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In this study, we focused on individual differences in MTX-induced hepatic
injury and investigated to clarify its mechanism. MTX-induced hepatotoxicity was enhanced by
inhibition of aldehyde oxidase (AOX) activity in HepG2 cells. In addition, SNP analysis of AOX1 gene

revealed that the T7551 variant, found in East Asian populations, markedly decreased the enzymatic
activity of AOX.The analysis based on the FAERS database revealed that concomitant use of drugs with
AOX inhibitory activity increased the incidence of MTX-related hepatotoxicity.




X C—19,. F—19—1, Z2—19 (@)

1. WHEBHARZS IO 5=

AR MLFEYy—K (MTX) 3Y) U~ FREMGELZOF— N7 v 7 THY | REZREITEH
D 1OIFEERM SN TS, MTX OEIEM Z ALY 5 72012 5% ot i MTX #REHE
PR LA TH 52— T, HEEFEEORITER O T b K ST E LI SR (T B
b < mEDIBUMENE B AFAET D 72 D 51 o i PR EERIE O 2 CRIVEH O FE/E 1L
FBFF R NDOBRFIRTH D, ZDZ &b b MTX OENERED 5V FFEMEFEHR OEREICE L
TIE, RALDPOBISHERZED > TWD Z &R RSN D, Leh> T, MTX OFMEFREE
DIEEREZ LT RIEMERZWALN L, FEEZTFRT L7 A 2S5 Lick
W MTX OEIVEH A2 $510 L 72 BB ERRIE~DISH A AREIC 8D £ B X b D,

TNATE RAF 2 —F (AOX) 1E, g T MTX 2 7-OH-MTX ~Re[#f iyl N
F LT HRHERE TH LD, TOEMEICIIEERENGFET D ENMLNTND L, Ll
235, MTX BRI PEMARERA T 5 Z & 5 B RE2A TR IS 35 1 2 AEHCEI LTz
EAETER SN TV o 7o, T, EEMBIREREICH T 5 AOXIEMEOEEMENH L L2
V. TOEEZLET SERL S RH SN TWD 2, AOX &M D7 FEE 3R o ik FUGTEC K
ETREIIRATHD 2

2. WFEOHB

AW TIE, MTX IZ X AFEEOEARZEICER L, ZO@MEHEIMEFoO—> L LT AOX %
GO TRy ERERIEIN F DOEAM LG A2 LNITHZ 2 HIE LT,

3. WHgEDTik

(1) MTX #FREFEEICRIT 2 EKEnBH#ER 08 5

b AP HSRATIRR T 5 HepG2 M A F T & 38K A MM A fE R~ M IE T 2 %4 MTT
7 oBAICTEHMt L7z, £72. siRNA 2\ T AOX1 % / v 7 #7 LT- HepG2 Ml % Fuv
TRBEICFZITo7-. 728, AOX1 BHEIZY 7 LE A4 L PCRBLIOVZRZ T o yT
S T CHER LTz,

(2) AOX1 #Ez+D SNP f#EHT
gnomAD 5 X TV 1000 genomes project ¥V . AOX1 @ SNPs (7 V/VBEHE > 1%) Z4mH
L7z, #2854k AOX1 %38l HEK293T Mifaz Fi L, AOX1 0MMEE THH 727D
PfbieZ i L7z, 7ok, @MW CTHL 7% 7Y OFERIZIE LC-MS/MS # AW, Fi7-.
AOX1 OREREICEHEE & S5 “ENEAEEIX Native-PAGE 1EIZ & 0 514l L 7=,

(3) EERRAEEERARBET —FZ_X—2 % H\\i= MTX OBIVEH FEELAENT
FDA Adverse Event Reporting System (FAERS) % T, MTX & AOX [HEHKOIFH
BLOIEOFRIER O A4~ Xtk (ROR) B XN 95% XM (CD) ZH M L. HEHRKEZIf
M L7z oIFEERBREOZ Lz E b LT,

4. WFIERE

(1) FHliglcBWT MTX 85812 % 54 % multidrug resistance associated proteins (MRPs).
breast cancer resistance protein (BCRP)EB LY AOX IZEH L. Zh b DEAIL LW
siRNA # T MTX OffmtEicxt 3 58 % 54 L7, MRP HEA] MK571) 8L O
BCRP FHEA] (Ko143) 1 MTX (1 L 2 MIAEFEROIETICH L THEREEZ KIE S 720
ST, —F. AOXHERITHA T XL 7 =028 0 . MTX 2 L A HEAEFEROEE T 2 8
YA AR LTz, £, AOXL J v 7 X7 U RETICBWT MTX 12 L D HllAEFERD
ETNHEIRT 5 2 L 2VURENT- TS BT MTX 12 AOX 241 LT L Y FMEo vy 7-OH-
MTX iZfEf & Z e n3mbhTnbd, LLEDORERNS, MTX #F3EMEITREEIT AOX DO
BRI I L D iR S B ATREMED R &7z,

