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ZRMEFRHE (MM) 1T EMIBONATH Y | BRI CTHIGE L, & <> i nekE s
EHIER T, ITEOS TAENIRREE AW 28 BRI OIEFRIC L D . MM DR
FE SN, RIATE DEMIT—HTh D, TOHERD 1 2L LT, KEHERE (<1.3%
0,) THLHIEM= > TITFET D MM B3 BEF OIREERICIRE 2 /" 2 EAVRBR S
THH MM BRI 2 FBIRFIE OB R I MM IR ICE W TR EZRED 1 > Th 5,
ASETORFHIL Y KEEERRE (1% 0,) TEMMAFT 2 MM Mle (MM-HA Hifa) 4%
T Z T Z EDRH LN E RS TWND,

T ABAEIE of T AR E v8 T MR 2 FEIC KRBT, of T MRS T 5 7 T A
NtEM TH 243, EERRRE B s TEA R (MHC) HsPEIC 2 AN 23833 5 7=, MHC
R LTe S AR ef LTI BB R 2 5812 Z e 3 T& e, —J7, y8 T MllRIER
R Z D% LOMEIE L7720, Y L Ra Ufig (ZOL) 72 PORESH B AR AR R —
MUANZ L0 RAMEIECTE 5, HEiE SN yo T MIfEiE, A AMIFEZE R O Butyrophilin 3A1
(BTN3A1) %%k L, MHC FEH#)sRMEIC TSR M 2 5643 5, BTN3AL (X, ZOL 72 &l &
D DA AN U R A A Y X T = e r ) B (IPP) BNEET S D
& THEENZEIL L, vo T Mz B2 LT ys T MMM S A E 452 1) 5, AHFE
TiE, [y T MR, BEfR OISR 2779 MM 8ISk L C b PUiESS b R & 5
T 5] LAGRESNLC, SHIEOVER 2 A3 5 MM-HA fIIEIZ%3 2 vo T fliEIZ XL 2 Bl
REBFI LT,

H1E v T A E V2 MM IR 53 2 Pl sh

RIYIL A DEAFET D8 T ML ZOL & IL-2 Z W THRIMEIET S Z LN TE 5, H)
DIZ, AT =LK arvry ERGONETERT T 4 7 BEEAREECED
KA M EAZER (PBMNCs) %y L 7=, PBMNCs (Z ZOL % 1 HRJALE L, #H LV IL-2 2 4L
B LT 10 AR Lz, TORE, BRIMID T 1%FRETS > 72 v8 T HIRIEH 90% £ THY
L. 2> o#IfEE K 2400 5 ICHI0E U 72, AREEREIC LY v8 T AIIILERAICHEE Sz,
WIZ, FIROFFEIZ L0 EAMEE S 72 y6 T fifaz AW T, UBEOFREZIT 7o, WiFEE#
BRI T (20%0,) TH:ZE L7= MM fifidkk (MM-Normo: RPMI8226-Normo, EJM-Normo, U266-
Normo) X 1 7 ALLLKEEREREE T CTHiE L7z MM #lafk (MM-HA: RPMI8226-HA.,
EIM-HA, U266-HA) % £ Z N OMEFRIRERE T2\ Ty Tl & 4 BefE G L, flow
cytometry (FCM) {EIZ &V HUIESEZh R 258N L 7=, & OfEH. vd T MfEIZ X 2 BuliEzh i,
RPMIB226 ffificl Tl 1l & R B IE T 36 L OMREASEBRIE T CL 24121 56.414.2%,.25+0.7%,



EIM fIETIZZ NI 26.8£4.6%, 9.4+0.9% &, (KERFERBE F Tl L7z, U266-Normo
R ~OFEShFIT55 < . BIiFB D emnoTe, T, BHEEBEERE T & IRBERE NI
B D yd T MR FEAT DG EM 7% (perforin, granzyme B, IFN-y) ®O3&8l% FCM
BICE D LTen, ZITRD bR olz, £ MM MR O 720 @ v§ T M FEEL T
%75 K- (LFA-1, NKG2D, DNAM-1) OFBLEIZ G 22RO R o7, ZNHD T LNk,
KL FEREE T TR D7 vd T MIRIZ R 2 HRHUE O 1513yd T Al 23 ZEA Tl 7 2 & AR
ST,

2 E  (RERFRREISEN L2 MM IR0 y8 T MIIC & 2 MG Eriae (i3 2 Pk
TSR
zl-w-;f %, AT CTH B & 72 o T ARFEEBREL FCO v8 T MR O HUEE 2 F k55 > MM e
BT OHERNZEEE LTz, £ MM MIlaoMiaszs 71 (ICAM-1, MIC A/B, PVR) O
m%@%ﬁ%F@w&fﬂmbkﬂ\ﬁﬁﬁf%ﬁﬁg_# TRO NN oT-, T b DRk
B FUAMZ S vd T MR O AUHIIEFEER I, DAL BTN3AL OFEBL & IPP OFEFEN
BB E| 2 > T D26, RIS BIN3AL O3 Z/EH L7225, MM-Normo #illE & MM-
HA@@TWMiﬁﬂokg%EHT®*$ IZLC-MS/MSIZ X W #ll7E L= & Z A RPMI8226
HIE CITE T FREEREE F T 7.1+21.6 ng TH o720, KMEHEBREE F Tl 047£0.3 ng £ T
L7z, £72. EIM flia Cllm s BB F Tl 2.8£02ng TH o723, (KERFEEREE F Cl1% 0.2
+0.04ng £ THAD Lz, &5, ydT MO MM Ml ~DWEERE A 1f) L S8 5 2N A5 Bl
FOIPP &, 245 2 RO MM-HA flid CTidb LTz, E72, IPP AklER (MVD) .
IPP A% 3% (FDPS) ORHEA I L7-E 25, MM-HA flICRBWTH 37 EHEN
KFLTWe, ULEOREEND, MM-HA AIIEIX A S e BRI A HNH| & bd Z & T IPP @
PEAE BN L, yd T Ml OHUESE IRk L TIREMEZ o Z E R hE 2ol
ITHE, BTN3A1L 2% v8 T MEIZREGk S 5 72 D OREIEEAIZIZ, IPP OB ERE 72 Te
<. Rho 77 IV —ESFEG X /"ZE RhoB bHFEHELTWAZ EAMEESNTNS, £
Z T, MM-HA #ifaiZ31F %5 RhoB DX /"7 HFRELZ I LT Z A, MM-HA Mifld Tl
MMNmmﬁ%i@%5/ﬂﬁg%ﬁﬂﬁTLTPkouk®ﬁ%ﬂ%\MMﬂ@iﬁ@$
BRI 95 Z & T, IPP EAE R & RhoB O HBUE TS 725 &4, BTN3AL O &L
m#mﬂéh vS T FHAED & DOILEE 25 X & T D Al REME S R S vz,

=6

RIS

AWFFEIZ K0 | ARFERBREEICE)S U - ap sk MM-HA Ml Tk, A3 R 3
m%énmpﬁéiﬁﬁ9b S BHIZ RhoB DX U /X7 EFRRBENME T T 52 & T, y8 T
Ha D23 AR FEER IS > DS 2 FIEEME S R ST, 2D Z Enb, vd T Mg Oz
EEVERRE I T D IPIEL EH L TV D EZ X 6D, AT L VB2 & e o 7o il
fakk MM A y& T AIRIC X D HUIES BB E O SR 1T, Sitfakk MM iRl x5
5y T AlaOPUESE R 2 M ESEH7-00 N0 ICR5 B 25, AN, MM &
R DR A B H5 U 7287 72 2o IR RS D BH I | Eﬁf%é &M 5,



A ST T OMEOABRERIE LD TH D, 72, ROEHKIZOWTITHRIEEL Y FF
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Eishi Ashihara. Hypoxia-adapted multiple myeloma stem cells resist yd-T-cell-mediated
killing by modulating the mevalonate pathway. Anticancer Res. 2023, 43 (2), 547-555, doi:
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Ab antibody

