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In this study, the molecular mechanism of Atg9a-dependent necrosis, a
physiological necrosis in bone formation previously discovered by the Principal Investigator, was
elucidated. First, an HMG-CoA reductase inhibitor statin, the rate-limiting enzyme of the mevalonate

pathway, was identified as an inducer of Atg9a-dependent necrosis, and the depletion of FPP and
GGPP, downstream metabolites of the mevalonate pathway, was identified as the cause of
Atg9a-dependent necrosis, which is important in this cell death. It was also suggested that a
pathway exists in Atg9a-deficient cells that bypass the mevalonate pathway and avoids cell death by
circumventing the depletion of FPP and GGPP.

Atg9a



B X C—19, F—19—1, Z—19 (@)

1. WFFEBRAE S IO 5

A IS ZEIC B W C T R b= RAF T TRl izt 7 n—v 23 FEH S LT 5,
INET [THRF—v2=HIlENMIE] 4270 —> 2=\FKx @GHIEcE Ry Mg
Wl LR#HEI N, A7 u =Y ARHEARFETH 2 EZLNT VAR, FLTIIAZ v —Y AT
b REZ: b DL E G S, ZOBEEE T B L PETAH =X L DB NI L > TA—
b7 7Y~ e A 2 v 7 b — > R (RIPI/RIP3{KFIA 2 B —2 ), 2541 b—v
2 (Caspase-1 {KTFHIA 7 B — 2 R) REWL D OfEICHHI N TS, Zhboflflish
7oAt 7\ — v ARGHRSE I, (O ATEZE LR ZS TR B . MR 7 LR A B IC B W CEH S
HE AR LT B 2 EPHEI N, FlfflEhizd s o —o 22FEICEE LB 2o C
EDBHILNTE TW 3,

MR EE S B, L WHIE I N4 2 o — o 2 BIIESE (Atg9a KIFII A 27 0 —2 R) %
[ LS L 72 (Imagawa et al., Nat Commun, 2016), Z OMIfESEIL, IEH ~ v 2 O MF A
KEWTRIHLTEY, o/ r—T7OMA L 13 B2 2 BN AZETCHFEINE 4+ 70—
AR CH 5 T L BRI DO —DTH B, X LI, T oMz A—+ 7 7 —BEER T
Atga I X o THIFIZ N B 25, d—F 7 7 ¥V —ICHHEDMDBEETTH 3 Atg I IZFELZ T
W EERMBL, A= b7 7 Y~ IKEFENMILE & b 5 29772 il & - MifasEcd %
EERMER L 720 MAT, Atg9a it/ v 7 7V b~ RO 5, 2047 u—v A
EHRFEEIN R LB AEsE &R Ehs 22 AL, BKREHOBERICHLETD
52 xWHL2IC LT, 2D 8iE, A ARKRE 2R ORI S it 7 v — o A RHIISE O 5
REFRIC, 2 THRERMIPHEE S Nz MlEDREICS 2 L5 2 b TE LB 7l
NAFE DENTHN 2T, METEK & v 5 2R E TIA S T 7 WHIIESE D % B A3 7E7E S % W] HE
HERLTWS, Thbb, ARNTHFEINIMILII L 22D AN =KL (THEF—=v R
[ 28— RIRIFIIMIIESE] *° Atga (KIFI A 7 01— R) TERITENTEY, BITAH =X L
T eItz o&E (2N Z AL ORE. AL - BT 28R Tw 3Rtk ZR L T
%,

2. WHEOBRK

AR A 70— A TH B Atg9a IRTFII A 7 0 — 2 ADETA A = XL DFEMZH S A L,
AR T D Z OMNIFE D FIEEERE 2 FRIRES 2 2 & 1E. THE TICHN S LT 2\ Il SE o 75
ZHOL»ICT S ECIERICEETHLLEZOLNS, £ 2 TR TIE, HEEVLFEEL 2
Atg9a (KIFIIA 7 1 — 2 ZDFIT A A1 = X L DMl Z 5 22103 5 2 & ¢, EfRNIc s 1T 2 Hflid
SEDHIGIRERE & . 2 OISR 72 THREOBFRAHL 22T 5 2 L ZHIEL T %,

