5-100 pM) was
evaluated for 5 min at pH 5.0 in the absence or presence of E;S. The solid line

represents the computer-fitted profile.
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Table 3. Kinetic parameters of 5-CF uptake by SLC46A3 dC in the absence or presence
of Els

Kn (ULM) Vmax (pmol/min/mg protein)
Control 9.3+0.5 715.8 £ 24.7
EiS (20 uM) 13.8 £0.5 ** 693.8 £ 16.5
EiS (50 uM) 20.6 £0.9 ** 625.8 £19.4 *

Concentration-dependent uptake of 5-CF (0.5-100 uM) was examined in the absence or
presence of the indicated concentrations of E;S. Ky and Vmax were obtained by simple

least squares linear regression (*P < 0.05 and **P < 0.001).
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Fig. 29. (A) Inhibitory effect of steroid conjugates, bile acids, lysosomotropic drugs,
and trastuzumab emtansine (T-DM1) catabolites on the uptake of 5-CF (2 uM) by
SLC46A3 dC. Uptake in MDCKII/SLC46A3 dC cells was assessed at pH 5.0 for 5 min
in the absence or presence of steroid conjugates, bile acids, lysosomotropic drugs, and
T-DM1 catabolites at a concentration of 200 uM. (B) Comparisons between the uptake
of 5-CF and ES by SLC46A3 dC in the presence of steroid conjugates, bile acids,
lysosomotropic drugs, and T-DM1 catabolites. The solid and dashed lines represent
the line of 1:1 correlation and 1:1.25 or 1.25:1 correlation, respectively. The
regression equation and correlation coefficient were Y = 1.01X + 4.99 and 0.907,

respectively.
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Fig. 30. Inhibitory effect of steroids conjugates, bile acids, lysosomotropic drugs, and
trastuzumab emtansine (T-DM1) catabolites on the uptake of SF (2 uM) by SLC46A3
dC. Uptake in MDCKII/SLC46A3 dC cells was performed at pH 5.0 for 3 min in the
absence or presence of steroids conjugates, bile acids, lysosomotropic drugs and T-

DM1 catabolites at a concentration of 200 pM. *P < 0.05.
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TAH S-CFZRVWEEETMIZ L B SLC46A3I DFHEBORE

SLC46A3 D ¥ BLiL DM1 @ X 9 72 maytansinoids 72 T72 < . pyrrolobenzo-
diazepine (PBD) dimers # ## L72IEGIW R Y o —ADC O A2 L H 5
TENMESIHTWD 49, SLC46A3 78 DMI1 LA @ payload % 3Bk 2 2B gt
D722, WL 20D payload # W T 5-CF UV IAAZIZx T 5L EFEBR AT - 12
(Fig. 31A), SLC46A3 dC Jr{EME 5-CF Et Y iA %, DM1 721F T72 < | PBD dimer T
H5H SG3199 I L v 5& Sy ICPLE & vz (Fig.31B), Monomethyl auristatin E (MMAE)
1L 5-CFEL Y iAA ZFRRREE L7 —J . exatecan |L 200 uM Tl iZ & A EHFETE
PEZ R &R0 o 7, DMI X1 SG3199 @ SLC46A3 It D2 a4 5
TeDlZ, TN EMORBEERGFN L2 EDIREZFML, ICo fEZzHE L, %
DfER, WiLaWw &b EREKFEIC SLC46A3 dC S EME 5-CF BV A Z [LE L |
DMI1 3 X T SG3199 @ ICso fHIZZ AL ZE 4L 16.4 uM, 43.6 uM & B S L7z (Fig
31C),

X 51T, SLC46A3 7% SG3199 k3 2 M REtd 572 12, MDCKII/SLC46A3
dC M ic B 17 5 SG3199 O EEM LBV AL ZFFM L 7., & OfE R,
MDCKII/SLC46A3 dC #1233\ T, mock i & Hulk L CTH ZEIZ SG3199 728 E 4
L. SLC46A3 dC FFEM LV IAHZ PR FIC LR T2 2 B0 E o
7= (Fig.31D), & B2, ZOH YV AHZITMAESN pHIKFRI TH D . pHT7.4 12BN T
mock A & RFRE Th > 7 (Fig. 31E), TN HDOFER KLY . SLC46A3 1L SG3199
EBEELTRBET L2 R RmEaNT,
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Fig. 31. Identification of a substrate of SLC46A3 by the 5-CF assay. (A) Chemical
structure of the tested payloads. (B) Inhibitory effect of payloads on SLC46A3 dC-
mediated 5-CF uptake. Uptake of 5-CF (2 uM) in MDCKII/SLC46A3 dC cells was
assessed at pH 5.0 for 5 min in the presence or absence of exatecan, DM1, MMAE,
and SG3199 (200 uM). (C) Uptake of 5-CF (1 uM) in MDCKII/SLC46A3 dC cells was
assessed at pH 5.0 for 5 min in the presence or absence of DM1 and SG3199 (0.1-200
uM). The solid line represents the computer-fitted profile. (D) Time-dependent uptake
of SG3199 (1 uM) in MDCKII/SLC46A3 dC cells. Uptake was measured in HBSS (pH
5.0) for the indicated time. SLC46A3-specific uptake was calculated by subtracting
the uptake in mock cells from that in MDCKII/SLC46A3 dC cells. (E) pH-dependent
uptake of SG3199 (1 uM) in MDCKII/SLC46A3 dC cells. Uptake was measured in
HBSS (pH 5.0 and 7.4) for 10 min. *P < 0.01.
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T-DM1 CHEE T 2 ki O A2 EICE 53 2% SLC46A3 (= ¥ A b —T A%
%I L7 DDS OERN E LT TH 5 40473539 L7 - T, SLC46A3 D/~
A AN =Ty MR R OME T, R EE/AER WS~ ABAK
HOMPASLCERMAFEZMREL 5 5, KETIL, SLC46A3 OHICEE Z[FE L.
5-CF 7% SLC46A3 D iR\l 7> D i fE 22 e i Al & R E /R ER DOR 7 ) —= 7 ICH
HAThHsrZ LEFEIELL,