ABC ATP binding cassette

Akt protein kinase B

ALDH aldehyde dehydrogenase

APC allophycocyanin

ATCC american type culture collection
BM bone marrow

BSA bovine serum albumin

BTN butyrophilin

CAR chimeric antigen receptor

CDKN cyclin dependent kinase inhibitor
CFSE carboxyfluorescein diacetate succinimidyl ester
CR complete response

CSC cancer stem cell

CTLA-4 cytotoxic T-lymphocyte-associated antigen 4
DMAPP dimethylallyl diphosphate
DNAM-1 DNAX accessory molecule-1

ET effector cell: target cell

FBS fetal bovine serum

FCM flow cytometry

FDPS farnesyl diphosphate synthase
FGFR fibroblast growth factor receptor
FITC fluorescein isothiocyanate

FPP farnesyl pyrophosphate

Erk extracellular signal-regulated kinase
GDP guanosine diphosphate

GGPP geranyl-geranyl pyrophosphate
GPP geranyl pyrophosphate

GTP guanosine triphosphate

HA hypoxia adapted

HAT histone acetyltransferase

HDAC histone deacetylase

HIF-1a hypoxia-inducible factor 1a
HMG-CoA hydroxymethylglutaryl-CoA
HRP horseradish peroxidase

IFN interferon



ICAM intercellular adhesion molecule

1IG immunoglobulin

IL-2 interleukin-2

IPP isopentenyl pyrophosphate

LFA lymphocyte function-associated antigen

MEK mitogen-activated extracellular signal-regulated kinase
MGUS monoclonal gammopathy of undetermined significance
MHC major histocompatibility complex

MIC MHC class I chain related gene

MM multiple myeloma

MP melphalan * prednisone

MRM multiple reaction monitoring

MVD mevalonate decarboxylase

NFAT nuclear factor of activated T cells

NFDM non-fat dry milk

NKG2D natural killer group 2 member D

Normo normoxia

ORR overall response rate

PBMCs peripheral blood mononuclear cells

PBS phosphate-buffered saline

PD progressive disease

PE phycoerythrin

PI propidium iodide

PI3K phosphatidylinositol-3 kinase

PR partial response

PTA tetrakis-pivaloyloxymethyl 2-(thiazole-2-ylamino) ethylidene-1,1-bisphosphonate
PVDF poly vinylidene difluoride

PVR poliovirus receptor

Rh recombinant human

SD standard deviation

SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SEM standard error of the mean

TCR T cell receptor

VGPR very good partial response

ZOL zoledronic acid



fEME (multiple myeloma; MM) (., $UiRPEAEMN TH 2 T EMIAMEDIER Th 5,
Bl CIIORA B a2 E e 2> 6 0k U, Z OB AR B HIII R Y o Eilz
BEh L, IRFls (germinal center) (T3 TREKMIMLZR i OPUR & KOS U TIEME(L S U5 3
5, Z O THRMIGEBIERE RS T AAL v F 2l Z L, PUkEAREZ D B Mila~&
AT D, s b - BREVL 7 B MR EBEIC BN L, FRliIC iUk 2 pEA 3 2 TR E IR sk
LTCWE RMERERRD T S N5, IEH 2B EMIITEEEEHO%RE 7 v 7 Y o (1gG. IgA,
IgM, IgD. IgM) ZPEAT 57, TWEMEAEEL L. MM MldiZH 7 v — 2 HhoffE 7 a
TV M XN T) BEET DDA R 2 0 IR E N kT, SRR MK
T4 5, Flo. M Z U7 TBIBOARKIELIRME IZILE L, TORE., BArErs Sz
T, X5, MM 2VEHEN (bone marrow; BM) THSET 2% & & MAERE DAL TOm B Hika o
TEMEAGIC K BB E 65 Xk 237, MM IZEEMEERE O 1%, @& EEK 10%% 5T
W5 (1), AFRD 2019 0 MM FEERIIAT 10 T AHZV 6.0 i (2), F7=. 2020 F DI
FIIAO10 TH20 34 ATHD (3).

MM Flila DEEJRIL, post-germinal center B fifid B 3k D £ Fm B E i~ b3 5 & 2FEK
ThdrEEZExbNNTWD, £, ZTHETIEH, MM BIEIZIZREZ 27 U U iHK
(immunoglobulin; IG) ¥5EAREE- L TEY | Z ORI IAMANEIERE RS 7 7 A AL v FIZ
PENEL D ESNTEL @), KR —7 = —F HWTMITIZ LD . 2 b D 1G 5%
D5 B2 ENTEBED pro-B M2 DI Rk T2 Z L TAHEL L EMLMZESNT (5), ZD
K OUTHEIE L7z MM R30I L TS Z & T IMEHFIC M Z /37 238819 % monoclonal
gammopathy of undetermined significance (MGUS) DIRFE L 72 %, MGUS 13 MM OHIH A HE
EEINTEY, MGUS NE HICHERT 5 Z & TEMME MM &725 (6), MGUS 705 MM 128
T3 5122 T, BABELET KRAS OTFMHAIZE | fibroblast growth factor receptor 3 (FGFR 3)
DIEMET L ZER 28 22 cyclin dependent kinase inhibitor (CDKN) O RIEMHALN A LD K 91
2D (7 ZOE I MM ITHEEOBEFEROER LV BIET 2 b0 TH Y | ZHEHE
IR FREPEMECBED D720, 1 EOMAENBHIE L7 MM Th->Th, MM JEFAIT
M TR —Th 2 Z EBP LN ST (8-10),

TNAFRMEAITH D ANT 77 03, 1962 FFIC MM {Rfidi & L TOAZENRD bz
(1), =Dk, G Liz7a R=vuyr (12) LOURHFEETHLI ANV T 7 T+ L R=Y
m > (melphalan + prednisone; MP) JIEN A RMELZ R LU (13), BFEIZDIZY, 2D MP
JEN MM IBRICHWO N TE 2, L L6, MPRIEDTERZEZNZ (complete respnse;
CR) 1T 5%ATM;, 2AEFHEFREIZN 3ETH Y, IBERREITR L TEL 2o T2 (14),
Z D% MM D53 FIRREDMEI v, 25 OIRRBIZHE DWW i FAERFEDN R S T E o,
2000 FFARICIE, REREIRTH LY R~ RV U RI K (15, 7u7r 7 Y —AHEK
THDHRILT Y T (16) 72 EDOBBITINZ, 2015 FELIBICHKRE THLI Yy X~T7 | &
TYR=T (17) WL, MM BE O 5SEAGFHIN 50%E 720 (18) « MM IZXT HI5#
A IE R X < BFES L (Tablel), ¥ TV A~7, RAT Y ITLFXRH A2V O HKE

1



ETIE. CR M 14.6%. #5378%h (partial response; PR) 73 18% (19). A %V I 7L L+ U K
I NOPFHABEIE T, &EE2ZE%) (very good partial response; VGPR) LA E D iR 723 48% % 7~
LTWD (20, LIALZ2D 6, RAFRIIRIZITES BBIZHETH L L shTWD,

Table 1. Clinical studies novel molecular targted agents against MM

Therapies Clinical outcomes References
Daratumumab CR: 14.6%, PR:23.8%. SD:10%. PD:2.1% @2n
Daratumumab ORR: 60%. CR: 9%. PR:18% (19)
+Pomalidomide

+Dexamethasone
Lenalidomid ORR: 72%. =VGPR: 39%. =CR: 7% (20)

Ixazomib ORR: 78%. =VGPR: 48%, =CR: 12% (20)

