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Figure 1. y-Glutamyl cycle.

GGCT, y-glutamylcyclotransferase; GGT, y-glutamyltranspeptidase; GCL, glutamate cysteine ligase; GS,
glutathione synthase; OPLAH, 5-oxoprolinase; y-Glu-Cys-Gly, glutathione; DP, dipeptidase. This Figure was cited
from Fig. 1 in Kageyama et al. Int. J. Mol. Sci. 2018, 19, E2054.
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Figure 2. p21 regulates the cell cycle through its transcriptional activation by p53 in response to DNAdamage.
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BRI A, B, FESEIR A, B A0, MEEED AU L ONIVEDS /URBFE D BAf /e T4 &
FIRIT % Z & bl ST D (21,22), K, p2l A FOERITD TENTH D LEZ DT
728 (20), AR, DIAT ) D— o R HIWTEIFRIC LD | RIS AR D 14% T p2l Eis
FOERNEERIIND Z ENHE SN (23), — 5T, p2l OFBAEEANTHIE L% ps3 i,
b S BADNELL BTV TEOERARD HILD T EARENTEY (24), F7-. FEFICRFRN

AATE TR FEBIDMEL S 105 ¢-Myc 28 (25), p2l DEREA R AR CThd Z & braiuT
W% (26), FEEMT, pd3 DRI LU e-Mye OmERIFEBIL, KA A, Iz A, Haosi, B
Do, 3B ZOYIERA ANTIBNT p2l DIEFEBA S EE 2 &, 20 p2l EFEBUIRHROA ABE D
TRAR EAERET 5 Z LR STV D (21),

p21 Z DY OOZEFROBEE L i U C, p21 O _LFiKT-CTHh 5 pb3 DAHFS LT c-Myc OiffEPREEL
DIFTNIH LN EHEE THEIN WD Z &, £ LT p2l ORBEDRDABEDO T EFIB L TD
SV EREOMIR L Y | p2l OFSFEDIK T Chl & = S DM EO B, p2l O s -AROA
20 H 2 DOFBEDIK IR LT &) FTREMED @Y, p21 OFEBUK FIZ &L - TrlfaE o
HEPGIEEZ S, ZOHEFEMEES N TN D L5 2 AUMIIEIZEIBWTIE, p21 OFBLAZMARIC
FHES 5 Z LI Ko TR AHIRRDHEIEZ T 5 &\ D TREIE SN 5 LB R HiLd, FEERIC,
DL INEEFD TR (ICER L. DA 5N ORBFEN R 2R O%RAI L LT
BIFE SNT=Pias Afl & LT, AFRTRESE S 4172 trametinib 2328011 5415, CDKI O—>Th 5 pl5NKes
DR LR EFEL LTALEWDOA 7 ) —=0 71X > THIE N MEKLY2 A > e EX—Th D
trametinib (27) 1%, BRAF [H5E#A dabrafenib & OOFFIEIZISVNT, BRAF ZRBAMEOHEI TIEEMERE
Jiks L ONEE T « BEREE D FE/ NS AN TR U CASR CHAGR SAURIRISH ST s, E72, ps3 5
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L e-Myc 137> RZ » #7/L (undruggable; BIBENKEE) 7oA CTHh 5 L& 2 HLTEY (28), p53
DIEFET21E c-Myc OEEFERNBIZR SN TOD DTN T, 2SO AT p2l OFH AR
T 5 LWV TREHIEIE, (BRORBIZEN & 725 FIREMEZ D TNND, S HIT, Fx ORI V—1C
L ABLIFIORIZE T, GGCT / v 7 X7 THIEHEZ S5 p2l DFEHR 713 p53 HARAFH 72 H%E T
HiSD 2 EAVRIBSIUTEY ., GGCT A% p53 DOER L 72 2 AIENTh 5 alEME 2 i L T D
(18), LLEDHIR LY MBAMIEIND p2l FE A BRI 5 & D TRIFHE, 35 KON p21 O3B
FHEZH T2 GGCT ITALR N ADRBIEN TH D B2 LD, GGCT / v 7 X0 A2k % p2l
FBLOPp16 L\ 7= CDKI DOFEHL EFBSEAREC ED L 5 7 Co X Z STV D D0y, FDFE
AR A T =X NIARADEE TH T,

% ZCARTIX, GGCT ZBiHNHIC COKI DOFBL EFNFHE I D A =K LITDNT, AWFFET
R LT LA T O 3 O kT D EIZRVWTEOREIA IR~ 5,

1.GGCT & DFHHEENERZ L 7 ETHY | p21 FEHIHIFEREZ > PHB2 41 L 73,

2. AMPK-ULK1 #HEOTEMAL F 7213 mTOR BRSO Z1E D A— § 7 7 U—0FFEE ) LT3R,

3. FEEAHIHMEEIR - FOXO03a MFHFHEF L ONAMPK &4 L72iEE ki & % p2l 3881 B+,



1=
GGCT & iEE T 2B ANER # > 737 '8 PHB2 OFEHEMT

GGCT HES T ES IR D 2 Xy E e LT 4 — LR Lo CRES N (L, 2), T
A A D IxT B FHUDRE % 7273 AUFBIZFUN T b IEFHARR & Hl L CEgEEd 2 Z LR EN TV D
(10, 11), GGCT DOFsBIA% invitro 35 X WV invivo (ZBWCHUEE R 273 2 3 STl v,

L7223 T GGCT IFA LR NGFIFI ThH 5 L& X bivd, LEIOMFETH 4 1L, siRNA Z vz

GGCT DOFBHNHN I AMMERZ L Cod & LTk % 7228 AR Z COKI OB -3 JUSHR
(b2t H IET R b— AVEISE A FHE T 5 = L 28 L722% (18), GGCT ORBUK TFIZL~TED
£ 9 70T 2 B ORI G | Z L Z S D D0, EOFEIEIA SN ST Ve o Tz,

2L DB LRI ETIMUD B R By EFHEERT A Z L IC X D IEEET BT, DSAKERRC
BB 5 GGCT 4 v /37 'BORSHEMNT 21T 2 1 C, GGCT &A1 2% L XV By T2 RERT HA
VH T M= LTEAT D) Z EITEERERN DD EB L, DA X T h—LTOFEE LT
BEREY — A 7w RIEZ WS Z B2k GGCT EHFEIERTAHHRD X LR85y 1 L LT
prohibitin2 (PHB2) Z . L7z, PHB IZmEIRFSNIT7 7 IV —Z "\ ETHY |, PHBL BLWY
PHB2 725705 (29), PHB 3%, X b=y RU 75 LUMIIE &\ o 7oAk 4 Z0IIAEis IR L, %
DOFFENIRTEZ L > CTRIZTHERED 2 D 2 L X ETH D (30, 31), 1% PHBL 353K PHB2 3%
AN U CIRERIHIA & L CTEI<—5 7T, 2 b RUTOPHBL B LWNPHB2 I3~T a2 XA~
—ZERRT 52 LICk 0 I har RUTEEMITHET 52 EAVRENTND (31), PHB2 13%I2E
VT repressor of estrogen receptor activity (REA) BEREZFFD (32). T ESHAS AUIERE Hela (235 C
1L, X ha RUTIZRTEL QW2 PHB2 [E= A ka7 U HIlRIZ > TREA~FEAT L, estrogen receptor
o (ERo) AFMEDHRE 24035 Z & AN STV g (33), FHE/ARZ &2, PHB2 1RGN A, £
WA, A Z T U6 & T AEROBAFCBNTERRE L TS Z EAVREN TS (34), K
7S AUEBE DITEHIZIE, FEAS ABE OIMIEH & s U C PHB2 & LR BRI 5 2 L T,
JFRARELS AR C 3V VTR, Bl 2 ISR & Foige L C PHB2 2 o/ "7 B3 i B A~ 9~ 2
ERHESNTWD (34,35),

AREETIX, BEREY — A 7' » RIEIC LY GGCT EAHANERT D Z LR &7 PHB2 & > /32
BIZHOWT, MCF7 flifa kil & o 0 B W3R IR A 21T 9 2 El2 - T NIRED
GGCT B L UPHB2 2MHALEM A L CW\5 Z & AfE Uiz, WRIZ, MCF7 Azt % GGCT Zs8im
HilF D PHB2 ORENHED I LA T = A X T T 4 o TR L=, E5I2, GGCT / v
I BT AL S THIEEZ D p21 O3B EFIC PHB2 NEEREE 2 Rl LTV D LW ) iGhis
ST, PHB2 @/ 7 X7 ks LN PHBR il B MCF7 il 2 IV V= p2l 28T S OSHa& 1
fENT 2T 70, F72, PHB2 [FHEEHIHIA - & L THIK 2 EAVREIN TS T8, PHB2 Z L /X 7 B0
p2l D7 1 T— X —FEBUIHE A L CE DG APIH L TN D &S ATREME A ARGRIES 5 72812, T PHB2
PukzE W27 v~ F o EIRREZAT 5 T2, BT, PHB2 O p21 |2k 2 FBTHEIEREICE B L,
PHB2 72378 AHIBIODOBSE 2T B K- Tdh D & ) mJREM A RREET 572012, PHB2 & p21 % Hijl
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FTIFRRHZ 2 > 7 &7 2 LTz MCFT Az FV N C Ml E T, Senescence associated-B-Galactsidase
(SA-B-Gal) YettiklZ X HHIELOFHI, b U /S0 7 —Yetaiic I A MR K OISt OfitT
AT o7,



1-2. FEBRHE

1-2-1. BEREY— A7) v RiE

ProNet technology (Myriad Genetics, Salt Lake City, UT) @71 b 22—/ UZHE» TEEREY — A7 U &
RNEIC & D GGCT MHANEH Z VORI AE T -T2, & § GGCT 7 X/ WlddI ek 189 D H 5,
1-189, 1-96, 97-189 % ==— RN§~% cDNA % pGBT.superB Gal4 DNA-binding domain (BD) J&Hi~2 % —(Z
Y7 m—= 7T H Lo T, e LTHYY, & MLAT LURNIIRA AU cDNA Z A 75
U —% pGAD.PN2 Gal4 activation domain (AD) #Ei~_7 X —|ZH T/ n—=0 7952 LiZ&> T
LA L LCTHW:, X7 473y ba—u e UGERSIE 6 SOBIE FIZHkT 5 AD f@itg 7' L
ANIFFRMEAHER T Ao SNz, Btha R LIz —20 7 m— 2 OFdFIL BLAST (NCBI,
Bethesda, MD) %MW CIRIE L7,

1-2-2. Hifa & Bt

t ML AMBERE MCF7 1% RIKEN BRC (Tsukuba, Japan) J< ¥ A L7z, DMEM (Wako Pure Chemical
Industries, Kyoto, Japan) (2 10% 7 > BRI 1miE (FBS. HyClone, GE Healthcare Life Sciences .
Buckinghamshire, England) 5 J T 1% penicillin/streptomycin (Wako, “Z#1Z41 100 units/mL, 100 ug/mL)
ZINZT¥E A2 FVC, 37°C, 5% COy A v F o —Z —NTHE LT,

1-2-3. filk

—URPUARIZIE, ~ 7 A H3K 1gG A & LT, PHB2 (1:500, sc-133094, Santa Cruz Biotechnology., Dallas,
TX). GGCT (1:1000, 6-1E, Cosmo Bio, Tokyo, Japan), GAPDH (1:1000, 016-25523, Wako), p21 (556430,
BD Biosciences, franklin lakes, NJ). V5 epitope tag (V5. 1:2000, R960-25, Thermo Fisher Scientific, Waltham,
MA), 7HFH¥ 1gG kL LT, Lamin A/C(1:1000, #2032, Cell Signaling Technology, Danvers, MA)
W=, PR E LC. Horse anti-mouse IgG-horseradish peroxidase (HRP) % \ector Laboratories
(1:2000, PI1-2000, Burlingame, CA). HRP-linked goatanti-rabbit IgG % CST (1:2000, #7074) /»HZ40E
AU LAV,

1-2-4. SLbupevkbers

10 pg DL GGCT FURE =T~ T AT A VXA 72 hu—/ LK #5415, CST) % 15mg O
Dynabeads Protein G (Thermo Fisher Scientific) & 25 C 10 3fHl, [FHASH2 RIS SHE 72, 28 10
cm dish {2 80% = > 7 /L TR L7 MCFT fflfas kU 7L A GRS E, BN L, 7'm7
7 —PHERZEM L= 1 mL @ RIPA buffer (50 mM Tris-HCI, 150 mM NaCl. 1% NP-40. 0.5%
deoxycholate-Na, 0.1%SDS) THRE L, K E T30 A o Fa— M5 Z LICX VIR LT, Wi
iz 4°C, 20,000 xg T 15 70fFl, OB, HHICEEND 2 o7 Btz B L, Input & L
T 50 ub ZRNZERAT LTz, 1507 X0 iR E 2 e obik- e — XE AR L, 4°C
T, FEESERNSA Fa— |k Uiz, #5507 hUi-fuk- v — A5 1K% PBS T 3 [EE4 L
72D%, 50 uL @ 5x sample buffer (125 mM Tris-HCI, 4% SDS. 20% glycerol, 10% 2- mercaptoethanol,
0.04% bromophenol blug) /N2 T 95°C, 5 At L7, bt PN EBlkdy 2 24 - 7n
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T A L TETHAT LT,

1-25.sRNABA R T VAT =7 v a VA

5.0 x 10*{EAvell ©> MCF7 #ffifc % 6 well plate [Z#EFE L, 35 1% 24 Ffilf%, 30 pmol/well > Non-target
control SIRNA, GGCT siRNA & 5ul @ Lipofectamine RNAi MAX (Invitrogen, Waltham, MA) %5
T hT AT =7 v a AR Opti-MEM (Thermo Fisher Scientific) HCIEA L. 15 201, =i
(2 CHERE S, penicillin/streptomycin %73 £ 7220 i AHE U 7ol ivin L, #REE 10nM @
SIRNA DIFfERNC IV AT 27 a & Tolz, PHB2 BX W p2l DIl ) v 7 X0 54T H %
IZ. Non-target control SIRNA ZH&IE2E 20 nM T2 hr—L & L CHVZ, 8 L2 siRNA I RNAI
Co. LTD (Tokyo, Japan). ¥ 7-1% Gene Design Inc. (Osaka, Japan) & W HEA L7=, Bld%Z LI FOFRITRT,

Target gene Sense (5°—3) Anti-sense (5°—3)
Non target GUACCGCACGUCAUUCGUAUC UACGAAUGACGUGCGGUACGU
GGCT UGACUAUACAGGAAAGGUCTT GACCUUUCCUGUAUAGUCATT
PHB2 AAGAACCCTGGCTACATCAAA TTTGATGTAGCCAGGGTTCTT
p21 CUGUACUGUUCUGUGUCUU AAGACACAGAACAGUACAG

126. V= ARF Ty T 4 Tk

A PBS Clad L7cD B, 37°C #9 1 D MY 77 LALBN iz FIdfE S DU
THEfRZ B L7-, (B L7-#ild% RIPA Buffer (50 mM Tris-HCI, 150 mM NaCl, 1% NP-40, 0.5%
deoxycholate-Na, 0.1% SDS) (=7 17 7 —Y[HEH (Nacalai Tesque, Kyoto, Japan) %Iz 7= & 0O ClfiF
L. ORI SH72703 DI E R S TRl L 7o, iR % 4°C, 20,000xg T 15 45fH], 1oL, b
\ZEENDREIED & xR EiR Z B U e, & 237 EihikiL BCA # 327 G fllElk (Bio-
RAD, Hercules, CA) ZHWWTH L\ EREAZIGEL, TNEN LY T NdHTc) & s Eams
LT 20ug I 5xsamplebuffer ANz, 95°C, 5 73BN ATV, 15% RU T 27 VA7 I RV EH
7= SDS-PAGE Tyl L 7=, 00U BRI K o TR B A o 7ud 20 ul 970, E5Eod Sxsample
buffer CRIERIZZBEL 7= Input 2 10 ul 307 77 4 L7z, 15%7/UEt I K74 (170 mA/gel &
Fit. 75 43) 12T PVDF A2 7L (Millipore, Burlington, MA) |ZHEE L7-t4, p21 &R DENE
PVDF Blocking Reagent for Can Get Signal (TOYOBO, Osaka, Japan)C, p21 LISt a9 293 3% A
FLILT B ION0.05% Tween-20 2 5H7 5 V U HARERR (PBST) C=IE R, 1 BfHl7 m v ¥
7 Ut FREOFHECHRL L 7= —kPiA %, 4°C T, FE0TIEE O SERN LIS SH T,
PBST [ZTRECNTIRE 5 SHZRANS 543 2 [ L7zob, “IkGiAZ =1 T 1IH, fUG S
720 PUATERRIRI 1T p21 243 D FRIT Can Get Signal Immunoreaction Enhancer Solution (TOYOBO) %,
p21 LISt B3 3% 7 i 7 /L7 3 (BSA, Nacalai Tesque) % &4 % PBST 24 L
Too B UNTBEORBL 7T UL, AT L% PBST Th 4, 3RS L7 HIZ PBS T2 [EE



L. 1@ I% Clarity Western ECL Substrate (Bio-RAD) % V>, J8HENVD 70 < 2 REE 223855 A%
Chemi-Lumi One Super (Nacalai Tesque) % FHV Y THsta S, ChemiDoc XRSPlus (Bio-RAD) @ CCD 77 A
7 TR LT,