INFEFETWHWLSONPD RN T VAR —F—DEXT e —TRnREI R TEEN T+
8O SLC46A3 ot 7 u— 7 XRIE SN TV, B 1H Tk, #iasibaw
D H T 5-CF 728 SLC46A3 O b BEWHKE Th D Z & 2 5 /2 L 72, organic anion
transporter 3/OAT/SLC22A <> SLC22A24, organic anion transporting polypeptide 2B1/
OATP2B1/SLCO2B1 D X 5 WL OO A7 =42 b7 VAR —% — (X 5-CF ¥
KX 6-CF #HEH L LTR#ET D 8, Zhb b T U AR—F—(FH@EL T
SLC46A3 DELE Th % EiS Mk 5 828430 Z o RIZE S & (LFEHEIR
BAsrilbnhbbd, 5-CEFR 6-CFIXT ES P L-REEE L TEETHLE
AHID, FEBE. EiS D SLC46A3 dC Jr{EME 5-CF B Y JA A x4 2 FH 3 A% 138
AMTHD, S-CFRESORBIEELLTCHHATEZ L2 XFEFLTWVDS,

L2 L., SLC46A3 O JLE R MEIT OAT X° OATP LV LB 2D EEZOLND,
FL <°/~u %7 > {t FL (DBF £ X ' DCF) I SLC22A6 < SLC22A8, SLC22A24,
SLCO1B1, SLCOIB3, SLCO2B1 72 £ ® OAT X OATP O REE L L THmbh b
81.82.8890)  — 5 KMFRICEBW T, T bW MLAE ML SLC46A3dCIZ LV ITE A
Sk Eninor, &512. OATP2BI i 5-CF X 6-CF Z ik % 25, SF I3
ELZRW I, KRR, SLC46A3 dCIZ N O T XRTOHNALAEW EZEwEL -,
SLC46A3 D Wi ik lZ LB b FREEIXTER TE VA, SLC46A3 dC 1T K 5D A
HAGPEN, 6-CF Ll L CS5-CF TELWIZ L 2EET DL, WV RVEBEBEEN
ANLIZALIET D Z L2, SLC46A3 ORIEICEHE TH DL Z LN "B IND,

5-CF & SF @ SLC46A3 ST /EMEI D A B IEME Dt L, SLC46A3 DEEH L 70 5
THOOFEEEREEZSDICHLICT 20 Lz, 28 TiX, SF b ML
F T?D SLC46A3 OEEREFEMICHIH C& 5 Z & 2/~ L7, SLC46A3 dC @ pH K
FH e REIL., EE L LTSFZHWEEATYH, 5-CFZHWEEA & R
B ST, SFIX 2T BT D ALK VIR IR DR pK, D 72 OIS T
BV THLFEBETEN L2 WR, S-CFIZ I VR UBRELD pKo 28 4.2 TH 5
7=, B pH Tl ZFOLFEEN T 7 b AN ELT D 858D, SLC46A3 dC 1T &
% 5-CF UV iAHRIT, HIEEAE DRI TV DL L T, pH 4512k
WTELLBA LI &b, SLC46A3 1T BZEHL 77 b d 5-CF &kt
T 2N AR BRIRIENIREBE L TOWAMENRDH D Z L NRE Sz (Fig. 32),
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Lactone form

Fig. 32. pH-dependent changes in the chemical structure of (A) 5-carboxyfluorescein
and (B) SF.

5-CF & H\ 72 SLC46A3 OB RE MR AT 1Z i C SLC46A3 FHEAI A 7V —=2 7|Z
FHTHD, FEIETIE, 5S-CFVIALZN AT v A Fa& R, BiEe, DML L&
WM., ~7 874 REBELO rifabutin IZ LV ABEICHFINLZ LWL NI LT,
ITH . SLC46A3 1T T-DMI1 IGESCIEE S /R +7 VRN —DONNAf F~w—T1—& L
THET LI ENRBINTND 43, LeRnoT, Zib@HbEMEZRH VT
SLC46A3 [LEAIORFE /R A7 V—=2 7% T-DMI-EWH AEAER O TR 7 kL
TOBEIMELUETHZLEMORELZRET LI DOEE LMD,

T-DM1 43 fi##) T & % DM1 ¥ X Y Lys-SMCC-DM1 % & % | SLC46A3 O #} [K] P 5
BIZET2EWMITIETLEALERY, 7 n =75l & ZD%OEY AL FERICHE
D&, 5-CF X 6-CF T/ % T, SLC46A3 OF M ILE & LT SG3199 # R ET 5 =
AT L7o, SG3199 1L E %% C DNA SHRI 282 Ak 5 2 L1 L v M e &k
59 5 4 Ak PBD dimer Td Y . ADC @ payload & L T2 399192 HH
J N & X, SLC46A3 D % Hl & O K FI% maytansinoid 7217 T72 < PBD dimer ## L
IO ALY —ADC OFMMHEEZR TS L EAMEINTVDLHATH D
0, T EY A — DA LT PBD dimer A% SLC46A3 12X » Tk S 5
MAHTHLIN, FA4HOKREEURTOWMELE LD L, TIBEY I —
DA L7z PBD dimer (X SLC46A3 ([C kDU Y YV — A bfiflnE ~Bitz /L <
MM EMEAB R IT LV A= X ANFE Xt SLCA46A3 BNIEGIWHL Y o
—ADC OB OEN LV FEH LB BND,