3. WHROTE

Atg9a IRAFHIMIIEIE D 53 F A 7 = X L% AL 2 F 5 72012, £ 3, invitro T Atga {RIFHY A
ra—y AR BBT 5 2Lkl A T, BIRRICIE, Atg9a BIn T KIB~ v A#AESF A (MEF)
& B MEF % W C Atg9a IKIFRICHIIISE 2 558 3 2k a2 27 ) —=v 73 %, RIC,
in vitro C Atg9a fK7FRYICHIIUSE %2 558 3 2L AYIC X 2 MIIgsE % 1 3~ 2 (L &Y PR 1 D X
7)== v 7 E IR TR 2T, 2 OMISLICERE & > 7 RER g B X OEIR



FRFEL 7. F 7z, invitro THIE L 72/LAPIC X 5 Atga (KA 7 MHRUSE A3 B TERICBE 53
%%, in vivo ¥ 7213 ex vivo DEHTIC X VS 2T L 7=, M2 T, in vitro DN CEH S 2212 L
7o Atg9a K7 7 MIAISEAREE A3~ ¥ AT EBRE O BB IC BV CHFE I T 3 A1
DWT HHER L 72, {Z2IT, in vitro THAL 2T L 728D F A =X L3, ED XS TE
TERAC D3 B %L 20T 5,

4. WFFERCR

Atg9a & {5 ¥R 48 MEF & Bp/ERI MEF & %\ C Atg9a (K77 (Atgb JEKTFEN)) F 27 o —3
A% FET GO T IANVAZ ) —= v 7 %IT\W invitro T Atg9a {KEFFINIC A 7 v —2 R
FHET LAY E LT, BIRIEDHRERCTH 2R F v EMAE L, EbIT, v~ v AHER
SHTAE D exvivo gn B EBR ZHWZITIC L D . R X F V2% Atga IRIFIVICEHTER 2583 %
TEHHHLPIC LTz AXFVIZ. AL AT H— A DESKICEE s RE 2 B3 X N0 VR
HoOFEHEEER HMG-CoA L X 7 2 =¥ %2 HELIMMF 2L 270 - LR KT ¢ 3 Aokt
H%, Invivo BT, w7 AEFEAEIA OB EHGER CHBI%E X 1 2 ISR O &5 T FBfE
W7 o A, Aovm VIRREIKICBID 2RO —DTH 2 VR AF AN VBT AN KF o
7 —+ (Mvd) OBEFF MR RN I L T2 2 e 2 /AL, 2D L h b,
EERNICE T Aova YRR OJREI 2 Atg9a IKTFIIA 7 v — 2 ZADJFRRA L 72 > T 5 A]HE
HERRE I NIz, 2T AZXF VICK o CGHFEINIMIIED 73T A A =X L Eff i T 5 2 &
T, Atg9a IRTFIIA 27 8 =3 ZADDF AW =R LEPALPICT B2 L il Az, AXFVIF, A
No VBRI EHET AT, aL AT R =L EIFL® ET B A Na VBT O REFEY D
Fi8HEL 5, 22T, Aa VBT O A 80 VRGO REEY 2 MilicimL, 22 F v
FEVEMIIIE A HIE S 2 2 A CTE B DR L 72, Z DR, 7742 Y Vg (FPP) &
K07 7=177=1"Y vk (GGPP) 12 X o TR X F VIFEEMIEEA * v v e rE s
EEHOLPIC Lz, Thbb, AXF VICk o TiFEI N7 FPP & GGPP O#hig 5 Atg9a (K17
A 78— AZFHET 5 LRKEI N, FPP X U GGPP 1% Ras <° Rho, Rac. Rap.
Rab & v o7z smallG Z v 2D 7L oafboE e LCfHENS, 7L =nrifbiz x v o¥7
HoMiRzEHio—> T, BN E v 7 BOMIEEEC A VA T~ DR A ICEE R H 2 R
729, 22 b, Tb D smallG £ v 37 H OB Atg9a IKEFERI A 7 7 — > A2l L
TWAHABEEREZ b, F 2T, 7L = At (FTase, GGTase-1 L& F Rab GGTase)
DIHEHS L O 7L = MUER O FEE I T % siRNA ZF W T small G 2 v o7 EHD 7L
= AL DHED Atgda KFIA 7 0 — v A% FFET 20 MEEL 72, Lol &2 TDO 7L =1k
BREPHELAZZGTICEWTCOMIEEFEE I N ol 2O Db, 7L =rfbans
small G % v X 7B 7z & O BE I & ZBIE L v 2 L AR I i, £ 72, FPP ¥ GGPP
26 HICRBE TN D 2 L BHIS T B fth o RETFEY O i< IZARSE 2 < & 22> 5 72,
X o T, FPP & GGPP @ Atg9a {KfFH A+ 7 m = ZA~DBb Y 1Z, ZHETICAILGNTWH W
Wil efRIBIc X 2db0THD LEZ LN,