+ Lenalidomid

ORR, overall response rate; CR, complete response; PR, partial response; VGPR, very good partial

response; PD, progressive disease

MM % &, DAIBEIZEIT DIREEIEOER O 1 & LT, SAEMAE (cancer stem
cell: CSC) DFEENEZ HNTWD, CSC 1%, IEFEMIL L [FERIC A DER & Z20LEE A OF
FEFOMIN T, MBS IIREETH D GO HIOMIEM 2 %< & A (22), BEFOIBHEEK
ICIRPEE R L, TORE, DAOEREZ L7567, MM BfildiclnWTd, Txhx Y
VRMNT VR T EOMAFIR IR 2 R T ERB L E 2o TV D (23), CSC D
FERICIE, BUE 2 FEHOMEDAIRE SN TWD, 12X, EFEESMRESME-CRIER & X
FIERA M VAZFRANCZITHZ LT, BRT L2 LKL CSClTHD, 2 DHITAT
BGRIE-OR A « b LTI C BB A ENAE L, AT E LI eI %
=0T D 2 & Tt A S L CSC (LT 2GR TH Y (24). MM BRllia 131278 O e
b3 E 2 LD, EFBHIINZ ORBAITE 2R LAEFT 27203 UNREE (= F) A
%%ﬁ%é@kﬁ%ﬁ\wcmﬁwf%*y%ﬁﬁgﬁ“ﬁ%%tbfwéQ@

MM AR X BM (BRI L 10%A0m) IZFEISAFEAEL (25), S DICiE MM 420 s 325
ﬁ%f%%®BM%/%(&$%flwﬁﬁﬂ BOWTHLEELTWD (26), 2D BM =

FIAFHAET H MM Al OET L & LT, EHIM 1%MEFRERE T CHE L7 MM Mifa PR &
%ﬁbkoﬁhﬁﬁ%ifﬁﬁﬁﬁﬁﬁ®ﬁTjkm%@%m“ o). THCHEREE]
[Z50kRE) 72 EDOMEAFFDH, MM-HA Ml 3@ F AR RS T ChH 8 L7 MM Al & Hoig

LC MEEE O T ), TGO MioMfaamowmn, A ERED LR OFEL2RF>Z &
MG NE o, T7bb, [REEFRERE NS L7 MM Mia ekt 2 <9 2 & 238
LnEleolz (26), B X 512, MM OIREILS FAERNRIRIEDOILRIC LV IEFERESE
fEL., fwheay ba—AnNEHIN-S2H5, LrLanb, MM @i XBEFE RISk L
TEWRIUEZ R T2 & 2306, RECRIBIZIEE->TE LT, MM ORIEZ BIET 729
WX ZNETELITERDIEET e —FPUETH DL, €2 T, LI MM OIRIEZ HIEL
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TR T 7 —F & LT, BDARERIEIZER L,

S AR RIRIE, 1891 AEIZT A U 1 OAVEHE William B.Coley 23l BRI L 2 BEMEIE B O
N LI ENBIME ST L ENTWD (27), TNLKE, %< OFREEICL Y BAR
FERFFE DM T4, 1950 FERITIE, ASRIZHCOMIBTH 2B AMIEAIEH T L @M SN
AR ZBET 572012, A OGREHEEIC X 0BRSS N DB AGIEINEDN [H A i Bk
) L LTIRESH (28), BUETIE IRAMERE) EWIOIBERICHEELTWD (29, 20
BT, M X 2B N FAET DI b b b3 DS AMIRR S IS HUR O F 8L
1£ET REIHIRE L GT 5 & BT 2 [ T X 5 K 9 107 o Te N ARIIE 3 E X 7%

SRR LTV E IR TS, ERIEO R THIAMSREICRE DS T Miflaik, k8

F‘E%nu ik L%EE;E% AT L ARGE S IEH PR major histocompatibility
complex (MHC) 7; v B éﬂ”bZ) & “Cﬁif_ SN D EERIED 2 FE O 2D,
T #llfa i%mﬂiﬂ@%ﬁ x—%\éfﬁﬁ‘éxﬁﬁi .op THERLE v8 T Mo 2 FEEIZ KB S 4
%o op T AMIEIE2 AR B4 5 MHC 7 7 A T B R SN EGPUR 2385k L. #
JEGHEM A2 T, L LR 5, BDAEEOERIZH D MHC 77 3 KRIET 25 OB,
O ONAKNEIE ap T HIIEO GEMRE N GEREL T L E S5, — ., v T Milla iﬁwnéﬁi)i@@%
ETorenl UBE ) AT VEGURE L TTEMEL & 41, MHC FERIRIMEIC 23 AU MR B
AT, T, BRI U CHGTE 2 /3 MM 8 i LT o T MR
PUBER) B A 5644 5 L HEMI L. AHFZETIE MM 8L 63 % vo T ML & 2 Huldissh 5
R LT,



F 18y T AN S MM RIS 6 5 S

W1HE S

MM (ZTEEHII DR AT D . MM HiEiE BM PN CHIGE L, M 28 U C s phemE
ZHIER T, MMARIZM ¥ o R0 B EpEA - L., BREEZFH%T 5, THFE. MM
2T 28 LW PR OEAIC LY | ARBOTPEILEINLTND (30-33), LaL,
IS OFHIGEROBEZIZ L 0 0b 5T, MM KR E L TRIBDE TH D, MM DIRIE
DNEETH HHHDO—21T, MM #HiaRBE ORI 2 "7 22 083H D 34), L
2o T, MM ORIaZ BHET LT, MM &Rl ZiR4E 2 2 & 2 HEY & L 72 iRiikig o B
FIIMLEARFRZMETH D, Fx 1TLIAT, KERFIRED BM = » FITFET 5 MM fiflaix
KEESRIRAE (1% O2) (TS L TR Y, fifuROFELZ R Z L 2 62T LT (26),

T #falE, T cell receptor (TCR) OFEFAIZ LV off T AL & v T HIARIZFESI D, of T
Rl 3R O£ 5 T ML TH 0 . BRI o MHC 45+ BIZiR S 2 HiR % o
PHLE PS5 TCRICE VFEF L, FEECEKET D, — 5. vd T MIRIIRA I o DO 7L
BRI, FZEAEBHESKFITFIE L, ARIAEDTRTT 5 AW E LTE
WTW5, B MST M0 Vyig{a 113 6 i, VoA 1T 3 MEH L2l BESCKE Lo
y& T AAIE VO1 T AE, KA M H OyST MEIXZEIT VYOVS2 (£ 7213 Vy2ve2) T MifiaTh 5
(35) ZDO Vy9VS2 T #lfd (L. & THIAIZ VyOVa2 T Mz ~d9) Xy 8HE SN BRD
TCR(TCRyS) # A L. MIE% TIEIEA o RO P RIAHEY (BE)4-BE RerXx3-2F
N2-TT= VU UBEHIRE UCRR L., EERAEY TIT AN e UERHHREE O R
#IPEW) isopentenyl pyrophosphate (IPP) A fiJil & L CRdak L. b - IHM b b L ifiE S
7= (36,37) (Figure 1), F£7=. v T Ml & AR A HR x— FAKI L Interleukin-2 (IL-2) % HW\ 5
Z L THRAMEIE T E . B AR ARFR— MUK ZFTLE U722 AR LT MHC JE4 5
WCHESEI R A2 BRET L2 ZERHLONICENTE R 384D, i, YL Ko g
(zoledronic acid; ZOL) 72 EDEHZEFR B AR AR R — MUHIN A UK O famesyl
diphosphate synthase (FDPS) Z [H7E L, #EAUHIIGIC IPP 2 £/ S, T v T M358k
HT2THDHEEZHLINTWE (42,43), LN LR G T4, v T MR O fIf 3
i FICHBLT 202 X ETHDHT7Fr 7 U (Butyrophiling BTN) 3A1 X° BTN2A1 A 7%
L CHAAMBICEEE T2 ERHLNIEIN (44). S OITEMMIICERE Lz PP 2
BTN3A1 D B30.2 K A A Z#ESG L .BTN3AL OEEZAL N HE S5 2L L2 BIN3AL
X, TCRyS LiEAT DRENIZ MG L, B yd T MR OTEMAL 2558425 Z L L0 &
72572 (45-47) (Figure 2), IO DA EZSE X, TIVE THA R AFEITHR LT ys T il
Z W E L DO BRIREBR M TOIL TR Y | ZOREMDRINTE T (48-51), Al
WZRWTIE, BRI E i LT AN e U TR L TWD 2 L2vh IPP 3% < HF
LTEY (52). vd T HIFEI A AMIRE 2 Fe B ICERERFTRE T 5, D72, v T Ml MM
RIS R 2 BN RIRIEIEIC R S D LB 2 T, AETIE, MM BAIIZR 95 vo T Mifa
TP REOBIFIC AT, AR MM HIREIC 332 vo T MBS X 2 ARG ErE 2 Bt L7z,
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Figure 1. Antigen recognition mechanisms of aff Tcells and y6 Tcells

af T cells recognize cancer cells in a major histocompatibility complex (MHC)-restricted manner. By
contrast, Yy T cells perform their antitumor cytotoxic functions independently of MHCs. TCR, T cell
receptor; BTN, butyrophilin; IPP, isopentenyl pyrophosphate.
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Figure 2. Conformational changes in BTN3A1 by RhoB and IPP