(2) 6 2® coding SNPs {22\ T, AOX FETHBH 7 X 7V v OBLEEEZFIME L& Z A,
AR (WT) AOX1 & kbl L C T7551 B ¥R ClL, Michaelis E# Kw) NAETHHo7=—
T ARPGIEE (Vmax) DEEEICHAD Lz (¥ 1A), F£7- T7551 2RI LV, AOX1 @
TERAERENEDT A ZENHLNE o7 (K 1B), LA EX Y., T7551 1TIEREAENL
DIEE I ETIT, T BERERARIC I 2REHEEORD 25| B 52 ERIEI L
7= 3,



(A) (B)

245 kDa +—> ‘ g

140 kDa— ‘ ‘."

Km Vimax

(uM) (nmol/min/mg protein)
WT 228 + 024 13.03 = 4.08

20 T7551 1.09 = 1.14 3.08 = 140 *

o Wr 150 kDa
o T7551 (Monomer)

Phthalazine oxidation
(nmol/min/mg protein)
s

300 kDa (Dimer)

Ratio of dimer expression
(percentage of WT)
(=23
o

: ?
0 wT 75l

0 20 40 60 80 100 120
[Phthalazine] (uM)

T7551ERHAOXDEREM (A) BIUFrv—HEA (B) ICRITTEE

(3) AOX FHENMEHZAT DA A %t5 & L MTX RV E O3 D2 2384t L 7=
LA, RERICEBT 2 MFHRET AOX EMHE % HE LS 2Oz H>WT, JFHIC X
% ROR DAL (022 95%CI OFEME /2 L) RSz, LEX Y AOX OFHEN MTX #%%
PENFRE S OFBBE 2 LA SE 5 Rt Sz,

AOX #4T L7 S EAERNC BT 2B EIZR 5 TR Y . AIFE TR L7 SNP
DEFREYA > 37 N HBURHERI O3k 2 Hi 72, L= T, 3EPRIEICE T 5 AOX O3
BB EE 2 IMICT 2705 B I LR DMGENRLETH D,

<G>

(1) Fu C, Di L, Han X, Soderstrom C, Snyder M, Troutman MD, Obach RS, Zhang H.
Aldehyde oxidase 1 (AOX1) in human liver cytosols: quantitative characterization of
AOX1 expression level and activity relationship. Drug Metab Dispos. 41(10): 1797-
1804. (2013)

(2) Obach RS, Huynh P, Allen MC, Beedham C. Human liver aldehyde oxidase: inhibition
by 239 drugs. J Clin Pharmacol. 44(1): 7-19. (2004)

(3) Ueda H, Narumi K, Furugen A, Saito Y, Kobayashi M. The rs35217482 (T755]I) single-
nucleotide polymorphism in aldehyde oxidase-1 attenuates prot ein dimer formation
and reduces the rates of phthalazine metabolism. Drug Metab Dispos. 50 (9): 1126-
1131. (2022)



2 2 0 0

Ueda Hinata Narumi Katsuya Sato Yu Furugen Ayako Kobayashi Masaki Iseki Ken 72

Evaluation of possible pharmacokinetic interaction between methotrexate and proton pump 2020

inhibitors in rats

Pharmacological Reports 1426 1432
DOl

10.1007/s43440-020-00130-1

Ueda Hinata Narumi Katsuya Furugen Ayako Saito Yoshitaka Kobayashi Masaki 50

The rs35217482 (T7551) Single-Nucleotide Polymorphism in Aldehyde Oxidase-1 Attenuates Protein 2022

Dimer Formation and Reduces the Rates of Phthalazine Metabolism

Drug Metabolism and Disposition 1126 1131

DOl
10.1124/dmd.122.000902

31

2021

in vivo in vitro

147

2020




AOX1 T7551

2022

aldehyde oxidase 1

35

2022

Katsuya Narumi

Clinical importance of drug interaction between methotrexate and proton pump inhibitors and its potential mechanism

The 7th Japan-Taiwan Joint Symposium For Pharmaceutical Sciences

2022

Hinata Ueda, Katsuya Narumi, Ayako Furugen, Masaki Kobayashi

Effect of aldehyde oxidase inhibitors on azathioprine-induced hematologic and hepatic injury

143 (PSJ/CSPS )

2023




https://rinshoyakuzaigaku.pharm.hokudai.ac.jp/




