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AOX Aldehyde oxidase

AZA Azathioprine

CYP Cytochrome P450

DMSO Dimethyl sulfoxide

EGFR Epidermal growth factor receptor

FAD Flavin adenine dinucleotide

FAERS Food and drug administration Adverse Event Reporting System
FBS Fetal bovine serum

HBSS Hanks' balanced salt solution buffer

HLC Human liver cytosol

IVIVE In vitro-in vivo extrapolation

JADER Japanese Adverse Drug Event Report database
MAF Minor allele frequency

MedDRA Medical Dictionary for Regulatory Activities
Moco Molybdenum cofactor

MRP Multidrug resistance-associated protein
nsSNPs Nonsynonymous single nucleotide polymorphisms
NUDT15 Nudix hydrolase 15

OAT Organic anion transporter

OATP Organic anion transporting polypeptide

PRR Proportional reporting ratio

PS Primary suspected drug

RLC Rat liver cytosol

ROR Reporting odds ratio

SS Secondary suspected drug

WT Wild type

WB Western blotting

XDH Xanthine dehydrogenase

XO Xanthine oxidase

6-CF 6-Carboxyfluorescein

6-MP 6-Mercaptopurine

6-MMP 6-Methyl mercaptopurine

6-TGNs 6-Thioguanine nucleotides

6-TUA 6-Thiouric acid

6-TX 6-Thioxanthine

95% CI 95% confidence interval
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ITFE DR CIE, ek X 0 B OH.OICHIE T 2Ky FEREMICMAZ, 7TV
£ VAL SRNA, 77X <— & o EIEERE L PROTACE Z o TEEMN, 6
ISR O YRR IR D) TL A & S E S S PR EME SR R L oEn TR
E, XV T 4 DEALPEATH S, FIHELY 74 OIERHIC L Y, BEFOEIEM T
7 7e—FRREECTH - 728132 -7 P EENE L2REESEINL b, L
LR, Zo8hEa X P eRe - WEEOARHEEED S, IR E L TlFoEX
V74 ThDESFEERBOERMBEITS <, BN & D ICHBUKRER R 2O
HIRF 60%H# % D TWw 5.

By FEEMBOED S XUOHEER, 2ot oFEMIER B X CEY BB Icikirs
5. EYEher i3 2 LR —2IcRF# 27 VT 7 v 2AB3H Y, FEVRFOHE 1 HRIE
ThH B, B EH S FEARE L L CTHI S5 cytochrome P450 (CYP) 134 80% D
EHMSORBICEHET 2 2 ERAMONT WS, TNE TORERHIC in vivo, in vitro L~
N DFEER ZRAE D EME, WTED in silico 1T X 2 FHNEE o Fictkv, BHE T I n
TWBEHELICOWT, b+ CYP 2N L7-HYRMHAEER D% K BRI TV 3.
-2 o ORBEFEE OIGVE, RYNAFEIC BT B IBEEshE - BIVE FH o F3 1 E
T2l ps, IEFEOERERAFRICE T, EYEEICE T 2 EERRZEZRS I 72
B, CYPIC X 22 ZIT o0 WEREMD LML Ccwa, LA L7ass CYP S
D R##EE (non-CYP) DL, BICHEEICE T3z T v 2P w26, K
WFZEHIC non-CYP 1T X 2 P Ui 2 K & L 72 HlESE S D Fu v 777 v |+ 31
MmL<Twz D LAEXY, cliER a3 Y ERE T HIC I ), non-CYP IC X 22 V7 7 v
2 LY AEAORHS 2B TH 2 EZ LN T WS,

Non-CYP ® —f#T» % aldehyde oxidase (AOX) (%, CYP [Alkk I 34 0 B fLaE T G %
Ho R#ERCTH 2T, CYP L IIIEM AR A2 H 3% (AOX (ZMIfE ICFHEL,
KR DBRERT 2 AV CTBILIEZ1T 5. T 2EARNICE TEE O WK EZIEN
& L, NADPH JHEMFENICIRILZ1T9.) T &2, FEMHIC W CTHIERICEEEE L <
w3 2 T ATe Foso T, BRAMCAEVNDOA I v 6T 7 X L~DEKS
BEFERROML A L, 2 oRRERHBEILFTH Y, okl AOX 1T X v {RH
T AHBIEERITES CME I N T W B, #HH epidermal growth factor receptor
(EGFR) PHEH| & L CHAF & 7z BIBX1382 (%, 5 1 HHEGKRER IS T in vitro BX O in
vivo CTHE N0 o 2 IMMHEYEE O T IC X W EFEFIEE b, I AOX 1T X 5
R 2K T DK TH % Z & 2%, human liver cytosol (HLC) 3 X U cynomolgus
monkey IZ 5 2 EYBNEABR CIHO 2L o723 T X—F vy VIRIAESE L LT
TAT 7 AR VR I N T T/ v v AUA2 ZREEHEIAEHK FK3453 b, Bi)E
BCIIRFRBEMERE LN T, b MickiT 3 AOX fREHITHE 5 B R DK



T X OFEsRIEEI N &7, BZER R T o-MET FHEAI & L THFE I L
SGX523 IE,A0X I X Y KIAMRME D R M11 ~ & Bl X, PAEEREORERK L 72 5
TEDHOLNT VS Y Zofhicd, Hi#l p38 MAPK FHEFI® /v £ I VIEZEIKT 1
ATV 7EY 2L —KX—TH> LuAF09535 b, FkOH B TR, T IEThTw
5. L7zho T, FHERMOBIHICE T AOX [ ZRYBELRE S 2 EEAR T T
HDHIEHPRBINT NSO

BELETINTHIEEHICE VLT, AOX ORE L & 2LAEMIIESL K HFET 5.
JiA4 vz vy HFERE LCKZE S COVID-19 (IS Fv 515 favipiravir (X, AOX
EARIICHE ST 2 2 2 BHI LN TH Y, favipiravir B D FI2 AOX I X Y Rk 1
ARG ML icZfax s ' 3B 1/ T HERREERIC 50 Th AOX IHTEDMER KA
R 7 VT 4 T Tl favipiravir DIRERE <, ML BEOEK TSRO LN TED, 2hbD
(LAY EFE DAL A favipiravir D EIWER T H 2 JRIE(E F A & BHE I 2 nJREME s S L
TWw3 2 REHEPIHECTH 5 methotrexate X, KD BIAREZLIACTEIE L VPRt N %
—75C, —&5X AOX I X 0 72K {b E 5. Z D 7-OH methotrexate H AR D Hlfid#:
PEIHR—T7T, Z ORI 5 WA 1T X 2 B R HT H 23, methotrexate F5FE1E
HlEEDORHK LEZ N T WS, %72, b L 7z favipiravir JfHKFIC methotrexate #4576
MERFREE 2 4 U 72 & v o) FEFIER S 2, AOX IZ X % methotrexate {XEH & a4 0 BEE#E M %
RET S invitro BLX VT — X XR—ZEFT DR S H D, methotrexate D FFRFTHY 7 514
ICH1T 2 AOX DBE b EEb NS W, £7255 1 &, 52 HickDR S 280, L]
#-C& % azathioprine ¥ X U 6-mercaptopurine D fUHIFEEE D —HIC D AOX IT X 2 L%
JEDBEHFG LT3 Z L ARE TN

53 FICHKIB T 5 X 51, AOX 1FHiRTTH % molybdenum cofactor (Moco) #& & &l
DEFICNET ZREMAER 7 vy bicEB T 58S I 2 T, flavin adenine
dinucleotide (FAD) & F A A4 Y ICB T 2 BILKIGICH HFE L T 5. g
dantrolene 1T X 2 #AIFHEFAMEMFEE 12, Food and Drug Administration (FDA) @ 77 v 7 K
v 7 ABECONFINLIHEEERCTH 228, T OJFERNFHEIL, dantrolene 28 AOX IC
XV@ETIN, ERINDZeBHMEINTE 19 T/ AOX IF, ETHEEOK =
PeEErHFET LIy Y TEY v REA (clonazepam, flunitrazepam, nimetazepam,
nitrazepam) CIER T v A4 FEHLT v F e s v E (flutamide, nilutamide), FERA T v 4 F
PEPIRAESE (nimesulide) 72 &% K O EE= P vfb&EVZEFLETLT 2 2 & T, I
MEDFRAME CH L Fr X AT IVvEERTZ 7Y DEXY, roEELD
Hhbs X UCEEFRAERZ THT 2 EC, AOX I X 2B {LETTKICOEE ML FHE
DOHBL. LrLadsb, BFOr MEI 7 vy — 4% w7 GG 2 S &) RE 131l
DHRLTH -7 & h b, AOX DIEREIC DV TIIREAW L H 3% .

LR Y, AOX FHTIHIICE < DERELAEMOFHICH 59 % —FT,A0X Z/r L
YR AFRIC O T T VAR R L TE Y, ZOMAMFRICEET 2K



WIGIc BT 2 EEEIIRZESENTH 5. Renwick b 1E, JERY VIV T v RIEIRIE
zaleplon 72> & fUHIFEY) M2 ~D a3, cimetidine 1€ X 0 A TNICIHE X 41, Cou 2% 1.83
i, AUC 2% 1.85 fficim3 2 2 L A AL, ZoEMFERICE T 52 AOX DRI % )]
HLZ Y. L2 LARS, cimetidine (3 CYP3A T 2HEMESFBLTCEL, /-
AOX 1T 33 2 FHES R IZ LT 2 & 2 5, AOX PFIK A1 22 (3 E 2> Tl 72 22 o 72
ITAE Tang 512 X - T, EGFR [HEHA erlotinib D IC X 2 AOX R DHE 2, c-
KIT BHEH & L CHR & 721538 0S1-:930 0 2 HEZRE OB & BlE 4 2 & & 2375
2T & 7z 22D Erlotinib 13 RFREKER 72 AOX FHESEFITH b, % ORHEEEEL & i
P IERE ATUSEYEE S EIRREE (K- 0.719 pM) T % 729, 0SI-930 @ X 5 ic AOX A8
TR VT T v AR R EEEM LT 2RICIIFERASE L EZ N D 2,
DX IT AOX NEMEMAMERIZIRB E N T3 b DD, FERIFZECREFIHR S5 D b
L, AERERCHEDOIRFIC OV TIRBRT I Ty, 722 iaticfed 2
WEDRONTHY, Zofho AOX FHEHAF AOX FEHEYICEH L 75l 2 fat
BYETH 5.

¥ 72 AOX DFHlE I X WEMEICIZEARRIZE 238 5 0T 5. Fu 613 LC/MS/MS I X
% human AOX1 RIHEMNTERZHLL, ZOHEREZH T2 0EAZ B Y D
HLC # AOX1 g L O AOX FE LAY carbazeran D E{ULHERE D 72 5 % FHfi L 72
P ZORER,AOXT DFHHL AWK 34 5D DB D, carbazeran DEH 7 V7 7
VARICIE 90 FEREA L EMEE I NS Lz > T, AOX OFRIHED A 5T, AOX
REHE M B A b AEBZEPFEEST 5 & E 2 b 5. Single nucleotide polymorphisms
(SNPs) (3FEZIEMEICHE L RISTHERO—>TH ), 2 E TIC AOXI-SNPs & HE ¥
Hlo2z V)T v AsXOREME L OB 2R3 2 IR oM RN HRE ST
% 2620 L2 LAt s, SNPs O#RES X CRRIRIY e Biic B 3~ 2 i i3t cb v, 5
FERICE W T AOX] B FEAHICOWT, BEOERICOWTIERELHTSD 3.

AR L 72 Rm2 i E 2, AL T, RAMEOE AOX EEY L2547 )
vERIEANCEHR L, AOX 2N L 723V EER o HliZ B LT 21T - 7. 7
AOX DfiMARIZ DfERZ Hiy & L, ##H D human AOX1-nonsynonymous SNPs (nsSNPs)
DEEZ HIE LBat 2D 72, 5 1 T Tid AOX BHEICHE S azathioprine O EIfFHFEIH
~OFEICOWT, FHEEEGEEHARRE T — 2 X— 22 HWilEziTo7-. %
EEIETCHONZARER T Z, F2ECRFA 7 vEFIORYBREICE N %24 T,
AOX FHEFEAIPEHICIES 6-MP OfGHZABIC D W TR Z21To 7. 5 3 B TlE, &
T LT — 2= % 7z nsSNPs Dflitt, 7x b ONC HEK293T AfifEssHIFE L % % fi
Fi L7228 58 AOX1 (Mut AOX1) HRREfITZ#EfE L 7=, AL XY, 47V 8 o3
VIENREIC 51T 5 AOX OFEEM:, b NI T — 7 — A 4 FERICHIT 72 AOX DFL5
S OMAKEZCET 2 HEHAMAAE N0, LTFIKiHRT 3.



F1E BFABRBET —4~XN—RZAV- AOX BEFEERORAE

11 ¥E

SN azathioprine (AZA) 137 v — V@B ARG, BAfY ‘7'\77‘@“L‘r c
b2 REHEYIEEcH D, Z OIEMIEME L 6-mercaptopurine (6-MP) ~D i % /i
TPEA X D 6-thioguanine nucleotides (6-TGNs) ICHK 3 5. 6-MP 1% 1) HtslESR, Y
M L BER IC X 2 ARG HY 6-TGNs, 2) X F AVEIB R IC X %5 6-methyl
mercaptopurine (6-MMP), 3) xanthine oxidase (XO) ¥ X U* AOX % 4L 7z 6-thioxanthine (6-
TX), 6-thiouric acid (6-TUA) ~DE{toWwFhroR#%E2Z T LML TED,
ZNZENOEEMEDOHFIER S L OVEMD, EARREYH IS > TREEIER b I
AFFRBIC B2 52 3 L £ 2 bNTW 3 (Fig 1),

AIVER < ® 3 MEkEE B X ORI, AZA I© X 2 BYiBRoh RO R TH b,
CNSEIEH ORI L HRBYORICHELH 2 2 LRI TS 2, 6-TGNs
IEERE#YI T H 2 720, MBI OIREERIEZE2 5 &, BHIBKED Z 5 &
JE 7 il 2 51 & 2 933D, 6-MMP IZAIEMERGEYI T B 2 23, Z oIl iR & Tk
EORBICHELE S 2 2 b BMEINTDE P F72 6MMP ~DE#Hi%kH >
thiopurine S-methyltransferase DB T % MBI R L OCRIFHARHLE#EL T» 3
B b OEME RS DEE DS, T A 7Y v EIANC X 2 YR 2T ) L CHE
HTH2B—7T, T4 7Y VEIFNC X 2 HYNAEZ X T 5 BE DK 20-50 %%, Tl
RN X O BANGEIREIGEL T v e T2 R)ESHFET 2 %9 JE4, 6-TGNs
DIGMERICH % thioguanine triphosphate D it Y v (L. % $H 5 nudix hydrolase 15 (NUDT15)
DIEIEF% M (R139C [rs116855232], R139H [rs147390019] ) 73, A 7'V v &HF| DO EEE
HEWERICHE L5 2 5 2 e ME S, FRicy 274 vREHESR (Cys/Cys)
E RAF TV ED~T rESR (Cys/His) T3, thioguanine triphosphate ST 5 FIMER
W7 b ICHBIESHEICHKET 2 e BHbNTW S 7 CoBIETERIL, 7
T ANEHICRHENICAONIZERTH 5720, Zofto ANEERIC BT 2 B BRI
DEOFEICEBEL CnrnweFEZbN5. LEX Y, EifERF A7) vEF ORI
MFHNC T 72, fi 4 OUHHTRE RS O FEMll ZZ B RERTMi S L B L B 2 b B

6-MP 23 AL S N THAR T 5 6-TUA 133%)), HMERNICRIGHELRR#YTH 5. X0
EHITH 3 allopurinol HEFKFICIE, 6-TUA ~DOREHHEF IS 6-MP OIEMNIC X v, Hl
TERDHET 2 L E 26N T3, TNE T, XO 28 6-TUA ~OfRE#%2IHS L FEx b h
T/, EFEICR>T X0 LW Z2H3 % AOX & 6-MP DUHHICB#E S 2 Z &
23, in vitro DIETTHL 22 & I N2, 72 AOX DEIE TR (N1135S [rs55754655])



& AZA DIERGHRIKT & OB 2 RE T 2 fERIRE D H Y, AOX 13 F 4 7'V vE#lF D
RIEFAZEIR L O BE T 2 Al HEME A3 H 2 40, L L7235 AOX %41 L 7= 3EWIRIMH A1
RAHEOWME IV L, 74 7Y vEENC X 2R EORYIREICE T 5 AOX DEEME
ICOWTIEHIHAL Lo T, ZZTARETIE, T0 AOX & AZA FRIEGERER
DOREICOWCHHET 2 72 », HMEWERHBRMRE 7T — 2 X—2 2 v, EYEHEEE
e 7 Fn %3 i L7z,

Azathioprine

(AZA)
H ] DNA ’
Hypoxanthine guanine IMP NCoIporaron
N phosphoribosyl transferase dehydrogenase
A\ 6-Thioinosine monophosphate :: 6-Thioguanine nucleotides
k P
NS -
6-Mergaptop'::ine Thiopurine methyltransferase (TIMP) TPMT (6 TGNS)
(6-MP) (TPMT)

6-Methyl mercaptopurine 6-Methyl TIMP Purine
(6-MMP) synthesis

SH SH

NF NH N7 NH
Aldehyde oxidase (AOX) o N NH X0 o N NH
H H

Xanthine oxidase (XO)

6-Thioxanthine 6-Thiouric acid
(6-TX) (6-TUA)

Figure 1 Anabolic and catabolic pathway of 6-mercaptopurine metabolism.