GTP-bound RhoB binds to the intracellular domain of BTN3A1 and modulate the mobility of BTN3A1
in the cellular membrane. Additionally, the binding of intracellular IPP to the intracellular domain
induces the conformational change of BTN3A1. Consequently, v T cells recognize BTN3A1 protein.
GTP, guanosine triphosphate; GDP, guanosine diphosphate; IPP, isopentenyl pyrophosphate; BTN,
butyrophilin.



H2 61 FEEITIE
1. 53

ZOL % Novartis Pharma AG (Basel, Switzerland) X ¥ i A L 7=, Recombinant human (rh) IL-2
I% FUJIFILM FYeffide (KPR) LW IEA L7,

2. YO T AHfuEEEE

fEHN R F =0 b~ o MU oA (RS HUR) 2 W CREE FRLIE L 72 Mk 20 mL
% %5 8 O phosphate-buffered saline (PBS) (-) (KCI: 200 mg, KH,PO4: 200 mg, NaCl: 8 g, Na,HPOy *
TH20: 4.86 g/ JHEZAE/K 1 L) THIR L7z, 0%, 3mL OFRMIE %A 4 mL @ Ficoll-Paque
(GE Healthcare, Little Chalfont, Bucks, UK) (ZHE L. 600 xg, =i, 30 57O % ARz
D BEEAT o 1o, BE AR O BEIC X o TR S 402 KIH M B ERfE 2 A 84 N (Thermo
Fisher Scientific, Waltham, MA, USA) THEHL L, 4°CTH 52 UHHEI L 7= cold PBS (-) (Z[H]
W U7, 408 L 72 KRR BEAZER A 10% b b AB BUM{E & A ALyS505N-0 554 (7= K
) IR L, 5 pM ZOL Z 4L L, 24 well 'L — K (Thermo Fisher Scientific) (2 A I B
Bk% 2.5 x 109/ well (1.5 mL ALyS505N-0 / well) DZAETHERE L, 37°C, 5% CO, DEREE F TH
FLT-, 24 FRf#. B8 BV5 13 mL %2 10% bt b AB AUMVE & A ALyS505N-0 55 Chs 1Az
#1247\, rhIL-2 (100 IU/mL) @0 L7, 5538 2 HH2 O 4, 5 A H £ T rhIL-2 (100
IU/mL) Z ¥ L 72, L LARE Tl, 10% fetal bovine serum (FBS) (Sigma-Aldrich, St.Louis, MO,
USA), FIAEWE (100 units/mL <=2 U »BLO100 uyg/mL A AL 7 h~A > BL7 «
JL DFEREER  KBR) Z& e RPMI1640 % 1% 24 well 7' L— h £ 721X T-75 7 7 A = (Thermo
Fisher Scientific) (2 A4~ —/L'7 v 7 L, rhIL-2 (100 ITU/mL) % ¥ L. 10% FBS &4 RPMI1640
Z W CHEIERRFE U7 (Figure 3), AWFZECHEAH L7ofil OLERFEEL RS © 16-09, E21-006)
P LN AB MG CREBEERIRT: © 20-30, B KT 1 2019-12-02) IIAT B OMBELEE ST
BWTEREIN, /07— Koty ha25- ETHRRLT,
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Figure 3. Ex vivo expansion of human o T cells
Peripheral blood mononuclear cells (PBMCs) were isolated using the Ficoll-Paque density gradient
centrifugation. The yd T cells were expanded from cultured PBMCs using zoledronic acid (ZOL) and
interleukin (IL) -2. ZOL, zoledronic acid: IL, interleukin

KT il ubees <

b N M BEIEA R (RPMIS226, EJM, U266) IX. American Type Culture Collection
(ATCC, Manassas, VA, USA) KVIEA LT, Zhbofifarkix, 37°C. 20% 0., 5% CO».

75% Na (MM-Normoxia; Normo) DEEE N CTHEFFETHE L7, £ D% MM Al % 1% 0., 5% CO:,

94% N> DEREL T T 1 » ALL R L, KEESEE)S L 72 RPMIS226 (RPMIS226-hypoxia adapted;
HA). EJM (EJM-HA). U266 (U266-HA) O i fultk % #f 32 L 7=, RPMI8226-Normo #5 & Y
RPMI8226-HA #lifidiZ. 20% FBS (Sigma-Aldrich) 3 X OWIAEME (100 units/mL =1 >3
LFON100pugmL A b LT h~A v BT L AT 2 & T RPMI640 B3 (Bt~
SV AFYEHMIEE) FCHE#E L 72, EJM-Normo 35 X OV EIM-HA #ifdiX, 4mML-Z v 4% I > (F
B T7AT A7 KA. 10% FBS (Sigma-Aldrich) 35 X OWtAWE (100 units/mL <=1 5
LN 100 pgmL A MLV h~A T B L7 4V AFIHEMIE) & & T Iscove’s modified
Dulbecco’s medium 55 (Sigma-Aldrich) ' CTE:#E L 72, U266-Normo 35 & O U266-HA Fliid i
10% FBS (Sigma-Aldrich) 3 X OWIAME (100 units/mL <=1 >} LN 100 pg/mL A k L
T hvA Ty i BET oV AFEMEE) &G Te RPMIN640 55t (B £ 7 1 /L A FOEHISE) K538
L7z,