1-2-7. ARVEE S N0 By

FRROFEHFTSRNAZ R T A7 27 v a Licd AR, MY 7V AR Ko CRI S, [\
I L7235 L% 1 x 105{[E Dl % LysoPure Nuclear and Cytoplasmic Extractor Kit (Wako) Z vy, LLF®D
L RUMISEOT 1 b a—) UIHE, MlE & D2 /37 B 255 LTz, PBS THE L7 D
fa~<1 > FZ 50 pb @ Nuclear Fractionation Buffer 2 /1%, fAHEE T 10 AL T v 7 AIFH—T
IRA Uiz, KT 10 Z0fMEfE U714, BT 10 AT v 7 A9 —TRA L. 500 xg.
4°C T10 /hmELoyBE LT, BEZ KIS L2 15mL F2—7~B L, 20,000xg. 4°C T 10 ZyfhEC
TS Z Lk Y, MBSy A 157=, 500 ul @ Nuclear Fractionation Buffer % Hijzk> A7+ 7" G5
BN~y MOz Z Sz X v L, 500xg. 4°C T 10 ol 0ot L 7=, 25ul @ SDS Lysis
Buffer 2L v MIINZ, BIGHE T 10 REIALT v 7 A FH—CTRA L, BERQELZ X > TR
U MERERE L 7=, 20,000Xg, 4°C T 10 /it d 2 2 Lok 0, & Xy Bl 24537,

1-2-8. PHB2 5#iifil 8 HL MCF7 AfuORN L

PENTR221-PHB2 X7 % —| & Dnaform (clone no. 100011434, Yokohama, Japan) 7>b A L7-, Gateway
LR Clonase Il Enzyme Mix (Thermo Fisher Scientific) % FV N TLLFD & 912 pENTR221-PHB2 <7 % —%
PEF-DEST51 7 # —|THAA L% 7=, Z 1241 150ng 0 pENTR221-PHB2 X% % —15 J. U pEF-DEST51
~_J &—_ TEbuffer (pH8.0) T h—#/L8uL (2725 L 9 IZIRE L7t 2 uL @ LR Clonase Il Enzyme
Mix 2Nz CTRA LT-, ZORAW%E 25°C T 1 Kif#lA % 2_X— kL, 1uL @ Proteinase K 1A%
EMNZIRG LIz, 37°C T 10 HffA v Fa~X— Lz, 22 CHLI=~Y Z—% E.coliDH50=
BT bV (TakaraBiolnc., Kusatsu, Japan) % FAVWC, ¥(ISCEOTm ha—/WIHEH Z &ICk
STUTDIIINC TV AT F—RA =g V& ToT, HoIIe~_7 Z—% 100 b o= 857 |k
BTN A, JKHIZ 30 Z3flfiE L7-th, 42°C TA5BRA v F o — |k Uiz, ZOHKHC 2 ol
B, 357U 37°C I54E L 7= SOC Medium 900 L Z 112, 200rpm, 37°C T 1HHEE 5 L7,
I 57N 37°C IR LT-, 100pg/mL D7 B3 U > (Wako) ZEA L7 FERE-MICHRTE L, 37°C
T—pA o FaX—h L7, SHbizan=—% 100 uyg/mL 7> B>V &4 LB 55l 2 mL ¢ 200
rpm, 37°C TR X% 8 KiEHRE H L, ZO&E% 200 mL O7 B U &4 LB BT LT 200
rpm, 37°C TR 5 L7, 6,000 xg. 4°C T 15 yfthm itz 15 & L X 055 KigEE2
L k225, EndoFree Plasmid Maxi Kit (Qiagen, Hilden, Germany) ZHvy, LAFO X HIZFT7AI R
DNA OfE#IZF T~ 72, 2L v % 10 mL @ Buffer P1 CHARE L. 10 mL ¢ Buffer P2 201 L7274,
AERRFI L, 5 ISR T A v =— R L7z, WAL 10mL o Buffer P3 Zi8IN L 74, #AtEEFT
L. QIAfilter Cartridge DHUZ T A &— FA1EE | |IRT 10591 v FaX—F LTz, 770 Vv—%
QIAfilter Maxi Cartridge (Z AL, Al L7274 =2— MMZ 25mL @ Buffer ER Z¥sIN L, 10 [RHEEREFI L
72t 30 DK ETA v FaX— K LTz, H5H0 U Buffer QBT TH{k L7= QIAGEN-tip 500 (2,
BT A4 v— iz, B FIZTAiE LT, BufferQC T [alpE4 L. 15mL @ BufferQN T
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77 A RDNA ZIEH LTz, ZOBRHIRIC 0.7 58D A Y 7'asX ) —/L (Wako) 2= CTHINL .,
15,000 xg, 4°C T30 it L7z, FiE&FRE, DNA XLy L& 70%=4 /—/L (Wako) TH
L, 15000xg, 4°C T 10 sfdlim it L7z, HIEEBRE, XLy NAZEXEnE L%, 50uL O TE
buffer CI&fiEd 2% = L2k HIIOZZ A3 K DNA (V5-tagged PHB2 <7 #—) %457-, WIZ, 20X
108 {E > MCF7 #fEZ 2 ug @ V5-tagged PHB2 7 % —%-_ Amaxa Cell Line Nucleofector Kit V and a
Nucleofector™ 2b Device (Lonza, Visp, Switzerland) @ P-020 7' 7' A& AVt L 7 haRL—v
2 AR L > TEEEA L, 55172 MCF7 flifidix, 10 ug/mL @ blasticidin (Wako) %5 A72
DMEM C 3 #LL B9 2 Z LIk VL7 v a &1V, Vbtagged PHB2 %22 e R EAmR
BREHINL LT,

1-2-9. AMRE LT

FFLDO SIRNA BA N T VAT =7 33 UFHITT MCFT JlfEls siRNA 238 A L7z, hT VA7 =
7 artb 4 BHEIZ, HELTSHIRIB IOV U 73 AR U 7= i 2 im DR 2 TR L 7=, 8]
I L7, 70%T 4% ) —/LA&te PBS (2C-20°C C—HER S ¥4 ) — /UEEE{ T 7=, I,
20,000xg T5 spftilizis L, =& —/V A RZEE L7214, 200 pg/mL RNase A (Roche Diagnostic, Indianapolis,
IN) Z&1e PBS CiEE L 37°C T 30 fEFET D2 12k, RNA OfRE T2, TDi%k, 20
ug/mL propidum iodide (PI) Z 7 e PBS CH& LI, S=IRICT 30 offiffE S, &A% DNA &4
Lz, FA ety oAV TEEREZFRE L7-DD, FACS Calibur (BD Bioscience) % FHu T
DNA GHBEEMT LT, T2 no¥ 2701 10,000 {ELLEoOMIEA VTR Lo,

1-2-10. 7 o~ F Uik

FFEDO SIRNA A R T VAT =7 33 ZHITT MCFT Jllls siRNA 238 A L7z, hT A7 =
Jvartk4 HREIZ, N TV Lo THBESE, B L7235 L% 5 x 108fEH D MCF7 Hifaz
1% FA/VLT VT E RC10 250, |IECUEET 2 2 L2k 7 a R 7 S8, #&KIBE 150mM O
7V TR S Z LT KD ROGAAE I S 4 PBS C 3 [FIBES L7z, Cell lysis buffer (0.5% NP-40,
85mM KCI, 5mMPIPESpH8.0, protease inhibitor) THRE L TOK ET10 51 > FaX— 52 &
([Z &> Tl AR L, 2,000xg Tl L7e, fH5i7~XL > k% nucleus lysis buffer (1% SDS, 10 mM
EDTA. 50mM TrispH8.0, protease inhibitor) TR L, K ET10 /0filf > Fa~— kL7, Boh
T ViR % Bioruptor UCD-250 (Cosmo Bio) % AV T 30 #fH]. 6 [HAEI L7228 & H-amplitude CHAT I
PR35 Z 212X > T DNA Z8JH7 L, 15,000 xg C5 25, wld 5 Z &2k - C HFIClr &z
7 a~F UMW BT, FIEEE S ng/mL THLPHB2 HiARB L O~ T AT A Y Z A 73 ha—/LiK
ZUSINL, 4°C T—Hh, [EHRSE/2n3 DA Fa— bk Uiz, oz hlR-biAEa 1A% 1.5 mg ©
Dynabeads Protein G [ZIRINL, 4°C C2Kf#], [EHRSHERAHA o F 23— b Uiz, o7 HlR-Ft
- — 24 &A% wash buffer 1 (0.1% SDS, 1% Triton X-100, 2mM EDTA, 150 mM NaCl, 20 mM Tris
pH8.1), wash buffer2 (1 & NaCl 75500 mM T 5 Z & LISMIIE—), LiClbuffer 250 mM LiCl, 1% NP-
40, 1% sodium deoxycholate, 1 mM EDTA. 10 mM Tris, pH8.1) 35X TE buffer TEEHuE4 L.
#6¢V VT elution buffer (1% SDS., 10 mM EDTA and 50 mM Tris, pH8.0) %z T 65°C Tk, FE0H9E
& 9T D Z LI K> THUR-HTUIRMESIRZ S Uiz, 155 7-iiE% 40 ng/mL @ RNase A T 30 7 fH.
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37°C TA L ¥ 23— kL, 20D, proteinase K 201 LT 2 B, 55°C T >3 =~4— k L7=, DNA
137 =/ —/U 7 eV LRI L O R U 72, DNA JEEEIE Quant-iT PicoGreen dsDNA Assay Kit
(Thermo Fisher Scientific) (Z 8 > THMIXFEDO T 1 b a— /W ER LTZ, 554172 DNA 1%
quantitative real-time PCR (qRT-PCR) £ Cf#dT L7=, Eurofins Genomics (Tokyo, Japan)J: DAL, AV
127" T A ~—DlANE LU T ORI,

Target Seguence (5°—3°)

Forward CAGCGCACCAACGCAGGCG

Reverse CAGCTCCGGCTCCACAAGGA

Forward CTTTATTTATGTCATCTCCATAAACCATCT
Reverse GAATACTCCCCACATAGCCCG

p21WAFLCIPLgpecific primer

Control primer

1-2-11. SA-B-Gal Yutaik

FFLD SIRNA BA N T VA7 =7 3 3 UFHIET MCFT JlfEls siRNA 238 A L7z, hT A7 =
7 a4k 4 HEIZBO Gl ks~ | (OZ Bioscience, Marseille, France) % T, LAITD X
912 SA-B-Gal Yetaa1T -7, Milda PBS T—LWEFt4. 1mL o Fixingbuffer 2712 TR T 15 431#]
AU Fa— 5 LIk VinAEE Lz, Fixing buffer ZEL0 fr& . PBS T2 [mlpEs Li=D b,
1 x SD X-Gal & A/7- staining buffer 1 mL 1%, 37 °C C—WbiUL St72, staining buffer 2 Y Ry NT
PBS T2 [l L7-%%. SA-B-Gal IZH Ryt S-iilaz 2 iiE & LR L., HREFNoOaHa
HHoD SAB-Gal [EMEIEOEIA 2R Uiz, T2 EERIZIS T 400 LL ORI A L, D7
< & 12 D FT RS CRHi L7z,

1-2-12. A=Al - SERITLEROFHR

MCF7 fIRO RSN L b U R 7 NGB K> Gl L 7=, 5.0 x 10*{E/well < 6 well plate |2
FERE L. 24 FERI4IC FRRD SRNA A R T 27 = 7 3 g VRIS TR siRNA 28 A L=, |k
TUART a6 HEIZ N 7Y RIS TRl 2 TR L, [FIE0D 04% h Y /ST —
(Wako) ZEML., 10 L ORISR Z V., Hilace mERGHRRIC LV Lz, U ST —
ZHEH LB Ch -7l z Afa s LT, MU ARV T N—Z Lo T S Hila 2 stia s L
A7 ML, MEGHREECISNT 4 IErOFHAPEEA T Ure, SERfedcA A & eI G 3T
BChR L2 sB/laR L L, —e T — V2R LI,

1-2-13. fua R

BCOT—HIIEAEXINL LTz 3[BILL EDOFEERZAT 5 Z LI L VT LTc, 77— ZIRFHIE + £
Y= (S.D) [T TFoR LT, p il Excel software % VT Student s ttest WHIEZTTH Z L2k Y
B L. 55407 p DS 005 AmDGH A A EALDH D LHE LT,
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1-3. FHRAIHE

1-3-1. GGCT # /37 B L ONPHB2 4 /X7 B O HA BT

GGCT LMANERT 22 L VB T aFET L R — A 7Y RIEIZ K DR 78 A
VERfEHT AT o T, ZORES. B NPHB X LRV BT D7 Z 7 A b (13209 FHT I /) &
A hELTHWEE R GGCT # L XU E 107 2/ Bis04eR, 196 3L 97-189 D 9 |
97-189 7 X / FALSI| & OFEA DR ST (Fig.3A), KIT, FEITE MASAMIEAN T GGCT & PHB2
DFEG L TND Z L2 b D72, MCFT HilaH D a4 w7 BHiHRIZ DWW T, T GGCT
E /7 0 —F NHURZ W THSEU RS 21T, Vo AZ T a7 ¢ o TIEERAWCTIT LT, %
DFERE, PHB2 D3 RIHT GGCT Hifda AV TRy LTl BlEZ S, 74 Y H A4 73 |k
72— /WA O TR LTl 2 3 8iE S ivie o 72 (Fig. 3B), L7235 C MCF7 iz st
T, WHEMD GGCT # v /37 'E & PHB2 2 /37 ORI E/ERNGFAEL TD £ B2 bz, &
(2. GGCT %3 PHB2 OHIEANRITEI 8% B 2 BIR-CTh D LW 2 i AT, GGCTSIRNA 721
control SIRNA %38 A L 7= MCF7 HEfaHI D, HIRE B 336 K OBZBI S o318 LT & /xR 7 B Rl
ONT, Tz AKX T yT 4 7R FOT PHB2 O RIEZ T L7- (Fig.3C), GGCT /X
> RIS RN OAEER S, GGCTSIRNA LKL D /) v 7 B0 iR e gl c& =, a2 bn—
JURiRE & Hl LT, GGCT /v 27 &' o MCFT AR 238V Y TREN D PHB2 FELEA N LT Y, —
J57C, MRV D PHB2 1ML T/, BLEOFERMNS, WIEMD GGCT & /X7 B & PHB2 # 18
7 IS CHAMEA L CTERY . GGCT % >/ 7 El% PHB2 OHIIE ) HEEA~DOBATEEET 5
FTHDH I EDIRSIIT,
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A BD-GGCT BD-GGCT C
AD-PHB2 AD-negative control
L 2 .

PHB2 | e i S s

GGCT | w——

/
~ LaminAIC [ -
GAPDH | S-——
WB: PHB2
Control QGCT Ct_)ntrol QGCT
WB: GGCT siRNA siRNA siRNA siRNA
Input Control GGCT Cytoplasm Nucleus

-IP -IP

Figure 3. Interaction between PHB2 and GGCT proteins in MCF7 human breast cancer cells.

A, Representative images showing 3-gal staining after yeast two-hybrid analysis. The blue signals generated by
LacZ reporter activity indicate the interaction between GGCT (amino acids 97-189) and PHB2 (amino acids 113—
299) fragments (left), but not with the negative control (right). B, Endogenous GGCT proteins were
immunoprecipitated from MCF7 cell extracts using anti-GGCT or isotype control antibodies. PHB2 or GGCT
proteins were detected by Western blot analysis of precipitated proteins and the lysate input. C, Expression of PHB2
and GGCT in the cytoplasm or nucleus was analyzed by Western blotting. Fractionated proteins from MCF7 cells
were extracted at 4 days post-transfection of siRNA targeting GGCT or a non-target control siRNA. Lamin A/C and
GAPDH are shown as fractionation and loading controls, respectively. These immunobloting experiments were
performed at least three times and the representative results are shown. These figures were cited from Fig. 1 in
Taniguchi K et al. Biochem. Biophys. Res. Commun. 2018, 496, 218-224.
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1-3-2.PHB2 (25 GGCT / v 7 X0 Tl S b p2l 581 FA- O E OB

VIRIOHFZET, GGCT / v 7 X7 AN A p21 OFHZ ER-S8, p2l & EFITEIFEL T
GO/G1 HIZHiT DA IE 25| &L 232 L 2 Lz (18), Aoy | o kT,
PHB2 (%I CTIX REABSREA FFD (32), - ESAMS AUAIRERE HeLa 2B\ Tl 2 b RU 7T
JAEL TV PHB2 (3= A b 7 VI o TEEABAT L. ERaRAFIEDERE A5 Z & 234
HENTND (33), T70bh, PHB2 ITHEEFEERZ BT 54 VB ThbH LEZ b, £ T,
PHB2 73 GGCT / v 7 Z#'7 A& 5 p2l 388 L5 -36 LUl E TS IR IC R 28 2 Re L Qs &
WO RGERASLTC, MCF7 ABRUZISVWYT PHB2 O/ » 7 X B LUSEHPEBLA TV, V= AZ 71
VT 4 YR K D p2l OFRBFHTE L N7 a—HA b A N =R X DE T 21T o7,
DFESR, PHB2 O GGCT & D[FIE/ 7 27 %, p2l OBEE 2B ERA 5| X Z L7, £7-, PHB2
DEI )~ 7 Z 7 13 p2l B EH 251 & Z L= (Fig. 4A), — /7. PHB2 Oififilédiit, GGCT /
v I H 7 AZL D p2l 3 ER AT LT (Fig. 4B), PHB2 OHMRHIFEIIZ L~ T, p2l # o8
7 EHELL NI — AR D DI BTz, LI2h3 > T, PHB2 (3 p21 OFEHHIA & LT
DIEEZ AT H EEZ DIV, SHIT, PHB2 OIfifiELNs GGCT / v 7/ XU Al k> THIER IS
AUz GOIGL ¥z T DS DA 1L 2 FEICEHE T2 Z £ 2 528 LTz (Fig. 4Cand D), LA oD
FERLD, GGCT / w7 X AZk b p2l 8L BB L0 GUGL Hilzki T DHMaEHIE 2% L,
PHB2 | L7255 & - LT b &5 2 b,
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Figure 4. PHB2 inhibits upregulation of p21 in MCF7 cells.