1.2 ARFix

1.21 FAEWNRT -2 R—RB LU RAZLRE

ARWEFE T UL, ARE O MAZITECE N B ERESR RGO IE L T v 5 [R5
YEH 7 — 24~ —x (¥4 Japanese Adverse Drug Event Report database, JADER) ¥ X UK
ElD FDA X Y it X T» % FDA Adverse Event Reporting System (FAERS) % Ff£ X}
RT—2 =R, L7 %7 JADER X VGO NEIEHL A — Fid 2004 4 4 A5 5
2022 % 3 HETOLRT — X 2T ONR & L. —77C, ARG Tld FAERS (12 &k &
T 2 EITERERE DM, A O —fik 4 AL EUEH BT T3 2014 4F 7 A LUK
B 2021 FF 12 AFTOLR—FERMEAL, AEL .

1.2.2 BEAFESLUCART 1~

7 — X fi#H7 1% FAERS, JADER #£12, 42T Rsoftware ver. 423 ZfifiL, LU FOFIET
[FIFRICHHA L 72, JADER [3HZATBOEAN EEMEREHRRAEED web 44 bk
(https://www.pmda.go.jp/safety/info-services/drugs/adr-info/suspected-adr/0003.html) T 23 Bd
INTW 5 —$E7 — X %, FAERS (3 FDA X Y AT T 3 W7 — 2 i 7 7 4
N7, 202247 HicXy ve—F LA L 7 (https://www.fda.gov/drugs/questions-and-

answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-

latest-quarterly-data-files).

T — 2D FIE% LU FICE#E T 2 (Fig. 2). TTWI0IC, BTDOTF—X DN, £
HICH VY THN TS ID 22FIC, EET 2EWEFHL R - 2RI L 7. Ftko R
EDPOEBERE I N TV LEZLNZHEIL, RODMEHFFOH L VEFHEREG O
BEHEDONRE LTz, £72 FDA 28 web ECABI3 2% FAERS X7V v 7 X v v 2R
— FClt, EEEFOM AL OMBTHoMmEVHIRI NG LA H L. RAX Y v 2R
— F & FAERS VUPHF — 2 i 7 7 A A 0 BEME 2 HE ST 2 HIWT, 2019 F5 1 VU
HILARE, 20 o OHIFR S NLziE @ ID EWSUEH T — 2 it 7 7 4 VITiRfF ST
W3, ARRET Tl Z D “deleted files” ICRLHEII LT WAL SR L TREZHEEL 7.

AWFFEicE 1T 5 TAOX FHESE | 13, AOX ORHHEMEEZE T 2 L2 HNTW»
LB DN, HEEF DA v A2 2 —7 5 — LB LOHRMCEICTE TN T 2 EHEH]
BRI O RS M EE (Cow) %, BERICE T 2 AOX OMAIEE 1003 5 BHERE
(ICso) TRRL 72fliZFICER L 72 . ZDFE, AT D 5 DDSEMFICH D W TR RR &
T HEREMZEE L 7z; i) FDA &2 WIFEAEFEE X V&R EZZ T -EATH L L,
i) ERNTARENBLEYTIIR T L, i) FICHR#HZ2ZET 3 -0, K57
ROAB 2 WIEFFHIRNENEOLEER 2T 2d0Th Y, BECRE R ERT
FRARTHOTIE AW &, iv) 2023 4 3 AZICTHGZICHEL T3 b0, v) @i

-9



ICH 720 AWERME R I N HEFITH 5 2 L (Table 1).
Table 1 The ratio of AOX inhibitory effects to clinical blood concentrations.

Compounds Chnax (M) 1Csp (UM) Cinax/1Cs0
Raloxifene 0.0034 (For women receiving 60 mg/day for 14 days) 0.0029 1.18
Chlorpromazine 0.47 (For patients receiving 100 mg/day for 30 days) 0.57 0.82
Clozapine 3.49 (For patients receiving 300 mg/day for 8 days) 4.4 0.79
Amitriptyline 0.14 (For patients receiving 75 mg/day for more than 14 days) 0.26 0.53
Quetiapine 0.45 (For patients receiving 200 mg/day for more than 3 days) 1.4 0.32
Clomipramine 0.08 (For adult volunteers receiving 50 mg) 0.48 0.16
Tamoxifen 0.20 (For patients receiving 20 mg/day for 28 days) 2.2 0.09
Nortriptyline 0.06 (For adult volunteers receiving 25 mg) 0.85 0.07
Promethazine 0.03 (For adult volunteers receiving 75 mg) 0.51 0.07
Felodipine 0.02 (For adult volunteers receiving 5 mg) 0.30 0.06
Verapamil 0.18 (For adult men receiving 80 mg) 3.5 0.05
Cyclobenzaprine 0.09 (For adult volunteers receiving 10 mg) 3.1 0.03
Loratadine 0.01 (For adult volunteers receiving 10 mg) 0.49 0.02
Olanzapine 0.09 (For adult volunteers receiving 5 or 10 mg/day for 8 days) 6.0 0.01
Ondansetron 0.03 (For adult volunteers receiving 4 mg) 2.1 0.01
Domperidone 0.03 (For adult volunteers receiving 10 mg) 3.0 0.01
Metoclopramide 0.18 (For adult volunteers receiving 20 mg) 31 0.01
Amlodipine 0.01 (For adult men receiving 5 mg) 5.5 0.00
Loperamide 0.00 (For adult volunteers receiving 2 mg) 10 0.00

ICso values were based on previously reported phthalazine oxidation assays *

Blood concentrations were obtained from the package inserts of each drug.

AOX OHEHEHION, KiffFETld AOX ONRFHICH T 2 BIEHARE I T2 AZA
ICOWTHIRIC BT 2w EETE L 2. $72 AOX DE{E T4 & GZilflic X 2 1B
R OBEERRE I N T T 0, AR LHEL CHL2AEERTH
%M #HEMEIC 2 TH A %47 > 7. JADER, FAERS 12, HEF R I Medical
Dictionary for Regulatory Activities (MedDRA) {Z X% X 41T\ % &IfEHHFE D ﬁzli ng
(Preferred Terms: PT) L~ L CHREGE XN T 3. £ Z T MedDRA/J version 25.0 % £
PT %FE DR EAIIREE T/ v — 7L L 72 MedDRA HE#ZRIL (SMQ) %ﬂ%%
& U TN L7z, BARIICIZMIRIES OFHii£ » F & LT “hematopoietic cytopenias”
(SMQ: 20000027), YT O M EE O FFli£ v F & L T “drug-related hepatic
disorders” (SMQ: 20000006) % X5 & L 72. JADER D413, AZA 28 [#EEE] L an<T
VARG Z R L CEAFREOTEEREZMRB L 7. FAERS DWW T
I3 Primary suspected drug: PS” & % \» (3 “Secondary suspected drug: SS” & FR#E I LT\
LIERNR L L.
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1.2.3 BMERA> 7 F i

Aoy 7rr e LT, BHERBRIRE T — 2 X — A @i clafie I nsd C
E D% WIRE A v X (Reporting odds ratio: ROR) 5 X 8% D 95% S HE X [E] (95%
confidence interval: 95% CI) ZHLH L 72 . ROR, 95% Cl iz Z Lz L Fooic X Y &H
L7z (Eq. (1)=(2)). 5472 ROR & X U 95% CI #&ic, B % SE I LU T o &M% i
EsSA %Y 7 F A & ER L 2; 1) ROR BHICHE L 72 BITER &S 500 3 4R E
TH 5, i) AZA & AOX [HEH % O L 72D ROR (RORAzanAOX imhibitor) 25 1 LA ETH 3,
iii) RORAzANAOX inhibitor D T PR3, AZA HJH (RORaza) B & U8 AOX FHESKHH (RORAoX
inhibitor) CHH L 728D ROR @ FIROEAEU TH 5. £ 7, ROR (FEITEHHRE 8
VI GEIGEKTHET 2 fERES D 5. 2 TABRETTIE, oy 2ty
RIED BERIC, IRSFI BRSO N2 X 9 MER D FTIRMEZFHE L T3 89,

T2 7 FBGE L Il & 2 EANCB L i, XY Bkt o 472 < WHO Uppsala
Monitoring Centre T EH X1 TW» % Q shrinkage measure model % > CHARELE L 72
#90  OAEIZIERIARICHE D EIRE L, Qoos EIFBERICESZLUTORIC K WV REHL 2
(Eq. 3)(5)). T Z Tnu i AZA 5 X OFFE D AOX FHEIEZ A L T 2 BRO X REIHE
FMEBTH Y, B 1ZZFOWFHEZ R L TW3. 72 Var(Qo) 13 QIED/EL ¢(0.975)
IR A D 97.5% fimi%kRnd . Q shrinkage measure model % £ LRIER 7
— X R— RN AT 2 72 AT Z SR L, KITFRICHENTDH, 35172 Qs A 0 K
DREWES (95% ClL &0 7= Q2 0 % Bl 254) CHAEERY 7 F Bk e
WL 7=.

SRR3R DA 3 B A G R F o 4 1k (Nm)/
SR EH L LAY 351 2 7 AR 385 L5 (Noo)

SR EIR S BT B 2R R EIVE ) 3 14K (Nn)/
SR EES I BT % % OMEIEE OMREHEE (N,,)

ROR =

M

95% CI = exp {log(ROR) + 1.96\/(1/N11) +(Ung,) *+ (Un,) + (1/NOO)} @

nyi; + 0.5
2 Ey +05

Q =log 3

1
Var(£,) = Var (logz n111) ~N— 4)
11

? n,;,log(2)?

$(0.975)

Qpps =0 —
028 log(2)v/ny1y

®)
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FAERS ) JADER
privary  [Rezeien Identification
. number
1 1
! 1
1
Indication H Report DEMO H HIST
1 Sources 1
1 1
| |Demographic
v EIEs v REAC A
%
—————————————— > Remove Duplicates [ | @ =========—=-=-
Y
--------- > Remove reports listed on the “delete” files 7] <-—=====-=
______ » Exclude reports of ‘transpl ital and tr > 1P [R——
as the route of administration

AE reports of ‘azathioprine’ 7/- AE reports of the AOX inhibitor

marked as a suspected drug N r marked as a suspected drug
RORGzzathioprine

AE reports not containing AE reports not containing
‘azathioprine’ the AOX inhibitor

Concomitant use of
‘azathioprine’ and the AOX inhibitor
¥ RORGzathioprine N AOX inhibitor

AE reports not containing
‘azathioprine’ or the AOX inhibitor

RORAaox inhibitor

GO P 5 <>
|
RORGzathioprine — -,
|
RORApox inhibitor —— -,

RORwrs :

RORazathioprine N AOX inhibitor

Combinations defined as positive

Q shrinkage measure model

Figure 2 Adverse effects database analysis procedure.
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1.3 R

1.3.1 MREEICEEY % BERRE OFGERENR

AZA ZWEER L 45 PT $01%, FAERS 3 X (N JADER ICHB W\ T, ZNZFN 98,419 %
XU 4,713 £ TH - 72. FAERS Tl AZA Z#5E3E L 3 2 MRIEZE D ROR[95% CI] 1%
1.81 [1.75-1.87] THo7-. 72 AZA &% AOX HERZHHL W2 EFICH T2
ROR [F R D X 5 IC 7% - 7 (Fig. 3): amlodipine (ROR: 3.26 [95% CI: 2.72-3.91]),
chlorpromazine (47.92 [26.35-87.14]), clozapine (15.69 [10.73-22.93]), cyclobenzaprine (5.07
[3.48-7.38]), felodipine (4.16 [2.88—6.00]), hydralazine (6.28 [3.60—-10.94]), loratadine (4.15
[2.63—-6.55]), metoclopramide (3.59 [2.70—4.76]), olanzapine (13.80 [9.54—19.95]), ondansetron
(2.61[2.01-3.39]), quetiapine (5.70 [4.40-7.38]). £ 7z FAERS IZ 3\ »T Q shrinkage measure
model CTIEILL T OMAGDLED T 7 F it X L7 amlodipine (Q gs: 0.58),
chlorpromazine (2.82), clozapine (0.25), cyclobenzaprine (0.86), felodipine (0.61), hydralazine
(0.82), loratadine (0.47), metoclopramide (0.54), olanzapine (1.99), quetiapine (1.20) T&» - 7z
(Table 2).

JADER Ti%, AZA ® ROR 1% 2.77[2.59-2.97] T& Y, amlodipine & DHER (5.21 [3.64—
7.47]) TRt & HIE X iz (Fig. 4). Figure 4 ICF0E X LT W7 WA X, AZA EHER L
756 DREIEGIE DD T 72D, R O RIL L L 7=

1.3.2 FFEZEICEET 2 BIEAR S O R9ERT

ey

FAERS T3 AZA % #5E3E L 3 2 fFfEE D ROR [95% CI] (% 2.28 [2.20-2.36] TH -
72. £ 7% AOX FHEH DM, clozapine (5.67 [3.07-10.48]) 3 & UF ondansetron (7.90 [6.54—
9.53) DflABFDLEICEBNTY 7 F AR I N7 (Fig. 5). £72 Q shrinkage measure
model IZFH W TDH, [A L < clozapine (Qos: 0.32), ondansetron (1.23)I1C BT 7 F L[5
& HWT & 4172 (Table 3). JADER Tl¥ AZA @ ROR % 1.25[1.11-1.40] T& Y , hydralazine
& DHFF (5.33[1.74-16.35]) T & HIE X u7z (Fig. 6).
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FAERS

Number of reports

Hematologic Percentages

Drugs All disorder of the events ROR 95 %Cl
AZA 98,419 3,411 347 1.81 1.75 1.87
Amitriptyline 62,849 363 0.58 0.29 0.26 0.32
AZA with Amitriptyline 5,142 113 220 113 0.94 1.36
Amlodipine 221,736 2,781 1.25 0.64 0.62 0.67
AZA with Amlodipine 2,065 126 6.10 3.26 272 3.91
Chlorpromazine 9,683 175 1.81 0.92 0.80 1.07
AZA with Chlorpromazine 43 21 48.84 4792 2635 87.14
Clomipramine 10,323 163 1.58 0.81 0.69 0.94
AZA with Clomipramine 48 2 417 218 0.53 8.99
Clozapine 152,065 19,863 13.06 7.78 7.66 7.90
AZA with Clozapine 147 35 23.81 15.69 10.73 22.93
Cyclobenzaprine 25,719 188 0.73 0.37 0.32 0.43
AZA with Cyclobenzaprine 327 30 9.17 5.07 3.48 7.38
Domperidone 9,319 186 2.00 1.02 0.89 1.18
AZA with Domperidone 845 7 0.83 0.42 0.20 0.88
Felodipine 3,079 21 0.68 0.34 0.22 0.53
AZA with Felodipine 405 31 7.65 4.16 2.88 6.00
Hydralazine 13,236 171 1.29 0.66 0.57 0.76
AZA with Hydralazine 126 14 1.1 6.28 3.60 10.94
Loperamide 47,852 375 0.78 0.40 0.36 0.44
AZA with Loperamide 834 18 216 111 0.69 1.77
Loratadine 55,569 193 0.35 0.17 0.15 0.20
AZA with Loratadine 262 20 7.63 4.15 2.63 6.55
Metoclopramide 27,7117 528 1.90 0.98 0.90 1.07
AZA with Metoclopramide 765 51 6.67 3.59 270 4.76
Nortriptyline 17,678 47 0.27 0.13 0.10 0.18
AZA with Nortriptyline 175 0 0.00 0.00
Olanzapine 136,456 3,001 2.20 113 1.09 117
AZA with Olanzapine 167 36 21.56 13.80 9.54 19.95
Ondansetron 59,157 1,651 279 1.47 1.40 1.55
AZA with Ondansetron 1,195 59 4.94 2.61 2.01 3.39
Promethazine 28,138 181 0.64 0.32 0.28 0.38
AZA with Promethazine 259 6 232 1.19 0.53 2.68
Quetiapine 193,198 2,290 1.19 0.60 0.58 0.63
AZA with Quetiapine 628 64 10.19 5.70 4.40 7.38
Raloxifene 10,351 29 0.28 0.14 0.10 0.20
AZA with Raloxifene 17 1 5.88 3.14 0.42 23.66
Tamoxifen 28,923 860 297 1.54 1.44 1.65
AZA with Tamoxifen 106 0 0.00 0.00
Verapamil 22,924 148 0.65 0.33 0.28 0.38
AZA with Verapamil 480 4 0.83 0.42 0.16 113

0.1

1 10

<

Figure 3 The number of reports and ROR for the hematological disorders from FAERS. The
dotted gray line represents upper limit of RORaza score. RORaza and each RORAox inhibitor SCOTES
were expressed as filled square, and RORazanaox innibitor SCOTES Were expressed as open square.
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Table 2 Drug combinations with hematologic disorder signals detected using the Q shrinkage
measure model in the FAERS analysis.