ARETIE, VYV —LICHFEIET D SLC46A3 2N Lo Eibamo Yy VY — A
NOEDOPRHAEFMT DN TERhotz, ZORMEEMITIHZDIZIF., VY
V—LAEBEMEEAL, K pH BV TbHEmWENXE TFINEELAH T 2E KA H
VETHDL, TOXIRFEEAT L2270 —T7OREIX, VY YV —LIZRIE
9% SLC46A3 DL CHEFRFAMETICH T 2EEEZIRZ 52 &N Al 6
LD XV AEHEM T-DMI-EMMHEEROR 7 V== 720N’ 5b EE %
bitd, U VY — L SLC46A3 ODRHEHRFAMMICET 5262 2MAENLETH D,
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DHEBETHAESICEIVHAEFEZN, ZOHEHRXNITIHEAELETHL Z ENRIN
2o S 5T, 5-CF BV iAAITEEM SLC46A3 EE /L EARIC LV AREICHE S 1.
ZOHEFERE EISIRYIALICHTHHEROBICEA2MBEBEMBRD LT,
5-CF % I\ 7= SLC46A3 DO IEREFEAME R IC X %5 ADC @ payload & L TISH & T
2ibEMDOA 7 ) —=r 7k FRICH S TV IALBER S SG3199 7% SLC46A3
DIEBETHDLZ ENHL ML | SLC46A3 DB GH 7> £ # 72 #E BEFE AT )7 1% o 7=
DOKEFELT, LA THDL S-CFRAEHTHD Z ERRENT,
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ARKWFZECTHOLINLT-ZREIT, T-DMI MilRNEREHIEIN - LToY VY —A KT
VAR—HX—ICHETIOIH - EHR AR L, ADCEITF TR, = R YA b—v
A AETEH L7 DDS OB ICEM T2 b0 LI D,

-55 -



KB D
1. EBRME

1-1. ffF 28 B - 3K

1-2. FEEH R

1-3. fi FHE 2%
2. TR O & FH ik
3. Blrfos/mu—=7

3-1. SLC46A3 BB 77 A I RO {EHL

3:2. ANH T~ —H—FRE 7572 FOER
4, BIETE AP L O SLCA6A3 dC 22 & F& B Hl fa o> {E il
5. HEYMm

6. HL D A BB

4

N
-
=
&
iy
i

B

i &

8. MilaAEGFRT v&A

9. T-DM1 %% Yu 4

10. LC-MS/MS

11. fi# AT

12. % 7t AL 2R

-56 -



1. ERHE

1-1. ff /& B - 3K
il 1 K W)
p-Acetamidophenyl B-D-glucuronide
6-Aminofluorescein (6-AF)
Ansamitocin P-3
L-Ascorbic acid

Bilirubin

D-Biotin

5-Carboxyfluorescein hydrate (5-CF)
6-Carboxyfluorescein hydrate (6-CF)
5-Carboxytetramethylrhodamine (5-TAMRA)
Chloroquine diphosphate

Cholesterol

Cholesterol sulfate sodium salt

Cholic acid (CA)

Clarithromycin

Clindamycin hydrochloride

Copper (II) chloride
Dehydroepiandrosterone
Dehydroepiandrosterone sulfate sodium salt
(DHEAS)

Dibromofluorescein (DBF)
2,7-Dichlorofluorescein (DCF)
Erythromycin

Estradiol 17-B-D-glucuronide sodium salt
hydrate

Estron sulfate, ammonium salt [6,7-*H (N)]
Estrone

Estrone 3-sulfate sodium salt

Exatecan mesylate

Flavin adenine dinucleotide disodium salt
hydrate

Fluorescein (FL)

Fluoresceinamine isomer I (5-aminofluorescein)

(5-AF)

Folic acid
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Sigma-Aldrich
Sigma-Aldrich

Cayman Chemical Company
(R A D S
(R A D S
TAhTAT AT

HORA AR T3
HAE B T2

Cayman Chemical Company
HAE B T2
(RS A T S
Cayman Chemical Company
(RS A I S
HRAE B T3

BLD Pharmatech
(RS A D S
HRAE B T3

Cayman Chemical Company

R Ak Ak L2
FTHh oA TR
A RN E S

Cayman Chemical Company

Perkin-Elmer
BT AL LR Al
Sigma-Aldrich
MedChemExpress

RO AL R T2
BT A L R 3R
Santa Cruz Biotechnology

B 7 A L AR R



Glycocholic acid sodium salt (GCA)
Hemin

Hydroxocobalamin acetate
Hydroxychloroquine sulfate
25-Hydroxyvitamin D3
25-Hydroxyvitamin D3 glucuronide
25-Hydroxyvitamin D3 sulfate
Imipramine hydrochloride
KADCYLA® (trastuzumab emtansine)
2-Ketoglutaric acid
Lys-SMCC-DM1 trifluoroacetate
Mertansine (DM1)

Methotrexate hydrate

5-Methyltetrahydrofolic acid disodium salt

4-Methylumbelliferyl-B-D-glucuronide
Monomethyl auristatin E
a-Naphthyl B-D-glucuronide
Nicotinic acid

Nicotinic acid [*H(G)]

Nigericin sodium salt
D-Pantothenic acid sodium salt
Palmitic acid [9,10-*H]
Pregnenolone

Pregnenolone sulfate sodium salt
Pyridoxal phosphate

Rhodamine 110

Rhodamine 123

Rhodol

Riboflavin

Riboflavin 5'-monophosphate sodium salt
Rifabutin

SG3199

Sodium taurocholate (TCA)
Succinic anhydride
Sulfonfluorescein (SF)
Sulforhodamine 101 (SR101)
Thiamine pyrophosphate chloride
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BLD Pharmatech

Wbk T %
(i A QN ST o (T
Wbk T %

Cayman Chemical Company
Toronto Research Chemicals
Toronto Research Chemicals
AR AL R T2

1 41 3
TAhTAT AT
InvivoChem

Cayman Chemical Company
HAE B T2
Sigma-Aldrich
Sigma-Aldrich
MedChemExpress
Sigma-Aldrich
(RS A D S
American Radiolabeled Chemicals
(RS A D S
TAHTAT AT
Perkin-Elmer
HAE B T3