A, Expression of p21 protein in MCF7 cells was analyzed by Western blotting at 4 days post-transfection with
siRNAs targeting GGCT and/or PHB2. B, PHB2-overexpressing (PHB2 OE +) or empty vector-transfected (PHB2
OE -) MCF7 cells were prepared, and expression of p21 protein was analyzed by Western blotting at 4 days post-
transfection with the indicated siRNAs. These immunobloting experiments were performed at least three times and
the representative results are shown. C and D, Cell cycle analysis of PHB2 OE+ or OE- MCF7 cells at 4 days post-
transfection with the indicated SiRNAs was performed by flow cytometry. Representative histograms C and the
percentage of cells at each phase of cell cycle D are shown. (* p<0.05, ** p<0.01.) These figures were cited from

Fig. 2 in Taniguchi K et al. Biochem. Biophys. Res. Commun. 2018, 496, 218-224.
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1-3-3. PHB2 O p21 7 1 &— 4 —fg@ili~DiE A REDMET

WEOREIZLD L, BIZRHET 5 PHB2 [JHEEAIHIT DT CHD Z EAVREN TS (31),
Z ZTCIRITHe &2 1R, PHB2 78 p21 D7 mB— 2 —fElIIHEGT 5 & W O R A L e, Ziva FERiET
~< ., HLPHB2 Hitlka HW =7 v~ F 5k A1 T o7 (Fig.5A), #LPHB2 k% v iz m~F
AR X > T B DNA BT IZxf L, p2l O 1 — X —fHigl s B2 7T A ~—% H
WT QPCR Z1TH &, TA VXA T2 hr— gz vz & & LG LT, p2l 07 mE—4—
T BRI SN D Z EbnroTz (Fig.bB), S HIZ, 20 PHB2 @ p2l 7 1 &—4 —fEil Zxt
TR GGCT / v 7 X0 AT L - TR S 4v72 (Fig.5C), LA EOFER LY . MCF7 il
([T PHB2 & /37 E p2l D7 mE—4 —fliIhi e L, £OREIEGGCT / v 7 X0 ATk
STHIIEND Z L E2A BT LT,

A

\‘@7/ e

promoter
,—9 %
-1025 -976 -262 +31
Control primers p21 specific primers
*% C
10 1 10
3 3
E 8 1 E 8 1
2%, | 2y _ |
g2° E°
g g
2z 2z
© ks
E 2 - E 2 7
0 , R R
Control Specific Control Specific Control Specific Control Specific
primer primer primer primer primer primer primer primer
Control PHB2 Control PHB2
No treatment GGCT siRNA

Figure 5. PHB2 binds to the p21 promoter in MCF7 cells but not in GGCT-depleted cells.

A, Schematic diagram showing the gPCR primers used for ChIP analysis of the human p21 promoter region. B and
C, The chromatin fragments bound to PHB2 proteins in non-treated B or GGCT-depleted C MCF7 cells were
immunoprecipitated with an anti-PHB2 antibody (PHB2) or an isotype control 1gG (control). Relative amounts of
DNA, as quantified by qPCR. (** p<0.01.) These figures were cited from Fig. 3 in Taniguchi K et al. Biochem.
Biophys. Res. Commun. 2018, 496, 218-224.
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1-3-4.PHB2 ® / v 7 Z'07 A L DA (23132 p2l OFEDHRYT

AFIZBWT I FE TR ULIZFEBGER S . PHB2 (21% p21 OFBEHIHI DHEEEN S D LB 2
B, 2O p2l ITARE IO T AT 2 EERR 7 Ch D, £ I TIRIZ, PHB2 (ZIFA A
DOEFEEAEST DHEREN DD &\ D ATREME A B 2 12, ZNAERGET 572012, PHB2 ORIl v 7 &
T AR DS~ DR L | FAUTKT D p2l DRIEAE T m—t A R A R U —{EZ FHVWTHT L
Too TORER, £, PHB2 OHM /) » 7 #7003 p2l FEEATEEICHEE L (Fig. 6A). & 51T GOGL
BT DR EE L A5 X 2 L7z (Fig.6BandC), = ZC, p2l Z[FFHZ ) v/ X745 L
ICEVZORELEREZAET S L. ZOMETEIRIIERE Lz, L7e3-> T, PHB2 O/ v 7 XD
VTCHE SN DB IRIE, p21 OFEL RIS D Z LA LN o T,

A B Control siRNA

Data 007
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Figure 6. Knockdown of PHB2 alone induces GO/GL1 arrest in MCF7 cells via upregulation of p21.

A, Expression of p21 or PHB2 in MCF7 cells was analyzed by Western blotting at 4 days post-transfection with
siRNAs targeting PHB2 and/for p21. These immunobloting experiments were performed at least three times and the
representative results are shown. B and C, Cell cycle analysis of MCF7 cells at 4 days post-transfection with the
indicated siRNAs was performed by flow cytometry. Representative histograms B and the percentage of cells at
each phase of cell cycle C are shown. (* p<0.05, ** p<0.01.) These figures were cited from Fig. 4 and
Supplementary fig. 1 in Taniguchi K et al. Biochem. Biophys. Res. Commun. 2018, 496, 218-224.
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1-35.PHB2 ® ./ v 7 X7 AT K DRI LITx9% p2l DB fiHT

LIRTOMIIE CHe 2 DIFFEZ V—"1%, GGCT / v 7 X7 L 33 AR CHla b 25 | ikt 2 L, p2l
DFEBL LT Z ORI L OFFEICHE RN A Rl 2 & A7R LT (18), £ 2T, PHB2 B/ v
7B A F o TR LD B E L Z SHLH M E D vE SAB-gal Yetaika AV THRMT Lz, & ORER,
PHB2 D/ > 7 207 AT L - C SAB-gal BEMEZA LRI HBLOMBIEL S 4L, ZOEE A BICHIINT %
ZEeDbole, T TRIFACZ p2l 2/ v o7 X035 ZOZBlaOR NI S 47- (Fig.
7AandB), L7z3-> T, PHB2 1D/ v 7 B A K-> GREE SN L, p21 D38 EFIKAF
T EDRALNIR ST,

A - B
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Figure 7. Knockdown of PHB2 induces cellular senescence in MCF7 cells via upregulation of p21.

A, Representative images of SA-3-Gal staining of MCF7 cells 4 days post-transfection with the indicated sSiRNAs.
Scale bar, 50 um. B, The number of SA-3-Gal-positive cells was counted and the positive cell: total cell ratios are
shown. (* p<0.05, ** p<0.01.) These figures were cited from Fig. 4 and Supplementary fig. 2 in Taniguchi K et al.
Biochem. Biophys. Res. Commun. 2018, 496, 218-224.
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1-3-6.PHB2 ® / 77 Z'07 AZ X Z il FiEdiilFs J OHIIEFEl 64~ % p2l DRt

BEOHEITIBNT, MCF7 M D GGCT /v 7 &'t A2 X D AMMHSGEIHFS L O%IiasE
1%, p2L BHL BRI L CGREE SIS T EDVRESNTWD (18), AROEY . GGCT / v X
IZ& - T, BN PHB2 OFEENNED L, 730 p2l OFREBENEINT S Z LAVRENTZ, £ZTID
AEMEANNEZRZI OGN PHB2 Bl w7 20 U )SHITEEIC 5% 5288, 35 KO p21 D
FAZONWT U R T N—Gettdlm FWCTHRT LTz, 92 &, PHB2 O/ v 7 XAl L - AR
ORI L OSEHIAOEIS OBINNE | X Z &b 2 En3bholz, SBIT, FOEMEOR
B L OBEHIBEDOEG OB, p21 DIFRFE » 7 X0 AL > THEICEIE L7z (Fig.8AandB), L7-
MNoT, PHB2 D/ v 77 X7 AL K - CRE SRR Ol s K OSBRI OEE ORINE, p2l
DOFEL EFIKATT 5 Z LB NI/,

A B
16 *%k *k
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Figure 8. Knockdown of PHB2 induces growth inhibition and cell death in MCF7 cells via upregulation of
p21.

A, MCF7 cells were transfected with the indicated SiRNAs. The number of Trypan blue-negative viable cells at 6
days post-transfection is shown. B, Proportion of Trypan blue-positive (dead) cells at 6 days post-transfection with
the indicated SiRNAs. (** p<0.01.) These figures were cited from Fig. 4 and Supplementary fig. 3 in Taniguchi K
et al. Biochem. Biophys. Res. Commun. 2018, 496, 218-224.
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1-4. B

AEFTIL, GGCT & OFHIDHANERZ 2 /R 51T D PHB2 %, BEREY — A 7Y » RlEA
W HEREROHE B ERIFRNT CIRIE L1z, EHIC, & MDA AMIRESRk & 7 Bt o3 2 51
GGCT #HillsZ FIV V5ol BaAIic L 0 . PHEIED PHB2 & GGCT 2MHAMEF LTS Z & AfaEi L
7oo BENICHELT 5 PHB2 IFHEE 2403 2R - & U THERET 2 Z L2VRENTEY (31), flzid=
Z ha AU RIBITEE LT by KU 7O PHB2 DMEAIEATL, =& a7 U ARLFEOER G I
SNDZERHRESINTND (33), E7-BIOMIETIE, brefeldin A-inhibited guanine nucleotide-exchange
protein 3 (BIG3) 1% PHB2 ZH4#ifit L, PHB2 DE~OBATEMINT 5 Z EAHRESN TS (36), &5
(2, Kuramori Hi%, b MEBEMEAIMPHIIIZ IV T, KEMEAW capsaicin X PHB2 (CERHEA L.
PHB2 O TAIEET D Z L Aa/RLTZ (37), THAUHOHIRIL, PHB2 OBNRENHEI SN D Z &
I, PHB2 DM GHIIRERE 2 J8f#H 5 L CHREREEIZ R L 27/ LT 5, AEIZBW TR,
GGCT / v 7 X7 KNG PHB2 814 ) S, Ml D) 5 PHB2 LA NS¢ 52 L%
RUTz, ZDOZ LI, GGCT 1% PHB2 DIFATZARMES DHHIA T D Z & e L T\ D, Lo
L7e3 B, PHB2 DT GGCT BN ED L 9 7e A N1 = AN THIEET 220N DWW TR TH Y | 4
PBOEZEIMFERE CTH D, WEOHEIZIBNT, GGCT I[ZJAl L7z & >/ /' E Téh % Botch # /3
Z'ED3 Notch & L " EDy-7 VB INT Y 2 AMBHING 7 ) 2 o milidE S D & O BRI ER A
179 2 LIZED ZOBBATEREI L T D LV ) Z EDRHIESINL TS (38), & HIZGGCT (£ Glugs
(TIEEFLERFO Z EAVREIUTEY (20), ZAUIARE RS- PHB2 SAHE/ERT 5 97-189 7
2 BEEARICE END T, GGCT OBEETEIEDS PHB2 (0] &/ OFRREIE 2 )it L, 2O T
ZAEI L QDD RIREMEDE 2 B b,

LIFGOWFFET, GGCT FEHHIAS p2l DOFHA NS, 20 p2l F8L EFITIRAT U Clla (bt
FOVIEEEFESR NS | AL SD Z L2 L CE 72 (18), £ DREM7R A 1 = XA LN FAHCTH -
72 PHB2 & GGCT 2MHAIEF L TWH Z &, GGCT / v 7 &7 2 K- T PHB2 ORENE X O
BIZBT DREENI LTI Z L 28T, PHB2 28 GGCT / v 7 X7 AZ K% p2l DR EHICHE
BN RT3 L WO G AL T, & LCEERIC, BN PHB2 (3 p21 O 7 v &— & —fEI G &
LTEY, ZOFEIXGGECT / v 7 X7 ALK > THEITHH SND Z L 2B Lz, ZOfEE
1%, GGCT DFELARNHIT 5 &, PHB2 OHMIIED DEZA~OBATRAEIND Z &1L > T, p2l D7
21— —HIIRE G D PHB2 & L/ 7 BO&ENED L, ZHUZ Lo T p2l OGRS 4
WD AMREEA TR LTS, ZOHREFIET 5 Z &<, PHB2 OB GGCT / v 7 X'
ANTE D pl L EFAABEITNIT D 2 E bR Ui, SO ORER LY GGCT B CaiiE X
% p21 ZHL EFIE, PHB2 @ p21 S50 - & L COMREDSIHE S NS Z LIk~ Th &Rz &
NHEND T EERNEL TS, F7o, MCF7 MllalcisVC PHB2 Z# BT v/ X035 &
feBAL DR, GOIGL #2351 T HMfe i iiis ik, HEGEAHFS K OMIISEDRBEED, GGCT / v 7 &
U OIS | & Z SN DMIRSE & [ CRBALSGHFE S, S HIZ2 D ORBAE p21 (K
T D Z AR LT, ZHHDOMERIL. GGCT / v 7 X7 A2k % p2l F8 EF- & Zhudie <M
S ENE 1L ds LU kAS, PHB2 0 p21 BxGHIHIERE DI EIZ K » T STV 5 O TR
DAEND BEAART D,
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Figure 9. Depletion of GGCT upregulates p21 expression by inhibiting PHB2 binding to p21 promoter.
Graphical summary of the mechanisms of p21 upregulation by GGCT depletion, including inhibition of the
translocation of PHB2 protein from cytoplasm into nucleus.

P21 1d p53 D ETE/MENRE L - CTH Y . M3 AR RGN 2258 & B 7=977- (39, 40).
P21 ZAHETT DHERE A FFD PHB2 1303 ATBIRIZ T DA LMEICTh D LB 2 Hiviz, Polier i,
PHB1 £ 20 PHB2 X rocaglamides &\ 5 FKERFIA LA OEBH/MENCTHY . b MEVET il
PR fSFHIRRR Jurkat |2 GO/GL HIlZds1T 2 MfaE s (b AR | & 2373, PHBLEBL U2 D/ v/ &
0 ATE OFIREINE IR AR LT i L7z (41), Cheng BiX, B MFHIIRAS AABIERE HepG2
IZ PHB2 siRNA Z3E A% & S HIofiusEd L, GOIGL HIOMIu N L7 & Lz (35),
MCF7 #lifcl 23V T, PHB2 Bl 7 277 278 GOIGL ¥llZ381T Dl E il Ik 25| & Z Lz & v
IR DRERZIETEZD & PHB2 1E, p21 OIS TR iz "9~ X 9 1272
ST AR D L/AEN 7 Ch D AREERE 2 Hivd, LivL—F T, BIG3 2k 5 PHB2
OIERATIHE 25 &, ERo. O MRS - OEG23MIH] S 4L, invitro 2 OVin vivo 1238\ T
IS ADOEFERIIH SND Z EBHESN TN D (42, 43), DF DA b u P AR FIEO R A 79
DIAAZINNTIX, PHB2 IZPIDBAIRAEFFO X LRV ETHDH T L HRBRIN TS, T A hH
P ARV F T IR AR I 2381) 5 PHB2 OFSREA B SN D 7212id, S5 H R
HIFFEHNE D D,

ARFIZIBWNT, GGCT EHHAESEHT 54 /7 E5r1-& LT PHB2 47212/ L, PHB2 75 p21
D7 mE—F =T D Z LIZ K> TEORBLA I 28RN CThH o Z L 2B BN LT,
GGCT D/ v 7 X7 AF PHB2 OEPNFELZMIHI L, FHUTL > T p2l 07 vt —4 —fHilfEET
% PHB2 DA S8, FERANC p2l OFELEAZF| &I LTS LB 2 Hivd, PHB2 Ol
BT GCCT / v 7 AT L% p2Ll %8 E AW L= 2 & 026, GGCT / v 7 X0 v &4y
L7z p21 %8 EFHCIE PHB2 ORI EZME L 972 2 EAVRER S D, £7-, MCF7 HllEiZIs1) 5 PHB2
DY/ > 7 20 3 p21 FEEL A5 U CRlfaE s 1, Hila(b, HEmls J Ozt 4354
L7z Z emn, AR 5 p2l FEHHIA 7-& LCO PHB2 OBEREMIRIL, 23 AMIIRO MR
HEOARIEIZ 8 D A 1 = R LA~OFT- 702 % R~ L, BRI & L CORREEZ N L T5,
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FH2E
GGCT / v I X7 Ak DA — F 7 7 P —0FFE %4 LT CDKI OIH)S b5 Dk

AH. a7 MR IZEOBEDMAET D Z G SN TR Y | Mlwtosm s =
DIEFRZDVWTUIREGRORIND & ZATIIH 55, AT, K35 RO X 9 720072 S
%y BA T 1707 T DGR IRE 1T caspase-3/7 | TIRAFIR T AR b= AHISE, XA 72
1 7T NHIREAE TR 2 3 A— 7 7 o — R & L X7 5/6 (autophagy related 5/6, ATG5/6) {77
W7eA— N7 7 U—BREHSE, ¥4 73 7a T AR 7 v— AR v 7T NHISE (R
a7 b=y R), BLU mitotic catastrophe & T OO TH D (44), WEOWEIZIBNT
Hox OWFZE 7 V—71%, GGCT OFEBUNHINC X - THIEHE Z SNA D AARBEILT A F— AT
PN E AR LTE (18), X 6T, GGCT [3y-7 /v INAA 7 VT I NH T OFE E MHHERT
T BN REDABEE TH LT, ED ) v 7 X0 ATHBIIAREHMEAR N LA ESEE
DTFRNEEZ BT, £ 2T, GGCT OIETMIAA— b 7 7 P —PFRablst a5 < 290
TIFRDE W I BGER A LT,