Number of reports

Combination of drugs Hematologic ~ Other adverse Q Qoos
disorder effects
AZA with Amlodipine 126 1939 0.84 0.58
AZA with Chlorpromazine 21 22 3.82 2.82
AZA with Clozapine 35 112 0.74 0.25
AZA with Cyclobenzaprine 30 297 1.41 0.86
AZA with Felodipine 31 374 1.15 0.61
AZA with Hydralazine 14 112 1.68 0.82
AZA with Loratadine 20 242 1.14 0.47
AZA with Metoclopramide 51 714 0.95 0.54
AZA with Olanzapine 36 131 2.55 1.99
AZA with Quetiapine 64 564 1.57 1.20
JADER Number of reports
Brugs AL order . attoovoms  ROR_ 9s%ci 01 1 10
AZA 4,713 1,107 23.49 277 2.59 297 ¢
Amlodipine 8,433 491 5.82 0.55 0.50 0.60 *
AZA with Amlodipine 128 47 36.72 5.21 3.64 7.47 -
Domperidone 864 38 4.40 0.42 0.30 0.58 -
AZA with Domperidone 14 4 28.57 3.59 1.13 11.46 —_——
Hydralazine 238 5 210 0.19 0.08 0.47 B
AZA with Hydralazine 17 2 11.76 1.20 0.27 5.24 —_—8
Loperamide 340 30 8.82 0.87 0.60 1.27 -
AZA with Loperamide 34 6 17.65 1.92 0.80 4.65 -+
Loratadine 604 17 2.81 0.26 0.16 0.42 ——
AZA with Loratadine 15 1 6.67 0.64 0.08 4.88 —_——
Metoclopramide 1,560 75 4.81 0.46 0.36 0.58 <
AZA with Metoclopramide 31 4 12.90 1.33 0.47 3.80 —_—t—
Quetiapine 4914 168 3.42 0.32 0.27 0.37 *
AZA with Quetiapine 9 3 33.33 4.49 1.12 17.96 ——
Verapamil 877 20 2.28 0.21 0.13 0.33 ——
AZA with Verapamil 12 1 8.33 0.82 0.11 6.33 —_—r—

Figure 4 The number of reports and ROR for the hematological disorders from JADER. The
dotted gray line represents upper limit of RORaza score. RORaza and each RORAox inhibitor SCOTES
were expressed as filled square, and RORazanaox innibitor SCOTES Were expressed as open square.
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FAERS Number of reports

Hepatic Percentages

Drugs All disorder of the events ROR 95 %Cl 0.1 1 10
AZA 98,419 3,087 3.14 2.28 220 - 236 L3

Amitriptyline 62,849 708 113 0.80 0.74 - 0.86 <

AZA with Amitriptyline 5,142 93 1.81 1.29 105 - 1.58 od
Amlodipine 221,736 3,170 1.43 1.02 098 - 1.06 L 3

AZA with Amlodipine 2,065 41 1.99 1.42 104 - 193 atad
Chlorpromazine 9,683 286 295 213 190 - 240 <

AZA with Chlorpromazine 43 0 0.00 0.00
Clomipramine 10,323 201 1.95 1.39 121 - 1.60 <*

AZA with Clomipramine 48 3 6.25 4.67 1.45 - 15.03 —_——
Clozapine 152,065 1,890 1.24 0.88 0.84 - 0.92 <

AZA with Clozapine 147 1 7.48 5.67 3.07 - 10.48 ——
Cyclobenzaprine 25,719 281 1.09 0.77 0.69 - 0.87 <

AZA with Cyclobenzaprine 327 4 1.22 0.87 032 - 233 e m—
Domperidone 9,319 240 2.58 1.85 163 - 211 *

AZA with Domperidone 845 1 0.12 0.08 0.01 - 0.59 _—
Felodipine 3,079 60 1.95 1.39 108 - 1.80 -

AZA with Felodipine 405 4 0.99 0.70 0.26 - 1.87 D —
Hydralazine 13,236 335 2.53 1.82 163 - 203 L3

AZA with Hydralazine 126 1 0.79 0.56 0.08 - 4.01 _—
Loperamide 47,852 497 1.04 0.74 0.67 - 0.80 *

AZA with Loperamide 834 17 2.04 1.46 090 - 2.36 +—
Loratadine 55,569 396 0.71 0.50 045 - 0.55 L 2

AZA with Loratadine 262 6 2.29 1.64 0.73 - 3.69 40—
Metoclopramide 27,7117 676 244 1.76 163 - 190 *

AZA with Metoclopramide 765 1 1.44 1.02 056 - 1.85 ——
Nortriptyline 17,678 208 1.18 0.83 0.73 - 0.96 L

AZA with Nortriptyline 175 1 0.57 0.40 0.06 - 2.87 —_——t
Olanzapine 136,456 2,500 1.83 1.31 126 - 1.36 <

AZA with Olanzapine 167 5 299 216 0.89 - 527 +——
Ondansetron 59,157 1,242 210 1.51 143 - 1.60 *

AZA with Ondansetron 1,195 121 10.13 7.90 6.54 - 9.53 <
Promethazine 28,138 203 0.72 0.51 044 - 0.58 L 2

AZA with Promethazine 259 4 1.54 1.10 041 - 295 —_—fH—
Quetiapine 193,198 2,790 1.44 1.03 099 - 1.07 L 2

AZA with Quetiapine 628 3 0.48 0.34 0.11 - 1.05 —_——
Raloxifene 10,351 63 0.61 0.43 0.33 - 0.55 <

AZA with Raloxifene 17 0 0.00 0.00
Tamoxifen 28,923 886 3.06 2.22 207 - 237 L3

AZA with Tamoxifen 106 4 3.77 275 101 - 746 —-—
Verapamil 22,924 368 1.61 1.14 1.03 - 1.27

AZA with Verapamil 480 7 1.46 1.04 049 - 219 —g—

Figure 5 The number of reports and ROR for the hepatic disorders from FAERS. The dotted gray
line represents upper limit of RORaza score. RORaza and each RORAox inhibitor SCOTES Were
expressed as filled square, and RORAzanA0X innibitor SCOTES Were expressed as open square.
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Table 3 Drug combinations with hepatic disorder signals detected using the Q shrinkage measure
model in the FAERS analysis.

Number of reports

Combination of drugs Hepatic Other adverse
. Q Qs
disorder
AZA with Clozapine 11 1.17 0.32
AZA with Ondansetron 121 1.49 1.23
JADER Number of reports
Drugs Al ::::f::r :f"::’e‘f‘;et: ROR 95 %Cl 0.1 1 10
AZA 4,713 316 6.70 1.25 1.1 1.40 3
Amlodipine 8,433 792 9.39 1.82 1.69 1.96 *
AZA with Amlodipine 128 6 4.69 0.85 0.38 1.93 L —
Domperidone 864 135 15.63 3.22 2.68 3.87 <
AZA with Domperidone 14 0 0.00 0.00
Hydralazine 238 13 5.46 1.00 0.57 1.75 —
AZA with Hydralazine 17 4 23.53 5.33 1.74 16.35 D e
Loperamide 340 26 7.65 1.44 0.96 214 =0
AZA with Loperamide 34 2 5.88 1.08 0.26 4.52 D—
Loratadine 604 88 14.57 2.96 2.36 3.7 <
AZA with Loratadine 15 1 6.67 1.24 0.16 9.41 (K ——
Metoclopramide 1,560 86 5.51 1.01 0.81 1.26 -
AZA with Metoclopramide 31 1 3.23 0.58 0.08 4.24 —_—
Quetiapine 4914 234 4.76 0.87 0.76 0.99 L |
AZA with Quetiapine 9 0 0.00 0.00
Verapamil 877 69 7.87 1.48 1.16 1.89 -9
AZA with Verapamil 12 2 16.67 347 0.76 15.82 = e O

Figure 6 The number of reports and ROR for the hepatic disorders from JADER. The dotted gray
line represents upper limit of RORaza score. RORaza and each RORAox inhibitor SCOTES Were
expressed as filled square, and RORAzanA0X innibitor SCOTES Were expressed as open square.
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1.4 8

AOX TR 3 2 BRIRIZE 138D 7 v 23, BB D ) AZA ITH W Tld AOX DEIET
%M L OEEN R BEME A RRT 2 WMERDH B L 25, ARETTIE AZA DEITERHR
HICEH LIl 2 FEM L 72 0. AZA 03MEEESE & SN 2 EIFR OB oW, ARG CE
=Lz kEE s X CHFREE O o 2 E 413, FAERS & JADER Taeiffzs /o7,
JADER T IMHFEE (SMQ: 20000027) IZ& £ 12 Hi5 DEIAD 23.49 % & FEHTH -
7eDICK L, FAERS TlI 347 %ICE EF o7z, ZOEEIF, KT —FZ_X—R BT 5H|
EREREG 1 FH 720 @ PT BOEVDRRE EE 2 b b, —fIIC JADER & ik L <
FAERS T, FEMI 1 IRED 7V IKE TN 2 HERERBDB L W LB LNLTW5. Z0D
7-® FAERS ICH T, MEEEUIOEERIER 8% CTH 5 2 L b, HIHY
ICIMAEIEE OEIEG MK BED o T 2 A[REMED H 5. ¥ - MEFEE X AZA O3
R & EEN MO S 2 HEEFRTH 5729, JADER IKEWTHMERLL L, 72
fh D AN & OFF L 7z R0 Y Eh e A i B s e T WEIFHch 2 L Ex b 5.

AOX DHFEHEANIZL CHI b T 5, RiRETCld, FEAOHEEMNR % H—DFF
flfi2 I CEHEi L T3 2 & 225, Obach HOMEESIL, £ D 1Cs EZ I ITEH L T
W3 M ZNEND ICs 1F AOX D HIRIFLVE phthalazine 2> & phthalazone ~ D EE{Y G
T L HEMEI»SEHHEINAZDDTH 528, AOX DIHEHE LTHIOGN TS
hydralazine (% #L B {4 23X X 21 phthalazone ~ & ZfL 32 Z & 2> 5, Obach b D IC
FEFINh TR, L Lads, ZofttEE 2z OCIHES R AT 5
&, 7 MIc&REG L7ZFED AOX HEMEN TR INZHME D H 2 Z L1 b, AiRaT
T3 AOX DFHEHF DO —>2 & LTI Z2{To 72 24,

AR CTREEFDA v 22 —T 3 —LE2BHL, 2D Cuu ZIHICIHEBRE
(Cmax/ICs0) ZHEE L 72 (Table 1). Z OHEEED WAL, BRIKIC I T 2 YRR
BICEWT AOX %[HELE2 LE 261 5. HRNE AOX FHEREIRE X h 23
HIHE (Cmar/ICs0> 0.1)*¥1C 351> T, chlorpromazine, clozapine, hydralazine, quetiapine (% ROR
score B L U Q score LiC, AZA BHEIMEEE OMEBH2EML 2. L2 LZD—/T,
raloxifene 35 & UF amitriptyline, clomipramine TIIHHANEH > 7 F A S ind -5 7=,
Raloxifene |Z AOX DRI HEHA & L THIGNT WS, L2l b, MEEHE D
AL 96.6-98.5% LT &b, FFfilgFics T AOX ZHE LS 2IREORK
TACERDFETE L R WAREME DS E 2 b B, £ 72, Amitriptyline  FRIRIBHFERE ICE VT
AOX ZRHET 2 L #EE S 23K TH %. FAERS Ik 1) 2 HREME ICIBEEREIT
HINTHY, ~HMoMEICIPREOKGES LOMEICET 2HEHRrEE LT
5. %2 ZTAZA & amitriptyline ZffH L T 2 3EICEH L, MRIEERERE L 2 L2
NOHERICH T 5 amitriptyline DIRHEBZIE L 2. Z D#EHR amitriptyline % 75
mg/day THRM L 72 #tis o El &3, MREEEAERFICE W OIERERF LV E L (39.5%
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vs 10.7%), ML ICH G582 75 mg/day % M8 2 2 W5 IXFATE L 722> o 7z, Table 1 ICFL#R
L CT\» % amitriptyline D IfIH AL 1L, 75 mg/day IRFIRFOBUEZ S EIC L T b 2 29 b,
AEENCE 5 AR T, AOX Z[HE L5 2 FEEE D amitriptyline AR HI 232> 72 1
T EDURE I N T, Tablel T, FrE O EAINRM R IC BT 2 k&EIMHIRE 2 2% 12 AOX
FHERZERL T30, EEK I ORARIC X > THEDRIIER S, 724K
BaETCiE, AOX HHE & FHEHA OMHANEH & v 5 Bl CHREX 1T - 7228, ERRICIIfE4
DIEYEREE B X OFEIRAR A ELVE R, B R RS < A R 2 ol R R 22 23 |
ERFRICEE 25 2 T 5. 65 Thili~7- X0 FHEHHA allopurinol (X, 6-MP &L D
HHNTIN 2, 6-MMP/6-TG 2L X 3 2 & T, TFEE D FEE BB H 7% & 0 3 Hl
ICEMEICHEZ 522 e PMEINTWE,. 2D X H =X LIEARIHZ D, allopurinol
A& TPMT I X 3 X FAbED, Z Dfhd BRI ICGEE 2 5 2 T 2 TR H
%9 SEFEHLZ AOX FHESICOWT D, AOX Ak 3RS ik iR i 4 2 5
BYOERT H0EDLD 5.

RITFF BRME 7 — 2 X — R X 2 WS % FEfi 3 2 B%, —#%1iC ROR B X T
proportional reporting ratio (PRR) % & 7" F AR 7 v ) X AICERM T 25 2 & H3% v,
% % ¥ Eudra Vigilance, Lareb 7 — % X — X DR TR I LTV 3 FiETH 5 23,
BHXOG OB R 2 DA T, ZOMHKEIZRELEZONS Z Ld b, AR
Tl ROR ZHWVTEH L 72, £723 7 F A ORBIEELZZRTT2ICH -0, B
WO T2 b EIFRAREHO TIRMEZFHEL T 5. L LA blmEBRO%D
IZ ROR Dl AFEM DRI & 72 % 723, ROR D #KAE H AR 2SEIVEF o FEISELE & EieAHEE
TH2HDOTRBRNWZ L ICHEERLETH L. LV RSFIRNT 2175 BTk, 7 v
TV ALZEET LI L OEEEIRIKRINTE D, ARG T ROR & Q shrinkage
measure model % i L 7= 3.