Cayman Chemical Company
[ S A i S
Santa Cruz Biotechnology
[ S A i S
Abcam

TAHTAT AT
HAE B T3

Cayman Chemical Company
MedChemExpress
BT A L RO K
= e GVNY I ¥ S
R B Rk T2
Sigma-Aldrich

TAHTAT AT



Uric acid
Uric acid [8-'%C]

e 57 7%

D-MEM (high glucose) with L-glutamine and
phenol red

Fetal bovine serum

Penicillin-streptomycin solution

RPMI-1640 with L-glutamine and phenol red

BEfrrsu—=v7

KOD plus mutagenesis kit

NEBuilder HiFi DNA Assembly Master Mix
mCh-Rab7A

mCherry-Rab5a-7

pAcGFP1-Golgi vector

pAcGFP1-Mito vector

pCl-neo mammalian expression vector
pCW57-MCS1-P2A-MCS2 (Hygro)
pDsRed2-Peroxi vector

pmKate2-C vector
pmKate2-N vector
pmNeonGreenHO-3xFLAG-G vector

Bl HA -
Hygromycin B
Polyethylenimine (PEI) MAX (Mw 40,000)

2 7 % B o 1 B

S e o

Albumin, bovine serum, fatty acid free, pH 7.0

Goat Anti-Mouse IgG H&L (Alexa Fluor® 488)

antibody
Monoclonal ANTI-FLAG® M2 antibody

4%-Paraformaldehyde phosphate buffer solution

A 13 PN &

e —
EAS==N

=i
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AL R T2

American Radiolabeled Chemicals

i A VNS I o

Corning
(i A VIV SIE o
(i A VIV SIE o

IR

New England Biolabs
Addgene
Addgene
2T NAF
2T NAF
Promega
Addgene
2T NAF
Evrogen
Evrogen
Addgene

A RN E S

Polysciences

FTHTAT AT
Abcam

Sigma-Aldrich
TAHTAT AT



Metallo Assay Low Concentration Copper Assay

) Metallogenics
kit
B0 A Ak R
Pierce BCA protein assay kit Thermo Fisher Scientific
Ml AEGRT v A
Cell Counting kit-8 A= Ak 5 4F 22 Fr
T-DM1 %4
Alexa Fluor® 488 AffiniPure Goat Anti-Human

Jackson ImmunoResearch Labs

IgG (H+L)
LC-MS/MS
Acetonitrile -Plus- LC/MS B Ak &
Ammonium acetate =t A G NG 18 R
Formic acid FTHhoAT R
Methanol -Plus- LC/MS H B Al

Z DO ORI T X TH IR AR 2 L7,

1-2. FE B
Al B BR

HCC1954 JCRB ffifa S > 7
HEK293T ECACC

KPL-4 IR = B K
MDCKII ECACC

SK-BR-3 JCRB ffifa N> 7

KPL-4 A0 i3I = B} R %2 RLAR 75— ZiR L0 TREEV 72 0viz 93,

HEK293T, KPL-4, MDCKII #fi @ /% Dulbecco’s modified Eagle’s medium (DMEM)
TH#& L7z, HCC1954, SK-BR-3 #fiidiX RPMI-1640 medium TH;&E L 7=, T T
D EF 1 1X 10% fetal bovine serum (FBS), 100 units/mL penicillin G 3 £ T 100 pg/mL
streptomycin Z ¥R L 7=, MAEIX 37C. 5% CO &/ F CTH:#E L 7=,

1-3. fF HH& 25
£ B sy A — T —
N/ = W (= g i BCA641 Sartorius
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pH A — % —

~A 7

T —hY—F—
(R

o 0o A%

CO, M vFaX—F—
A F a2 XN — K —
EIRR & 5
HERMT 2L —%—
O BE P8R

£ 5

N AN N

UPLC-MS v A7 A

UPLC #7 A

UPLC #7 A

UPLC #7 A

A

HM-25R

Varioskan™

Flash2.4 FP-6500
F—FRy 7R
Centrifuge 5415R
FORMA DIRECT HEAT
EYELA SLI-220
Bioshaker BR-23FP
SAP-102

Biozero BZ-710

FV1000-D IX81

FV3000 IX83

GeneAtlas 322/325
WSE-1710

ACQUITY UPLC® H-Class -

Xevo TQD system
UNISON UK-C18 HT
(3 x 30 mm, 3 pm)
InertSustain C18

(2.1 x 100 mm, 5 pm)

ZORBAX Eclipse Plus C18
(2.1 x 50 mm, 5 pm) column

Branson Bransonic® CPXH

Digital Bath 3800

WA T 4 — 4 — 4 —
Thermo Fisher Scientific

Thermonics
Eppendorf

Thermo Fisher Scientific
TR B AL % ik
TAITEC

=74

KEYENCE

Olympus

Olympus

T AT v 7
7 k=

Waters

Imtact

GL Science

Agilent Technologies

HARAxZ~< YV v

2. REWROMAR L RBIE

Hank’s Balanced Salt Solution (HBSS)