4. 7u—H% A MA MY —IEIZ KD v3 T ML OfEYT
4-1.  RAH M HEEZEK O K R AT
bt bR I EEZERAMAY (peripheral blood mononuclear cells; PBMCs) D af T #lifd & y8 T
Mlao®IGZ 7 n—9A b A U —{RIZ KD L7z, 100 uL @ PBS (-) (Zlllfid 2 & L.
1.5 mL ¥ =—7 (Thermo Fisher Scientific) (Z[E[f¥ L, PLTFOHUAK & s 7=, HL CD3-
fluorescein isothiocyanate (FITC) $if& (BD Biosciences, Franklin Lakes, NJ, USA. #555332).
$T TCRapB-phycoerythrin (PE) $L{& (BD Biosciences #564728), L TCRyd-allophycocyanin (APC)
LA (BD Bioscience, #555718) Z L& L. 20 57fH. 4°C, #L TS STz, £ D%, 300 xg,
5 I DELBEZATV, Mila4A PBS (1) (XD 2 [FIPed L7,
4-2. 8 T Ml DR 7y 1 DI BT
YO T MfEIZ IS 1T DAIEEES 70 T ORBREZ 7 o —P A b A MU —IZ X VR L7z, 100
uL @ PBS (-) (ZHEfaZ &% L, 1.5 mL 7 = — (Thermo Fisher Scientific) (Z[AY L7=, FH
. $T lymphocyte function-associated antigen (LFA)-1-FITC $ii{& (BD Biosciences, #555379). i
natural killer group 2 member D (NKG2D)-FITC #if& (eBioscience, San Diego, CA, USA, #11-
5878), anti-DNAX accessory molecule-1 (DNAM-1)-PE §i{& (Biolegend. San Diego. CA. USA.
#338305), $1 CD107a-PE $iif& (BD Biosciences, #555801) Z#LiE L. 20 47fH, 4°C, #EHTK
JRSHET, TOK, 300 xg, 5 OMOELSBEEZITV. Mg PBS (1) (2D 2 \IEEF L7z,
AT 47 Ay bue—ZiE, FiE R G E -V,
4-3. y8 T MR DRBREE F M55 % D FEBLRAT
vd T MIRLASEEA T D MR M oy 125 O R B A MR N Ge 0 F 7o X R T HUR G A 2TV,
Zua—H%A FA M) —IZR VT Lo, MIRRANEEIZLL IO X 91217 o7, #19DIZ y3 T Al
(2 T AR P4 F3E Phorbol 12-myristate 13-acetate (PMA) /ionomycin (eBioscience™ Cell
Stimulation Cocktail 500x) ZALE L, #HFRRERTL T & AKMRRERSL T T 4 BRFRIARZ1T » 72,
R 1Z Cell Stimulation Cocktail L& 2 REf 1% (2 & o /X 7 Bk BHESKE R o v > & & e Golgistop
Protein Transport Inhibitor (BD Biosciences) Z#Li&E$ % Z & T, MG EM S 1% 2 MRNIZE
Sz, 4 ReORIGH, 4% /T HRVLT VT B RE 0.2% Tween 20 12 K 0 MO EE .
AL % L, 100 uL @ PBS ()IZHIfRZ %% L. 1.5mL = —= (Thermo Fisher Scientific)
(IR U7z, #f%eH% . B perforin-Alexa Fluor 488 HL{& (BD Biosciences, #563764). $L granzyme
B-PE §i{& (BD Biosciences, #561142), #1 interferon (IFN)-y-PE $L{& (Biolegend, #506506) %
ALE L, 20 23, 4°C, DG TR S 7z, £D%, 300xg, 5 o 0E LoREZATV. Mg
Z PBS(-) (LY 2[R L7, EREHUROGAIT, LTDO X 514757, vdTMEIC T
AR IER 3 Cell Stimulation Cocktail (eBioscience) Z L& L, B FRREREE I & IKEERREE
T 4 FEEFNEAZATV, 100 pL @ PBS (-) IZAIf A L, 1.5 mL = — (Thermo Fisher
Scientific) (Z[FIUY L7z, A%, HT CD107a-PE LK (BD Biosciences, #555801) Z4L&E L. 20
S3FE]. 4°C, ML TRIG S /=, ZD#%., 300xg. 5 MOELSEEZITV, #ld4a PBS(-) 12
XV 2EWESH LT, X7 47 2y ba—iZid, JuisRGEain s Az,
“4-1. KM MHEZEROFRmMPURMENT” “4-2.  yvd T MlaORE 7+ OFRBUHENT”  “4-3.
v& T AR DOHIBEEERE 73 145 DR BT (281 DHIIRERER Z 70 um BOTFT A n A v =
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(R T BOR) 1238 L 7= %% . FACSCalibur (BD Biosciences) ., LSR Fortessa X-20 (BD Bioscience)
ZRAWCT — % #545% L, fEPTIX FlowJo (BD Bioscience) 12 & ¥ S L 7=,

5. yd T AEAIC K% MM MBI 63 2 PG b R o it

MM-Normo #fifid & MM-HA #ifiaiZxt3 2% v T Mg obiEERs 7 a—4% A4 A R VU —
IR VRAT L7z, & MM #ifid% PBS (-) (Z%&¥E L. 0.5 uM @ carboxyfluorescein diacetate
succinimidyl ester (CFSE : [Rl{=4z, AEA) T30 47, 37°C, #ETY LTz, £ D%, 200 xg,

SRIOFEOTHEEZITV, BEEERIRICAH L L, 24 well 7L — & (Thermo Fisher Scientific) (T 1

x 10° cells/well §*OFEFE L 72, RIC ZOL ALERE T 1 pM ALE L, TN OBLFRREERE T
T 20 RFRHIES 2 Lo, ZD1%, vd T MIFUARLERE, v T Mfd : MM HIfE D effector cell: target cell
(ET) HAY10:1 £72 5 X912 yd THIMZLE L, TN LN OMBREEREE T T 4 BRI HE#
L7z, 45 well DIEEERZ OV 7 VAT X TEILL, 200xg, 5 oM OELDBEZITV. 500
uL @ PBS (-) & 51K L7z, v T MO MG EIC X /L, 7 e —H% A A Y
— DORENTHIIZ Propidium iodide (PI : & -7 « /I/A%Dj[[]'f‘@%) % 20 pg/mL ZLiE %, LSR Fortessa
X-20 (BD Bioscience) & W TCT —# ZHEUG Lo, £72. y6 T HIIRIZ L 5 MM #Mifu o sEH0 e
OFNEIFLL T OFBEXTHEM L, 7 —Zfi#4T1X Flowlo (BD Bioscience) (2 & ¥ i L7z,

Dead cells (%) = (CFSEPI" cancer cells / CFSE" cancer cells) x 100
6. HeaTEMT
FEECRE O LLi C OEFHFERIMENTIZ. Two-way ANOVA % H VN, #EIZIE Bonferroni & 7E %

R L7z, #aHEEMT Y 7 B iZ GraphPad Prism5 (GraphPad Software, San Diego, CA. USA) %
EA L7z, p<0.05 ZMEHHIICAERE L LT,

10



%3 A EBRRER
1. ZOL & rhIL-2 & V72 3 T #IR O RS IE

AR MNIZTFET 2 @ TS METH D, TOH, 51 HICrlfk Lz ik
2L D y3 T MO EINEIER R 21T 572, 11 HE ORI FCM {EIZ X 0 iR 2= & ff b
L7, B522BHAATRTO PBMCs @ o T Ml OEIGIE 71.5%, yO T #lEIX 0.9% TH Y . af T fifa
DRERYZ HO TN, L L7y B2 11 B H TIE. of TR 2.5%2384 L, vo T #l
JalZ 91.3%2 % TEDEIG ) EF Lz (Figure4A), £7-. yd T MMt 11 BB A4S
HEBE 12 2 0 K 2400 fi5 £ THAIN L 7= (Figure 4B), LA L OFER S KRS H o v5 T Al ZOL
& rhiL-2 Z V5 2 & T, BIRANICTHRIMERFTRE TH 2 Z L AL N E o T,
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Figure 4. Ex vivo expansion of yo T cells with ZOL (5 pM) and rhIL-2 (100 IU/ml).

(A) Flow cytometry analysis of the percentage of yd T cells on day O (upper panels) and day 11 (lower
panels), expanded from healthy-donor-derived peripheral blood mononuclear cells. yd T cells were
defined as the CD3+/TCRyd+ population. (B) The number of expanded yd T cells after 11 days of in
vitro culture. The number of yo T cells was calculated by multiplying the overall cell count by the
percentage of CD3+/TCRyd+ cells.

Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.