FREOMER XD, AOX FHESED AZA I X 2 EIFRSE #3N& & 2 A[REMED R S L
72, BWER 7 — & _— R ZERIFZE & e LB © % 2 FHIsRERIS L <, $23F &
FARBHNCOWTRAFENICHRFRETH 5. L LAaRD, £ DT — & ORI lEM
P2 & limitation b % \». FAERS ¥ X U8 JADER (Z I3 EITER 23 FIH L T 2 Wil 23 7FAE
LARWDT, &y XABRZEHT 2 2 8 3AREETH 0, BWERREY 2 7iconT
FELTE R, 78R & EER I &G & oIl c XAl L TR I hTs b, FEHA
DEHECIRABIEIC OV T MEF ICEZNONL 20, BEFETERVIREL TN
WEDZ . M2 TIRDEZELF L LT, KRFITIEAZA 25 13 AOX BHZEHE A HA
® ROR &ML T, FHICX Y ROR 22 LA L72G&EICy 7 FAGEe Ml L Tw 3
23, b Z b clozapine F 3% NAKRDSIMEEZ CHEEDO VR 7 L7 2 & BHbN
T3 720, —BHCHMED 2 CITHFENRZ AW T2 2 & IFH L W2 L2132 TH
5. 5tk X 0IEMER AOX %2/ L 72 38WIM AAE R o EBHIC [T, in vitro B X O in
vivo, T T-BERMTIC I VIR ZED 2 083D 5.
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1.5 /IE

BRI R IC B W C AOX 2 [HE T 2 LHEE S N2 HEHOPFRIC X 0, AZA FFRI
VER OMER DI T 5 2 LRI N, TNETIC AZA & AOX FHESEAIRN o B
CEHLZZMEIIHEECTH Y, AOX 2N L 2EYBMHAERICOWTY 7L T7 =L F
T2 AWM L 729 COWMRETH 5. RFEEREEE 2, AZA BEICE T 2
COMBEFEHORELZHLICT 57010, X VEHlE A =R L OMIAFBSLET
5.
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F2E 6-MP RHICH T BBIE AOX FHESZHIC & 2 EYBHRELE)

2.1 &5

6-MP | 1940-50 4FARIC HIMfHAEHEHE & L T George Herbert Hitchings, Gertrude Belle
Elion ZX H1c X W A, BRI NAEHELTH Y, D% 1960 FRIC 6-MP O 7' v |
7 v 7THDH AZA D3FAFE X 172 AZA 1T glutathione S-transferase IC X ¥, & %\ (ZFFEE
FIVICHELC AT 6-MP 1235 & H 6, FIEME S X OEIEHFIIC B 3 2 389
BhHEIZ AZA & 6-MP CTRIZ L E 2 b5 . AZA I X 3 HEIMKENAEIER & LT,
D, WEH: 7 & o ELEREESLHERE A O N TE Y, 2R ICOWTIE, HLA class 1T i
BT BT LI (1s2647087) 25 AZA SFFAMEMROFRIE) A7 LEE T 2 2 L bt
T3 D, IS DFERERIT AZA DA I X —VHEEOTLAF-KIGTH Y, K
ETIHRBOEICIECTlEH 225 6-MP ICZEBH 3 5 & L TIRIERRBLATRE & 72 2 5B 03 % o,
—7, B 1 BECEH L ZMKEEEC AZA RGP 5 RS 12 2K 22 EIE
HTHY, cnoFERRICIITA 7Y v EFIOZEYBIREHL K C BE L T 5. 6-MP 23
FAFE & AL R0 28, 2 o fREIREEOEME X 2> b R EIMH I LT v v,
HIR D@ V|, WTAEIC 7 > TNUDTIS & F4 7' vHEFNC X 2 S, B BE0H] o BE A3 %
H X722, NUDTI5 @174 E2H LT nwEE L BHlH 2 25 260 % <,
¥ OBETEZHEOATIEINEEZECEEHZ FHITE w2 2 b, Zofmof
AR % B 0 7= RN e Y BN O fRIH S 2T H 5.

6-MP DATEHERHY) 6-TUA ~DZ&HICIZ, FICHBE, FFICHET 2 X0 23B8E L
Tk Y, X0 HEHD allopurinol 1%, KIFICF A7) VEIFIDOANAL AT RA T ) T4 %
ER &, 6-MP OFEHIEN: B X EREIIH & CORIEHFHEZEME &2 2 L2355
NTw3, LFEKOHEBEICL Y, XO FHEHITH 5 febuxostat I X U topiroxostat (%, F
A7) vEF L RS L I T 3. Hall, Krenitsky & 13, V¥ FHFIRX v 557z
AOX D3 6-MP ZHE & L Calalid 5 2 &L 2 F A L, % DF&IC Rashidi & ($ guinea pig liver
cytosol & Fl\ 72 BETIC X 0, AOX D FHZFEH| T % % menadione ¥ X U chlorpromazine 25 6-
MP DL ZFHET 2 2 & ZHE L T3 25 6-MP 13 6-TX T 6-TUA ~ & U &
NTH Y, guinea pig DIFIET TIZEE D 6-TX 55 6-TUA ~DE{LIC AOX 23BHHE$ 3
& HEHEI X LTy B Guinea pig TIRATE D 6-MP 205 6-TX ~DKJE%H 9 X0 1T X 5[
UGB TH > 722 L b, KREKICE T 2 AOX OFLEII/NEWEEZ 5T
7z. L2 L7223 542IC Choughule 5 1C X b, HLC TiZ 6-MP 2> 5 6-TX ~D I AOX
BHELELTWARZLAREINAED, 22 CAETIE, F1HTHLEHLAEBKTD
i & 5 %5 AOX FHEIEANIC X 2, 6-MP MIEWHRE~DFE L L V2D A H =X L
DfFEIH%Z HI & LT, in vitro 38 X O in vivo DG % 1T - 77.
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2.2 EERFE

2.2.1 %

XTreme200 pooled human liver cytosol (HLC), pooled Wistar male rat liver cytosol (pooled
RLC) I Xenotech (Kansas City, MO, USA) 7> b, recombinant XO (% Nacalai Tesque (Kyoto,
Japan) 72* 5 A L 72. Amitriptyline, 6-MP % Sigma-Aldrich (St. Louis, MO, USA) 2> 5, 2-
amino-6-mercaptopurine-'>Ca, °N, 6-TX I Toronto Research Chemicals (Toronto, ON, Canada)
£ U AF L 7z. 6-TUA I3 BIOSYNTH (Compton, UK) 72* 5, 6-carboxyfluorescein, clozapine,
febuxostat, hydralazine, quetiapine, raloxifene (3 Tokyo Chemical Industry (Tokyo, Japan) 72>
o, chlorpromazine, clomipramine (¥ FUJIFILM Wako Pure Chemical Corporation (Osaka,
Japan) X VEEA L7z, 7 v FidtkStbd 2 F—X D EEA L 7 Jcl:Wistar BEPEZ v + %
a7z, Z Ot o E IR ICH o R Y Rl d L S RELFER, 2 T7EVFERO b @
Rz,

2.2.2 HLC IZ$1F % 6-MP {3 ST{E

25 mM sodium phosphate buffer IC THIRAE 0.5 mg/mL & 7 % X H A% L 7z HLC % 3 47
M7 LA vF*ar—vav % 6MPE2HNINT 5T L CRILKICZ G L 72, KICH
H1 D dimethyl sulfoxide (DMSO) D RAKIREL1E 0.1% AT & L, ARG EDS 50 uL &
7% XML 7. —ERREIRIGHE, NEFEHE L L CRICHEE & 52D 200 ng/mL 2-
amino-6-mercaptopurine-'Cs, "N % & ¥ acetonitrile % 7Nl L KIS % 4F1E & 272, RICH +
D 6-MP DIEFE I, 50-400 pM, IGHFHEIZ 5-90min & L TREFT21T- 72, %72, &M

EFIBINEED SOCSEAE L, 6-MP OIRFE % 100 pM, KICKEE % 15 min & L 7z. Febuxostat
tz B K AOX FHEH 1 1 nM-100 uM 1< CTFHEZRNR % Biit L 721, febuxostat & AOX

PR ESEAIGE R IC (3 ZFEHEA % 5 pM (raloxifene D& 100 nM) & 725 X S5 dShIL 7=,
SO TR DY v 7L, @058k L 72 (16,000 g, 15 min, 4°C), £ 10 uL % UPLC-
MS/MS ICHEAL, 6-TX DAEKEZ E& L 7-.

6-TX D7 & 1T 13 Waters ACQUITY UPLC H-Class System 3 X U8 Xevo TQ-S mass
spectrometer (Waters Corporation, Milford, MA, USA) ZH\»7z. JFEAINzH v T D5y
HfE 1 13 Waters ACQUITY UPLC BEH C18 column (1.7 mm, 2.1 x 100 mm) ZfEf L, » 7
LR % 40°C, HiE % 0.4 mL/min & L 7z, FEIFHIC (Z 0.3% formic acid, 0.02 M ammonium
acetate in water (mobile phase A) ¥ X U\ acetonitrile (mobile phase B) ZfHH L, XD 7 7
VIV b TIEWE L 721 90% A for 0.1 min, 90-10% A from 0.1 to 1.0 min, and 10%-90% A
from 1.0 to 1.5 min, 90% A until 2 min. WK v~ bt 72 7 4 — X Y pEEX =L &P
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ESI negative mode I C A 4 v {t L 72%% Xevo TQ-S mass spectrometer I T L 7z, H
B M 7r & TNC declustering potential (DP), collision energy (CE) IZLA T DE Y TH 5:
m/z: 167.23 >133.00 for 6-TX (DP: 44, CE: 16); 169.27 > 135.05 for 2-Amino-6-mercaptopurine-
13C,, PN (DP: 46, CE: 14).

2.2.3 recombinant XO |23 % 6-MP X35

25 mM sodium phosphate buffer % F\> THIREE 0.015 unit/mL & 72 % X 5 FH#L L 72
recombinant XO I 6-MP Z T 5 & & CTRAAL G % 5 L 7z, &G © DMSO D
BRACIRIEX 0.1% AT & L, & RISIED 100l & 722 X OB L /2. KGR D 6-
MP DR IL, 1-100 pM, KICHEFE X 10-60 min & L CHET 21T o 72, 72, FREHEEH
IR DRGSR, 6-MP DR % 5 uM, RICKHE % 30 min & L C, febuxostat 7z & O°
ICKFE AOX FHESEFNIL 1 nM-100uM & 72 3 X ORI L 72, —ERFEA v ¥ 2=+ L
721%, 10 % HCl % 10 uL i®IN3 5 2 & TRISZZIE S 872, RICK THD v 7 uid,
ST HEL 72 (16,000 g, 15 min, 4°C), _EiF 30 pL ZHIEICH W72, 6-TUA OERICIT
Waters ACQUITY UPLC H-Class System % F\>7z. {EA X N7z 4 v 7D 5r#EIC IX Waters
ACQUITY UPLC BEH C18 column (1.7 mm, 2.1 x 50 mm) ZffH L, #» 7 L % 30°C,
% 0.6 mL/min & L7z, ##E)MH & L T 20 mM potassium phosphate {8 % F\\»C 7 A4
V77T 4y 2w {To 7. BB % 342 nm & L 72FRIC, 6-MP (retention time: 1.2
min), 6-TUA (0.6 min), 6-TX (1.6 min) IC ¥’ — 27 3553 & AL 7-.

2.24 v MICEIT S 6-MP A ENREFE

HEA U 7z Jel:Wistar HEPEZ v B IZEEE 50 £ 10% M, 12 B & & O BHREEREE IC B W C,
HHER, BHEKEGETCFE L, 7T 8RORF R CEBRICH W2, 7y MikK71 7
v CHERFFRIFE % 1T\, 27G #F % F\» T hydralazine 10 mg/kg % REREFIR ICI% 5 L 3 <k
MU 7=, HevT25G #% FH v T 6-MP20 mg/kg % BEVENIC#% 5 L 72. 6-MP % 5-1%, 15 min,
30 min, 60 min, 90 min, 120 min, 180 min, 240 min, 360 min D Kf 5 T, 25G # % F W C¥HE
Ik & Y MK % 300 uL BRELL 72, $REXL 72 MR IZIE B IC~>¥ ) v F b U w7 4 (4 Unit) &
EA L, 1,200 g, 20 min, 4°C TiELHEL, o7z RG2S v 7Fr e LT,
mEY Y T THIE £ T30°C TIRE L. I 6-MP O HIESEE LT, miEE
acetonitrile 3 X U trifluoroacetic acid CFREE H'E %, dithiothreitol Z @il L INEVILIE 2 1T -
7o, WIRE DY v TV FELOEEL, % O kil D 6-MP i % UPLC-MS/MS I CTHIE
L7z, A 7 L X OWEHSRIEIX 222 L AERTH 0, ESI positive mode TA A v {bL%
fTo7. ¥72 6-MP OE =& LI 153.05>119.08, DP/34, CE/20 TE= % 1T - 7-.
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2.2.5 Rat liver cytosol (RLC) (2351 % 6-MP X H5i5EH

Xenotech fE & WA L 7z pooled RLC 5L U+ 7 F—X VAL 72 7 Bl Jcl: Wistar
7 v b X EREL i L7z RLC (extracted RLC) % Lt %17 -7z, 7 v b AFHRIZ,
PR & © PBS (137 mM NaCl, 2.68 mM KCl, 8.1 mM Na,HPO,, 1.47 mM KH,PO,) % &I,
BRI U 7241, #H#k o —i % 50 mM Tris HCI, 150 mM KCI, 2 mM EDTA (pH7.4) #Ef#i
BB, FEVFAF B LB EBR YKL 2. 15 5 272 FF B AR 5 8 %
9,000 g, 20 min, 4°C DA T i Lot L 721, 557z Eil% & 512 105,000 g, 60 min,
4°C DEEMFCHEE LIS 2 Z L CRONTZY A P YNBSS R L 7.

2.2.6 Organic anion transporter (OAT) % 7t L 7= 6-CF #iiX25%

Human OAT1, 3 ZEFEL HEK293 fific % A vy, 85813 JE@L L 72 fetal bovine serum
(FBS) % 10% #Nll L 72 DMEM high glucose (Sigma-Aldrich, St. Louis, MO, USA) H T,
37°C, 5% CO, TIT o 7z. MR PBS T 2 [IPEHHL, trypsin IR (0.25% trypsin, 0.02%
EDTA, 137 mM NaCl, 2.68 mM KCI, 8.1 mM Na,HPO., 1.47 mM KH,PO,) THilfit % #I#k L
fTo7-.

Human OAT1 ¥ X U8 human OAT3 % JE ¥ HEK293 #ifit%, =27 —7 VALBHEL 7= 24
well 7L — MIT 2x10° cells/well DIRETHEEL, 20 2 HRICH D AR TR 1T - 7=,
FH & L T 6-carboxyfluorescein (6-CF; 0.5 uM) , FHEAI & LT 6-MP (10 nM-100 uM) &
%\ 1% hydralazine (10 nM—100 uM) % #sH0 L 7z AR 7 % & A 72 Hanks' balanced salt
solution buffer (HBSS) % 500 uL 7SN L, — &R 3min LV AT 72, ZB&LEYIX
DMSO CT¥#fiE L, DMSO DFIREED 0.1 % LATIC 22 X5 ICH L 72, Z2oBKisL 7%
HBSS buffer 1,000 uL i & Y 2 [AlFEH L, K QML % 0.5 N NaOH ¥R 500 uL ClalIY
L7, e ix 1,100 g T 1 min 2.0508E L, B 100pL %2 96 X7 7 v 7 7L — |
B L, SO A MIE L7z (BREER/HER: 490/520 nm) . X v o3 7 5E&IE BSA
(bovine serum albumin) % f5#E % v ¥ 7 L L T BCA™ protein assay kit (Thermo Fisher
Scientific, Waltham, MA, USA) % H\\»T{T- 7=.

2.2.7 BUERRT

R EWARHT 1 1 SigmaPlot 14.5 (Systat Software Inc., San Jose, CA) % F\>7z. #aH#bT
I unpaired Student’s ttest IC X % 2 #EF DO HIRICH T 2 AEEDOREZITo72. WIhoD
B&Ed p<0.05 M FICHEETH 5 LHEL 2.
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23 R

2.3.1 &1E AOX FAEZEHID HLC I2H 1T 3 6-MP RKEEEMR

HLC H1IC 5T, 6-TX (% 90 min F THEFRIVICERL ST N5 L BHEZ I N7z (Fig. 7).
FEETH D 6-MP IREICILHI L T, 6TX ODAEBGRELHMNT 2 2 L BHL & /o
72.6-TX 3% 4 b VA TE HIC 6-TUA ~ & EH X 115 23, Choughule 5 13 HLC % fw
72 6-MP DBV GEERIC 35> T, 6-TX OSSR H D IREEH3E IR BEFR AL ICIE L 72 Rf i
25, AT 6-TUA X NTh Y, & & CKRIGHIET 15 min ¥ Tl 6-TUA 2313 &
AEBRHBEINAWZ EZMELTWE D 2 6-MP 28 XO $ % it AOX DRE R
T MCHEA LU Z Z T 6-TX ICEHi I 218, 2D F % 6-TUA ICK# &IN5 D
Tl37 L, — RGN OB, Moz 2T 508 FHE X0 offaRT v Mic
AVIAOGREENR D 5 Z LR L Twd. ARG TS Z 15 min & L, 6-MP 2>
5 6-TX DIEALIGIC BT 5,A0X B X N X0 OF G %5 L 7. %7 AOX FHEHA 1%
Z DIEERTFIIC 6-TX DFEEZAE L 72 (Fig. 8). KIT febuxostat & %FH AOX FHEH
Z FIRFICAID L 72 BRIC, 6-TX DEEAED I HE X vz (Fig. 9). 2 OHE R IZ, %
AOX PHESRAIHA D 6-TX A RKFHER S & MBI L 7-.
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Figure 7 Enzyme kinetic assay for the oxidation of 6-MP to 6-TX. Metabolism of 100 uM 6-MP
was measured for 5-90 min at pH 7.4 using HLC. The velocity of 6-TX production was evaluated
under several 6-MP concentration conditions with a reaction time of 15 min. Data represent the
means plus or minus s.e.m. of three independent experiments.
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Figure 8 Effects of febuxostat and AOX inhibitors on the oxidation of 6-MP to 6-TX. Inhibitor
concentrations were set at | nM—100 uM; metabolism of 100 uM 6-MP was measured using HLC
at pH 7.4 for 15 min. Data represent the mean plus or minus s.e.m. of three independent
experiments.