F—r 77— (BEIEH) ZRBRORZHEISE L GHEIND, MROREHE I Z R
LD T HRE T D, A — N7 7 D —3FEAN TR 2B Th 278, Alfaf o
AN L > TRFNCA— 7 7 =R SN D ERBESS [ SR Z SND 2 EnHY | Zhsn
L@ HA— K7 7 U—EhERIIE T D (45), ATGS (34— 7 7 — DI TICAR R KRR TH Y |
ATG12 3 ELERER ATGT I k- TS bS5 & (B2 iR ATGL0 12 K- T ATGS L IAHEG L,
ZOBANT ATGIOLL & & LITHAKRE TR T 5, ZOH /X7 BHEERIL B3 Bk & LT,
S HIZ LD microtubule-associated protein 1A/1B-light chain 3 (LC3) DARA T 7 F ULk ) —)L 7 2
VEDREEEIEET S Z LK, A= T 7 LR AT D (46), ATGE XA — KT 7Y
—DOFFE BRI E R TIRTTHDL 2 L1d, A— N7 7 U—iFEREE K< ATGS KABDBIAAT
~ U AEHEG T TAEEFT D &, FISRFETAT LR~ T 2 L0 §1XD DN L vESRF
TERIoTEN ) Kuma HOMFFEIZ Z > TRSIITN D (47),

A= T 7 O HiHET DV 7 T IRERIRIII AR 2 72 b DB 08 RFERIZL b D & LT AMPK-
ULK1 o7 F/URERE, mTOR 7 T/ URERIEE DT bid, ULKL 34— k7 7 P—0DBkA
(ZHZEDKRFTH Y  AMPKoA Thrl72 1281 5 U bz K> TR bS5 & p-AMPKoZ ULK1
EHEBE) BT D Z LI E o T — F 7 7 P—EBIET S (48), ULKL IV o007 2/ Fepstt
IZBWTY UMb a2 T % Z NI SN TERY | ZENENRRD T 7T MBI L > TY UigkE
I, B OMRE AT D (49), BRI I a—ARZIZ I o> TR LS/ AMPK I, ULK1 %
Ser777 B LU Ser3l7 ([ZBWTERY b5 2 L2k, A— 77 U—%MtET 5 (50), A
FOEEIAHET DM TR Cid, ULKL 13 mTOR complex 1 (MTORC1) (24T Ser757 % U o
feft 341, AMPK (2 X % ULKL OFEMEASHE SN D (50), S HIZ, 7 X/ RZIZE > TEMHEES
7= AMPK |3, ULK1 % Ser555 TU Ug(bd % Z LIc kD A— b7 7 V—%&#Ed 5 (51), —H T,
Thr172 % UV b S AU LS 7= AMPK (3, mTORC1 D4y 1-0O—>Té 5 Raptor 2 1 UL,
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T5HZLIZEY, mTORCL O 7 IURERIKE A IAET 5 Z LdiE S TnD (52), & H—D2D
mTOR #AIA, mTORC2 i%, Akt % Serd73 TV Ll 5 Z LIS\ 5 (53), Serd73 TV
U b ST At IEERHICISWTIE ATGE & LTHAEIHILS Beclinl 2V gk L, U b
Beclinl 7% 14-3-3 B LR T 4 T A N EEERETERT D2 L1280, A— 77 U= HFE
ENDZENHESNL TS (B4),

AFTIL, MCF7 i+ L O PC3 HIIZ R T SiRNA 2 VT GGCT O3HAHIHIL, A— 7
7 v —H—THDHLCIN DY = AZ T T 4 R L DR, A — N7 7 3 — LR
WNZYetad B FA AL b L—Y— @R E AR BRI A — ~ 7 7 3V — AR O
izATo7, £7o. GGCT ZIRHPFEL S 7=~ 7 ARMEEEHINEE NIH3T3 Z g K Z 5 CThiE L.
VAR LTy T 4 R E D LC3H O ETTH Z &I2E Y GGCT DA — b7 7 U—IZxtd
LR BARNT LT, AR > NADH &I2HAI L C WST-8 2B A R SN D R L -~ 2 ERETH 2
K VMR AR L, 7 e —Y o R A N YA X SHIER T A1T S5 Z L2k Y. GGCT
WA= N7 7 U—OFFE, Ml LOWIENC G R DB OW TR LT, S 612, A—F
7 7V — DA TICEE A 2 Fel=4 ATG5 % GGCT LRI v 7 X452 LIZk»Th—
N7 7 O—%BAETHZ LI AmREEE L, RIREEEAE], HIRSEOREE R LU b & v
o7z GGCT FEUK T CRIEE SN D ERBVOFHEIZIT 54— N 7 7 P—DRERE AT LT, %
(2, A— b7 7 VOB B E 2 R AMPK 27 UREERES S KON mTOR v 7 Us
BRI OZEENZONWT, ZNENDY U E T 2 A Z Ty T ¢ CETHRIT 5 Z 12k
iR L7,
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2-2. FBITIE

2-2-1. A & B4

b NELASAMIEIRE MCF7, B RAINZARDS AUABIEAK PC3, B MANZARAS MO DU-145, & MELASA
HfEE MDA-MB-231 /% RIKEN BRC L WA L7z, ~ 7 ARMHEZS/RE NIH3T3 |3 American Type
Culture Collection (Rockville, MD) X WEEA L7z, GGCT ailFH NIH3T3 Ao rix, pCXabsr L
A NARY Z—F N 28X 2 —F 21X CGGCT BN A —% N T AT =27 ad5H2
EIZLVITo72 (2), DMEM (2 109%FBS 35 &2 TF 1% penicillin/streptomycin (4141 100 units/mL, 100
pg/mb) Z NNz 7=k A VT, 37°C, 5% COp A >3 2 — X —INThEZE L2,

2-2-2. ik

F—EOHERA L-bURITnZ, —&kbukiZiz~o A#3k 1gG Fifk& LT, LC3 (1:1000, M186-3,
MBL. Nagoya, Japan), B-actin (1:1000, 017-24551, Wako). B-tubulin (1:200, T4026. Sigma-Aldrich,
St. Louis, MO), 73K IgG Hifk & LT, p16(1:1000, ab51243, Abcam, Cambridge, MA). phospho-
AMPKo. (Thrl72, 1:1000, CST). phospho-ULK1Ser555 32 OF Ser757(1:1000, #5869 I3 J 1~ #6888,
CST). phospho-70 kDa ribosomal protein S6 kinase (p70S6K) (Thr389, 1:1000, #9205, CST). phospho-Rictor,
Thrl135, 1:1000, #3806, CST). phospho-Akt(Serd73, 1:1000, #4060, CST), BL U= b U Vb4
YoRTEDOIEY R (1:1000, #5832, #8054, #9476, #4691, CST) %M /=,

2-2-3.SRNABEA N TV A7 7 a3 U4

5.0x 10*{Eliwell > MCF7 i, PC3 i, DU-145 i, MDA-MB-231 #ifa% 6well plate |- #EHE L
BLZ 24 Bk, 30 pmoliwell ™ Non-target control SIRNA, GGCT siRNA 33 L OVATG5 siRNA & 5l
@ Lipofectamine RNAI MAX i83k % &tr b7 0 A7 = 7 3 a U EEMIERH Opti-MEM HCIRA L.,
15 43T, SRS CERE S, penicillin/streptomycin %5, & 72\ EHI S ASHA U 7= B8N L, fE
JE 10nM O SIRNA DIFERF TR IV A7 =7 3 a3 % T-7-, GGCT B L WNATG5, £721% AMPKal
DIFEE )~ 7 27 54T 9841, Non-target control SIRNA Z#2EE 20 nM T2 br—/L & LTH
W, BRI L7 b DA, BT L7z siRNA IOV TR LL F ORISR,

Target gene Sense (5°—3’) Anti-sense (5°—3’)
ATG5 CGAAUUCCAACUUGCUUUA TAAAGCAAGTTGGAATTCG
AMPKal UGCCUACCAUCUCAUAAUA TATTATGAGATGGTAGGCA

2-2-4. T AR LT T 4 T

REOSMCEEE LR A PBS THES L. 37°C K91 0D b U 7o LU CHlla & I8 <1
T DR S TR A [ L7z, #ilEZ RIPA Buffer (27 17 7 —EBHEAIR L O PhosSTOP EASYpack
(Roche Diagnostics) Z /1272 & O THSiFE L, K SR8 DB H I AER - CHIla 2 il U -, Vi %
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4°C, 20,000xg C 15 Z3fH], vyl HEICE D AVEED & ooy iR A [ LT, e
FOHEI L BCA 2 o " BEEZ N TH DNV EREZRE L, ZNEN L T NHT=h 2
UG RL LC 20 ug (2 5xsample buffer 212, 95°C, 5y MIEVEMEZATV, BT 52 0B D
SIS U7z T%, 10%, 15% AU 77 VAT X K7V iz SDS-PAGE TH#lELT=, 7% /Ui
7= b (B0Vigel EHEE, 60 43). 10%3 LN 15% 7 /UiEtE 2 FFA A (170 mA/gel ‘EFEFE. 90 43)
IZTPVDF A 7 L AZHRE UTct4,p21 %9 2 B3 PVDF Blocking Reagent for Can Get Signal C,
p2l FBLOYTY SRk Z o BHUALSN T DB 3% AX LIV 25 AT 5 PBST C=iR
T 1R 7 e o d o7 Uk, FRRORRETRB L —kitkz, 4°C —h, FOoNTIRE 5 &
BN OIS SH T2, PBST ICTRERNCHR E 5 SH23 6 5 Ml 2 B Li—ob, —ikiikz=E
IRCLIFE, SO EW 7o, HURAHURIZIE p21 243 5B Can Get Signal Immunoreaction Enhancer
Solution %, p21 B L UMY (b Z /7 HHURLIS N i3 5 FRIE 3% BSAIn PBST A H L7,
U bz R B i iR A — kA Z W BRIZIE, 7 e % 2 271213 Blocking one-P (Nacalai
Tesque), FUAAFRIKIZIZ 0.05% Tween-20 &5 de b U AMEIERERRR (TBST) Mo, & 2/ 7 Eo%
B 7, Bt S S NI BLUSN RN DB A 7 L% PBST T 43, 3 EIEA L
72D HIZ PBS T2 B4 L, HLV V(b y v BaHT HE8E TBST 54, 3 Li=o
HIZ TBS T2 AW L. #8513 Clarity Western ECL Substrate %AV, FEEIR)VD 72 < M2 N7 255
1% Chemi-Lumi One Super % FHV N THEEA SH, ChemiDoc XRS Plus @ CCD 77 A 7 Tt L7z,

2-25. A — b7 7 3 — LEEEE
FREOD SIRNA A N7 A7 = 7 3 3 UEHZT MCFT #filfads KO PC3 #ifialc siRNA 23 A L

oo NIV AT 2l a k4 HEOMIRIZ, 18 K5H, 10uM OV Y Y —AHEHRZ v a2 4008
LTt IFA AR N L—0—@ETH Y | BRI Z > GRS BT L.
UV Y—=MIERHTHZ <A — N7 7 TV — LAY T % CYTO-ID Autophagy Detection
Kit (Enzo Life Science, Farmingdale, NY) % H\W\CRilaNdA— k7 7 2V — L% CYTO-ID Green
detection reagent, £%% Hoechst 33342 G4 L7-, CYTO-ID Autophagy Detection Kit DR T ¢ 7'
Fr—& LT, MCF7 Ml A— h 7 7 PRl 7 /3~ A 22 500nM % 18 Bl L TA—
77 I — NGRS T o T, HOEEORMARIES X Eclipse Ti confocal microscope (Nikon, Tokyo, Japan)
ZRWTHE LT,

2-2-6. HERaJE HIEAT

FREDOSRNAEA TR 7 =7 2 a VAT MCFT i@l siRNA 238 A L7z, R TV AT7 =
7 a itk 4 HBIZ, BlELTZIER KON U 770 R U 785 il 2 o CUERL 2 C eIy L 7=,
GGCT ##ifilZEH NIH3T3 #iai L, 6 cmdish (ZFERE L7238 L% 24 BF#% B85 A 10%FBS 7213 2%
FBS %54 L7= DMEM & A3 L, 48 BRI yFilE L7 Mifads OV N U 7' s LU U 7- 5 Al 41
DMUE TR U7, [BIY L 7AiE%, 70%T= % ) —/L & & T PBS (2C MCF7 filfi2i%-20°C ¢k,
NIH3T3 A XEEIR T 30 e &8, =% / —/UEEZETT> 72, KIZ, 20,000xg T 545t L,
T ) —VEERE LT #%, 200 pg/mLRNase A A5 1e PBS TR L 37°C T 30 HfilEHES 5 Z LTk
0. RNA OfiRa{ToT2, 0%, 20 ug/mL Pl Z&1e PBS TR LI, =8IEIC T 30 ZffiE <
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B, GHAT D DNA 24t iz, A ur Ay oz AW TEEERZRE L=, FACS Calibur
7213 BD LSRFortessa X-20 (BD Bioscience) %\ C DNA GHEAMT LIz, ZTNENOY 7T
10,000 fELL a2 FV TR L 7=,

2-2-7. HUBEEEFHAESS K OVEMOEL - SRR

GGCT F#ifiIFEE1 NIH3T3 AL, 96 well plate | Z#5FE L 7-36 L7 24 W14 HE510 % 10% FBS E£7-
1% 2% FBS %4 L7 DMEM & 7z#a1 T 3 Hffh5#% L, NIH3T3 Ao 4471 cell count reagent SF
kit (Nacalai Tesque) % FHV T 450 nm (2351 F DWNEEZIES 5 Z L2 L 0 3l L 7=, #H%} OD fEil X day
0ZHBITHWLEA 1 & L TR L7, MCF7 #lfuds L O PC3 A AR b U <o 7 —Yutn,
X > TEHIE L7z, 5.0x 104 EAvell T 6well plate [ZHEFE L, 24 B2 300 sSiRNAEA k5 A
Ty a RHCCHIRIZ SRNA A LT, T A7 27 a % 4BEBLULTHEIZRY
T A IR A TR L, R 04% b U ST —ZEN L, 10 ul ORI 4 1.
HEHRRA FHWTEHE LT, MU R T —% 8 LB Ch o 7oz i s LT, RY v
J—Z Ko Tt SN SERITE & U CRHER L, BRI ZI\ T 4 BTOFHAPA 2 R
U7z, SEARIaEcE A & SEAIE O AT TR LB Z e R & L, ~N—k T — VR LT,

2-2-8. SA-B-Gal Yxt4,

EFEO SIRNA A R T A7 =7 39 42T MCFT filiids O PC3 i siRNA 235 A L
oo NTUAT 2 v a %4 HRIZBOGlllgE (bt~ 2 AWC, IMIscED 7 m ha—v
(2~ T SAB-Gal ¥t L, 37°C —Mis S W7z, SAB-Gal IZE S YeFE ~7= b D& E LT
L., B OSHITE D SAB-Gal BEPElaOEIA 2R LTz, ZiEioIdRiziow T 400 BLE
ORI R L, D7 &b 12 DFToHE CRHl L 7=,

2-2-9. Huat R

ETCOT—HIENEIUINT LTz 3L, EDOSFEREAT 5 Z LI K T Lic, 77— 2 13V fE + 42
Y= (S.D) I TFoR LTz, pfiEid Excel software % VT Student s ttest WHIEZTTH Z L2k Y
BHIL, 155007 p EAY 005 KD EEAEALED Y LHIE L,
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2-3. TR

2-3-1. GGCT HUK T2 L 54— F 7 7 V—DahiE
F— R 77 V—nsFEEND & LC3H B MEESFD—DTHLHRAT 7 FUNT R ) —)VT
L HAERES L. LC3HINZEHAEND (55), SIRNA Z V= GGCT D/ w7 X7 U ISH AR A
— N7 7 U—EFETHONE S ERRGET H72%, non-target sSiRNA F7-1% GGCT siRNA Z3E A L
72 MCF7 #fds L O PC3 Ml 31T 5, LC3Hl DF L RIVEL~ VT 2 AR T awT (T
CHRNT L 7=, MCF7 A+ L OYPC3 MEZ 8V T, GGCT D/ w7 X7 AT LC3-Il DX w37 L
IVEMEINS W72 (Fig. 10A), 72, ZOHEN L7 LC3-I DX LRI E LU, ATGS DR/ » 7
H 7 ANZE > TRD LTz (Fig. 10A), ZOFEFIE, LC3-l 725 LC3-Il ~DZ S ATGE 21 Li=A4—
h7 7 ORI L > IR ENTND LN ZEERER L CD, &HIZ, GGCT %/ v/
X1y LTz MCFT #ilads LUV PC3 M@l Zdsu T, I FA U AMEREIENE b L—— @Rz TH Y | ZE
PRYERRI K> TIPSR T L, U Y Y —AIZERT 2 2 272 A— b7 7 TV — L& Ytad
% CYTO-ID Autophagy Detection Kit % AV /=A4— k7 7 =V — LJERkRERHli 21T -7 & = A, GGCT
I BT ARATA— T 7 Y — AOIBER S IV, ZOA— T 7 Y —AJEEREIL ATG
D[RR/ w7 2 o CRES AV (Fig. 10B), 17471 T, CYTO-ID Green detection reagent /34— k=7
7 U RFRICRIET A T L EMER T AT, A — F 7 7 U— BRI E U THESLS LT D T3~ A
DURAERT HZ L2 KD MCFT Ml A — R T 7 Y — ARG [ S Z L AR LTS
(Fig. 10C),
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Figure 10. GGCT depletion induces autophagy.