Components Final concentration (mM)
KCl 5.330
NaCl 136.900
NaHCO3; 4.170
KH>PO4 0.441
Na;HPO4 0.338
CaCl, 1.260
MgCl,-6H>0 0.493
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MgSO4-7H,0 0.407
D-Glucose 5.560
Citrate (pH 4.0-4.5) or HEPES (pH 7.4) or
MES (pH 5.0-6.5)

ko X5 iciil L7~ HBSS % IN HCl B X 0" IN NaOH |2 T pH 4.0-7.4 |2 ¥
L7z,

10.000

3. BB Fo/m—=Vv7

3-1. SLC46A3 8L 7 7 A I RO EH

t k SLC46A3 ¢cDNA % PCR{EIZ LV #§iE &, pCl-neo N7 ¥ —~EA LT,
3xFLAG-C-pCl-neo X 7 % — %, 3xFLAG c¢cDNA % pmNeonGreenHO-3xFLAG-G X
7 X — XD HE S, pCl-neo N7 X —D~)vFr7ua—=274%A b 3HEEAM A~
HATDHZ LIk iER L7z, & b SLC46A3 cDNA % 3xFLAG-C-pCl-neo X7 ¥
— |23 A L, SLC46A3-3xFLAG ¥ 8.7 7 2 I R (SLC46A3-3xFLAG/pCl-neo) % {F
B L 72, SLC46A3 dC-3xFLAG ¥ X U8 SLC46A3 AELA-3xFLAG X, KOD plus
mutagenesis kit Z W\ 85 7 e b a2 — 2 - THE#RL L 7=, Hygromycin resistance
(HygR)-T2A-SLC46A3 dC/pCl X7 # — Z M54 5 72 ¥ |2, HygR-T2A ., SLC46A3 dC
BXOpCIl D 3 7537 A b2 TFROTTA~—Z2H T, pCW57-MCS1-P2A-
MCS2.FLAG-SLC46A3 dC/pCl-neo 53 X N pCI X7 ¥ —/n b2 Z IR S 72,
B 77 7 A k% NEBuilder HiFi DNA Assembly Master Mix & H T, 84,
e ha—iEnWT vy 7L, ENERONI X —a A NT T NIV
— 7 komER L, EHLET I A~ — 2 FITRT,
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cDNA

Template cDNA

Sequences (5' to 3")

SLCAGAS Caco.2 cDNA It Forward CTTGAGACTCCCCGACAAGC
PCR  Reverse ATTATCATGCCTGTCACCGAT
1 PCR product 2nd Forward GGGGGAATTCCGCCGCCATGAAGATTTTATTTGTAGAACC
PCR  Reverse CCCCTCTAGATTAACAGGCTCTGTCTGAAGCATC
INFLAG pmNeonGreenHO- Forward GGGGGTCGACTGGAGCCACCCGCAGTTCG
3xFLAG-G vector Reverse ~ GGGGCGGCCGCTTACTTGTCATCGTCATCCTTG
SLC46A3 SLC46A3-3xFLAG/pCI- Forward TAATCTAGAGTCGACCCGGGCGGCC
dC-3xFLAG neo vector Reverse ~ GCTTCCCTCATTCCAGCTGGTACAC
HygR-T2A pCW57-MCS1-P2A- Forward CTGACACAACAGTCTCGAACTTAAGCTGCAGCCGCGATGAAAAAGCCTGA
MCS2 vector Reverse TGGACCAGGGTTTTCTTCAACATCACCACAAGTG
SLCA6AS dC FLAG-SLC46A3 Forward GTGGTGATGTTGAAGAAAACCCTGGTCCAATGAAGATTTTATTTGTAGAAC
dC/pCl-neo vector Reverse  CAATGTATCTTATCATGTCTGCTCGAAGCTCAGCTTCCCTCATTCCAGCTGG
SLC46A3 SLC46A3-3xFLAG/pCI- Forward CTTGCTATACAAGAAGAATCCAGTG
AELA neo vector Reverse TTCAGCGCTTCCCTCATTCCAGCTGG
oCI oCl vector Forward GCTTCGAGCAGACATGATAAG
Reverse CTGCAGCTTAAGTTCGAGAC
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32. ANVHR T —H—RET 7 AI FOEHR

mCherry-Rab5a-7 3 & O) mCh-Rab7A X7 % — X Addgene L VW AF L 7=, LAMPI
¥ L calnexin ¢cDNA % pmKate2-N X7 % —|Z3& A L 7=, Peroxisomal targeting
signal 1 (PTS1). N-terminal 81-amino acid human beta-1,4-galactosyltransferase
[B4GALT (NT)]¥& & O mitochondrial targeting sequence (MTS) ¢cDNA |%., pDsRed2-
Peroxi X7 # —_ pAcGFP1-Golgi ~7 # — 1 X O’ pAcGFP1-Mito X7 ¥ —/»n b %
NENEE X, pmKate2-C X7 ¥ —~#E A L /-,

4. BEFEAB L SLC46A3 dC B ERBE MM 0 /ER

SLC46A3 B L UM NAN TR T~ — T —% —@MHEICHRIIE D72 DIT,
HEK293T #ifid Z 24-well 7L — hI{Z 1.5 x 10° cells/well TEM L 7=, 1 H%., 1
pug/well O 7 A I K% 2 pg/well @ polyethylenimine (PEI) MAX (Mw 40,000) (Z
EOWNTv ATz var L, RERGCOLDIZ, NTU AT a Lz
A A X 35 mm glass-bottom dishes (ZF#EFE L, 2 HRJH;2 L7, SLC46A3 dC & /&
%% Bl MDCKII i fig 2 /E# 3 5 72 12, HygR-T2A-SLC46A3 dC/pCl X7 % — % PEI
MAX (3 pg/well) ZHHWVWTCT FTF7 A7 =7 v a L, 10% FBS 3 X O hygromycin
(400 pg/mL)% & A 35 DMEM T 2 Hf 552 L7z, 5 5472 hygromycin fiftE 7 =
— % SLC46A3 dC % &% Bl MDCKII #ifid & L CTHEAH L 72,