100 -

—

% of control
(6-TX production)
>
o

N
o
1

o

%,

SO S ) L &

6'&6 o&& & & <§9’ & ¢
& ‘Qﬂ 06\\ xo ¢*b o\) xq.'b
S ) 7

S
&

g < < & & (J 2 e
& & S N & S &
"

x

Figure 9 Inhibitory effects of AOX inhibitors in combination with febuxostat. Inhibitor
concentrations were set at 5 uM except for raloxifene (100 nM); metabolism of 100 uM 6-MP
was measured using HLC at pH 7.4 for 15 min. Data represent the mean plus or minus s.e.m. of
three independent experiments.

2.3.2 &1E AOX FHEEHI D recombinant XO (23173 6-MP (XHIFAE®ER

AOX FHEFHA D XO ~DHEM R % i3 % 72 ®, recombinant XO ZfHH L, 6-MP
225 6-TUA ~DRGHFR%Z W72, 6-TUA BEA R IT 40 min T CHEARIICEMN L, AR
FEMRTZHTIEN L 72 (Fig. 10). %72 6-MP 20 uM O CRIGHER R K E b 2 & %
72 L 7=. Febuxostat I¥ 0.01 pM TTEAIC 6-MP U % fHE L, raloxifene (=4 T X0
ZHELZ (Fig. 11). L2 L7235, 2ot AOX FHESAIZ X0 I X % 6-TUA O4
REICZEAZ G2 h o722 2 b, BLEYIT AOX ZEIRWICIHE T2 2 L AHL
nelrorz.
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°

100 - A 6.0 1 °
c P ~ c o ©®
S e R ST 50
sg 80 . 85 &
5 S %/ S E 40 -
8= 60 - . o E L4
o ‘ 2=30 {@
< E o < ©
S>SE 40 - s S E
= 7 K £20 4
& L4 &~ ®

20 A 10

0 T T T 0.0 T T T T T )
0 20 40 60 0 20 40 60 80 100 120
Time (min) 6-MP concentration (uM)

Figure 10 Enzyme kinetic assay for the oxidation of 6-MP to 6-TUA by recombinant XO.
Metabolism of 5 uM 6-MP was measured for 10-60 min. The velocity of 6-TUA production was
evaluated under several 6-MP concentration conditions (1-100 pM) with a reaction time of 20
min. Data represent the means plus or minus s.e.m. of three independent experiments.
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Figure 11 Effects of febuxostat and AOX inhibitors on the oxidation of 6-MP to 6-TUA by
recombinant XO. Inhibitor concentrations were set at 1 nM-100 uM; metabolism of 5 uM 6-MP
was measured at pH 7.4 for 30 min. Data represent the mean plus or minus s.e.m. of three
independent experiments.
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2.3.3 Hydralazine #5245 7 v +Ifilsh 6-MP EiEDZE1L

231232 OFERZ B E 2, AOXHGEIRNICIE S R HEZIF % H 9 % hydralazine 1A H
L, 7 v b 6-MP 888 IC T 3 728 % 7l L 72. 6-MP 35 X Uf hydralazine D #%5-5 1%
Bzl e Pk T 2hEL ) DRGEZERICER L2 FHMHAEZSEICEK
TE L7230, Z Db, hydralazine ff FHICF 5 6-MP D I HHIREE O HE N A3HERR & v 7z (Fig.
12).  OHAEAFH QR % §Hii 3~ 2 72 & ic, Y EIREFH CfEH L 72 Jcl:wistar HEPE 7
v b X V155N 7z extracted RLC 72 H NT, Xenotech £ pooled RLC Z{#H L 6-MP X
ARET % 92 L 72 (Fig. 13). Extracted RLC I 2\ T ld AOX O U FLE G % 2 phthalazine
B L UHEAD raloxifene T AOX DLIEMEZERL T3 (Fig. 13A). £ 7=
pooled RLC % 6-MP & A L 7205, SUGHIIATR 5 min LANIC 6-TX IZEHIREICEL, 6-
TUA (ZFRFENICEBI L T3N3 2 C & 3B 6 22 & 72 o 7= (Fig. 13B). % Z CT% RLC IThf
L, febuxostat 35 X U hydralazine Z H1dH 2 W IZfFH L 72 & Z 5, febuxostat IC X Y 6-TX
DARIZPHE X 5 —J5 T, hydralazine 12 X 2 [HERIH 13580 S ind - 72 (Figs. 13C,
D). ZDFER LY, invivo ICF T % 6-MP, hydralazine [EIfHAER 1Z AOX & 13587 23
FEMRTDBHERTH 5 2 L BRBI NI,

= 10 %

=
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Figure 12 6-MP concentration in rat plasma when combined with hydralazine. 6-MP was
administered intraperitoneally and hydralazine was administered intravenously. Blood samples
were drawn between 15 min and 6 hr after administration. *p < 0.05 compared with 6-MP;
unpaired Student’s t test. Data represent the mean plus or minus s.d. of three experiments.
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6-MP B X U0z o Fic/RficHifttan s 2 &h 6, ZoMEFEROERD—
DL LT, BHEMCHE T3 F 7 Vv AR— 2 —DHFEBREINS. 22T 6-MP Dl
KICBAT 2 MG BEET kRN, EMMRE ICHKB T 5 OATs ICEH LRI 17
> 72 %%, H]8®1Z human OAT1 (SLC22A6) ¥ £ U8 human OAT3 (SLC22A8) % &iEMICHE
33 % HEK293 fliEiC 5T, & OAT DHIOLEE TH % 6-CF OAMMALNE Y A ARG %2
FEfti L 72, 73, % human OAT1/3 ZEFHMALL, % ZH mock & ELEL L T, 6-CF HX
DIAZRICT X D HAH 2 %, 10 EREEHE NS 2 & & 22 L T\ 25 (data not shown). 6-
CF kG PR 1S ™ 3° 2 hydralazine 35 X U8 6-MP D FHERDH % FH7 L 72458, hydralazine 1%
FEIERE ST 6-CF link ZPHE L, £72 6-MP (% 10 uM LA ETH %I human OAT1 %
L7z 6-CF liiiik % [H¥E L 72 (Fig. 14). —J7C, 6-MP (% human OAT3 ~D[HEE %R
I oz
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Figure 13 AOX and XO activity of RLC. (A) Phthalazine oxidation by AOX using extracted RLC.
Cytosol were used at concentration of 0.1 mg/mL and incubated for 10 min with or without 1 uM
raloxifene. (B) 6-MP metabolism to 6-TX and 6-TUA in the pooled RLC at each reaction time.
Inhibitory effect of febuxostat and hydralazine on 6-TX production using (C) extracted RLC and
(D) pooled RLC. Metabolism of 50 pM 6-MP was measured at pH 7.4 for 3 min. Data represent
the mean plus or minus s.e.m. of three independent experiments.
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Figure 14 Inhibition of (A) hydralazine and (B) 6-MP for 6-CF uptake rate mediated by human
OAT1/3. Cells were incubated with 0.5 uM 6-CF at 37°C for 3 min. Data were calculated by
subtracting the uptake rate in mock cells, and represent the mean plus or minus s.e.m. of three
independent experiments.
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24 EE

AETIIHTECHE L 72 AZA X 2 HFERRICHT 5 AOX OB H Z 7§ 5 729,
W RSy, BP)E T vic X 5 6-MP BRBICEI L TR 21T o 72. 6-MP ZHE & L 72 %
D 6-TX RN, Wifdls X OEE MBI L CLefliiciing 2 C L R s iz 2 &
5, Choughule & D 19 & [AEED KIGSMEIC 35T AOX PHEHA 0 5228 % 51 L 7-.
Z DFER, 2T O AOX FHFEHEHAIC BT, FHEFREMKFN 7 6-TX DI 23530 b1
7. AOX ~DHEMRE B X CHERRIL, SR e LAEEEYIc o TREZ 2L
HHNTW3 P KBEHCE T 5 6-MP BE{LICxH 3 2 BAE X, BE# D phthalazine fX.
TR BIHES R EAHRE T 28R L o 72 . 2% AOX FHER O FEEL T
6-TX ERGERE 13, FHERTERINIED 30-40%TH % 2 &2 b, S MGEFICE T
AOX DFHH(L, 6-TX A D 6-7 IR TH 2 L H#EE 7z (Fig. 8). XO [HE S
#l & L CTH: 72 febuxostat 13, FEEMIFEHIC 10-30%DHEREZ /R L TE D, febuxostat
& raloxifene & % (% hydralazine DHfHIC X 0 6-TX OFEARTERICHE I N & H
5 YH,6-TX ~DEHIZE T 5 AOX DEFE DK E X RB X 72, T 72 raloxifene & R\
7% DD AOX FHFEZHEANL XO ORREZHE L hr o7 2 2225, AOX IC X % 6-MP
R#tOHEG 2B RT3 b D e EZ 5N B (Fig 11).

Clozapine Z fr\»C, Z Dfthd AOX FHEZHEANE 5-10 uM 2T AOX 1T X % 6-MP f{
#EKIBICIHE L 72 (Fig. 8). 55 13 1.2.2, Table 1 ICFCE L 7238 v, 3K 0 & &1
PR E0.1-05uM FRETH S, — /T, 2uZIA® DA VR E2— 7+ —LiCBN
T, 7 v MIT ["C] quetiapine 25 mg/kg 5% O m AR BN REIREE 27~ L 72 Rf i ©
\E, M REIRE DK 20 5 & CIBEGHEE AT TRt Tn g O Fhav

VYDA VR 2 —T7 F— LI, 4 XIZ20mg/kg D chlorpromazine ¥ 5- L 72 FRIC,
Il clizifEf o) 146 ffORE TR I N Z e INT VS, £
chlorpromazine |XAMNICRFFEIEE L, %591k 3 » HRRIC LGB HRIE T s o,
lbEoz &b, Al idmEEd X 0 @RE S 2 IR e L, Y
MAEFROER & o T B AREMEA RV C L AR I NS,

F A7) vEFIOGRAE LI, XO BHESEFTH 5 febuxostat %° topiroxostat,
allopurinol I¥ffFZESH 2 WIHFHFE L HGLI LT w5, KiRaTofERz2iE x5 &,
6-MP BIREIC 1T XO £ ) AOX DFEAKRE WV EERI NS A, AOX FHESEHIGE I fE
55 A7) vERERAEREROEINCEE T 2R RMER R\ 25, invitro DIR
AfeFEBo v MFIRAICE T 2 RERIGICIZER LD 2 S E 2 5N D,

XO ICIZ[E— DB FEMTH Y e bIEE D% 5 xanthine dehydrogenase (XDH)
DTFFES 5. XDH 1@ Cys535 & Cys992 [l ¥ 27 4 FEEE I X b, ASAIC XO ~
BT LN T WS, XDH 13 NAD' ##fif#E & 32 DICH L, XO Tld NAD'
aRT Yy PBHEETERD VI, BUKEOEWIEES — F2BET 5 2 L TR
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HELETZHREE LTS 2. 2o 274 VBRI AOX TIHEFEI LTV
WZlhb, ZOEERII X0 5L XDH FFRNAME CTH L L BH LN TV,
REBSMTIE NADZEDOWHEEEZ RN L Tz, 6-MP O E#ICEH T 3 XDH @
FHEIIFEE I N TV, XDH 3 EELo@EFoflic, 7u 77 —Iic X b Rafafifiyic
XO ICEfrE N 2L bAOLNTEY, 7y MEEEOFHPICELZ) VY —LD
MIEIC X o ThH XO BUTER S 5 9. S [EfEH L Tw % HLC 1 TIE, XO B 0
WEETH 2 L 2 REL T 21T - 7223, EfEo e FMEE+F <id XDH 2331 6-MP
RICTFE L2 aaetE2 H 5. 7270 CIRREARIIC XO B THIET 2 2 L b,
Slalo v o Ft & 0 FEEL X 1172 recombinant XO % H W 72T BT D, XDH X3
% %08 AOX HEFHAN OB TG R C W W L 2 BT 20821 H 5 .

¥ 2B TIZ, HLC 1D 6-MP 225 6-TX ~DEHHIC I T, FEEE ICKE L T
JOEEE I AR R L B 2 e b b, BTN L CRAItED R 2 2 fHORER A
BEREL TV B 2 E DRI NT WD (Vax: 0.08 nmol/min/mg, Kini: 88.2 uM; Viax: 0.2
nmol/min/mg, Km2: 500 uM)". X HIC, A& ICTH# e F AOX I X % 6-MP fREHfIc s
J 2 K23 EFED Kp EEBL THB T ERINT VS, L7z28>TAOX I X0 &t
B LT, 6-MP FR{LIGIC B W TEEAE 2 o B IS EEN 2 E 2 H T 5 LR n
5. REICE T 2 FEBEMECI, EEEINDS 6-TX % UPLC-MS/MS ICCE=LTHD,
ZOERMNREZZFEL C, HETH D 6-MPIEEZ 100 uM & 3%E L T3, 7T 100
mg S-AZA IR 2 Wef#8 1 ioRIMAE P RE 7.2-13.2 M FEFE (R K& TE 2 pg/mL)
BT EPMEINT S D 6-MP DHMBIEITICEET 2 5713 7 < HFlEH I B 1T 5
BEIIAHTH 528, 6-MP OFRERICIGLETX0 & AOX DFGRBEL L LE2 N
5. L7zndo T, SR GEN T, BRIERERICE T 2 EENTD 6-MP L
R L T, AOX DHFEDEWET AL TH L AHEEDL H 5.

FAT Y VEIFNC X B EEPIC B W, REIGIER A+ o G BN
WHFREE 2331 2 54512, allopurinol ZfH 328554502038 5 . %72 XO 1ZEHEH LS
Ich, BBk 7 2 ) — A EERRY 72 — A FICk o CHEINS Z LB LN
T3 S FEo X 5 LAY HTET 2 XO OHEMIHIT T, AOX 2MRIEM I 6-
MP (R ZH > TV A AREN S EZE 2 5N D, AT, ANEHICZEIZH 228, ks
F3FH v FoRERFB LA 724 vERACERBEDE XY, X0 HESMETL
TR LHEINLZBEDN I 3EREFET LI LBHEINTNE O XI5, »
{D22® SNPs 13 XO OIEMHETOERK L > TH Y, —H D SNPs I\ TR ME:
XO RIBFETH % ¥4 v F VIRIE L OBEARB T 2 MG DFEET 2 7). XO HEREHMIN
HldH 5 GIHET L CTw 3 EFICE VT, AOX FHESEAFEHIC X % 6-MP Il #)fES X O
BWERIRE~DHEIRATH 5. L=2->T, b MFEHEBNTO AOX HEAHE % ST
T27-01cd, BEEREAREL SO MAIPLETH S,
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ARETE, 7y PETAVICL S 6-MP IIHPEIREIC 51T 5 AOX FERE D FIA 2 3l 4 72 23,
HLC & RLC i2¥1F % 6-MP A OZFE# 28725 2 L2 b, & MENICE T 5 6-MP fU
W77 7 ANERETE RN LRI N (Fig. 13). AOX 1213 AOX1-4 D 4 FE¥H
DT AV T7A—LBHEELTED, & FTIE AOXI AN DT A4 V¥ 4 L1F pseudogene
(AOX2, AOX3) ® %\ iz 2 — F T 2B FEIIZHEEL TV (40X4). —FH T
mouse *° rat (X 4 FHE T D AOX 2FTE L, FFIETIZF 1T Aox], Aox3 DSHEREL T\ 3 7).
human AOX1 ¢ iR DFEMEDO T T AV 7 4 — Lk, Z N Z 4L rat Aox] (identity:
83.12%), mouse Aox1 (identity: 83.10%) T & 5 2%, mouse TIIHEF D Aox3 (identity:
62.36%) DEFERNSH T EDRRBINTWES. MAT, Basit bR ERN 70 T4 3 2
ZMENTIC X D, human & LUK L T rat, mouse ICE T 5 Aoxl X VXV EHEMEDTH B
LMoL TE Y, AOX REBOMEAZRRL T3 7. £7, BRI+
A b VNVEFICE T D AOX HEIE favipiravir O fUEHTEM X cynomolgus >> human >
mouse > rat DIHTH YV, FIL < AOX DEEHIEAITH % BIBX1382 DERALIICHEEL T
cynomolgus = minipig > human > guinea pig >> rabbit ~ mouse TH 5 & L A LT 5 !t
W L7ehoC, BEME KL TEEMETIZ AOX OHFEG MK RS b2 vRetk:
5%, UEXY, AOX WEHOMEL, 74V 7+ — 2 vRBE, KEHAF v M &
O VAREEDECITER L T2 LRI NS, 72 6-MP DthiC %, metabotropic
glutamate receptor 5 ZAMRIEPLIE & L CTHIFE X L7z VU0409106 7& H WNIC auglurant
(VU0424238) 1%, AOX & XO W L W b %210 2 Z L 3Fl b T3 57, Auglurant
DIER DG ERERERIL, 6-MP & [FIFKIC M1 (6-oxopyrimidine) % #% T M2 (2,6-
dioxopyrimidine) ~ & "B CEELE 5. 2D Ml 25 M2 ofREHcEWT, BEET
I% Xo 2%, guinea pig 35 & U rhesus < cynomolgus Tl¥ Aox 2SHEHEL TH Y, b M Tlk%
b Z b RETEEMEC M2 HE a v, ZofER2 5 b, AOX & X0 DiEMER#H S
RIFIEIEIC L > TRELE LD L EZRTE 5.