12



2. M BENE AN AL O AKX R R

THETIC, EEEHERE T CRMIMESE Lz MM It 2 R4 2 E 3 B E 72
S TS (26), % T, HMIAOEFEEE 4 Wi R R T ChaE L7c MM #il2 (MM-Normo
HIR) SAREREEREE FC 120 H DLEERSR L2 MMM (MM-HA #if) OREEER (t;doubling
time) Z W L, IR DTS L 2 Lol U7, RS ORIMRIZ 3 £724 B & L, Ml A G
HIL . LAT OFHR AU ME IR & R L7z,

Nt = Ny x 2T/7
(N : T W% ORI No : B52EBHAARFO ML, © @ (7INIERD)

ZOFER, MM-HA Hlfa CIZAME G 23 K & < 3 LTz (Table2), MM AHHARIE 1%
FEEEFT 1 2HEETSZ LT, BEl (26) RIRRICHEGEIEEE XK F Lz 23 0l e i 7= 2
EDD, REEEBREE FICHIG L7z &l L, DIRROEBRIZHER Lz,

RPMI8226 EJM U266
Normoxia Hypoxia Normoxia Hypoxia Normoxia Hypoxia
Doubling
time 40.7+54 | 989+21.2 | 49897 | 81.9%16.1 | 41.7%£3.1 | 81.5%£25.6
(hours)

Table 2. The doubling times of MM-Normo cells and MM-HA cells.
The number of cells was calculated by multiplying the cell count. Data represent the mean + standard

deviation (SD) of three independent experiments.
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3. v T MR D256 M B BENE A AR Z et 2 HUE ) R O fest

ROMEIE L72 yo T R Z VTl RS EREL T & (RPRSRER T T Tz L7 MM ARARIC &S
T2 PUBIG R R 2 E U7z, vo T MlIE & MM e 2 XBI13 5 72 012 MM Al 2 A= il e s 4,54
3 CFSE TYa L7221, vd T Mifldd MM MIfRIZALE L, EHFEERRE T SRR RE T C
FREA 4 FEEIERTEE Lo, PLIC KV SEMIROB A Yt d 5 2 & T, MM Mo sEMifE %
Dead cells (%) = (CFSE*PI" cancer cells/CFSE" cancer cells) x 100 Z W THH L7z, MM fifgic
X% 8 T MR O HUE 0 R & HUEE RIZLL T O3t R A W THRI LT,

Cyotoxicity (%) = Dead cells (yd T HIFRALEFE) (%) - Dead cells (vd T HEAIALERE) (%)

ZOHER, RPMI8226-Normo M TiX, ZOL ALEI(ZBAFR 7 < @ W PSR 2 58D 7228,
RPMI8226-HA #ifid Tid RPMI8226-Normo Mifid & bl U CHUEB R DA EICHA LTz,
7. EIM-Normo #ffifid TlX, ZOL RALERFIHUEILE RN R 58D H L7 o 7228, ZOL ALEIZ X

D PUES N AR T& 72, L L722Y S, ZOL ALEKF D EIM-HA HIfEIZ% 92 vd T Mo
PUiESZh B 1%, EIM-Normo #iifid & bhige U CH EIZHGI L7-, U266-Normo Hliid~DHUiEEEZh
Rl355 < | ARFRRERBEHIC I K D PSRN R O KITERD b/ o 72 (Figure 5B), LA R
RN yd T AR SRS 2N 3 2 58435 MM-Normo Hifit TH - T b, [KEAFRREL FIE-
T2 2L Tyd T HIRIC X 2 HUESEMEICIR A2 RS 2 LRGN Lo T,

A ZOL (-) ZOL (+)
‘ 10° '| 16”4 Y

i :
| oy . no treatment
1 PIE) |l | 1] PI()
o 4 s gt | g 9.3
.
.1'_.'J <10
10! L) i w® e in! 0 ot et o
A o5 ] 5] s
o 10 1 PICH) | 1071 PIH) |-k .
59.0 ﬁg,_.:_ 652 Bk
ot il . qﬁ"
SPE .
3] s )l ET ratio=10:1
v Pl i T
o 4 410 L o
1 K
.'|'_|'IJI .:u'.i_
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Figure 5. Cytotoxicity of y6 T cell against mutiple myeloma cell lines cultured under normoxic
conditions (MM-Normo) and prolonged hypoxic conditions (MM-HA).

(A) MM cells were stained with 0.5 uM CFSE and either treated with ZOL (1 uM) overnight or left
untreated. The MM cells were then co-cultured with yo T cells for 4 h in normoxic or hypoxic conditions.
Results of the flow cytometric analysis of yo T cell cytotoxicity against RPMI8226-Normo cells are
shown. (B) Cytotoxicity (on the y-axis) was calculated by subtracting the cytotoxicity value of the
control condition (i.e., without yd T cells). Comparison of the y5-T-cells-mediated killing of MM-Normo
and MM-HA cells. Data represent the mean + standard error of the mean (SEM) of three independent
experiments. The statistical significance of differences was determined by two-way ANOVA with the
Bonferroni post-hoc test (**p < 0.01, MM-Normo vs. MM-HA). ns, not significant.

Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.
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4. y8 T MR DHERE 53 D Lhig

yOT MR, 23 ARG L DREE DHEE S 27T 2 Z IR0 | HUEEZ R 2 F1 2
(53-55), = Z T, v T MR OPUEE N FIZKT L, MM-HA FIAE S ST 2 /R 3 2R 2 JR SR 5
L7290, MM Ml BT 2450 FORBMEL 7o —H A4 b A MY —JETHE LT,
L2 L7228 5, LFA-1, NKG2D, DNAM-1 OFBGRE L, ENENORE T TEITHREO b
7273 1= (Figure 6),

(Normoxia)

[ A
Negative control / //j \

Negative control
(Hypoxia)

Stained sample
(Normoxia)

Stained sample
(Hypoxia)

Negative control
(Normoxia) |/ \

Negative control
(Hypoxia)
) yoT
Stained sample /\
(Normoxia) .
Stained sample
(Hypoxia)
1 2 4

DNAM-1

Figure 6. Expression levels of adhesion molecules in 6 T cells.

Flow cytometry analysis of expression levels of cell surface molecules by yo T cells (NKG2D, LFA-1,
DNAM-1). White and black histograms represent normoxic and hypoxic conditions, respectively.
Dotted lines indicate negative controls, and solid lines indicate stained samples.

Modified from Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.
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5. vd T AlAR oD ABIRAE 5y 5 D IS BLEL#

v T MR, EMHILESND L =T U &L, BAMBERIZZHIT, 617
7 UL LB EBAMBNICHET 5 Z L THRAMBOT R h— A% FHET 5, £ 2T,
T AlfayE ML FZE Cell Stimulation Cocktail %z y6 T MMIZALE L, 1@ FRFREREE & IKEERER
BT C4WfA ¥ =2~X— kL7, F7=. Cell Stimulation Cocktail L& 2 FFfE]#% 12 Goldi stop
ZALE L, MRS EENE S TS 2 SRS Yo, TORICGHRNAZ et ke L., £
NENDOEREE T COMBEEESy TE0EEE 7o —% A A MY —1ETHi#R L7 (Figure
7o £ ORGSR, BHEEREEE T CARRFRERE T CIREAIEITRO bR oTo, £, BifE
Bi~—H7—T&h % CDI07a D yd T HIFRIEICH T D2REL L LN BO bR o7z, LLED
FERND, REBEFRERE TICBW T, v T MA@ F R T & [FRE oM 515 1
HEREETEDHEEZEZDND,
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Figure 7. Expression levels of cell surface molecule and cytokines in 6 T cells.

Flow cytometry analysis of CD107a and intracellular perforin, granzyme B, and IFN-y expression by
vo T cells. y0 T cells were stimulated with Cell Stimulation Cocktail (500x). White and black histograms
represent normoxic and hypoxic conditions, respectively. Dotted lines indicate negative controls, and

solid lines indicate stained samples.
Modified from Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.
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A B