5. fELRf

SLC46A3-3xFLAG. SLC46A3 dC-3xFLAG /pCl-neo X7 # —B X OAF LT X T~
— =R 2 —% NT AT 2V var LiciMlda PBS T 2 HY AL,
4%/XT7 RNV AT VT B K& ETe PBS T 15 40 EE L7z, PBS T 2 [ ¥iF4.
0.25% TritonX-100 # % » PBS T 5 oM EZ AL 21T > 72, £ D% . PBS T 2 [E¥k
# L. 10% bovine serum albumin (BSA) % & ¢ PBS T 30 43 ft] (37°C) 7' 1 v &%
7 UT-, MIEIZH FLAG BiiK (1:500) % 4°CCT—MfER &S ¥ 7=, 0k, Miaz
PBS-T T 2 EI¥H L. i~ A 1gG Pifk (Alexa Fluor® 488) (1:1,000) T 1 H¢fH
(37°C) fEHH & & 7=, PBS-T THMifa% 2 [FIP 1% . B % Hoechst33342 (10 uM) T 4t
L, EEAL - —EARBEME FV3000 THEIE 2 BTG L7,

6. EVALRR

WL Z 24-well 7L — bk (1.0 x 10% cells/well) IR L., 2 HEEE L=, M
%Z 500 uL ® HBSS T3 M7 LA v FaX— 3> L, 300 uL O BRI{L &Y %
%1 HBSS THLE DKM EH S 72, BV iAZA 1L 1 mL @ ice-cold HBSS (pH 7.4)
EWRMT 522 CRISZIEDTZ, EHIZ, 2 mL @ HBSS THifE %A 2 [I¥EE L 7=,
25-hydroxyvitamin D3 sulfate Bt ¥ JA A3 BRIZ WV TIE, 1.5% BSA % & T» ice-cold
HBSS THEW A T o7, BV A BRERE, PH] 7 NV L7TAEAEH O Y AR I W
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TIE. 0.1% TritonX-100 % & ¢ 0.3N NaOH /K& # (cell lysis solution) (2 X ¥ i f
EBEMRL, WKy FL—va v W2 —CHREGEZAELEZ, thodPick
WCIE NIEEYE % 5 20 300 uL @ 50% 7 & b= K U LK (DM, Lys-SMCC-
DMI1 £ X O SG3199) & 5 W\ % 500 uL @ 50% A % J — )L /KIER TEIRIZ T 30 &
WER &S, a2t Uiz, fhtigix 02um &7 4 v &% — % AW T L., LC-
MS/MS TiE& L7z, AT L T, RO THE L2 MAd % cell lysis solution T
WiE L, BCABICTH U NV maEm L, MYAAREITMED ¥ > X7 & THi
E L7,

HHACEH O IAHITIB W TIEE MR Z 96-well 7L — K (2.0 x 10* cells/well)
IR L, 2 HMBE L/, ISOUL ® HBSS T LAV F axX—v 3 v L=t
100 uL D4 WAk &% % & o HBSS % 37°C THLERBIMEMR S ¥ 7=, £ D% . ice-cold
HBSS #isML., KinZx 1k, 612 2 mEE Lz, BVALRKBRE, Miano
WibEMEEET H7-HIC, MAd%E 200 uL @ cell lysis solution T&EME L, ~ A
sm 7 b— Y =X —TCHEZEHCREZWE L7, Rhi23 I X T Rhl110 T FEHE
0L ECTHESEBENGE WO, 0O3NHCI TH U P vadhfaLiz%, v~ (71
L= ) =X —THAEBELWE L, WEICHEMRLZEEIZMU FIZRT,

Fluorescent compounds Excitation wavelength (nm) | Emission wavelength (nm)
5-TAMRA 547 574
Fluorescein derivatives 492 518
Rh110 496 520
Rh123 507 529
Rhodol 490 530
SR101 588 604
SF 496 514

7. MIRANEHEEER

M5+ copper (II) chloride (40 uM) fF{E T & L CIEFE T, M (1.5 x 10°
cells/flask) % T75 7 7 A2 T 1 HE:E L7, MldZ B L. IN NaOH /KB TH
fif U 7= % . 4R L % Metallo Assay Low Concentration Copper Assay kit % f > T,
Mg T ha—LIZEWHE L, ¥ 87 BE BCAKICEW ERL, N
HEHEE MY N7 &THELREZ,

8. MHRAEFET v A

HIHE % 3,000 cell/well T 96-well 7L — MNZHERE L7, D H ., #8BIL&EWMIFELE
THLOHEFE T, T-DMI1 (0, 0.01 3L 0.03 pg/mL) Z/EH I 7=, 4 H#E.
Al i A= /7 2% % Cell Counting kit-8 Z HH W CTHLG 7o b — LI WHIE L 7=, 450
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nmm OWNEEr~ A 7L — ) —%—THEL. T-DMI FE/EHEEZ 100% & L
T, MlaEFERZENE L,

9. T-DMI1 S 4

HCC1954 #fifld (1.0 x 10° cells/dish) % 35 mm glass-bottom dish ([Z#&FE L 7=, &
®» H, T-DM1 (1.5 pg/mL) T 15 spMfEMH S, PBS T 2 RIEH L, TD®%,
chloroquine (10 uM), clarithromycin (30uM), imipramine (30 pM) F K O rifabutin
(30 uM) fFE T, 1 BREEE L, Mg ialFAEoBE T oy o7
EFTITo7. D% ik b 1gGH{l (Alexa Fluor® 488) (1:1,000) T 1 K¢l (37°C)
TER ¥ 7, PBS-T THllfu% 2 FIP % . B % Hoechst33342 (10 uM) TH A L,
LB AL =V —EARBEMEE FV1000 Tl 2 G L7z,

10. LC-MS/MS

AR N E Y GA 3 BR D H o TV EL T O & THRIGE L T,
Measurement conditions
Methotrexate (VA% ¥4 'E : Antipyrine)