Itoh & (%, FE & LT RS-8359 ZH\7zfD AOX #EEICE VT, 7 v b DAHIHIC
DFEEDD DT L HEE L TWwB (Jel:Wistar >> Sle:SD > Crl:SD > Sle:Wistar) 7. il 2 C,
Tayama © 3, allopurinol H{&2% XO & AOX IZ X - T oxypurinol ~& &5 Z &I
EHHL, Sle:SD B X U Crl:SD IC 1) % allopurinol BJHEZFEAIi L T2 ™. Z bR,
febuxostat % fif Fl T T I%, AOX @itk D Jel:SD #FIC BT, Crl:SD #F & b &
oxypurinol/allopurinol tt% /R LT3, Tt XO Z5EaicfHE S % 2 & T, allopurinol
DEMLRBEERD AOX DARICR 572D ICELEETH D L EZ LN L. P
DK &, SEEM L 72 Jel: Wistar f 13 I AOX it 2s & < 77, L2 ABEICHs VT,
RLC H'® AOX 7% phthalazine DFEILICHFHFEG LT3 Z 2R LT3, LEXY, fR
ARERS 1T AOX SN D 3 H 3B 5 2 (L EYNICBI L T, AOX iEMED RV RILD 7 v k
THoTH, bt PORHNEIEZHIET 2 L IIRETH L EE 255, —7, Takaoka
513 cDNA-uPA/SCID mice s < MFHIEZ ML 72 € FFIEE T v~ 2
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(PXB mice) %#fH L €, AOX FEL &Y TH % 0%Benzylguanine & hydralazine DA
TERDIEEMR2 Z L 2L AICL T3 ™. F 7z Uehara & 1%, NOG-TKm30 mice 2* & {F
Blanse MTEET V=Y T BIBX1382 B)fE %l L T % 7. L7z > T, EERE)
VIORFlRDO —# % & P HSRICEEL 72 % 2 7= v XE, AOX HHEFEY) oIl E)HE % T Hl 3
5 P CcEERFERET NV R LRSS 5.

AREETC B\ T, hydralazine HFFHIC X Y 7 v F LA 6-MP JEEE DB AR sz —
77T, 7 v MiTlE#s L O RLC T, 6-MP fRE# I AOX 23F L L T2 L 3L 2 &
7% o 7z (Figs. 12, 13). Hydralazine |3 XO fKHIHERN R Z RS w2 &2 b, 2ol 7
o7 7 ANDEALIL, 6-MP FEILFEEEASL O EHEER B 2 VW IdEnX A Z A L 72 H AR
HI2 K & % 2 54 5. Organic anion transporter 3 (OAT3) (3B AL PRANE I X O AKX
BIMICRIA L, Yo HEiticEH 532 SLC 7 Vv AFR—%2—D—fETH %. Kobayashi
5 1%, mouse Oat3 I Xenopus laevis oocytes % ] L, ['*C] 6-MP 2° mouse Oat3 I #ijii%
INBZLEERELTHED (Kn:4.01£0.7 uM), F 7z allopurinol 2° mouse Oat3 % /L 7z
6-MP ik #HET 2 2 L ZHOLAICL TS ™ ZZ T FEKICHKIRT 2 0AT1 &
L TF OAT3 IZDWT, 6-MP & hydralazine [HIfHAER O rlREM: 2 MRGT L 72, Z DFEE,
hydralazine (35S DOEE D A human OAT1/3 HE TH % 6-CF finE#HEL 72—/ T,
6-MP (¥ 6-CF fiiiik % 13 & A EFHE L 722> > 72 (Fig. 14). El-Sheikh & /% humanOAT1/3 ®
FEERAI & LT PHI-MTX 2R L7722, 10 pM 6-MP IZHES R Z /RS 2w &
ZHELTEHY O, COMBITARTOMRLE —HT2LFE2bNS. LdoT, H
21T 6-MP & hydralazine 75 OAT ICHf LB L T R I 5.

Zofticd, 6-MP DEIFRIMHEIEE L OBERRBI NG P 7V AFR—X—L L
C multidrug resistance-associated protein 4 (MRP4), organic anion transporting polypeptide1 B1
(OATPIB1) LN T W3, TN E TIZ, MRP4-KO ~ 7 Rk} % 6-MP DEIREE1L
28 B TSRA (1s3765534) & 6-MP iR R OBIEARE T LT3 2.2 b ok
Jp e U<, FICBRIAERE Fic #8313 2 MRP4 2% 6-MP D IR B DT IC 25 L T
EEBREINTS,. LA LS, MRPA (I M S Bl - Hk B 7 & AP i 77
FELTW3Z b, RRFHTHET 5 6-MP I IREHEE D2 b B L T v 3 AlEE
Wb 5. L7 HELAMDOIHMIE~DE Y AH%ZIHS OATPIBI IZBH L T, rs4149056
0, ZHITHIAT 5 1511045879 FDHEIL 4T L, T4 T VEFIOBFDNRIET & D
Bl 2 R 3 2 Wi D AES 2 2. Bk, 6-MP o FE PR Ic BT, Fido 7 v
AR — X — DEEN L EREZ G L 2 AR o Tw 2. ARG CiX, BE»S
DRIGEFEICE 1T 5, 6-MP F X U8 hydralazine B AVEH O AIHEM: 2 HEFR$ 2 729, I8
ed 2 WIZERIRN L D R 2G5 L Cwb. L2 LAarb T4 7 ) vEFNT AR
FO%Gch b, AR Cli3PlEhEEshHIC 51 2 HAFH % i sk Tw iz, 6-MP
DIENBIEES X CHEMERZRAT 272010 b, F4 ORBRCHER ZHEHA L2, X
b G R BRET ST H B
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¥ 72, 6-MP IZAEMBRHANTHESRLHIC 6-TUA ~ &G XN, 2 D13 & A EAIRFICHEM X
N5, A T,6-TUA EEDHEIICHE Y, 6-MP OFELA I S N5 2 &b N TW 5.
L722855C, 6-TUA DHEIEESS, MM 6-MP DI RN L T\ 5 Al HE
TEICOWTERT 201D 5.

2.5 IME

£ AOX FHESAIC X 2T, 6-MP 205 6-TX ~DREHE IS 2 & 2R L 7-.
¥ 72, ZDOHEREIL febuxostat HLFETFTHHEOLNZZ &0, K AOX FHEZRAI
XO TlE7e < AOX #ER 7 6-MP R DIHFICK 2D THL Z L L L o7,
L2L7%23s, 7y b PoMEREICK Y, in vive ICET 2 HEAENTOMHALER 13 KEHE
ThHotz. EFERICEHIT 2 AOX OEEEZFHEiT 2 LTdh, & &R E L 7ZEKH
RNREETH L. LI Lo, BRI AOX ListoREEEESED 354, #1X
HEER OB LRI X 2 iEEOK T 2, HEFEA OGN ZER L 72 LT, AOX ¥
REZ T 2 M BN HZ EEZOLND.
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5 3E SNPs 12X 3% AOX1 EHEDERL S VICZ DR DFREAR

3.1 %

b MFBED v I vicid AOXT FHLE & BERIEHICK X AfAEME BRI NS,
Amano 513,28 ADFF—X V&t X oL 72 HLC ZHW2fETc X D,
dantrolene 3= TG 4 1% 37 £%, phthalazine FE{LIEME X 61 (5D R H 5 L ZBHAL A ITL
TWw3 9 7220 bDiEM, western blotting (WB) 1 X Y §Hifi X #1172 AOX1 & v ¥
7EFEBEEMHBEL TW3 28, —8o FF—CRERBICHN L TEEED 3 IS
HERLTWE, LT, AOX DX Vo3 7 EiEELEARER O 5ED, AOX 2
WIS BT B EREEICE#ET 2 2 L ARBEINS,

BRI ARBENE M L BB oA L2 EAHTHRDO—-D>TH Y, WD
D SNPs 78 AOX iEMEICHER 522 2L PME I N TV 3. 40X] Bz TDa—F 4
VIZHEBICE T 2L AR TH D NII35S (1555754655; ¢.3404A>G) & HI297R
(rs3731722; ¢.3890A>G) %, minor allele frequency (MAF) 23 LLEY V> nsSNPs TH 0, il
PRIFFZE C D iGN R -CEIAE & OBEMEARB ST 5. Carroll 5 (3, 183731722 A3EiIR
FEIMSERBIC BT % allopurinol OFES8 (300 mg/day) & HHEAT 2 2 & 2L T3 29,
¥ 72N L7230 D | 1555754655 (3R MEKRH 6-TGN JREE S X OF TPMT G ICkfEE 371
AZA DIRIEIRPIE L BE T 5 2 L, AZA IR E O & L BE$ 2 %, —7 T, AOX
FEHRAICTH B XK469 D27 YT 7 v Ak 1555754655 ICIIHBEA W 2 L AME T T
W3 2D LAE XY, AOX1-SNPs D2 IR CEFTRICK o TRE>TEHY, —
BLZARBEIELNLTH RV,

Hartmann 134 £V 7 A 180 A0 E{EFES % FH# L, AOX1-nsSNPs DHHEL 7n
S UCTERAEEIT o 72, Z OFEE, N1135S (MAF/0.029) ¥ X U8 H1297R (MAF/0.053)
I% phenanthridine DFELICIIT 2 X — v — =5 ke ZHEME 2 Z L BHL L 72
272 % Hutzler 5%, BEREFIN-H—-FF—oe P2 R 3T % 2 & T, 0%
Benzylguanine FE{LIETEIC 3513 2 17 5 DEARRZE Z R L 72 9. il 2 T, AOX1 D N1135S,
HI297R ZH%ZH 3 2 i<, mueiidhitkotm z R 3 2 L AR I iz, L
LaAs, 2o Df%E Tl AOXI DIEHE T 25 X Z 3 SNPs lZ R0 o TH LT,
¥7- HLC FF—DANERH—-THE L2, Zofioe vy Iduf bt af VE
DOffi 2 O N RICEH T 5 AOX DEARMZE DRI R 7ZAH L 3% o,

LU OBER %I E 2, AsECld, ERICE T3 AOXI-SNPs DFEED I, 7z 5 O
I, AOX HHEL &P O RBEMEICHE % 5 2 2 ¥ SNPs ODRIEX HIV & L <, N7
J LT — 2= % HWT2 AOX1-SNPs DIER, ¥ X OGEIETHE 21T - 72.
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3.2 ERMBBLUVAE

3.21 BAFE

Phthalazine ¥ Sigma-Aldrich Chemical Corp. (St. Louis, MO, USA) 72> L A L 7.
Phthalazone | Tokyo Chemical Industry Corp. (Tokyo, Japan) 2> bl A L 7z. Carbamazepine
I% FUJIFILM Wako Pure Chemical Corp. (Osaka, Japan) 7> S8EA L 72, % Dt D iR3E 13 5F
WD e WIR YRR D L IEAEEFER, 2 FAEMERO S % v 7z,

3.2.2 nsSNP DiEZ%E

AWF5ETlL, RERGMHEZ TGS 2 40X] ST D nsSNPs % EIRS 5 LT, SNPs 1%
WEELT /) LT —X_X—=Z2TH 23 1000 Genomes Project (IKGP) ¥ X ' genome
aggregation databases (gnomAD) # &R L 72 ¥%0) -2z oL L ¢, EidoT —
ZR—=ZICEFFEINTWD SNPs D H B, 1) 2 —FT 4 ¥ ZHEBICHLET 5 SNPs TH D,
2) N ANFEEMICE VT MAF 28 1% U ETHE L 2RHEL L7

3.2.3nsSNP DZEFEHDFA

% SNPs 12 5 AOX1 HERE D Z B~ D722 %, PolyPhen2 *7, SIFT4G *, PROVEAN *),
REVEL? D 4fED Y — v EHWCTFHIL 7.

3.24 ZTEEAOX1 75X I FOESR

Wild type (WT) human AOX1 D% iZ Refseq N D Accession &5 “NM 001159 % %
4 L, Eurofins Genomics (Tokyo, Japan) ICf3 k% Bt L7z, A S L7285 F 13 Notl &
Xhol THLEET, pcDNA3.1 (+) vector (Invitrogen, Carlsbad, CA, USA) IZHAIA A, WT AOX1
TIRAI PRI Z—FAEK L7, KIC, 2D WTAOX]I 75 A3 Fagiily L, ZmEE
N7 7 A4 = — (Table 4) % F >, QuikChange II Site-Directed Mutagenesis Kit (Agilent
Technologies, Santa Clara, CA, USA) IC X » ZZZBRICH Y T % AOX ¥ % BEiliE & & 7=
BoN=77 2 FEFHE Notl & Xhol 4 b T pcDNA3.1 (+) vector IZFLAAT Z &
THMut AOX1 77 A I PRI Z—%fffl L 7. 772 I FhD AOX 2 —7 4 V7'
Wiz =7 v AT I == Ty —7 v REW 2T iR L 72 (Fig. 15).
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Table 4 Primer sequences for mutagenesis.

Protein Transcript \ ar
rsiDs Consequence Consequence Sequence (5'-3")
Forward CTAGCCCGGGTGAAGGACATTTTGGCTGATG
rs58185012 Q314R 941A>G
Reverse CTTCACCCGGGCTAGGCTGAGACCAGC
Forward GAGGCCAACTACTGTGATGACATGCCTCTGG
rs143935618 1598N 1793T>A
Reverse ACAGTAGTTGGCCTCCCCCGTGGCATG
Forward ATGGAAATCCAAAGCATGCTTGTCGTTCCCAAGGG
rs35217482 T7551 2264C>T
Reverse GCTTTGGATTTCCATATAAAAATGTTCTTGACCTCCCATATG
Forward CCTAATGGAAATATCTCTGGAGGTTCTGTGGTGGC
rs139092129 A1083G 3248C>G
Reverse GATATTTCCATTAGGGACAGTTTCTGTGCTTGTTCCACG
Forward AGCATTAGCCTTTCAGCTGTTGGATACTTCAGAGG
rs55754655 N1135S 3404A>G
Reverse GCTGAAAGGCTAATGCTTTCATCAAAAGCAGTCTGTG
Forward GAGAGAGGCCTGCGTGGACCCTTGAC
rs3731722 H1297R 3890A>G
Reverse GTCAAGGGTCCACGCAGGCCTCTCTC
Q314R (rs58185012) 1598N (rs143935618) T755I (rs35217482)
Forward Forward Forward
y 111 18000 B
THRLHGLHI L et L Ll L L
180 190 20¢ 180 190 20¢ 180 190 200
|| o f
et ot Al
Reverse Reverse Reverse
Bl bsa b 10111 SRS RENE NN FRELLE-R LR R
CTTCACCBIGGGCTAGGCTGAG TCATCACAGTAGETGGCCTCC AGCATGCTTTGGEATTTCCATA
180 190 200 180 190 20C 180 190 20¢
r \ q A : i\ fifh g f
A A Awanha VWA A MMM
A1083G (rs139092129) N1135S (rs55754655) H1297R (rs3731722)
Forward Forward Forward
BRLLRLL- ]
GCCTGCETGGACCC TTGACCC™
180 190 200

Figure 15 Electropherograms of the AOX1 SNPs: Q314R, I598N, T7551, A1083G, N1135S, and
H1297R. The locations of SNPs are highlighted in red color.
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3.25 XKBREDIEEL 77X I Fi#il

WT 5 XU Mut AOX 7°7 R I FOAfERUICfE L 72 KGR DHSa #ki%, LB K5k ]
W 37°C TIRERTE L2 $72, 5BIRE L L T ampicillin 2 &R 100 pg/mL CfER L
7=. RIGHE 26D 77 2 I FiliiC i3 FastGene Plasmid Mini Kit (Nippongenetics, Tokyo,
Japan) ZF\, fffED 7w b aric L7z - TiT-o 7.