—H T, AN VBRI EAHET 2 2 LA ONTO A EHL X S ERHEEE AR AR A — b
CXoTh A7 v =2 AVFFHE I NH, Z Diifustid R £ 5 v L [FkkiC FPP & X O GGPP @
WM X v IR 2—H T, Atg9a ITIHKEFE L 720> o 72 (Atg9a BIL T KIE MEF I 50T d
HIIE AR FFE L 72), EAFAFA— M, AZFUHRZ—7» FicT 3 HMG-CoA L X7 & —
XD RO AN VIBREORBIFEEDO VDL OTH L 7 7 LAV VIEA KSR % H
£S5, 2D ED L, Atg9aiB{n TR MEF (13 X N u Vv ERRIKD —i % N4 <2 L, HMG-



CoA LA XR—XICXWEEINZ AN VLS 7 7 VAV VY VIBEKIFR O & 7
277 =LY Vi (GPP) & T 2RI E N4 N L TS AREMEDSRIB X Nz, S Hichd
LT, Atg9a G F/RIE MEF Cli, 2 &2 F VREIFIC BT 2 A0 v FERLEE O —REo
FOBMGTREIEML Tz, 2D Z & 25, Atg9a B TR MEF 13, R 4 F v ic X % FPP
¢ GGPP OB IIHI L. ML RN T VB Z ERXRBI N, 72T, Atgda BIEFX
8 MEF & 8¢5 MEF ©, 2 & F VR D FPP 3 X U8 GGPP % & A 38 v v iR o (35
FEW) % CE-MS # W72 A 2 R o — AEFTIC X DR L 7z, LA L, ZOEEBRICEWTIZ
Aoa VR ORBENERBT 2 LB TERDL 572, LALAEDS, Atgda #EInTKIE
MEF Tli, 2 & F VHITIcE W TEAR MEF L CTL=nfbanizz v 780
D% S R7eNT T T e h b, Atg9a BIEF/RKIE MEF Tix, FPP ° GGPP ofligsii z &4
T\ 3 AHEMEAS IR T H 3 SRIB & N7z,



Daniel J Klionsky, Yusuke Imagawa, et al. 17

Guidelines for the use and interpretation of assays for monitoring autophagy (4th edition)l 2021

Autophagy 1 382
DOl

10.1080/15548627.2020.1797280

Harada Yoichiro Mizote Yu Suzuki Takehiro Hirayama Akiyoshi Ikeda Satsuki Nishida Mikako 12

Hiratsuka Toru Ueda Ayaka Imagawa Yusuke Maeda Kento Ohkawa Yuki Murai Junko Freeze

Hudson H Miyoshi Eiji Higashiyama Shigeki Udono Heiichiro Dohmae Naoshi Tahara Hideaki

Taniguchi Naoyuki

Metabolic clogging of mannose triggers dNTP loss and genomic instability in human cancer cells 2023

eLife e83870

DOl
10.7554/eLife.83870

L1 TAIBO

46

2023

Trial for Osteosarcoma Treatment by Non-apoptotic Cell Death Regulation

82

2023




2023

in vivo

2021

Atg9a

44

2021

44

2021




2020

2022

260