LC
Measurement time 4.5 min
Mobile phase A:100% - B: 0% (0-0.7 min) — A: 5% - B: 95%
A: 0.1% Formic acid (0.7-1.5 min) — A: 5% - B: 95% (1.5-3.4 min) —
B: Acetonitrile A:100% - B: 0% (3.4-3.5 min) — A: 100% - B: 0%
(3.5-4.5 min)
Injection volume 5 uL
Column temp. 35°C
Sample temp. 4°C
Flow rate 0.2 mL/min
Column UNISON UK-C18 HT (3 x 30 mm, 3 pm) column
MS
Measurement time 4.5 min
Source Voltages
Capillary 3.00 kV
Source Temperatures
Desolvation Temp 500°C
Source Gas Flow
Desolvation 1000 L/Hr
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Cone 50 L/hr
MRM
Compounds Ion mode Precursor ion Product ion Cone Collision
(m/z) (m/z) (V) (V)
Methotrexate 455.2 308.0 52 18
Antipyrine 189.1 131.0 46 22

DHEAS. pregnenolone sulfate, 25-hydroxyvitamin D3 sulfate

(N HEW) & . Estrone 3-sulfate)

LC

Measurement time

6.5 min

Mobile phase

A: 10 mM ammonium

acetate (pH 4.5)

A:70% - B: 30% (0—1 min) — A: 5% - B: 95% (1-2
min) — A: 5% - B: 95% (2-5 min) — A: 70% - B:
30% (5-5.1 min) — A: 70% - B: 30% (5.1-6.5 min)

B: Methanol
Injection volume 5uL
Column temp. 35°C
Sample temp. 4°C
Flow rate 0.2 mL/min
Column ZORBAX Eclipse Plus C18 (2.1 x 50 mm, 5 um)
column
MS
Measurement time 6.5 min
Source Voltages
Capillary -3.00 kV
Source Temperatures
Desolvation Temp 350°C
Source Gas Flow
Desolvation 1000 L/Hr
Cone 50 L/hr
MRM
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Precursor Product Cone CE

Compounds Ion mode )
ion (m/z) ion (m/z) (V) (V)
DHEAS ES- 367.1 97.0 60 44
Pregnenolone sulfate ES- 395.1 97.0 60 38
25-Hydroxyvitamin D3 sulfate ES- 479.3 97.0 66 34
Estrone 3-sulfate ES- 349.1 269.3 60 34

CA. GCA, TCA (NIEYEWY)'H : Estrone 3-sulfate)

LC

Measurement time

7 min

Mobile phase

A: 10 mM ammonium

acetate (pH 4.5)

A: 90% - B: 10% (0-0.5 min) — A: 5% - B: 95%

(0.5-1.5 min) — A: 5% - B: 95% (1.5-5 min) — A:

90% - B: 10% (5-5.1 min) — A: 90% - B: 10%

B: Methanol (5.1-7 min)
Injection volume 5uL
Column temp. 35°C
Sample temp. 4°C
Flow rate 0.2 mL/min
Column ZORBAX Eclipse Plus C18 (2.1 x 50 mm, 5 um)
column
MS
Measurement time 7 min
Source Voltages
Capillary -3.00 kV
Source Temperatures
Desolvation Temp 350°C
Source Gas Flow
Desolvation 1000 L/Hr
Cone 50 L/hr
MRM
Compounds [on mode Precursor Product Cone CE
ion (m/z) ion (m/z) V) (V)
CA ES- 407.3 343.3 60 34
GCA ES- 464.3 74.0 60 40
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TCA ES- 514.2 80.0 98 78

Estrone 3-sulfate ES- 349.1 269.3 60 34

DMI1, Lys-SMCC-DMI1 (NEE%#EHE : Ansamitocin P-3)

LC
Measurement time 8 min
Mobile phase A:95% - B: 5% (0-0.5 min) — A: 5% - B: 95%
A: 0.1% Formic acid (0.5-3 min) — A: 5% - B: 95% (3-6.5 min) — A:
B: 0.1% Formic acid in 95% - B: 5% (6.5-6.6 min) — A: 95% - B: 5% (6.6—
acetonitrile 8 min)
Injection volume 5uL
Column temp. 35°C
Sample temp. 4°C
Flow rate 0.2 mL/min
Column InertSustain C18 (2.1 x 100 mm, 5 um) column
MS
Measurement time 8 min

Source Voltages

Capillary 3.00 kV
Source Temperatures
Desolvation Temp 350°C
Source Gas Flow
Desolvation 1000 L/Hr
Cone 50 L/hr
MRM
Compounds lon mode I.’recursor 'Product Cone CE
ion (m/z) ion (m/z) (V) (V)
DMI1 ES+ 738.5 547.5 32 30
Lys-SMCC-DM1 ES+ 1103.2 485.2 54 38
Ansamitocin P-3 ES+ 635.2 547.2 48 22

Clarithromycin, erythromycin, hydroxychloroguine., imipramine. rifabutin
(AR MY 'E . Antipyrine)
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LC

Measurement time

8 min

Mobile phase

A: 0.1% Formic acid

B: Acetonitrile

A:95% - B: 5% (0-0.5 min) — A: 5% - B: 95%
(0.5-3 min) — A: 5% - B: 95% (3-5.5 min) — A:
95% - B: 5% (5.5-5.6 min) — A: 95% - B: 5% (5.6—

8 min)
Injection volume 5 pL
Column temp. 35°C
Sample temp. 4°C
Flow rate 0.2 mL/min
Column InertSustain C18 (2.1 x 100 mm, 5 um) column
MS
Measurement time 8 min
Source Voltages
Capillary 3.00 kV
Source Temperatures
Desolvation Temp 350°C
Source Gas Flow
Desolvation 1000 L/Hr
Cone 50 L/hr
MRM
Compounds lon mode I.’recursor 'Product Cone CE
ion (m/z) ion (m/z) (V) (V)
Clarithromycin ES+ 748.4 158.1 42 32
Erythromycin ES+ 734.4 158.1 34 32
Hydroxychloroquine ES+ 336.0 247.1 50 20
Imipramine ES+ 281.1 86.0 28 16
Rifabutin ES+ 847.4 815.3 48 26
Antipyrine ES+ 189.1 131.0 46 22

Estradiol 17B-D-glucuronide, 25-hydroxyvitamin D3 glucuronide

(N EE W) & . Estrone 3-sulfate)