3.2.6 {FHAMEL LVEEFEA

£ SNPs I X 2 HRAEZS L 3 X O AOX1 O FEREH) % i3 2 LT, AT CTlx 10 %
FBS IRIMZ N~y a4 — 7 kG838 L 7= HEK293T Mlifd 2 w7z, K585k
226 LEBkE L7z, Mz &ML 72 24 Wefilfg, &~ 2 % —% Lipofectamine 3000
(Invitrogen) # W CTEAT S Z L T, WT LU MutAOX1 #HHX ¥/ b7 v 27
=7 v avd48 BRI, MiEE 0.1M U vEEF M U v LERENR (pH 7.4) ICER X
A PRI X DB L 72 15 O 7z AR R TR % 0 0 o (9,000 g, 20 min, 4°C) F
52 e TREONTZ S HISE A, 2D WB B X UORHT v A ICfHHL 7.

3.2.7 SDS, Native-PAGE/WB

Mz v o8 7 HFBE 1 SDS-PAGE, HE{kS X O "B AD M| Native-PAGE i X b
SR, WB I TR L 7. S9 [#]531IC &5 5 @ 2 X SDS sample buffer (0.1 M Tris-HCI (pH 6.8),
4% SDS, 10% 2-mercaptoethanol, 20% glycerol, and 0.004% bromophenol blue) & 5 > % 2 X
sample buffer (0.1 M Tris-HCI (pH 6.8), 20% glycerol, and 0.004% bromophenol blue) 7% 7N/l
L72#2,10% KV T 27 YT I F7 L (SDS-PAGE) & 5\ 3 825% /7Y TV FKY
727 VAT I K7L (Native-PAGE) I CEAKEN % 1T > 72. Native-PAGE IC51) % 7 v
BLOUKE) Ny 7 7 —I2i3 SDS ZiNE M L7, 7% PVDF Hl A v 7L VEIC
5% (15 V for 90 min in transfer buffer: 48 mM Tris, 39 mM glycine, 0.13 mM SDS, and
20% MeOH), 1% A ¥ L In 27 T7uy Xy 7L, ZDHIC 1,000 5% L 72 rabbit
AOX1-specific primary antibody (19495-1-AP; Proteintech Group Inc., Rosemont, IL) & 3 \»
1% 4,000 £%45FR L 7= rabbit monoclonal anti-actin antibody (ab179467; abcam, Cambridge, UK)
YV TN TG X 272 B H 0.05% Tween20/PBS T = T4, 4,000 f5 AR L 72
mouse anti-rabbit IgG—horseradish peroxidase secondary antibody (Santa Cruz Biotechnology,
Dallas, TX, USA) ¥ v 7T 1 FERIGE &7z, A v 7L v & HICEER R, ECL
Prime Western Blotting System 3 X UF ImageQuant™ LAS 4000 mini (Cytiva, Tokyo, Japan)
TNy FEBEH L 72, EREENT 12 Image) software Z FH TNV FOERZIT - 72,
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3.2.8 Phthalazine B8t 7 v £ 1

HEK293T i & 0 #iiHi L 7= S9 [#i93 (1-1.4 mg protein/mL) % 3 73] 7L 4 v F 2 X
— ¥ 2 v L7, AOX]1 OHIRIFLE C©H % phthalazine % IS % & & CEEIL G % FFAM
L7z, RIGHEF D DMSO D RALIREEIE 0.1% LT & L, mfSOGRED 50 ul & 72 % X
5 B 72 BACRSBHAR 10 731%, PEREEHE (200 nM carbamazepine) % & 15 methanol
% 150 L SN LG 221 X w72, v A 2008 L 721 (16,000 g, 15 min, 4°C),
Ei% 10pL % UPLC-MS/MS IC4 v ¥ = 7 & 3 v L,2.2.8 IZEC# D 4F:C phthalazone ®
AREZERL .

3.2.9 UPLC-MS/MS |C & % phthalazone DE=E

UPLC/MS/MS D513l % 2% 1 L 7= *). Phthalazine X Y BE{L S AR & iz
phthalazone D & & IC (3 Waters ACQUITY UPLC H-Class System ¥ £ Uf Xevo TQ-S mass
spectrometer (Waters Corporation, Milford, MA, USA) ZH 7z, JEAI Nz ¥ v T D5y
HfE 11X Waters ACQUITY UPLC BEH C18 column (1.7 mm, 2.1 x 50 mm) %fffH L, 777 4
E % 40°C, it % 0.4 mL/min & L7z, #EIHHICIE 0.1% formic acid in water (mobile
phase A) ¥ X U methanol (mobile phase B) ZfiH L, XKD 77 v v b GEFTER L 7
100%-30% A for 2.5 min, 30% A from 2.5 to 4 min, and 30%—-100% A from 4 to 4.1 min, 100%
Auntil 6 min. &7 vu=+ 27774 =X 0 pHEENTALEYIL, BSTICTA A L L 72
% Xevo TQ-S mass spectrometer (C CHIHY L 7z (m/z: 147 >118 for phthalazone; 237 > 194 for

carbamazepine).

3.2.10 #ERRMT

Vimaxt, W% 7 — # % Michaelis-Menten kinetic model IZIEMEN —T 7 4 v 74 v 7 &
HBHZ LIk o TEIE L2 HEHENTIZ R ver. 44 35 X U multcomp ¥y 7 — ¥ % fiiH
L, unpaired Student’s t testiC X 2 2#£[E] D HLE, Dunnett’s test® % > |3 Tukey’s post hoc test
KX 24 HEICB T 26BEEZDREEZITo72. WTFhOEAD p<0.05 ZHi#NICH
BEThHDLEHEL .

L EmMAAT IC 13 SigmaPlot 14.5 (Systat Software Inc., San Jose, CA) %\ 72. K X U
ol
Iz
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3.2.11 AOX1 &2 » /37 B DI FIEER TS & U multiple alignment

AOX1 D & v % 7 EH§i&E L Protein Data Bank @ 4UHW %S L 7z V. VZfRfE&E DR
TREB L SNPs ICX 257 3 /EBEDERIT PyMOL ver. 2.5.5 (Schrodinger, New York, NY,
USA) ECTiTo7z. B TLEMB XSO R o5 7 I/ Wi stick /R, £ Dfth %
Vo ZEEA 7 & D E 5y T3 cartoon 35 X U surface FRon & L 7z,

Multiple alignment IZ (¥ Molecular Evolutionary Genetics Analysis ver.11 Zffif L 7z 2.
human AOX1 & DR & L T alignment ICfER L 72 % v o8 2B A IE, RISRTH
IO AOX XU XDH ®a—7 4 v ZfHif % S04 L 72: Homo sapiens AOXI,
NP_001150; Mus musculus Aox1, NP_033806; Mus musculus Aox2, NP _001008419; Mus
musculus Aox3, NP _076106; Mus musculus Aox4, NP_076120; Oryctolagus cuniculus Aoxl1,
NP_001075459; Macaca mulatta Aox1, NP_001268238; and Homo sapiens XDH, NP_000370.
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3.3 ERER

3.31 & AOX1-SNPs |l B T3 7 LISEE S S URETEREOEZETH

human AOX1 D FEFIF 1338 D7 I VX VBRI NTHE Y, 2 ORENRESL L
UHHED &, 1) [2Fe-2S] F A 4~ 1(20kDa), 2) FAD F £ 4 ¥ II (40kDa), 3) Moco % N3
% C KU K A4 ~ 1 (90 kDa) @ 3FHEAD F X 4 v iciriF b %, K5 ciHii+ 3
SNPs L LT, 7/ LT —2_X—=XTH?% IKGP HL U gnomAD XV, & AHEEHD
MAF 230 %, DIFICFE# T 2 6 D nsSNPs %% H L 72 (Table 5): Q314R (rs58185012;
c.941A>G), 1598N (rs143935618; c.1793T>A), T7551 (rs35217482; ¢.2264C>T), A1083G
(rs139092129; ¢.3248C>G), NI1135S (rs55754655; ¢.3404A>G), HI297R (rs37317222;
c.3890A>G). 724 SNPs I3, FAA VI ICBIB3ERTH 5 Q314R %%, fho 5FF
D SNPs (32T FAA v HIICHLE L Tz, 72 N1135S 5 X P HI297R 1, 12 ALY
DNFEEFMICE VT MAF 28 1%L ETH o 72DI2x L, 1598N (X American ¥ X UF East
Asian, Q314R 72 & TNT A1083G (% African D &, % L T T755I % East Asian @ & IZFF 1Y
IR ONS SNPs THBZ EBHLNE TR o 2.

Table 5 Minor allele frequency of nonsynonymous mutation in the AOX1 gene.
Data were obtained from the 1KGP and gnomAD databases. The sample size of each race is
denoted in parentheses.

1KGP Populations (n)
NCBI SNP ID Amino Acid African American Europe East Asian South Asian
Change (1,322) (694) (1,006) (1,008) (978)
rs58185012 Q314R 0.027 0.001 0 0 0
rs143935618 I598N 0.002 0.042 0 0.012 0
rs35217482 T7551 0 0 0 0.010 0
rs139092129 A1083G 0.011 0.003 0 0 0
rs55754655 N1135S 0.268 0.072 0.121 0.003 0.021
rs3731722 H1297R 0.039 0.157 0.071 0.094 0.098
gnomAD Populations (n)
Amino Acid African Latino/ Asbhenazi European European East Asian  South Asian Other Overall
NCBI SNP ID Change American  Admixed American Jewish (Finnish) (non-Finnish) ©.197) (15,308) 3.070) (125,748)
(8,128) (17,296) (5,040) (19,824) (56,885)
rs58185012 Q314R 0.023 0.001 0 0 0 0 0 0 0.002
rs143935618 I598N 0 0.065 0 0 0 0.012 0 0.007 0.010
rs35217482 T7551 0 0 0 0 0 0.012 0 0 0.001
rs139092129 A1083G 0.009 0.001 0 0 0 0 0 0 0.001
rs55754655 N1135S 0.255 0.070 0.093 0.092 0.138 0.003 0.043 0.129 0.109
rs3731722 H1297R 0.041 0.131 0.036 0.110 0.065 0.080 0.091 0.065 0.079
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FEED 6 FHEHD SNPs 122\ T, % DOfE{LEEZ T T 5 1T b, 2.2.3 ICEIH L 724
TP — i X ) BEROMRENZE % Ji#A L 72 (Table 6). S [HW7z web ¥V — v
DM, PolyPhen2, SIFT4G, PROVEAN IZ 34 v b A 7B ED LN TE D, ThZhd A
a7 2509 LLE, 0.05 Kii, 2.5 RilsOBRIC, AEICHZEN D 5 (Damaging H 5 I
Deleterious) & EHRIN TS, SHFAELZSNPs D5 H TI551 I TRTCOY —LicE
WO R JTT e FHlE N, £72 0-1 OfE%Z % REVEL ® X 27 3R b @V EZR
L 7.

Table 6 Prediction of the changes of stability caused by each of the nsSNPs.

Amino Acid PolyPhen2 PolyPhen2 SIFT 4G SIFT 4G PROVEAN PROVEAN REVEL
Change Score Prediction Score  Prediction Score Prediction Score
Q314R 0.003  benign 0.281 Tolerated -2.42  Neutral 0.067
IS98N 0.33  benign 0.009 Deleterious -5.49 Deleterious 0.141

probably . .
T7551 1 N 0.001 Deleterious -5.91 Deleterious 0.532
damaging
A1083G 0.003 benign 0.047 Deleterious -2.21  Neutral 0.116
N1135S 0 benign 1 Tolerated 2.42  Neutral 0.121
H1297R 0 benign 0.401 Tolerated 0.71  Neutral 0.080

332 HEABLUZEHRAOX1 2 NIBORRE

TIWIOIC, WT X% Mut AOX1 % Pk I F IR X ¢ 7= HEK293T fifigic
B iz v i 78 %, SDS-PAGE/WB IZ Tl L 72 (Fig. 16). % O#E%, pcDNA3.1
vector 3 A L 72 mock & HIK L T, +XTD AOX]1 vector B AMLIC BT AOX1 X
Vo EROMMAED b7z (Fig. 16A). 72 WT AOX1 & fthd Mut AOX1 [T, %
DR VANTEBITITFEDRD biLind > 7= (Fig. 16B).

7 AOXI B FRIMHAEFERICL Y s B EKT 22 3MoNnNTEy, C
DO BRI AZ ORHHE L BEEST 2 e AME IR T3S . Z Z T Native-
PAGE/WB 1 X Y, Z—&{& (300 kDa) DIEAMLILE %3l L 72 (Fig. 16C). % D#E%R, WT
CHE L TISS1 RO HB _BIERER 30%EERP L T e BHL o7z 72
Z DAt d Mut AOX1 D BRI IT WT L RI%ETH - 7-.
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Figure 16 The expression of WT and Mut AOX1. (A) The expression of total AOX1 or B-actin
protein was determined by SDS-PAGE/western blot assays. S9 fractions containing 10 pg protein
were applied. (B) AOXI1 protein expression was quantified and normalized relative to that of -
actin. n.s., not significant; Dunnett’s test. (C) Dimeric or monomeric forms of WT and Mut AOX1.
Dimer expression was calculated based the ratio of the area of the upper band (300 kDa) and total
area of the upper and lower (150 kDa) bands. **p < 0.01 compared with WT; unpaired Student’s
t test. Data are the means plus or minus s.d. of three independent experiments.
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3.3.3 WT AOX1 @ phthalazine {1 :F(f

AOX1 HIUFLE © % % phthalazine %, mock & % \» 13 WT AOX1 5l FIH HEK293T Al
X Y357z SO Wiy & KL & 72, % L CTHRK & 17z phthalazone @ &= % LC-MS/MS
ZHWTHIES 5 2 & T, AOX1 DIELIEREZFIMMi 32 < & & L7 . REREHKAER) 72 i
LG DHERS % G 3~ 2 72 8, IGIKE] % 1-30 43 & L T phthalazone @ 4l % #I7E L
72l A, 157 F CHEMIN R ISERY OEM B b7z (Fig. 17A). ¥ 72 AOX1 ER
PIREER & L Tty X 11T\ % raloxifene (ICsp: 2.9 nM*Y) 27T % & & T, WT AOX1
FIAMIAEIC 351F % phthalazone @ A B 23 KIEICIA L 72 (Fig. 17B). U Lo R 2 # &
Z, RFHMRIC X D AOX]1 DHEREZ FEMi T % 2 & & ZHEzR L, DARRSIGHEE % 10 20
&L THRR 2D 72,

A B

140 5.0 - . +

120

w0 | |

s =100 ST
&g = ]
3 ‘3 S92 30
% © k) .
55 80 8o |
NS 60 8SE 20 |
s g 23
va'c- Q. 40 £ E
=~ oo
o =~ 1.0 A I

20

0 0.0 [ | i
0 10 20 30 Phthalazine 1M 1M 10 yM 10 yMm
Time (min) Raloxifene - + - +

Figure 17 Enzymatic analysis using S9 fractions of WT AOX1-overexpressing HEK293T cells.
(A) Time course of phthalazine oxidation. The substrates were incubated for 1-30 min at a
concentration of 10 pM. (B) Inhibition analysis of phthalazine metabolism. Raloxifene, a potent
AOXI1 inhibitor, was used at a concentration of 0.1 uM. **p < 0.01 compared with the 1 uM
phthalazine control; T1p < 0.01 compared with the 10 uM phthalazine control; Tukey’s post hoc
test. Data are the means plus or minus s.d. of three independent experiments.
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3.3.4 WT 3 & U Mut AOX1 ® phthalazine B{LEED ER

333 CED MBS FIC, WT I X O Mut AOX1 D fRHTERE % 3174l L 72 (Fig. 18A).
Z DFER, T7551 BTl WT & Uik L T phthalazone DFEAERHEICIKFL T3 2 &
DIRE NS, Z T, BIGEEICE T2 WT XU T7551 AOX1 HEREZ HIE L, BEE
FOGEE T A — 2 —%BH L 72 (Fig. 18B). Michaelis-Menten kinetic model 17 4 v 7
4 VIR A, HEHLOBNMELZ R T Knl@ICIEELRRON 57— T (K
WT, 2.28 £ 0.24 uM; T7551, 1.09 £ 1.14 pM), T7551 TIIERASICHEE % TR T Vinax MK T L
TWBZDBHLD2 L o7 (Ve WT, 13.03 £ 4.08 pmol/min/mg protein; T7551, 3.08 =
1.40 pmol/min/mg protein).