A, Western blot analysis of LC3, GGCT, ATG5 and GAPDH in MCF7 and PC3 cells at 4 days post-transfection
with siRNA targeting GGCT and ATGS, or with a non-target control sSiRNA. GAPDH is shown as a loading control.
These immunaobloting experiments were performed at least three times and the representative results are shown. B,
Representative images of autophagosomes in MCF7 and PC3 cells stained by CYTO-ID Autophagy Detection Kit.
Cells were stained 4 days after transfection with the indicated siRNAs. Scale bar, 20 um. C, A positive control for
detection of autophagosomes. Representative images of MCF7 cells treated with an autophagy inducer Rapamycin
(500 nM for 18 hours) are shown. Scale bar, 20 um. These figures were cited from Fig. 1 and Supplementary fig. 1
in Taniguchi K et al. Am J Cancer Res. 2018, 8, 650-661.
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2-3-2. GGCT #HFEHUC L £ MG K ZFHENA— b 7 7 —BHENROMT
RIZ, GGCT DiEfiFsE NS A— k7 7 P —DFFEI TR A KT TN E D DNTOWTRR L7290, b
Fa A NVARY Z—FEANTay ba—/LEB L GGCT RHERY ¥ —%~ v AMESE kR
NIH3T3 I[ZEA L, GGCT DEEMfIPREHIL 2157z, AREETH =23 UMK MCF7 35 L OVPC3
XD TIUE IEFRIE & Hfe U CREivy GGCT Js8lA R L (17), ASAMIIERKIC GGCT ZififiPFesl S 1T
t, GGCT T & At h R BIER S e~ 727230, BAKIKICISIT D GGCT DrshE XA
LTCNDEBZ LN, TDI=, LENLHEFIINE S CRIG TENEOR L . GGCT #HL i
SNRNIEF T~ 7 ARHEFHIIARE Td 5 NIH3T3 125t LT GGCT DIfHIFEELAATV ., F DHESRE 2T
L7z, IEF~ U ABHERRIC B RAEE 08 M AMIHRREE A8 L TEDO5 e A i
W9 BRI OTATIRR DV | 42 FEHR B 2T, FT| VR TuyT 407
TEIC L > T GGCT ORI B A HER LT- (Fig. 11A), [IERZ SN COREEITA— F 7 7 P—%35Y
T OMNL SN THETH D728 (55), Rl z MiERZ TR T A Z LiIck > TH =7 7
V—ZFHE L, LC3H DX R E LoV ERINT D Z 22K o TH— F 7 7 P—~D GGCT i3
B L DRZBICHOWCEHI LT, MiERZSAMCOREIIA— F 7 7 P —D#FE &7~ LC3-Il D&
PRIBL~VORNE S T-5 L, ZOHINE GGCT OHFEHIC L > THE S5 Z b7z
(Fig. 11B), =512, WST-8 7 &A1 &L o THllfaEiiE, 7 a—HA h A KU —EIZ K- CRlaE ]
ZREHT LT & 2 A, GGCT DBl Ll K Z S CHE#E L72FRD NIH3T3 O] S 7= iz
BIZEHE L (Fig. 11C). AMEBIOMI TA1EHE L= (Fig. 11DandE), ZhH0fE59%, GGCT / v 7
E )AL TH= N7 7 V=8 SN2 & BRODAMBAOEGEIHINS [ EEZ shb 2 &
EHLTRY, GGCT iTA— h7 7 U—%Hfil L, Ml A (et - DHRE2 FF > = L AVRIE S
72
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Figure 11. Overexpression of GGCT suppresses autophagy and promotes proliferation.

A, Western blot analysis of GGCT-overexpressing cells. B, Western blot analyses of LC3 in control and GGCT-
overexpressing NIH3T3 cells cultured in (-) 10% or (+) 2% serum-containing medium. These immunobloting
experiments were performed at least three times and the representative results are shown. C, Growth curves of
control and GGCT-overexpressing (OE) NIH3T3 cells cultured in 2% serum-containing medium. D and E, Cell
cycle analysis of control and GGCT-overexpressing NIH3T3 cells in DMEM supplemented with 2% FBS.
Representative histograms D and quantified distribution E are shown. (* p<0.05, ** p<0.01.) These figures were
cited from Fig. 2 in Taniguchi K et al. Am J Cancer Res. 2018, 8, 650-661.
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2-3-3. GGCT / » 7 Z#' 0 AZ K% CDKI F8EL 536 LU E S Lokt LT — b7 7 =3 G2
2 BT

PIFTOMIFE T, K& 7203 AUFIIERRIZ 38U VT p21 36 KO8 pl6 DM 7= 13 7 O3B E5H-73 GGCT d
FEPHICo | Z 2 SD Z & a4 Lo (18), FHI MCF7 fifa s PC3 MifLiZisu Tid, p2l BLT
P16 DS DTN EFH- L=, ZZ T, GGCT D/ v 7 X2 X% COKI 38 EFTxd 54
— "7 7 P—DEBETRD T, ATGE % GGCT LFIFFC ) w7 A 52 izl oA— 77
D—HEL, Y= AZ T 0y T 4 7R VT COKI OFEEZ T L=, £, GGCT / v
7 H 7 AZF o T MCFT flfialds KOV PC3 i VA UZIW T h, p2l 388U pl6 O OFsEL E5A-3
DI LTz, WRIT, ATGS % GGCT E[RIRHZ ) w7 X352 Ik 04— 77 U—%[H
EF72 L MCF7 M ClE p21 B L OV pl6 D38 EF-A38H S, PC3 MR TIL p16 DFEL EF- DA
PSS Z E AR L (Fig 12A), ZHHDFEENG ., BNAFKNCRITS GGCT / v 7 &
IZX % COKI OFBLEFHIX, ATGS IKAFEDA— N7 7 O — O8I B2 =T 5 Z E BB BN
7=, E7o. LIBTOZET, MCF7 #IfZ381) 5 GGCT OFEEMHTHIL, p2l MAFAC GOIGL HHHf
JEE 25 | FE T e awRiE L. (18), 7 u—HA b A R —%& HWClaEiTIic L 0 |
MCF7 il 235\ VT ATG5 % GGCT ERIRHZ v 7 #0295 &, GGCT FEUX Tz & 5 GO/GL H]
(2R DAMEEIE XA EIZRIET 5 Z &Aooz (Fig. 12BandC), LA EOFER LW, GGCT %
BHIHNISE L CRES LS A — F 7 7 U —Id, iUl p2l %68 B2/ LT GGCT FEUX TIC
F D HRE S e U CHEELREEIZ R LT D 2 &V ST,
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Figure 12. Inhibition of autophagy attenuates upregulation of CDKI and cell cycle arrest caused by GGCT

knockdown.

A, Western blot analysis of p21, p16, GGCT, ATG5, and GAPDH expression in MCF7 and PC3 cells at 4 days
post-transfection with siRNA targeting GGCT or with a non-target control sSiRNA. GAPDH is shown as a loading
control. These immunobloting experiments were performed at least three times and the representative results are
shown. B and C, Cell cycle phases in MCF7 cells were analyzed by flow cytometry at 4 days post-transfection with
the indicated siRNAs. Representative histograms B and quantified distribution are shown C. (* p<0.05, ** p<0.01.)
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These figures were cited from Fig. 3 in Taniguchi K et al. Am J Cancer Res. 2018, 8, 650-661.
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2-3-4. GGCT / v 7 X' A2 X DAIEEFERIHIR X OHIISEOFFEI L T — b7 7 =525
BT

AIEIOREFR LY . GGCT DFEL AN LMl THHE s T\ D4 — b7 7 U—F, CDKI OFE
RS JOSHIE Y E L CHE e B 2 R L Q0D E B bz, RICERAIE, A— 77
=M GGCT / v 7 &7 ALK - CiFE S HAINEEFANT]YS K OHIEsEZ HlE L CTd & H (i
AT, £2°C, ATGh % GGCT L[FRIFFIC ) w7 Z D52 LIZk o TA— b7 7 O—%fH5FE
L. RURC T —Yettibd AV CARTREDS L OB A #HRl L7z, EORESR, GGCT / v 7 &
v Il &7z MCF7 ffifids KO PC3 HERRDIEGHS, A — h 7 7 P —DHEIC L > TN T
IZH DM, ARIHET S Z Enbh o7z (Fig.13A), £7-. ATGS OEM ) v 7 Xk b 4— b
7 7 U—OFHE PC3 Ml Ol A BRI 87272 (Fig. 13B), GGCT FELPIH CHiE X
NizA— b7 7 D=3 KRR A Bl 5— 7 C, ARERD AMIZ 31T 5 FEIRRED ATGS
A EA— b7 7 —E, EHINCTldd 2 DI 5t U CIREMEI 237 5 L QU2 RTREMD S /RIS
ST, F7-. GGCT FEPHITHIN L= b U 7 N —stHd oEIA 23, ATGS DFRIEE/
I BT AL DA — 8T 7 D—DHETHEILRDT 5 Z Lot (Fig.13C), LA EDRER LY |
GGCT FEBIHHINC L M F L OIS X, A7 & EOIIZIE, A— 77—
FHEIURFTHEND ZEEALMNI LT,
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Figure 13. Growth inhibition and cell death of cancer cells induced by GGCT depletion is regulated by
autophagy.

A, MCF7 and PC3 cells were transfected with the indicated SiRNAs. The relative number of trypan blue-negative
viable cells at 4 and 7 days post-transfection is shown. B, PC3 cells were transfected with siRNA targeting ATG5,
or with non-target control siRNA. The number of Trypan blue-negative viable cells at 4 days post-transfection is
shown. C, Proportion of Trypan blue-positive (dead) cells at 7 days post-transfection with the indicated siRNAs. (*
p<0.05, ** p<0.01.) Fig. 4A was cited from Fig. 4 in Taniguchi K et al. Am J Cancer Res. 2018, 8, 650-661.

34



2-3-5.GGCT / v 7 Z' 7 AT L DML OFEITH L TA— R 7 7 =03 5-2 L 508 OfitT

UHE, WS ODDIFFEIZ L » T, A— N7 7 U=l L& HliE 28R 2 A5 2 L s &
NTW5 (58,59, 60, 61, 62), FilZiE, THEMA HRas ZFBLSE7- b MRHERMINTE T /L Tl (b
BLOA— 77 V=058 & ND05, ATGS £/ ATGT &2/ v/ X452 L2k A — 7
7 U—ZHET D & SAB-Gal IEMEAVE BN <AL, M bR S D Z &G STV D
(58), L7=h3»>C, A— 7 7 Uil b a2 = O Lt ChHlil 2 K- 0O—>Th 5 EEZ LD,
LIRGOWZET, GGCT DOIEHUE FIZFLS AR K ORNIARS AAIEZ X Usd & Dk 723 AR
RRICHIREAL 235895 2 L 238G Lz (18), £ 2T, A — b7 7 V—FEA GGCT ZEEX FHu T
PG XN DA LA EEME ZHE L QD LW SERANL Tz, ZHVAERGET 572912, MCF7
Jiaks L OVPC3 i\ T, ATGS % GGCT ERIFHIC ) v 7 B35 LICEk VA — 77 V—%
P L, 2R RO a5 2 L O TE D SAP-Gal Yettika AV Cillag s @i+ 52 &
2k, HER AR L=, T OfER, GGCT siRNA 23 A L7= MCF7 #iliEds L O PC3 flliaiL,
control SIRNA Z-35 A U7 & bl LT, RECHER U 7oAl bl 2R il ie D2 b a2 S L
(Fig. 14A), SAB-Gal Yot ofiia=R s ihn L7z (Fig. 14B), = Z T ATG5 % GGCT & [RIFFC / v 7
B THIEICLoTA— b7 7 U—%HETD & BRI RS2 R DR Lo halx
IR I HBIER ST, SAB-Gal BEMEIRIE GGCT D&k / w7 Z7  LT-Al L ol L THEIC
WL Uiz (Figure 14A and B), ZALHOfEF LY . MCFT7 Hifiads L OV PC3 il T GGCT / v 7
AL S THIEEZ SNAHIEL. 4 — b7 7 V—DBEIKFET 5 &) T ERH BN
ol
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Figure 14. Cellular senescence induced by GGCT depletion is regulated by autophagy.

A, Representative images of SA-B-Gal staining of MCF7 and PC3 cells 4 days post-transfection with the indicated
siRNAs. Scale bar, 100 um. B, The number of SA-3-Gal-positive cells was counted and the positive cell: total cell
ratios are shown. (* p<0.05, ** p<0.01.) These figures were cited from Fig. 5 in Taniguchi K et al. Am J Cancer Res.
2018, 8, 650-661.
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2-36.GGCT / v 7 %7 A & %5 AMPK-ULK1 #RIEDTEMA b KT mTORC2-Akt #-E D ANEEAL:

WIZ, GGCT HBMII NS A— ~ 7 7 O—&FET 5 2 7 F /MR & & D L 91T LS T 50N
DNTC, YT URERTO U bV~ AE T 2 AR T T U OETHITT D Z LIk D EE
AT 21T o 7o AMPK (34— 7 7 O— D TITWA 253 7 Cdr H ULKL Z0EM LS5 2 &3
5N TW5 (48,50-52,56), GGCT %/ v~ #7> Li= PC3 iz T, p-AMPKa Thrl72 3 L O p-
ULK1 Ser555 23z b —/Lfilla & bhifie LTI L A 2 & 3o 7= (Fig. 15A), [R] CRINZERAS
AR CTd % DU-145 fEIC\O T, LC3HI OFEH L~L NI AE> T, AMPK-ULKL 3275
JAGEERFEDIEMENE X Z ST D Z & bR L7 (Fig. 16C), LU, RINZARDS AMHIEREZ
BT GGCT FHHHITHI &L Z &z AMPK-ULKL 7/ UGEERE D U AR RO EINL,
MCF7 il Cl3is S n/ah -7z, £ Z T, mMTORCLIZE > TV Vb EN5 Z NG S TVD
p-ULK1Ser757 DA B a7 Z A, GGCT / 7 # 7 > PC3 i+ S U DU-145 AfE Tl p-ULKL
Ser757 DD IRER SN2 > T=DITx L. MCFT flfEiZs Tl GGCT / v 7 # w3 p-ULKL
Ser757 ZJgb S5 Z L b o7- (Fig. 15A), [ UELA AUABIERE T d % MDA-MB-231 Al 235\ T
t. LC3-Il DFEH L~V fE> T, p-ULKL Ser757 Db g & Sh T\ Z & bifgi L
7= (Fig. 15C), —JiC. MCF7 23V T p-AMPKa Thrl72 OEIMAEIEZER SN o7z 80 ) FER
EIFER Y . MDA-MB-231 il 2 CIidC GGCT / v 7 #'07 C p-AMPKa Thrl72 MESIN)MEIER
SNz, F72. mTORCL OEEL TR 1-0O—>TdH 5 pr0S6K (57) DU L L1723, PC3 i
BIOMCF7 BT LD Z Edbho7z (Fig. 15A), L7=A3->TC, GGCT / v 7 #
d MTORCL o 7 MBEERRIE AP L TN D Z EAVRIB I -, & 512, mTORC2-Akt + 7 )L
(REERRIE OISR 7DV AL LU DWW T Bt L7z, p-Rictor Thrl135 OEANIE mTORC2 O
HE. AR Akt Serd73 VU U EA{LRED NEMALZEM L (53), ZiuL GGCT FEHIHIZ L > TN L 72
(Fig. 15B), p-Akt Serd73 Oz, p-Beclinl Db &/ LicA— k7 7 U—HEOfERE b7 H1 2
LR STV 2Y (54), PC3 fild, MCF7 D 5123\ C GGCT / v 7 X7 AZX > T p-
Rictor Thr1135 O Y Akt D Serd73 1285 U UL L~VLNEb9 5 2 L2 R L=,
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Figure 15. Depletion of GGCT activates AMPK-ULK1 pathway and/or leads to inactivation of the
MTORC2-Akt in cancer cells.

A, Western blot analyses of mediators of the AMPK-ULK?1 signaling pathway (p-AMPKa. Thr172, AMPKa, p-
ULK1 Ser555 and ULK1) and downstream components of the mTORC1 pathway (p-ULK1 Ser757 and p-p70S6K
Thr389) in MCF7 and PC3 cells 4 days post-transfection with siRNA targeting GGCT or with a non-target control
siRNA. GAPDH and -tubulin are shown as loading controls. B, Western blot analyses of p-Rictor Thr1135, Rictor,
p-Akt Serd73, Akt, GAPDH and B-tubulin in MCF7 and PC3 cells 4 days post-transfection with the indicated
siRNAs are shown. C, Western blot analyses of GGCT, LC3, mediators of the AMPK-ULKZ1 signaling pathway
(p-AMPKaThrl72, AMPKa, p-ULK1 Ser555, and ULK1) and downstream component of the mTORC1 pathway
p-ULK1 Ser757 in DU-145 prostate cancer and MDA-MB-231 breast cancer cells 6 days post-transfection with
SiRNA targeting GGCT or with a non-target control SiRNA. GAPDH are shown as loading controls. These
immunobloting experiments were performed at least three times and the representative results are shown. These
figures were cited from Fig. 6 and Supplementary fig. 2 in Taniguchi K et al. Am J Cancer Res. 2018, 8, 650-661.
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2-3-7. GGCT BN L 54— F 7 7 P—DFFEITT 5 AMPK DR

PC3 Al 233V YT, AMPKa Thrl72 @ U UAR{KfRTS L O O TRl - p-ULKL Ser555 7% GGCT D%
BEPHIT 5 Z LIS X BN L72729, AMPK 2820 GGCT REHHIC L 54— b7 7 P—DFkE
(CHEEEENZ R LT D E W IR AL T, 2 A FERET <<, AMPKal® GGCT & OfFliks /
VI BT AT, U AZ T 0T 4 7R VT p-ULKL Ser555, LC3-Il DBt 24T -
7o TOFER, MCF7 B XTOPC3 W FNOMIIICHBNTE, AMPK A+ T 5 p-ULKL Ser555,
BIOA— 77 —<—F—LC3-l D/ > ROEIA Si7= (Fig. 16), L7z23-> 7T, GGCT &
BN L 24— b7 7 P—OsFEIX. AMPK FiEitED S 7 MRERRBE DTG b2 T 5 &9 2
EEABMNZ LT,

AMPKo, | s g
PULKT [ S -
Ser555 — -

LC3 _ G cm—

LC3-1I | s | | s

GGCT |- - s

GAPDH | G cnsss | S ol

GGCT siRNA - + + - +
AMPKa siRNA - - L - -

MCF7 PC3

Figure 16. AMPK is a key regulator of autophagy induced by GGCT knockdown.