LC

Measurement time

7.8 min
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Mobile phase
A: 10 mM ammonium

acetate (pH 4.5)

A:70% - B: 30% (0-0.5 min) — A: 5% - B: 95%
(0.5-1 min) — A: 5% - B: 95% (1-5.5 min) — A:
70% - B: 30% (5.5-5.6 min) — A: 70% - B: 30%

B: Methanol (5.6-7.8 min)

Injection volume 5 pL

Column temp. 35°C

Sample temp. 4°C

Flow rate 0.2 mL/min

Column InertSustain C18 (2.1 x 100 mm, 5 pm) column
MS

Measurement time 7.8 min

Source Voltages

Capillary -3.00 kV

Source Temperatures

Desolvation Temp 350°C

Source Gas Flow

Desolvation 1000 L/Hr
Cone 50 L/hr
MRM
Compounds Ton P.’recursor 'Product Cone CE
mode ion (m/z) ion (m/z) (V) (V)
Estradiol 17f-D-glucuronide ES- 447.0 85.0 54 30
25-Hydroxyvitamin D3 glucuronide ES- 575.2 113.0 66 34
Estrone 3-sulfate ES- 349.1 269.3 60 34

SG3199 (NAE#EH)'E : Ansamitocin P-3)

LC

Measurement time

9 min

Mobile phase
A: 0.1% Formic acid

B: Acetonitrile

A: 90% - B: 10% (0—1 min) — A: 5% - B: 95% (1—
1.5 min) — A: 5% - B: 95% (1.5-7 min) — A: 95%
- B: 5% (7-7.1 min) — A: 95% - B: 5% (7.1-9 min)

Injection volume 5 uL
Column temp. 35°C
Sample temp. 4°C
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Flow rate 0.2 mL/min

Column InertSustain C18 (2.1 x 100 mm, 5 pum) column
MS
Measurement time 9 min

Source Voltages

Capillary 3.00 kV
Source Temperatures
Desolvation Temp 500°C
Source Gas Flow
Desolvation 1000 L/Hr
Cone 50 L/hr
MRM
Compounds [on mode }.)recursor .Product Cone CE
ion (m/z) ion (m/z) (V) (V)
SG3199 ES+ 585.2 504.2 34 20
Ansamitocin P-3 ES+ 635.2 547.2 48 22
11.  fE#r

9 X C O[EF 43 HT 1L GraphPad Prism v9.4.1 CT{T o> 72, b T v AR —¥ — kR
72D A A 0F SLC46A3 dC HBUMAZIZ B 2 IV A B & D mock ML IZ BT 5
MYVAALBEZBT A LICEVERLE, NIV AR—F =R IALOD
BEEREERBROT — 21T, I ) 2 20T o RICTY TIED T Kn B LT Vi
EE2HEBLL,

ICsofEIZUL FOXEHWTEHB L=,

uptakemp — uptake .

m
I HillSlope
L+ (52)

uptake (% of control) = + uptake .
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uptakewop: I RNHEL VD JA 22 | uptakemin: H/DNHLY JA B [ PHFE AR E

12. #EHQH

T FIIEYE £ YR (Mean £ SEM) TG L7z, #EtMATIL GraphPad
Prism v9.4.1 Z W72, 2 BEM @ B 1% t-# & (Student’s t-test) X VA T o7z, F
=, ZREMOLEICIZ, S8 O (ANOVA) ®# (2 Dunnet’s test % 7=, P <
0.05 z FEAKHEL LT,
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(1) SLC46A3 is a lysosomal proton-coupled steroid conjugate and bile acid transporter
involved in transport of active catabolites of T-DM1. Ryuto Tomabechi, Hisanao
Kishimoto, Taeka Sato, Naoki Saito, Keisuke Kiyomiya, Tappei Takada, Kei Higuchi,
Yoshiyuki Shirasaka, Katsuhisa Inoue, PNAS Nexus, 1, pgac063 (2022).

(2) Identification of 5-carboxyfluorescein as a probe substrate of SLC46A3 and its
application in a fluorescence-based in vitro assay evaluating the interaction with
SLC46A3. Ryuto Tomabechi, Miki Miyasato, Taeka Sato, Tappei Takada, Kei Higuchi,
Hisanao Kishimoto, Yoshiyuki Shirasaka, and Katsuhisa Inoue, Molecular
Pharmaceutics, 20, 491-499 (2023).
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o

AR EBITTDICHIY . MRICHT DEARLE T 6 AIEM D
EEATETZMBERNEE, RGETRO R MBS L E@BELEBEY LA
. R KT KPP LR BRERICERIBMEZEZLET,

AKMREEBITTDICHIY, HWELHHEZHY . HEUATHLEZ O
WX EEZHY £ LE@RRE BEEREEIESR AR F2HEERICES
BB L £,

RWFFEZ BT T 2ICHIZD, TEREKFE, MIE2HE, FEERRE S
MOZREMXEZE Y £ LRI KT M BEA AEBZEITL LY
HALH L B ET,

KW EZZRATT DI HY . IWNEENLHESNEREELE, #Hh=E2B0 £
L2 R R RS i o BEBICESHLBE LD T 7,

AMREEBITTHICHIY, ZRLWIE, @HS2HY £ LERARFEES
MR b KA & E REPERICEHRH L ET,

LRIERETHY . K XERICEZRR2L2BMEZ LT FSWE LZEE BN
Pl ek S WE EmY . B ERSACLHLELE L BT E
7o
RETETHY T PMNRGCHZY HIZHREFELC, ErATY, Xk
TLNERFEIZLNOEHNTZLET,

£l BEAMRKZEOBEMAORAER RZIFZE LY B R 6 7 2=
MWZESHLR L EFD E LI, RETITISWVET R, BERORKH & B%
DINNPEDHLELHEBZBITY R L LT E£7,

SRS 4HE 1 H
ok RN
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