A B
20 4 Kn Vinax
(M) (pmol/min/mg protein)
- WT 228 + 0.24 13.03 £ 4.08
120 .
T7551 1.09 + 1.14 3.08 + 1.40
c 100 - SE5
£E g8
sz 80 - 3 o
X 0 ok 2E 10
o
o> 60 F.,E o wr
£ w® = o T7551
8§ 40 £2
Q

© :-_’ E g 5 1 * * * *
=] '3 -
£2 20 KL = §
& i

0 0 T -

40 60 80 100 120
Phthalazine concentration (uM)

o
N
o

& & B O
X & P P
& & & < ?t\@ é\,\’b

'é\G
&

Figure 18 Comparison of the oxidation of phthalazine. (A) Ratio of phthalazone generation in
Mut AOX1. *p < 0.05 compared with the WT; Dunnett’s test. (B) Enzyme kinetic assay for the
oxidation of phthalazine. Metabolism of 1-100 pM phthalazine to phthalazone was measured for
10 min at pH 7.4 using S9 fractions obtained from WT (filled circles) or T755I (open circles)
AOX1 expressed in HEK293T cells. Plots were fitted to the Michaelis-Menten equation. *p <
0.05 compared with the WT; unpaired Student’s t test. Data represent the means plus or minus s.d.
of three independent experiments.
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34 EE

ARETIX, AOX1 1T X 2 RHEED AN Z D ER % fRIAT 5 720, a—7 4 v 75l
ICHBWTT I/ EHEI NS nsSNPs ICEH L, AOX1 #EEX LH) X ¢ 285 T4 8
DEEZ HIE L 72, Agtcix, EKICE T 3 AOX] BT HIctE >, HEEY O
BHRE I X ORI B O MREE % B 2, MAF 285 1%L E D AOX1-SNPs I [RE L T 2Fiffi &
FE L 72 (Table 5). IKGP ¥ X U gnomAD 7> 53 5 4172 SNPs ® MAF [3#fsa—3 L <
B9, N1135S % HI1297R (F LRI % < DERICHET 2 LR TH 5 — T, Q314R B X
NAL083G 127 7V A7 ASEMLI598N 13T 7 v R/ARIMMT A U A AB LT &7 ANEM,
T7551 T Y7 NERICRRNICHEET 2ERTH L EBHL o7, T2,
IO DBIEFLEIICH 2 v N EBERE~DREL TH L7z 25, T7551 2R
PolyPhen2, SIFT4G, PROVEAN, REVEL D4 T @Y — A iZ B\ T, deleterious & 3 3 %
a7 DK% AR L 72. T755 1, homolog (mouse Aox1 [T750], mouse Aox2 [T761], mouse
Aox3 [T751], mouse Aox4 [T753], thesus monkey Aox1 [T755], rabbit Aox1 [T751]) ¥ X %8
f&E{s T T % human XDH [T747] THRIFINTH Y, @R LT EET 5 LT
QHEBEREILTH B LHEE I NS (Fig 19).

Phthalazine % &8 & L CTH W 7= RETREFEAM I X », T7551 X AOXI iGHEAE T X ¢ 5
TERHL D E oz, 72, Kn ZELR L Ve DRI L2 &0, & DA HIFH
BRAEICZ L R 5 2 IR E MK T X & 228 CH 3 ARetE R S vz (Fig.
18). % T, SDS-PAGE/WB I X Y 3Fffi L 7248 AOX1 HIE 1L, 6 fid MutAOX1 & X O
WT AOX1 TRIZTH - 7= (Fig. 16). L7=22%-> T, AOX1 il FE HEK293T Mg b <ig,
FFED MutAOX1 [EIC 1T 2 & v o3 7 D3R, RIEMICIERNR N LRI Nz,
¥ 72, Native-PAGE/WB IZ X | T7551 ZRI1f 5 —BWEREORD R S -, F8
LHEEAH T 2% XDH 1, ZEBIMLick v 472 =y b BMGHNICEE S B X O
LM LI 2 2 IO TWS % DIE XD, T7551 2RIt —EikE 0K
T 23, AOX1 iEHAK T O R D—>TH % AJREMEDR S 17,

Homo sapiensAOX1: VDQ I LEGE I HMGGQEHFYMETQSMLVVPKGEDQEMDVYVSTQ: 75
Mus musculusAox1: VD QI LEGE I HIGGQEHFYMETQSMLVVPKGEDGEIDIYVSTAQ: 75
Mus musculusAox2: VD QVAEGTVHVGGQEHFYMETQRVLVIPKTEDKELDMYVSTAQ: 761
Mus musculusAox3: ADQ I LEGEVHLGGQEHFYMETQSVRVVPKGEDKEMDIYVSSAQ: 75
MusmusculusAox4: VD QI VEGE I HVEGQEHFYMETQTILAIPQTEDKEMVLHLGTAQ: 753
Oryctolagus cuniculusAox1: VD Q | LEGE I HMGGQEHFYMETQSVLVVPKGEDQEMDVYASTAQ: 751
Macaca mulattahox1: VD Q| LEGE I HMGGQEHFYMETQSMLVVPKGEDQEMDVYVSTAQ: 75
Homo sapiensXDH: ADNVVSGEIYIGGQEHFYLETHCTIAVPKGEAGEMELFVSTAQ: 747

Figure 19 Multiple protein sequence alignments of mammalian aldehyde oxidase (AOX) and
xanthine dehydrogenase (XDH). The alignments were generated using Molecular Evolutionary
Genetics Analysis Version 11 under default parameters. The conserved threonine of AOX and
XDH are highlighted in yellow.
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AOX1 T X BB LIS, ¥ A A v I IChiE 3 2 BEE GRS v FND Moco %A
LT3 EPHMONTEY, Mo BEECELETIE, [2Fe-2S] 7 7 A % —
4L FAD OfET 2 F AL v I ~efEI N, EURICICHAIN S T LR
NTWwW3. Foti bk, 420 7 ANEFTHRINSZ AOXI DELRTEETH S S1271L
(rs141786030) T, benzaldehyde DE(LIEPEIC BT B ke I X U K, DI ITHE RIS
PEDMET 32 2 & 2L HIC LT3 7). HEIC phthalazine % F V72 BRIC 1%, S1271L I
£ 5 BRI D Z LA R S nE, AT S1271 FERLIGTEICEE 22 Moco IC[ET 3
E1270 & HICHE/BLERT v MBS 27 I/ BEETHLZ b, ZOBEGTS
HigEmwEEEMO X —v A — N — T B 522 2 e BHEFEINS. Lz o
T, BIE T4 OMER G+ 2 ECld, 2 v 28 hOKEEYEE T2 2 L0HE
WCHh D, AT CHEDONRE L7 6 D AOX1-nsSNPs (X, D% B F AL v 1
ICAZIE LT 2 23, SRERERIAL IC B 3~ 2 R BIIAEAE L 2 0> o 72 (Fig. 20).

166 231 516 555

— [2Fe-2S] X2 Linker FAD Linker Moco I
Domain | 1 Domain Il 2 Domain Il
rs58185012 rs35217482 rs139092129 rs55754655
(Q314R) (T7551) (A1083G) (N1135S)

{

A1083G

Figure 20 Location of nsSNPs of AOX1. The three-dimensional structure was obtained from the
4UHW Protein Data Bank. Amino acids and Moco were shown as stick representations. The
AOX]1 monomer of chain A is shown as a surface representation and chain B as a cartoon.

Schumann © |, Rhodobacter capsulatus \ZF6¥13 % XDH IC BT, [2Fe-2S] 7 7 A X
— B HREHES XU Moco DERE, ENEHIICEE cH 2 2 L ZHLAICL T
% % %7z Itoh & i3, Donryu rat IZ3 1) % G110S Z %5 Aoxl © BT E L UMRH
EHEOETEBEELTWEZ 2SI TS %, rat Aox]l @ G110 ICHY T3 T
IR TH D human AOX1 ICF1F 3 Gl 1E, 2 DD [2Fe-2S] 7 7 A X —H 568
7.7-18.8 A DHFEEICAIE S 5. AT Hartmann &3, [2Fe-2S] 7 7 A & —{}E (11.5-
19.6 A) @ R802C Z2¥7%3, Escherichia coli % F\» TEK X 2172 human AOX1 O &KL
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BRI ELEEHLICLEZY, 72 WT B X UTR802C #HiT, AOX1 0 Bk & I
BRLC, HEAR TS 77 VvoAEMETL Tk, 2o DHRICHES &,
AOX ' ~D [2Fe-2S] 7 7 A X —% X X Moco Dffi A IZEAEBIEE B L ORBETE % £
HT2EERA XNV FTHY, $72 [2Fe-2S] 7 7 A X —ICiEHET 57 3 J BEFREE 1,
INL DR TAEDL AOX RV XD 7 +—NT 4 v 7 ICBWTEHEREYTH 2
TR IND. ARG CcRIEENBETEOMET % T755 & [2Fe-2S] 7 7
Z & — S DOMEEEIX 11.2-11.7A TH H, G110 B L X R802 & [AFEE I, AOX ¥ 7 2= |
MifE &M L O [2Fe-2S] 7 7 A X —DE { IZfiiE LT % (Fig. 21). —/7 T, [2Fe-2S]
7T AR =D LEENTALE T 5 N1135S (%, WT & Mg L CHEH/ _BikthicEEr 5
2otz PLEX Y, T7551 I281F 3 [2Fe-2S] 7 7 A X —&H B0 D, —BHE
e RGO T ORKRTH 2 2 EBRBEI NS, Lz -> T, T7551 13, phthalazine
RO T, 2 To AOX FEHEOMRHNEMR T ICH S T2 HEEINS.

Lo L7adi s, AETClif Mut AOX1 12381 5 [2Fe-2S] 27 T A & — D RIFIE L]
ELTEDLT, 72 [2Fe2S] 7 7 A X —HERDEEHRLZENINRICET 2 LI5S S
nTwkwv, $7, A0X IC X 2BITRIGICOWTIFMREIF X LT WisWn 2 & 225, FAD fif
MOREEAERT v F oG EICIEEICE T 2, T7551 &9 72 Mut AOX1 DFE IR
BHTH2. Lo T, Lo BRIt A =X LB X WNEITTKIGICEB T 32 BEF%
MOMEZRHT 272010 dh, EROEEAYZRC7-H s 2 Mt LETH 5.

¢ 2 fﬁ7 ')}
Fap gk 1 g Q\ N )
;!\f' & 2

‘ ) Q,_ [ZCe-ZS] ‘/;
\ 11‘% T755 ]
e &

i
‘,

165 7
/ #
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\ >
1
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Figure 21 Location of T755 in WT AOX1. The three-dimensional structure was obtained from the
4UHW Protein Data Bank. T755, FAD, Moco, the [2Fe-2S] cluster, and the malonate ion (MLI)
are shown as stick representations. The AOX1 monomer of chain A is shown as a cartoon, and
chain B as a surface representation. The distance from the mutated amino acids is denoted by
dashed lines.
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WEHRIC BT, HI297R F X UF N1135S 13 phenanthridine % #£5 & L 72 BRICER(L G 3
fX'F L 7z—75 C, benzaldehyde, chloroquinazolinone, phthalazine D FE{LIC 137 EE% 5 2 7x
W ERHMOLNT WS ¥, AMEHICIHEWTY, phthalazine 2 AOX1 FHE & LR L 7=
FEH, HI297R 3 X TN N1135S ICfE 9 AOX1 GO RIT R b s, B e —83 2 AfiE
BF O NIz, L3> T, & Mut AOX1 DiEM:IL, FHfiic v 2 FEIC X o TILE R
RAAREMED D B, % 2T, 6-MP #HFE & L TH AOXI1-SNPs i X 3 {CHHEIEZEL D FF
flizilarz. L Lad s, AReTcoffifl L7z AOX1 #ELR T, oKX 2 6 H
YI<dH 5 6-TX i T& 7nb> > 72 (data not shown). Barr © (Z, HLC & LKL T, pET &
AT LI X DR X 7z AOX T, TEHED 11-14 FREE W & 2HE L T
% 9. %72, Coming #: (HEK293 #fic & Y {E®L) | Xenotech #1: (Escherichia coli X v 1E
B) XOVWGEIN T2 AOX & HIEMEREYIC B W RIS, EHEMETLTWw 3
TEDPHIOLNT WS, ZORBRFRN L AOX WEEOZLIX, 7+ —T 4 v 7k
BT SR ET ~D MoCo F X U [2Fe-2S] 7 7 A X —DaigEe, zhictEs — &
Lo RELEICZ T, €Y 77 YHIRTFOERICEE 7 moco sulfurase DFEIDO K
MHEKTH 5. Escherichia coli IZ ¥ % sulfurase |3 Moco DHifLiEHEZH L Tz
720, BERMESET ot + U ¥ U & T DGR LB I AT 2 Z & T, AOX @
R IS R & T 3 %7, HEK293 #ifa<e s Ml clx, &€V 77 v IR 0%
PEALIC 35T invitro 12 X % Moco DTt sulfurase D ILFEIRIIANECTH 2 28 19, JBIE
)7z sulfurase /&P 23 AOX DHNETE ICHE L 5 2 T 2 AlREEDR H 5. LA X Y, A0X
MRHIFILR TIL, AN ToOERLRHICE T S AOX GO M AN TH 5 2 & 2
b, X ViEHOBOEREOEULGOERIE TN G, TRFIEFICE TN S AOX
X, WAL COREIC X o THEMEME T T2 2 e REI T3 1 Lzddo
T, WA L 72 HLC % F\»C AOX 3tk % FAfi 3 2 BRIC &, Sl IC 351 2 R RE
CDOEBRPHL L EEEL TEALELH B,

3.5 /hE

AOX1 IZH1F 3 T7551 ZFRIKIZ, # AOX1 & v 7 EHBBICHELY 5 2 vn—7
T, “ERIEK IR 5 & T, BERIEHEEZIRT I E 5 2 L 2L T L. TT7551
ZEIZ, "7 o7 NEFCRENICR LN 2B T4 TH Y, ARETH T7551 1ITfES
RBNG M DIE T 2 5-li L 72810 CTOHETH 5. AOX1 DJLEI AR LEFF R EZET 5
&, T7551 13% K O FREEF ORFEMRCHEELEET 2 e filiEInsg. Lo
T, T7551 DGR 72 SN 2 i85 5 1C1%, BIRITIE 208 L 72 S 2> 2 5l 72 1
BYUETH 5.
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TeiE

EEDEEMFARICE T, BYBES L VAL FTXAL T ) T4 2RRAE LT
FAFHIEHEF WD LT B 2 e BHbRTWwS 1P 2hix, 22 20-30 EMick T
ZRFEF LI I VAR -2 —IRDE L VERICIXEDDTHEEE2 5. &
WA IC X, AR L B2 BT 2 2 L2 b, B0 RSy EhREFHlZ, %)
R ORBENROELEY DR %L 1T ) L TRERRIRTH 5. BEDEY)H)HE
THNC BT, in vitro-in vivo extrapolation (IVIVE) 28—t L2205 5. Z DFikld,
B XV EBREYORKRIBEALECTHINET AN ) v 7 RT =) v Ihb,
b+ AFHIIE 3 X ORFiER Y % 72 in vitro FHIlIE T4, N 7R & DRI IC B T
B20VF7 I VAEBERB LIEZa VA= AV FETANE, S AIICHEYBIRERTIE 25 F
LA ER SN & CIEHRE L 72 o 72 invivo IMETFHIE T L TH 5. CYP 133
YIRE D 2 S BLRTTIEETH D, TN TITDH 7 O HE RS G
Sl R VA KRR, FIF & Cw b, 5%, IVIVE £ 7 L0 FHRIKEE R Eicid, CYP kR
b7 WEEYRETRIC B T 2 A CHIME RGO MIANERE L ZE 2 b 5.

Non-CYP O—fETdH 5 AOX IF, Rl L7z Y & ¥ I REHFOMLETTICBES
2R TH Y, BYOBEMRS L CRIEARHE % Tl 2 L cEERHEER
Th2EMTING, IR BEEE L CoflmLhicd, AOX (eI 31
LIREEECHAMIICE T 2 LR RERIREO AT ICDBEEL T 2 e
WEINT WD 190 U 7p35 €, ERNEE O G % 1 L 72 BT S o i IH 35
L EHREN E LT IFEHING 2GR TH 5. 5 1 &, 5 2 BT, AZA OIfF
FHFEEL 7 & ONC 6-MP BIHEIC 3517 5 AOX PHEIEAI 0528 % FA L 72 17, Riff5e: 15
bNZHIRIZ, FA47Y vEFIORBICE T 2 AOX DFHHICEH LR TIEd % 28,
ZDMDOBED 2 W IZS5 %I NS AOX HEEHKFO ) R 7 EMEZ{TS> Eco—b)
Kb eEZLND. 728 3 BT, AOX DOfEREZEZ &L AHTHHL SNPs TH 5
T7551 ZFEL, 2D AN =X LICZEBEREREOKRTBEE L T3 2 L Z L 2
L7z 19 AMeEt I3 8B LE phthalazine % A\ 72 G PEREAG IC R 2 28, AOX D fR#hHE
HIEME R LT W3 AREME A A 2 L, Z Dfth AOX FEEIR S A RNEE o R iz
BOThH, 2OT7 I BERICHERBFESET L2 2 e HfEEEIND. Yok
BEWT 2, 5% AOX N L =Y AL, 725 BNT T7551 ICfE: 5 Y B ReZ H)
ICOWT, BRZEZE L 72 X ) SN2 ol aflEr L ETh 2 L EZ LN,
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