Western blot analyses of AMPKa, p-ULK1 ser555, LC3, GGCT and GAPDH in MCF7 and PC3 cells 4 days post-
transfection with siRNA targeting GGCT and AMPKa1, or with a non-target control sSiRNA. GAPDH is shown as
loading controls. These immunobloting experiments were performed at least three times and the representative
results are shown.
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2-4. &5

AFETIL, siRNA 2= GGCT OBz > T, MCF7 fiflads L O PC3 filaicA— 7 7
U—DNHEIND T EEALMNC L, EBIT, ATGS D GGCT & DFRIFE v 7 X AL D A— k
7 7 U—OFHEN GGCT FHUHNH|IC L 5 COKI OFEL EFZWET LT=Z Lind, A— N7 7 —0DiF
S CDKI DI AT HME 2 BT 5 2 L 25N LTz, ATGE @ GGCT L D[R/ » 7 Z'
NCEDBA— T 7 U—DEIE, MCF7 HIEIZR Tl p2l 38 X 0N ple D7 oRE ER-Z21655 L
7275, PC3 AfEIZFSV N TIE pl6 DIEBL EFHFRES SN2 b DD, p2l OFBUILEL LehoTz, & 2
AH, 2D ATG5 DRl » 7 27 1% MCFT #ififids SO PC3 IO 71238 T GGCT FEEUK T
TH| & Z SRl bk KOS IR 2 [ Uiz, b ofiRE Y, PC3 Mz T,
GGCT / v 7 B0 UHIA— F 7 7 P—OFFEITATF LT &l Z SO Mlleasi (M.
R b3) 12iE, p21 £V & pl6 OFEL EANEEREEIZ R LT D 2 EAVRREND, EHIC
PC3 MLl T3\ VT GGCT B CiE S5 p2l Z8L EAIZIX, A— 7 7 /~élffzkfé’3foaﬂ%%u®
HEEB S LTV D EEZ BND,

ATG5 D/ v 7 B AL DA— b7 7 o—OBHE) GGCT FHHHTHAE S 2 Mk 27885
LTz EWIREDREREE 2D L A— b7 7 P—3 GGCT FEEHHT5 | X i = &= ki
TLOHIERE T2 Z LR TE D, FBRIC, HEROMEIZ L > Th— 7 7 o— L flla& ko
HME BRI OB D4 — F 7 7 D— ORI A RE IR S Cns, Bz B b
FRHEHIIET VA2 FHWAIRIC L D & DABEFREMEORREA b LAl b A s [ & 27
R, ZOMIEEEA— 7 7 D—OMEIC Lo T &S (58, 59), LImAoTA— R Ty P—
TR Lz B CHRETT AR ChH EBX NS, XV BT R Trvr kol
DAANT MCF7 #lai L OV b REEAS AUAIIERE HCT116 (24— b7 7 U— Ll bt % 5| &
Lz L7z, A— b7 7 U—ORRFEIX IO OIS | X 2 SVl LA, & D\ TIEE
/72 (60), X BHIT, RIKMEAW pseudolaric acid B 1Z, Akt-mTOR fEAPHES S Z Lick v, on
AR MCF7 (24— b 7 7 U — KR (b 2 5 X 23 (61), T4, Li HIZE-T,
BRAFV600E A2 HT 5 A 7/ —~Hldlx L, BRAF A B B4 —T&h % encorafenib %kﬁﬁ‘é

Z &ITE Y, mMTORpPT0S6K BRI ER L O — b7 7 D— a3 g S - Shb 2 &
DNRE S (62), ZHUHDAIRIE, DSAMBCK DI ANDINE L GRESNIZA— N7 7
T, MR ) U CHIEIR) e 2 -9~ 2 L 58 L QN D, AR THYR L7RERIE, GGCT
SR Co I E 8 Z SNl b, A — 7 7 —0FFE %A LTz CDKI FEEL ESAT K- Tl
N TCWDATREMEZ /MR L CD,

GGCT 1Jy-Z WA INAA I )R Tp-IIVHE VT 2 VBRI 5-4%Y 7 ) B L ONEET </
Fa% e D ROS AT DI TH Y . 7 X IORHCEEREEIZ R LTS 3), 7/
FeD/KZIE AMPK-ULKL 7/ URERIE TG b T Z &Ik VA — v 7 7 U— %3587 505
T, 72 BROFIEIT MTORCL A7EMAL L C ULKL 2FHET 2 Z i ST (51,56), Lz
NoT, GGCT / w7 A AL > TA— R T 7 D—NFESND A B =K LiE, GGCT DFEBIH]
IZE o TEEINT 2 BEHEE ORI L > TR TE 2 afREENH 5, AFECEE L7-
NIH3T3 HIAEIZ% 9% GGCT FfFEHIERIZ L > T, GGCT 34— b7 7 U—& il D HRE 2 £
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ZEDRENTZ, FRRIC, MIERZEMTHAET S & NIH3T3 AlfaicinTA— b7 7 O—03kE
SHL, HEIESAH S A720s, GGCT ZiiiRsEld 5 & A4 — h 7 7 U—I3HE S, Pl S A7 g
[EHE L7, ZHHORER I Y GGCT MREDHIRIT, MIERZIZE > THIEE Z SNAHHER ML=
DY HATSNDT I I BEORZ 2GS 5 2 LIC k> TA— h 7 7 P—BE OB L, 1L
TERZIZ L = T S 7= B85l % (B S B 7= AIREMEN B 2 B, L Leid D, EEIC EORED
TR EENRZEZTDHZEICE S THRAMIUS GGCT /v 7 X7 AT K Dhk % 7R AL S | & i
ZENTODDODTHA BN SAVTUVR, I, GGCT / v 7 7 7 b~ o ARG IERHE I MEF (2
BT, HPETR V2 F A ARER L O -3 AT A VIREORD ., M SRRSO RIN)
BE2EIL, GGCT / w7 77 hTHIE L Z iz MEF OEFEIHIAS N-7 2 F /LS AT A OAELC
KVEHET 5 Z LRSS (14), ZOHEICL Y | IEFHIZIT 5 GGCT DO—fxi72 R IHERE
(ZOWTIEL, MRNS AT A ARFEOMEFRH R E 2 e L QO D ATREEN B 2 B D03, 1B
MRz W2 ZOHFEIZONT, DABGFEEFL T EEZ SHREERD ) 7r 77 I v
7SR DA DB B SN D AN T, FREOZ LD E | E R Z STV AE D
DNTIA ST SHUTURY Y, 2SI FV = A 2 7R b — ARATER S X 2 HERE I I b T 235 74
DA TH D,

F— F7 7 U—dEE, ERRERREICEIS L2 Y . AN MBS A RE L2 T 57200
HlRLRERE CTH D (63), SEBRIC, ATGS ORI v 7 X7 AN LD A— N7 7 O—OEIZ=a > b
/L& Il U CH BB A ) ST 2 & D A /UKW TC, JEESIRAE T ATG5
EEFRNTS ISR SN TWDA— F 7 7 P—F, HORINCTIED 575, D3 AMIOEETEIZ 6 LTt
PRI TND Z EAVRIBS LT, — 5T, GGCT FEBUINH] CRAE X 7= 3 AABIEHEFERIHIS L OSHE
JagtiZ, ATGE D /) v 7 X7 ANZX DA — h 7 7 P—DEIC L > CalfE L=, 2D Z &%, GGCT %
BRI CABNCHE SN2 A— R 7 7 U—1d, DSAHIEOBEE A P9 D H6RE2 A9 25 2 & Ao
LCW5, i@l — N7 7 O—OFBEIIIET R b — AMEISED A I = X LD—>TH Y | (G
PER R L RIZE S THIE D SNAEN A — b7 7 U—1d, #2778 ORI N B O Gt
MRS ZAL D DERMREZ A T2 & &, MIEATHET 5 LB HNTND (64), = HIT, BAAIC
W OO AT AT DG T 5 Z L2k 0, A4 — b7 7 O—BEMilase g | Z il 2
ENDZEDPRENTND (65-69),

AF T, PC3 it LTUNDU-145 Ml TA— b 7 7 U— DR SN2 BRIZ, p-AMPKa Thrl72 8K
U p-ULK1 Ser555 23 THEIN L T D Z & A R L, AMPK-ULKL > 7 F /U@ ik OTEE L 21
STWDZ LR LT, PC3HIIIZIVT, AMPKal% GGCT &fRIFHC v 7 Z 7 45 L AMPK
THIAF p-ULKL Ser555 38 LU — k7 7 P—~—Hh—Tdb D LC3-l DF 237 BEFEBDMH S
7eo L1223 T, GGCT / v 7 #'0 v PC3MIACREE SN A— M7 7 U —iF, AMPK-ULK1 277
JUGEERREOTEML 235 &) T EAaVRENTZ, —5 T MCFT i@ Tl GGCT / w7 X7 Z
Lo TH p-AMPKa Thri72 36 L T8 p-ULK1 Ser555 MFEEREITIHIE & A B2 RS> -, MDA-
MB-231 i Tl&, p-AMPKa Thrl72 O¥EINA R 472 b DD, p-ULKL Sers55 DIANIFEILS S 41727
72, MCF7 il ZHV C, AMPKal D GGCT & DRIFHZ / v 7 X0 34— b7 7 o—& 4 L=
DN, FRHA— b7 7 O—DFTor L LTEIK ULKL 0 Ser555 12331) 5 U AR HAROHE N R
SN TN AR DA — h 7 7 P—0iFEICIE, AMPK OFEIINETH D b DD,
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ZOFEAGIIIEAF L E 2 Hd, £72. MCF7 fillfin s MDA-MB-231 X b el A
AR CTH DN, =R Ma UK, T a AT a USRS KOV HER2 &V o2 R DB ]
K — DN 2 AR & 0 BT SRRk ©H B 7=, GGCT / w7 X7 MCF7 HIiEC p-
AMPKo, Thr1 7208123 . 5409, MDA-MB-231 Al T p-AMPKo Thr1 2D EZE S iz &)
FERDOAERIT, 2O L O 73R OMEE DIENLAFT D &0 ) FTREMEDSE 2 LD, WO A
AR C— B LT ARG DAL= DI, ULKL OANEME LA 753 p-ULKL Ser757 (50) 23 LTy iz
ZEThDH, FNE—E LT, GGCT / v 7 #'71Z MCF7, PC3 - HLDAIICIU T mTORCL
DOEE 2 FRIKFD—>TdHh 5 ppr70S6K Thras9 (57) &b S8 5 Z L 3o Tz, LI=ii- T,
MTORC1 7'/ UGIEERIGIT GGCT / w7 Z'v7 LA I CHIF S TR Y . BT ARk
2BV T, ULKL ORNEMEZ I U TRERIICA— 7 7 D=8 SO TR D e B 2 5
N5, X512, p-Rictor Thr1135 (£ mTORC2-Akt > 7 /UniEfi a fEd % Z & (53). mTORC2-Akt
I FIGEERE S Beclind, 14-3-3 BEXOWRIR T T A bOX R BRI AT 5 2
LICEVA— T 7 =% ET D ERARESILTND (B4), FEERIZ, MCF7 flifaiz3su T GGCT
J 7 57 1% p-Rictor Thrl135 ZHEN S, p-Akt Serd73 %8 SHTE Y, mTORC2-Akt &7 /v
REERIE DO NEUIZ L > TAH— 7 7 D—=DERIIBES VTN D Z L S b, LA EDRE
BRI BN /AR Z U C AMPK-ULKL > 7 USRS O L2 L TA— h 7 7 V—
DI SN TND Z EAVRENTZ, PC3 #fZHB\ T, GGCT / v #1742 ->T mTORCL OF
FRIKF p-p70S6K Thr389 DI MEIEL SHU7=78, p-ULK1 Ser757 Db iz ShipnotzZ &, BX
X p-Akt Serd73 DR FBIEL S NT=H DD, p-Rictor Thrll35 (ZEEE /22N B BN -T2 2 L 2&
2% &, PC3MIUZINT 54— b7 7 P—OFFEIZIE mMTORC1-pULKL Ser757 o 7 /U Rk s &
OYMTORC2-Akt 7 F /AREERE DI I ERAFE L2 e B 2 HiLD, —H THA AR ZBIT 5
F— b7 7 U—DOFEIL, AMPK OFBUEALHTT 5 H DD, AMPK-ULKL 7 URERIK OTE M
[ZIHEAF L7 & B 2 B 8 D 12 mTORC1-ULK1 Ser757 o 7 /UnizEiikds L O mTORC2-Akt
TR OIS L T D AIEEMED Y RSN, 2D OfERIE, GGCT / v 7 X Vi
REIEA N L RAZBIEZ L, MRS S E s 7 HUBERKZRE T2 2 Lk v A
— R 77 U—EHE L TWDAREMEZ R LTS,
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Figure 17. Graphical summary of the signaling cascades involved in the autophagy induction upon GGCT
depletion.
This figure was cited from Fig. 7 in Am J Cancer Res. 2018, 8, 650-661.

B _FETIE, GGCT HEUHIC L » THRAMIUIZA— N7 7 U—DFESND Z L &R LT,
NIH3T3 ffic 1) 5 GGCT DN A— b7 7 V—DFFEAIE L= 2 &5, GGCT (34—
N7 7 O—E T DR ChDH EBEZBID, EHIZ, GGCT / v 7 X7 A2k % CDKI OFEL L
S & FHUTHE < HIFEPIH], ARAEOFHRELS LUK L & WO o ToHIRUSE DS, SIS Tldd 203,
=77 O—OFEIC L > TEESNVCND Z E AR LT, [FAIRHZ, GGCT / v 7 #'v A HilafE
KIS, A — b7 7 =BG D> 7 VREERRIE Tdh H AMPK-ULKL f8E A TEM(E L, 4— k7
7 P—HIIIED L 7 I UREERES Tdh D mTORC2-Akt B4 2 ANEM L9 Z L 2B BT Lz,
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%3 E
GGCT / v 7 #7242 XD AMPK-FOX03a-p21 #HEDIEMA LA L7z AR HESEIH

B2 IS AR T, GGCT /v 7 #7242 K-> T pl 33X Upl6 &V - 72 CDKI A3 v
LFFEEINDDNN, HDHVNT—HTETFROMNIONTIE, Hied THIRFREAFI TH 5 = & ZIEEITH
L7 (18), 5B IRV T, MCF7 #ilfads KON PC3 IOV FHUZIBNTEH GGCT / w7 Xy
(&5 p21 OFEL EFPEIELS V203, MCFT Al CldA— b7 7 P—DFHFEIC L > T p2l 88 E -
DI SIS b A B9, PC3 A CIIHH S 41727 > 72, & HIZ PC3 HIfEZHs\ T PHB2 DHL
W 7 BT BTl 2 A, p2l OFBLEFITEER SN2 Tz, LTzi> T, GGCT /w7 4
T AT K D p1 3B EA s LOVERUSHE < HEFEHNHICIZ PHB2 IZ b A — h 7 7 D—IT b IRAF L7220,
FRINOBEDMFAET D & B2 b,

FOXO3a | X Forkhead box O 7 7 X U —|Z@ T 2EER - TH Y . HMlaDRE, A FLRINE, TR
= 2 KR E NS 1 B DR T OFE A HHET 2 Z LIk v | g A & 2T (70,
71,72,73), WEOICERZ AU, FOX03a OFIHEIFE DI SE R - D—2>TdH 5 CDKI D p27 K™ 13
FOTa TR b= AL R BIM OFBLZAH L, AINZAS AOERAIEES S (74), p2l F
7=. FOXO03a DI &I FD—>Th D (75,76), ZDOHELE —H L T, HHHAMXFERIZHC X -
T, FOXO03a DIEFEHL SMFEAN AVBE O TR AR SRS 2 2 i Sz (77),

ZAVE TOHET,FOX03a D Serd13 ZE LoD T X/ BRI AMPK IZ L - TV gk s 4L,
ZDV ARIZ & 5T FOXO03a DEREIEMEDEIR SV D Z EHE I TS (78), AMPK [ 3HEf
DT AT —=RIEIE U TREHEZTT O B =07 Th Y . 4 — 7 7 P—OFFEIC bl
PR RT3 (79), 55 _FIT T, GGCT %/ v/ X35 E AMPK-ULKL & 71 /UBEEkig &
XU E LA — 87 7 OO > 7 SERRE OMIEE ST D Z L IEBRTIR T, Lo,
GGCT / v 7 B AL > THEHEE N2 AMPK 725, BRI ED X 9 7281 % 7= L T D O
IZDOWTIA SN E TR o T2,