AEIOMFITIX, B b PBMC (ZIL-2 & ZOL Z /L& L., vd T Ml ORI EIE 21T > 72, PP
EIL-2 12X D, v6 T Ml Mitogen-activated Extracellular signal-regulated Kinase (MEK) /
Extracellular Signal-regulated Kinase (Erk) #%# & phosphatidylinositol-3 kinase (PI3K) / protein
kinase B (Akt) #REEEMEL 40D (56,57), F7o. vd THIIIX IL-2 12 L VMRS 5 (58) 723,
PBMCs (2 IL-2 DA EME L TH y8 T MDA b A VPEAITFE S /e, IPP 200
T 52 L2 LD v8 T HIAE D nuclear factor of activated T cells (NFAT) (59) DIEMALA, YA b
A VHEAEFEIIMNETHLELHLMNERSTWND (57), YD Z &5 ZOL ALE
(2L PBMCs HOBEKNDPEA ST IPP 2L D, v8 T M2 %5 MEK/Erk, PI3K/Akt
DOFEEE R KOV NFAT 2SEMEA L L. vo T MRS, fEM b+ 2 &2 b5, HEKIZ= R
P A b= ZABEMEAL L TV D728 ZOL I NIZEL Y IAZRCT < (60). ZOL I XAl N PP
BABINSE 5728 (43).Z0L ZJLE L 7= BERIIAth > PBMCs L ¥ IPP 2% < EfE4 5 (60),
Fo. VT AEOBFHIZHERDBMETH DL Z E LW Db o TS (61,62), LLEDZ &
5, PBMCs (2 ZOL #ALiET 5 Z & T, ERKNIZ IPP % Ef8 S vd T AR AN HER 2 505% 35,
FHIT LY ¢S T MR NFAT OEENBATHMERE S 4L, $£ 7 MEK / Erk #2# & PI3K / Akt #%
BEOEMEE L, IL2 1250 2RO TORBEN I DITEHbEND Z & T, vd T M E5H
T 5 LRI D,

MM e 23 BEAE R I IRt 2 R 8 e & LT, AR R 9 v AR —Z—Th 5
ATP Binding Cassette (ABC) ~ 7 > AR —% — D3 EH (63) LT /VT & RULKEESHE
(aldehyde dehydrogenase; ALDH) DAL (64) NEZ LD, Lo T, MM DOIRIGZ HiE T
ETIE, 20X RIS B L Z T R VT IR T e —F R THh D, THET
2. Fex a0 < ORFZEE DN, vd T AIEA MM MIEIZ 3k U CRIIAEEM 2 588 L, MM
Ha 23 y8 T HERRSOEFIE DR & 72 V5D Z L AR LTV D (54,65-68), L7=23->T, v5 T
fa S AT MM BMIARI R L TR Z R L, MM BB O TR 2S5 T 2 rIREED & 5
& ARG 2 ST C L EHEIE O RFEE D MM-HA MIRE IS %5 v8 T MR O PS5 & Mt L7z,
DI, MM BRI 2 yo T MR X 2 PSS R oM 4 B & LT, MM Mo
MR ~DOFE2ITo 72, THETOMRICE Y, MM MIIZEIIF 1%MmBERERE N Ch
TBTHI LT, BAEEZESE T2 ERHLNE RS TND (26), 2 TEEH (26) I2HE
VMM FHE % 1%EEER B T C 1 208 L EMERFRS R 24T KERSEEREE (S5 L 72 MM-
HA HifaZz /2 L7, £ OfE%, RPMIS226-HA, EIM-HA, U266-HA Flifid O WF4uizB8 VT
4 MM-Normo #lfE & Hig LT, MIFEIGFE# A 2ME N LTz, $£72. NANOG X° CD24 72 &
D MM #flifid~— 1 — DR (69) 7 MM-HA #ild C EH L Tz (T — % K%F), ULEo
FERD, MM MiflaZ 1 A RIKERR R FCRET 52 & T, lltkoE 285 L7
EEZBNS, W T, ZiLH O MM-Normo il & MM-HA #ifa a2 FH T v T MO FLIE
TR ARG Lz, ZORES. RPMIS226 MifdiX, @ EAFREREE FIZH\\ T ZOL DALEIZRY
DO BmOWTUEIZRNRD b, REEFRERE T CHUSE RN EEs L Tz, £72, EIM
HEREIE ZOL ALiE IRF D i H EA R BRER T CHUBEZN R iR C & | IREAFREREL T Cligs L T
Too —J7T. U266 ML ZOL ALERF T, BRI D b T HEG L R iR T & 22

._[
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ol YLEDORRD X512, MlRIZIB W THIEGNRORN T 3L TH Y . & HIZ MM-
HA il vo T MR O HUEE RIIRPIEA /R Lz, 2 E TIZ, MM Mifaicst3 2 y8 T A
O FUEEZh S 1E MM FlliE5 o intercellular adhesion molecule (ICAM)-1 D FEHL & & IEDFH
BABEMRICH W . AElflE A L2 Mk (RPMIS226, EIM, U266) @ ICAM-1 O FEHED K/
&%, RPMI8226 >EIM=U266 DJEIZ/2 > TWD I EHHBLMNE RS> TS (4]), SlhlDE
FHOEBRERIZBW T, ZOL RALE R O MM-Normo M55 v& T o HifEE2h
DOFR/PEFR S RPMIS226 >EIM=U266 DR ToH 7=, ZD7=8, HIFSKRHE OPUIEEE N R 0E
VM ICAM-1 @%ﬁ%@%ﬁ WCERT 2 EB 2D, X512 MM-HA fifdd 8 T ffﬁﬂ@?ﬁ&#ﬁ%
ICAM-1 OFBLENC L DB TH D EHERI L7, 72, vy T MR, EEAYFIALA IPP |

D 2 L L7- BTN3AL %% Bk Z LTI T A Z ERH LN E RTINS, Fiz, 1&
fe FERBE T I28 V) TlX. hypoxia-inducible factor la (HIF-1a) 7% hydroxymethylglutaryl-CoA
(HMG-CoA) reductase D3Rz ARtET 5 Z EDNRSILTWD (70), D728, MM-Normo #f
Rk T OPUEZE AR OE Y & MM-HA MifaiZ 31 2 PUiEE R OS5 IX. MM-HA fliiamn
DA UBERESAIE SIS Z LIk D PP EORAICERT A ETFRILZ, £7-.
BTN3A1 7% y8 T MGG S N2 72 OIZIIME AN BETH D03, DT OIZIL IPP O
faNFERES 1T T2 <, Rho 77 XY ~1‘£E >TE G Z 2 /3JE RhoB %5 LCW5D 2 EMRH
HEINTWD (7)), ZNHIZESE, [KEEFREE Nk 5 voT MlaoftEEhF i+ 5
PGS OB 21X, MM-HA #ifig ClZ BTN3A1 72 5 ONZ RhoB & 2787 B DR B A3
AL 5 L R@A N Tle, IRETIEH, ZNHDEFHAZHLNTT 572D, MM Hifldd ICAM-
1 72 O LY T OFEL R HIIAP IPP £X° BTN3AL, 72 5 ONZ RhoB ORHLEIZEH L, 78
T M3 2 B ER T 2B 5208 LT <,
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F5HE /NS
ARETIEEM LA MM AIEIZ A2 v T AR OPUEE R 2t L. LR O/ R 257,