AFETIE, PC3 G & BHHEMIE AL72 IZBWC GGCT O/ v 7 X7V EAT, U= AX T
VT 4 7R LTV QRT-PCR 5% IV C FOXO3a DFEBUENT 21TV . GGCT DOIEHHHIA & o7y
BB IZU'MRNA L1 T FOX03a DFBIFHEZ 5| & 29 2 & Z27R Lz, £72, FOX03a D GGCT
EDERE, 7 X7 HAT, N YR T Y@ TR A 5 HA 5 Z L1k D . FOXO3a D3
BIEHEN, GGCT / w7 X7 AT K 5 p2l F88i E5- & Zhudioe < MfasgEsmi], Alastasa 2 -9
HZEER LT, &6, AMPK % GGCT LRIFHZ / w7 X T L, U AXTa T 4 o 7 kE
FAVT FOX03aSerd13 D U UL L~V LU p2l OFBLESMH 2175 Z LIk b, FOX03a % U v
(9% AMPK 73, FOXO3a-p21 fXE DTG LA 20 it Tl 2 2 & 2B B Lz,
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3-2. L

3-2-1. AiE & BEEAAt:

b MANZAREIaRE PC3 ls XUt MEEFEAIIaE AL72 |% RIKEN BRC L WIEA L7, DMEM (Z
10%FBS #3 1. O 1% penicillin/streptomycin % l1z 7=55#1% AV T, 37°C, 5% COy A > F 2 —4 —N
TR LT,

3-2-2. Hifk
—URPUARIZIL, BTE E TITHWZHURLIZMNC, 733k 1gG $itfk & LT phospho-FOX03a (1:1000,
Ser413. #8174, CST) 3L UNEDIEY LLlk (1:1000, #2497, CST) % v Vi-,

3-2-3.SIRNABA N T U AT =7 3 a U4+

5.0 x 10*{EAvell © PC3 #lifd, AL172 a4 6 well plate |ZHEFE L, 35X 24 B5fiitk. 30 pmol / well ©
Non-target control SiRNA, GGCT siRNA, FOX03asiRNA, AMPKal siRNA & 5ul @ Lipofectamine RNAI
MAX 3R AE Gt b T A7 =7 v a MG Opti-MEM GRS L., 15 2518, SRR Tl
S, penicillin/streptomycin % 5 72V RN ASHL U 72 BRI RIN L, #&RE 10nM @ siRNA @
FEFCRI VAT =7 v a v &{ToTz, BEE T Lz b oIz, #riizicfEiH L7- siRNA (2
OWTHESNE LI T DOFEITRT, GGCT BLUNFOX03a, F£721X AMPKal DIEIRF /) v 7 X7 54T 9 b
A%, Non-target control SiRNA Z#&JRE 20nM Tz hr—/L & LTHW,

Target gene Sense (5°—3) Anti-sense (5°—3’)

FOXO3a CCAUGUCACACUAUGGUAA TTACCATAGTGTGACATGG

3-2-4. AEINE S ™7 Sy

RO PC3 Ml KON ALT2 Ml SIRNA & R T A7 =7 v a v Liz4 HEW, R 7
AP Ko TRBES . UL L7236 K2 1x 10°{HD#fla4 LysoPure Nuclear and Cytoplasmic Extractor
Kit Z iV, R TIT 70 L [RRRICHIE L %D % 37 G &5yl LT,

325 Uz RZ LT yT 4 T

FEEOSM TR LA PBS THES L. 37°C #9190 b U 77 L ALBZ CHN & R S ¢
7o OB CRIfaZ B L7z, [ L 7=flifd % RIPA Buffer (27" w7 7 —EBRHEAB LW
PhosSTOP EASYpack ZNNZ 72 b D TR L, JKin L727S DB AERIZ Chlhe LTz, ¥fifi% 4°C,
20,000xg “C 15 43f#], el L C G AR U7, Mifaihitii o & o X7 B A BCATEIC TIRE
L. 1Yo 7ndi-o 2378 E LC50 ug |2 5x sample buffer 21z, 95°C, 5701 v & =X
— kL. BT 2 0B TR T 10%, 15% RU 727 VL7 2 KA LEHV- SDS-
PAGE THHELT-, 10%% /UiE7 = v Fa (50Vigel EEE, 60 43). 15%% /Uit I RT3 (170
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mA/gel FEFEL. 7557) (ZTPVDF A 7 L AZHEG U714, p2l A9 % B X PVDF Blocking Reagent
for Can Get Signal T, GGCT # L U GAPDH Z A&~ 5 BRIE 3% A % A /L7 35 KU 0.05% Tween-20
a4 % TBST T, FOXO3a 35 LU AMPKo it 5 BRI213 5% BSA Z&ie TBST THIM T,
17 ey 7 Uicth, FRRORRE T L 7c—kbukz, 4°C —#h, FEO0ITIRE O S8/
OIS SHT, TBST ICTREMIRE 5 S/ 5 55, 2[EEE L7-0b, —IREURE=ET
1 RFRROS S T, PURRIRRIZIE p2l Z i3 A BRI Can Get Signal Immunoreaction Enhancer Solution
% . GGCT F L GAPDH ##iH 4 25EX Signal Enhancer HIKARI (Nacalai Tesque) %, FOXO03a 3 &
O AMPK ZeAi 3 2 BR81% 5%BSA &4 TBST 2 Lz, U (ks X7 B A/ d 2 —IkiAs
ZHOWTEERIZIE, e v %2721 Blocking one-P, FLAAFRIKIZIE Can Get Signal Immunoreaction
Enhancer Solution % FV M=, & L/ 7 BEOFBLY 7 /UL, TBST T5 5l 3[EEF L7=DHIZ TBS
T2 B4 L, 3@ T Clarity Western ECL Substrate 2 FV >, J8BLEAVD 72 < BRHIDSREEZ R BRI E Chemi-
Lumi One Super % AV T34 &4, ChemiDoc XRS Plus @ CCD 7 A 7 TRt L7=,

3-2-6. 7)) 7 L% A 1 PCR (QRT-PCR) .

GRS SIRNA 238N L7= A2 1 well 272 9 500 uL @ TRIzol (Theromo Fisher Scientific)
(Z% L. RNeasy mini kit (Qiagen) % VW NTLAT D & 9124 RNA FliHW 25 U 7-, RA#YIZ 100 pl
DU aaiL s (Wako) ZH1Z. L IR, 12000xg. 4°C T 15 /5l L, B L7- 1
1B EFRIED 100% =4 /—/L (Wako) 22T L <IEF LT, 1S5DNIBAWO4E% RNeasy A
BT ML, 12000xg. IR T 15 B OB L 7o, MEZBEEE L, BufferRW1 % 700 ul #s
MNU7z, 12,000xg, =R T 15 OB L., TEaFEgE L, Buffer RPE 2 500 L iMIIL7=, Zi
Ze—JER IR L, 12,000 xg, T2 om0l TEA T LAFTR T L EAHL, iR
£, SIRT 1 ME O L7, AT L&87/2 15mL Fo—7 LAt L, FEh T A2 RNAse
free DIREZREE/K 20 ul ZUSHN L, 12,000xg, ZEIR T 1 Z5EhaOoBEd 5 2 iz k0 FElfiins RNA
Wi E1ST-, 55174 RNAS00 ng 75, ReverTra Ace gPCR RT Master Mix with gDNA Remover
(TOYOBO) #HWTLLFD X H TG RIGZT TV, cDNA 245K L7z, 500 ng @ RNA % JE7
KT6puL & L. 65°C T5RINIEL7=, gDNARemover % /Il % 7= 4x DN Master Mix 2 L. 21 L.
37°C TH A L 7=, 5xRT Master Mix 12 uL Z#sAiL, 37°C T 1547, 50°C C5%y, 98°C T57%)
{1 2% 2k L7, #5417~ cDNA % THUNDERBIRD SYBR GPCR Mix (TOYOBO) 5 L UX Light
Cycler 96 System (Roche Diagnostics) % IV NTLL T D & 9 7254:4C qRT-PCR %#17-7-, cycle 1: 95°C C
60 FJ, cycle 2 (x 40): 95°C T 15 b, 60°C T 60 5, WA THBUL AT A% —EL AT ARFL O
MRNA 5582 PRENRE & LT 2-AACq 1% VWV CHEH L7z, Eurofins Genomics X ¥ lEA LAV =45
Primer OEFINIELL PR,
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Target Seguence (5°—3°)
Forward GAACGTGGGGAACTTCACTGGTGCTA
Fox03a Reverse GGTCTGCTTTGCCCACTTCCCCTT
Forward CGATGGAACTTCGACTTTGTCA
P2l Reverse GCACAAGGGTACAAGACAGTG
Forward GACCACGATCCTCTACAAGC
ARFL Reverse TCCCACACAGTGAAGCTGATG

3-2-7. M - SERER ORI
PC3 ffifads L O AL72 a4 miascs K USERIIESRIT b U /S0 7 —Yetaikz K- Gl L 7=,
5.0 x 10*{Elwell T 6 well plate [Z#EFE L, 24 FFEIZIC FELO SIRNABEAN N T A7 =7 3 VAT
NV AT 2l vath T HBIZ N 73 U R S CHITRARENTR & TR,
[RIED 04% KV /N7 —% UL, 10 pb ORISR Z 35 L=, b U S 7 —24EH LidE
Thol-flazAME, U R T—IC Lo TREA SN AlaZ S0 & U CRHER L, mEkEH R
(23T 4 BT OFHAREAEZ R LTz, SERIIOE 2 AR & SERII OO G380 CRR L7l 4 SEfin=R
L, =k T—VERHLE,

THIBIZ SIRNA A L7~

3-2-8. fta HHUMRHT
THEHISL L7z 3 [ILA L3R %

179 Z LI > TELN=T—21T, FE + R (S.D.)

TH# L7=, pfiEld Excel software % AV T Student s ttest M{ARREZ4T9 Z LIV EH L, Sbhi-p
B3 0.05 RDOEEEAEAED Y S HE LT,
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3-3. EBRGE

3-3-1. PC3 #lfuds LN AL72 M H51F 5 GGCT /w7 #0722 K 5 FOXO03a DIEEIHE
F9°. PC3 s L OVALT2 M T, GGCT siRNA SEAC L - T p2l L LRG| &I &

NHZERT2AZ T yT 4 U VETHER LTZ (Fig. 18A), [FISE T, 25 0fiEm bk
PEBIOMRNA ZRH L, Ve AZ 7wy T ¢ o 71ER JOVGRT-PCR 15 TE OFBLA it
L7c& ZA, FOXO3a b E/-BEICH L/ 7 B L~UL (Fig. 18A) B LTUmRNA L~V (Fig. 18B) T
HEINDZ ENHONE 5T, RIT, FOXO03a DOHEREITZ ORIIAEHEIC X > THIE ST g
ZENHE STV ATZ8 (80), GGCTSIRNA A A L 7= PC3 s L O AL72 i@k, il
AT LT X R BEFWC Y = AZ T T 4 U TERITO, ZIVEVORIIENEHED 4

R IR B OWTIT L2, TORER. GGCT / v 7 X722 L » THIWE FOXO03a,
FOXO03a & &I BED MM LV = (Fig. 18C), L7=43->C, PC3 s L O AL72 HifRlZ B T,

GGCT D/ w7 X7 % p21 38 EFIfE~ T FOX03a DB AFHE L, GGCT 13% DENHEE L
HET DK Th 2 FTREMEDVRIE S AT,
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GAPDH E Lamin A/C D —
Control GGCT Control GGCT Control GGCT Control GGCT
siRNA siRNA siRNA siRNA siRNA siRNA siRNA siRNA
PC3 A172 PC3 A172
Cytoplasm Nucleus

Figure 18. GGCT depletion upregulates expression of FOXO3a in PC3 and A172 cancer cells.

A, Western blot analysis of GGCT, p21, FOXO3a, and GAPDH in PC3 and A172 cells at 4 days post-transfection
with non-target control siRNA or siRNA targeting GGCT. GAPDH is shown as a loading control. B, Expression
levels of FOX0O3a mRNA analyzed by qRT-PCR in PC3 and A172 cells at 4 days post-transfection with the
indicated siRNAs. (* p<0.05, ** p<0.01.) C, Expression of FOXO3a in the cytoplasm or nucleus, as determined by
Western blotting. Fractionated proteins from PC3 and A172 cells were extracted at 4 days post-transfection with the
indicated siRNAs. GAPDH and Lamin A/C are shown as loading controls of cytoplasm and nucleus, respectively.
These immunobloting experiments were performed at least three times and the representative results are shown.
These figures were cited from Fig. 1 in Taniguchi K et al. Biochem. Biophys. Res. Commun. 2019, 517, 238-243.
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3-32.GGCT / v 7 Z'7AZ k % p2l OFEEL H-0> FOXO3a A FHE DT

FOXO3a [HHRGK - THHZ &, GGCT / v 7 X0 A2 L - T p2l DOFEHL EFIZE Y FOXO03a %%
BINTHFE SN Z L ABET D & FOX03a DFBFHEN GGCT / v 7 47 AT LD p2l 8L EA %
FEI L CWDOTII R W EB 2 bz, ZVERGET 572912, GGCT & FOX03a DfFElRf/ > 7 &
U UEATUN p2l DF N7 EIB LUVMRNA OFBLREE U = A T v T 4 o 7R LUV GRT-PCR
BaERWTHNT L=, Z0O/ER, GGCT / v 7 X728k % p21 388 EA1X, FOXO03a DRI/ 7
BN LS THE L REL~YLEB LU MRNA LYV TIEEICIHE SND 2 L3 - 7= (Fig. 19A
and B), L7223->7C, PC3HiiEss L O AL72 il 235\ v C GGCT ZEIHICIAE XD p2l OFHL L
FHE, FOXO3a AFINCHE S AV TN Z E I BT o T2,
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GGCT siRNA - + + GGCT siRNA - + o+
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PC3 A172

Figure 19. GGCT depletion induces upregulation of p21 via FOXO3a.

A, Western blot analysis of p21, GGCT, FOX03a and GAPDH expression in PC3 and A172 cells at 4 days post-
transfection with siRNA targeting GGCT and FOXO3a, or with non-target control siRNA. These immunobloting
experiments were performed at least three times and the representative results are shown. B, Expression of p21
MRNA, as determined by gRT-PCR, in PC3 and A172 cells at 4 days post-transfection with siRNA targeting GGCT
and FOXO3a, or with a non-target control SIRNA. (**p<0.01.) These figures were cited from Fig. 2 in Taniguchi K
et al. Biochem. Biophys. Res. Commun. 2019, 517, 238-243.
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3-3-3. FOXO3a {&A772 GGCT / » 7 X7 AT K 503 AMMRHEFREANHFS L OSBfastsis

WIZ, PC3 IR L O AL72 HEICIVN T, GGCT /w7 X 07 AT K D D3 /ARSI L O%
RBEDFHEZ FOX03a 35 LTV B E 9 2NTouT, FOX03a % GGCT L [FFHT 2 w7 X7
L. b U R 7Yt s CRIER 2 7RI 5 2 2 L 0 T L7, OfER, PC3 Hillas L OYALT2
MR ZF51F 2 FOXO3a DIl / > 7 207 A%, FOHNS TlXd 208, AREICZE DA/ (Fig. 20A)
BIOKN VAT — G OB N2 w118 L7= (Fig. 20B), L7243 T PC3 fiflats LY A172
HIIRLZI T, GGCT FEEMMHNI A LT p2l OFBIAZFHE L T 5 FOX03ald, GGCT / v 7 X'
N K D HEFERIH S K OHIISEZ HIE L TN D Z E DS B -T2,

B g PC3 o A172
o o
E 12 :’_.i 15 ]
2 94 1 2
E € 10
= | g *
= 6 . £ ]
Q Q
(S o i I
o 3| o o 3
0 - Q
m
GGCT siRNA - + + GGCT siRNA - + +
FOXO3a siRNA - - + FOXO3a siRNA - = +
B PC3 A172
50 50 *
* —
— 40 - | | _ 40 -
S S T
= 301 = 301
Q Q
(3] (3]
T 20 | T 20
()] [})
A 10 1 (@] 10 - :
0 | I 0
GGCT siRNA - + o+ GGCT siRNA - +
FOXO3a siRNA - - + FOXO3a siRNA - - +

Figure 20. Growth inhibition of cancer cells induced by GGCT depletion is regulated by FOXO3a.

A, PC3 and A172 cells were transfected with the indicated SiRNAs. The number of Trypan blue-negative viable
cells at 7 days post-transfection is shown. B, Proportion of Trypan blue-positive (dead) cells at 7 days post-
transfection with the indicated siRNAs. (*p<0.05.) These figures were cited from Fig. 3 in Taniguchi K et al.
Biochem. Biophys. Res. Commun. 2019, 517, 238-243.
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3-3-4.GGCT / v 7 #'v7A4Z k D AMPK-FOXO3a #HOTEMAL 2/ LT= p2l F&8 -

AMPK % FOX03a DD T X/ fikEa U 92 Z L s Sk, £0HHo—>
7% Serdl1d TV . Serdld %V LERL &7z FOXO3a OEREIEHIIEMIND Z LVRENTND
(78), €I T, ZNFETITRLTE 7= GGCT HHUK T2 L 5 FOX03a 41 L7z p21 FfikkaElZ, TEME
b AMPK NEBEZ 2812 72 L T D DO TRV E B 2 T2, T ARGET 572912, PC3 filk L
O AL72 A3V NT AMPKol @ GGCT & D[FEIRE ) > 7 BT U ZAT, T RAZ T yT 4T
1% FUC p-FOX03aSer413 35 XN p2l D4 L X R B~V it LT, 55— F TR LI LA
FEIZ, GGCT / v 7 #7AZL» T p-AMPKa Thrl72 & 728N L7223, Z U AMPKol D[R
I HE AL ST L=, £ LT, GGCT / v 7 X7 AZ L > THIN L 72 FOX03aSerd13 ® U g
{EL~UE, AMPKol DIRIE . » 27 207 AT K > THBEISR L, £7-. AMPKal @ GGCT & d
[FRE/ w7 X0 %, p2l OFBL ER 2B S8 72, UL, GGCT FEHHICFFE S/
FOX03a D& L /37 BHEL L~ UT AMPK DIFIE /v 7 207 AT J o Tl S 7an- 7= (Fig. 21),
ZNHOFRERIY . GGCT FEMlIL p-AMPKa Thrl72 O¥EINC X ATEM{bA S LT FOX03a ™
Serd13 (ZB1F 5 U VR LIADRENZB & Z L, 20 AMPK-FOXO03a ##1% GGCT / v 7 X742
£ % p21 FEBL SR E oA Rl L B I o T,
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Figure 21. AMPK regulates phosphorylation of FOXO3a at Ser413 upon GGCT depletion.

Western blot analysis of GGCT, p-AMPKa Thrl72, p-FOXO3a Ser413, the respective non-phosphorylated forms,
p21 and GAPDH levels in PC3 and A172 cells at 4 days post-transfection with siRNA targeting GGCT and
AMPKal, or with non-target control SIRNA. GAPDH is shown as a loading control. These immunobloting
experiments were performed at least three times and the representative results are shown. This figure was cited from

Fig. 4Ain Taniguchi K et al. Biochem. Biophys. Res. Commun. 2019, 517, 238-243.
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3-35.GGCT / v 7 X7 AZ K HHEFiIFs K OSHIRIFEIZ 31T 2 AMPK KA DT

WIZ, FOXO3a DFBFFHEN GGCT / v 77 X7 AT K A HEFHAIS K OISt OFBE 2 il L 7= &
WO FERZEE LT, PC3 #ilfiis L O AL72 i3y v C AMPK-FOXO03a—p21 #4#725 GGCT / v 7
07 A X B HETERIHES X OIS EORFE LB TH D LW IR AL Ty T ERRET 572
DIZ, AMPKal % GGCT LRI / w7 X0y LT DN T, b U2 7 —Ye ik s X0 A
ek K OSBRI A FHll L7z, ZOfE5, GGCT OFEBHNHITH | X 2 S - AEimHf L O
FEAE=ROBINE, AMPKal DRI w27 X7 AL > THEIZRIET 5 Z L h3bh o7z (Fig 22A
andC), E£7z. AMPK OHIFIEIEIZ 3 D588 AT D72H, AMPK O ) » 7 207 L %fT ol &
Z A, AMPKol DIEBIHIII PC3 MO A A I 5 Z & 23Tz (Fig. 22B), LA RO
BRIV | RS /AN TR AL ER L OHFIRIZE5- L T H AMPK 1, GGCT FEEHIfH TZ D
U USRS N TEM b SN &, FOX03a DV Uk Z L= p2l OFBLERZ5 | &H 2 L,
DS AKRROIEFH A BIH] LT D &0 S AIREMED R Sz, TUD OHRZREIINCEET S &
GGCT / v 7 Z'7® PC3 fliids L O AL72 A 2351 T 2 HTHEEh Rl 3 AMPK-FOXO03a21 #&IZ
Lo THIHIPICHIE S5 L& 2 iz,
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Figure 22. AMPK regulates growth inhibition and cell death upon GGCT depletion.

A, PC3 and A172 cells were transfected with sSiRNA targeting GGCT and AMPKal, or with non-target control
SiRNA. The number of Trypan blue-negative viable cells at 7 days post-transfection is shown. B, PC3 cells were
transfected with sSiRNA targeting AMPK a1, or with non-target control siRNA. The number of Trypan blue-negative
viable cells at 7 days post-transfection is shown. C, The proportion of Trypan blue-positive (dead) cells at 7 days
post-transfection with the indicated siRNAs. (* p<0.05, ** p<0.01.) Fig. 22A and C were cited from Fig. 4B and C
in Taniguchi K et al. Biochem. Biophys. Res. Commun. 2019, 517, 238-243.
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34, EE

AFETIL, GGCT / v 7 X7 AZ X D PC3Mllads L O AL72 Hllal 2351 2 HEEpnmFs S OSHIast
A, AMPK-FOXO3a-p21l fREEOTEMALIZ K-> CHl & En Z L &R LT, FOX03a E7-i%
AMPKal Z[RIRHZ v 7 B LTEBRIZ, GGCT / v 7 X0 2 Ch| &L 2 Siufz p21 881 E5A-, B
) AIRRSERR B ORI X, BRI S D 2 E S D & Te o 7o, & 51T, FOX03a @ Serdl13
2B 5 U BRI GGCT FEEHH TS S, AMPKal DFRIE )~ 7 Z'07 A K- Tl &=,
F7-. p21 1% FOX03a DEEAERITH D . AMPK 13 FOX03a % V Vb5 Z &1 & W ZDlisEiENE
ZHEIRT A7 (75,76,78). AFIZIIT HAEFRIEL. GGCT FEHUHNHITH [ E L Z 45 D3 AMIRaHEFEs
il K OSIRAEA SRS AMPK-FOXO03a DTS LITIATT 2 L) Z L 2B BN LTz,

GGCT dy-Z & INAA 7 NVHTT X NG T DB TH Y | -7 2 VT 2 )
O 5-AX YT u Y LT X BRSO RS A S DR Th D (3), HEITIBUNT,
PC3 R 235V T GGCT DFEBINHIIX AMPK-ULKL > 7 Uik A i b5 2 L 2R Lz,
AMPK [ ZHIIADOREHIEA S L ZAITNET 28— FThH Y | 7Va—2T I /LW o TRk
FORZIZE > THEMEEILD (50, 51), MCF7 HfEiZiTid, GGCT D/ v 7 X' A2 K 2 HE5H
P p2l FEEL EFHTRAFE L TR Y (18). 2 p21 38 EFICITA— b7 7 D—ihE ) B &
RIELTNWD Z 8IS B TR LIz, GGCT DFELAHNH| L7z PC3 MW TH, 2D p2l FHi I
FABLOA— b7 7 D—OFFENBIEE SN DIZH D LT, ATGS D GGCT L DIFEKE v 7 X
\ZE DA — b7 7 U—DRHEIR, p21 OFBL LA ZH SR o7, £7-. PC3 MBI T PHB2
DHIR ) 7 B 5AToTe b 2 A, p2l OFBL EFITEIE S~ T, T OREERIE, GGCT /
v 7 B0 PC3FMIIZISIT 2 p2l DB EFMN, A— F 7 7 P—B L UOPHB2 FEELFIIR A T = K L
IZX-oTHlEENS Z L A7NE L T D, AFETIE, GGCT / w7 X0 A2k D p2l 388 5., B
P K OSHINEAERAE A 5| & il = JHE & L C. AMPK-FOXO3a f&is4 R L7-,

FOXO3a ? Serd13 G5 2D 7 X Bk, AMPKIZ K-> CE#E D Uik sS4, FOXO3a
VA HEE T OEEIE M LA S [ 22 EHE STV D (78), AMPK IZ XK 5 VU U ifb a5 72
VAR FOXO03a 2185 TEA L7 2 TlE, FOXO3a T DIRE 522 TIERV DA B
(IR S A2 2 EDNRE STV D728 (78). Serdl3 & TeT X/ R ILCRIT 5 FOX03a DU v
(bl FOXO3a (A7 EDER G - BB 2% 5 2 =97, AMPKa & FOXO03a d U Uil 1L~1E GGCT
DFEEL AR T S72 PC3 fiflads L OV AL72 Fif@i 238 v CHENN L7223, AMPKall @ GGCT & DfFIRE /
JH AL ST STz, 2B OFEEIE, GGCT D/ v 7 X' ik AMPK {RIFHY72 & T
FOX03a Serd13 OV UL L~ L E S-S L) Z E AR L TCWD, BN 212, FOXO03a
Serd13 OV AL LILH AMPKal DRIRE S/ 7 X7 AZ K> CTIHEE-—F5C, GGCT FEEHiH
Hillkeo> FOXO3a DIFEEGHEIL AMPKol DIFIRE /v 7 207 AT F o THIfil Sz oTe, LIzhi> T
GGCT FEEIHIH Tl S 415 FOXO03a DIEMA L, RO ZHOME TH 115, 1. AMPK (K772
U Mk, 2. AMPK FEELFRY72 mRNA L)L CORBIER ST LOBENIC T 25681 E5., FOXO03a #
B X A REH G- OTEMEIL. FOXO038a OIENFEER B KAFT 5 Z L E STV 5, i
FOFED BB EZT 5 & FOX03a 13 < 20D 7 2 BFE BT AR I X D ) Vb a2
D EHIED BREAET T D (70), PC3 AMEIZIS T Akt ZFHET 2 & BNICEIT D FOX03a #
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YN EFEBL L~V AR, HIREIZIT DRBLL -~ A S, FAUCS L o TR E - OREL
ERAESIERI L, BRI, [T < BNZAR AAIIEK CTd 5 DU-145 AIIEIZISU T Akt 222 E TS
HEED L. BN FOX03a # v/ ERHL~YLINED 5 Z LSRG STV (81), LA
T, AMPK DIEMEAKIZ &2 U ERHAROBENN, 35 X OREN FOX03a B EDHEINOVW-T 1t FOXO03a
IR ORREIEM LIV CHEARBEEZ R L TV D 2B 2 Bb, AFEICEO T, mRNA R8RS
FORH LR R EL L HA TN FOXO3a & o /X7 B BRAMEIN L QU= 2 &1, FOXO03a 2355 L
~LTHEINTEY, TN EFRFHI, AMPK (255 Serdl3 2 5&Te7 X/ BFRIEICI T U UL
BT HZ LIZE T, FOXO3a DERERF-& L CORREMMEE STV B ATREMEZ B LT 5,

GGCT knockdown
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Fig. 23. Depletion of GGCT upregulates p21 expression by activating the AMPK—-FOXO3a axis.

Graphical summary of the mechanisms of p21 upregulation by GGCT depletion, including the activation of AMPK-
FOXO3a pathway. This figure was cited from Graphical abstract in Taniguchi K et al. Biochem. Biophys. Res.
Commun. 2019, 517, 238-243.

FEEIZHV T FOXO03a & > /7 BEAMEV VB Z 7R L, ZOfER: FOX03a O DNA k13 D5 GHEN
P> LCng Z &1, BINZIRAS AV LAREET 2 2 & AviiE ST D (81), Shou B, 1EH E
MESE#AR: & Foie U C _EMEEEAS AR Z 35U Tl FOXO03a AMEV EHLZ 7R LTV D S L= (77), AN
EIZR T, FOX03a DFBUN GGCT / v 7 X 7T ER L Q=2 L 2BET 5 & GGCT M3E%
AL CW DA Tk, FOX03a <0 p2l & W > 7223 AR F-OR B EFE S TS 2 &
2 &> T, BE s L OGO TARFESILTCND S W) TR B . bivd, S HIT,
FOXO3a I3 A b L A~ R L O L — N RE AR 2 R Z Ly Sh T
Y. ZD mMRNA FEEL LU 3k BRI A U CRBEFE S D (73), FOXO03 s 11,
DN PATHRE G - p53. BLOZFOMEIATH 5 p73 DEBEOENTH Y | p53 1F DNA EEIIE LT
FOXO3 (& 1D _FHDA > F TS L T OiREA{edE9 % (82,83), Brucker 513, FOXO03a
ARSI TR T2 Z LI L > TEORBDTFHFESN, S OITEREEER, MIERZ S CoREEEIT

58



FREEREHI IR 33\ Y C FOXO03a DA D> HEEA~DBATIMEE SIS Z & 2l LZ (84), ZiubH D
HREEETD L, xRN AR CREEL L QD GGCT 1E, FOXO03a DA 5 Z LIz X
S T BDOMRFIMEA L AZEEL TWDOTIE R )N EE 2 B, 22T GGCT #HET S
&, GGCT OFSHEICHAT L ClaBEE SAUTUWEARETEAR N L AHIENICERE L, DA ML RIZL -
C FOX03a DFEENFHFE S H, p2l FBLEH3S O AMBHEFEIH 235 | & 2 S Cnd L) af
REMEDSV R S D,

AEETIE, PC3 Ak L ONAL72 Mz T, FOXO03a OFEEMFHE X, 7> AMPK {K1FAIZ
UUBAbESND Z LM, GGCT OFEBHIHICH E i = Sis p2l 3881 E5H- M3 AKIHEEEFERNH]FS L OF
HIREOEEZRFHIK - CThH D Z EEZHLNI Lz, T ORERIE, GGCT FHMHIIL AMPK-
FOX03a—p21 & 215 5 2 & 12 Lo TR ARSI Z A2 = & 28R L b,
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=1

A
YN

Bk 723 AR S BT % 2 L XV B CTh 0 | OFEBUIIR DS e BRI 2777~ GGCT 1,
BRI AVDOFBURIFIEN Y 1 CTh D LB Z BIVTE Tz, LRIOMFET, FLASAMIRIZI T siRNA
Z T GGCT DFEBLAHNHIT 2 & COKI OFBL AT LI g [ & Z D 2 & &R
L72h3, GGCT BN & 5 COKI OFEEL - HHEDOTEMIZH H NI SV TUORD o7z, ABSET
I, BEEEO L AR E VT, 2 E TRIATH ~ 7= GGCT FEEHHIC X 5 CDKI % EH-0
FRRAFEIAATAI 72 A T = X LNZfii U=,

B 1ECIXTIRET, B — A 7w RIEZ W@ 21T GGCT LHHAMERT %
BIRDO X 0By 1L LT PHB2 % i L=, MCF7 sk o /7 BTkl 551 GGCT Hifs %
PR S IC L 0 . NEIME GGCT & PHB2 & L/’ MR AAER 5 2 & A BN LTz,
FAZRET % PHB2 (THGHIHIA - & L TEIK 2 LS STV D7D, PHB2 OAMIEPNETE % fif
Mrii=& 2 A, GGCT JEBMIHNC L 0 EENJHTE PHB2 2335 Z L idbnoTz, & 51T, PHB2 %
J w7 B B X OREPREEL S W72 MCF7 i FVNC p2l 8BTS I OSHIRE HAfNT 21 70 N,
GGCT / v 7 &7 %0 p21 OFE LFFA PHB2 (2L > THIESN TWA Z L AR LT, F72, #t
PHB2 Hitfkz v =7 m~F Uik Z L 0 . PHB2 23 p2l O mae—X —fEllifad 52 &
ZHHBNC LTz, 5T, PHB2 & p2l OFUME-IXFIRE, v 7 X7 %470, PHB2 A3 p2l S8
ZAr U T AR O ZARE S BRI Ch 5 Z L 2B BT LT,

%5 2 TECIE, GGCT OFEEMIHAY MCF7 Ml LU PC3 HlfEicA— b7 7 U— 28T 52 L %
HIGN Uz, E£70, MIERZIERSA T T~ 7 AEHEFIR NIH3T3 (24— h 7 7 D—3kE S
D FERRE VY, GGCT OFfifiPELNA— 7 7 —Z 4l L, MfusiE a9 2 2 & 2B 5
IZL7e, &b, A— 77 U— I TIZADRF ATGS % GGCT EL[FIRRZ ) v 7 X352 LT
Ko TAH—= 77 U—%HFES % & MBS 3 LU b & W72 GGCT /v 7 4 il
TEHRSNAERERIPIHI SN2 LD, A— b7 7 =B 2D ORI ZEEME I LT
52 LaR U, BfRIZ, ZOA— 7 7 U—OFEIC AMPK-ULKL 7 /U BRI OTEME bt &
O MTOR ¥ 7 /ARIERRBE O M- T 0 . GGCT FHMHIZ L 54— b7 7 U —OFFEIX
AMPK-ULK1 > 7 U RERI AT 5 2 & BT LT,

B 3FTIL. PC3 MM S AL72 FlCI\N T, GGCT / w7 Z 7 H3 FOX03a D¥BIakE 25| &
I3 L ERLT, F72, FOX03a OFBIFFEITX GGCT / v 7 X7 Al K D p2l 3881 ERJ- & Zhuch
< HORCHETEPTS], HAEAE AT D Z L AR LTs, S5IZ, FOX03a & U LRk 5 AMPK 723,
FOXO03a-p21 #HE DI LA Z O Bt Tl 2 = & 2B 50N LT,

ABFFETIE, GGCT HEWIHIZ K-> CHIEE Z S5 COKIFELEFD A=A LE LT, RO=
DOMEA TR LTe, 1 GGCT & OFHIAHANER 2 > /378 PHB2 @, p2l FENHIEREDOIE, 2.
AMPK-ULK1 7 I RIS OIEAL £ 721% mTOR ¥ 7/ UmisERE Ol 2> A — h 7 7 ¥
—DFEEN LT, 3. RS 1 FOX03a ORIAE, BIONAMPK 2L 5 Y iRk %
4 L7 FOXO3a DEEREIEMKIZ L% p21 FBL LA, T bOfERIE, GGCT / v 7 XD ATk~ T
CDKI OFEBIA _E5H- U, 23 AMIEOHEFE ] S I DMK e A 7 = R AO—8aa B 5N L,
S50 GGCT AR & LTCIRFIEOBRRICTHF G T b D EEZ bbb,
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