1. exvivo [ZBWTIL-2 & ZOL # A5 Z & T, yvd T Ml 2R INAIHEIE RTRETH 5,

2. MM-HA fifalE 8 T MIfRIC K 2 SrlEEiE e P 2 45 L T\ b,

3. RMESREREE TR W T yd T AL OIS EPERRE IR L72gvy,
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%TJ'FH

WS LTz MM GO yd T MRS & 2 M5 PERERE (k4 2 HR e

w‘%‘ﬁﬁ“ﬂ
%

r?i

BHE PE
BTN3Al ($E /a7 ) v A—"—T77 I U —ThV, 2 DOMlaseE a7l KR
A TR ESNTIHESZ NI ETh D (72), MIRPNIZEFE L72 IPP (3 BTN3AL @ B30.2 R A
A NTHEG L, TCRYS 241 L Cyd T MR OIEMAL 2755 T 5, B FTIEBTN3A 7 7 7
U—& LT, BTN3AL, 3A2, 3A3 BFET D2, ZOF TN KA A B302 2#HT 5D
IZ BTN3Al & BTN3A3 DA TH Y (72). BIN3A3 (L B30.2 KA A ZFON, IPPIZ L DM
WA 720 (73), B30.2 KA A U &FiTZ720) BIN3A2 I BTN3AL & ~T a4 A <~ —% AL
THZET, T AMIORRIEREICE D> TS (74, DX 1T, v T MOEME(LIZIX
BTN3Al NUEARARTHDH, LL7eMRD BIN3AL (F, EFMEEBNAMEOE S BHIZE
WTHIEALS I L TWD (75, T, yd T HIIZMIL HOHET, IEFMEE B8 A
AR BTN3AL 2B L CTW\W5H & & % HiLd, Sebestyen H1E, Rho 77 I U —G ¥ /X7 E
ToH 5N AKIEN O RhoB 23723 AR ZE I D BTN3AL #4r L7z, vd T Mg OEME(LICE G L
TWbHZ EZEZB BN LT (7)., Rho # /37 EIXEMEAITH 5 guanosine triphosphate (GTP)
,fi/\ﬁ” b & BERNDPLEAN~EBITT D (76), TEMESRY RhoB 7% BTN3A1 OAEN K A A
NIHEET H T LT, BTN3AL Al BICEET 5, S HISHARN IPP 2SMIfEN N 2 A
IZHEE T 5 2 & T, BTN3Al OfEA AL S, vd T AIRIIHE 2L L7228 Al BTN3AL
ZRET D (7D DSAFIIITIEE AL L HEL L C A N e UEERIE SIS L L TR Y, IPP A
ZEHELTNWDT2D (52), BTN3AL OREEZ(LNER /TN TND EEZbND, 20D
O BEIC XD . yS THIRRIZA AMIAE D BTN3AL 25 RANICER L T\ 5 (Figure 2),
AT CIE, ARV M 3 #iE MM-HA fiigis 0 Wi b Jiissh i ikt
ERTZENALMNE ST, LML v T MR T, EBRERE FICBWLTHLHUES
TEVEDNEES L7r o Tz, £D72H, MM-HA Ml d y§ T HIRIZ X T 2 HFIHEESR X, 23 A
NN ER A 5 LB R BV D, vO T MIDOTEMHAIZIZD AMIEA O IPP &, BTN3A1, RhoB
DFRHNKEZ B> T 5, MM-Normo #ilid D HLIEEZh F DEV & MM-HA Mgz %
PN R OWEH 11X MM-HA Hif@ N @ IPP &, BTN3Al, RhoB OFEHHINT L 5 & KGL A ST
T, KETI, 206D NFORIEEMNT LT,
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2R EBRITIE
1. 53

Isopentenyl pyrophosphate (IPP), geranyl pyrophosphate (GPP), farnesyl pyrophosphate (FPP).
geranyl-geranyl pyrophosphate (GGPP) 35 X UVREE/KFET »E =17 L (NHHCO;) 1%, Sigma
Aldrich JVBEA LTz, TER=FVU L, AF )= 2270 —=VBLO8%T E=T
S Ot i AV 1 B SaVES S WARY Y /N O

2. HfuEsEE
b M ERMEERIIEMERE LT, # 1 2L [E L < RPMIS226. EIM., U266 flifnz vy, [A
REICEE MR L, BFhc AW,

3. 7u—H AR XY —

MM MR ORI R E TR OFBIREEZ, 7 —H A F A M —iEZHWE 1 & & [FERICE
Hrl7z. MM Ml b ooz 283k LU BIN3AL OFBUENTIZIX, ICAM-1-phycoerythrin (PE)
PLI& (BD Biosciences, #560971), Hit MHC class I chain related gene (MIC) A/B-PE T {&
(eBioscience . #12-5788). #L poliovirus receptor (PVR)-PE Hi{K (Biolegend. #337609). #t
Butyrophilin Subfamily 3 Member A1 (BTN3A1) -PE (R&D. #FAB7136P) ZH\\7c, X AT 47
A b w— Ui, USRG2IV T,

4. WK< NI TT 4 —-F T DNERERSHTICE D AN m UGBTI T D EE
W) D E B

MM HifNE L O%s#% EiE T o IPP, GPP, FPP, GGPP O EZKIK/ v~ v 7T 7 4 —-4
VT NEESHT (LC-MS/MS) IEIZ X W HIE LTz, B B0 7 AVRIEIE, LFO L9 I
YT AT o2, $EE EEA 1 mL @ 2-7 13 —)Lb: 0.1 M NHHCO; (1:1 viv) & 1.5
mL D7 b= U AVEMZTRLT v 7 ZATHRE L, Z0OREZK LT 10 o fERE L%,
4°C, 10000 rpm “C 20 [ Dy BEE 1TV, & U R B ERW T, mLb B, RIEERoT
2— 7B LIk, O REZ =R, ERKE N Tl Lz, 20k, EEM % 40uL @ 0.01
M NH,OH |2 fif L. ZDOWIED 20 uL %2 LC-MS/MS ([ZHFEA L7z, Ffas > 7 id Ll Fo &
YT LT, £9, Mila> 7 v % 250 ul @ 2-propanol: 0.1 M NHsHCO; (1:1 v/v)
CIRE L, K ET 20 ;B ERAE Lz, WRIZ, BRE 37D 72DIZ 3750l OT & =
FUVEIMZ, BB AK ET 10 2MFHE LT, £D#%, 7% 4°CF, 13000 rpm T 10
Oy B LT, LB, BiEENOF 2 —T I L, TOLEARR, EFEKR T
THAE L7z, ZDth, FEEWEZ SOuL O A%/ —/1:0.01 M NH,OH (7:3 viv) I[ZIAfR L., =D
WD 20 L % LC-MS/MS IZ1EA L7z, EIM MR D 153% L35 H @ IPP, GPP, FPP, GGPP ®
ERIIAEERINE TITV, & OO E BIXENEED BAF CTh o 7o 72 Ot &L TIT o 72,
LC VAT AL, 77V MRV BZENKEEE, 7T MRMEE, A— M7 T — (B
ERLERT, 5T D ORERESNTWD, BT AREIZY—FAX v MZX D 30°CITHERE L 7=,
Inert Sustain C18 metal-free PEEK column (2.1 x 150 mm; $7 1% 5 um ; BE#EY —z /LA =

23



A HOR) IZREHETEA LTZ, PP, GPP. FPP. GGPP O4yHfii%. BEIFH A (0.1% U =F /1
7 2 UEA 20mM NHHCO;), ERBEAB0.1% NV = FATIVEATE F=1FU ) MO
WMLV ML > T ToTe, 77V MIUTOEY Tho72, 0-5 45, 100%A 75>
5 20%A; 5-7 53 20%A; 7-7.01 57, 20%A 75 100%A;7.01-10 43, 100% A; 100% A T 5 53 F-fi
b, ¥ E% 0.4 mL/min (25X E L 72, MS & 1%, API13200 MS/MS + A7 A (SCIEX, Framingham,
MA, USA) # VT, X HT 47 =L 7 b AT L—A A MbE— R T{Tolz, £ 4R
L —fEEIE-4500 V, ¥+ EZ U —EET 700°C IZHE L, EEICBW T, IPP 1T m/z
245.01-m/z79.00, GPP % m/z313.11—m/z78.80, FPP |% m/z381.16—m/z79.10, GGPP (% m/z
449.27-m/z79.10 DEEZ ENENLEKISE=4 Y 7 (multiple reaction monitoring; MRM)
WCEVE=HF—F D5 L CRIEEEESZIT>7-, A LC-MS/MS £ TlE, IPP & dimethylallyl
diphosphate (DMAPP) D7 A V 7 4 — L&k 3B [FIET D LN TE R0 oz, EDT20, IPP
X IPP & DMAPP O &t (IPP/DMAPP) & LT3 L 7= (Supplementary Figure 1),

5. VLRZ Ty T 4 TR K DN
5-1. ANm PRI & 2N 7 B D FE B

% MM HifIZ ZOL % 24 Wi AL . MR [FIU L7z, PBS(-) T¥eif4. Lysis buffer (2
BB L. 20 oK L, S ISR T v 7 A HWTHRE L, HoIEfm Lz, £ D%,
13000 xg, 4°COEREL FT 20 /rffliEo L, 20 EEEZ Y70 E L TR LT, B LW
7" V1% Pierce BCA™ Protein Assay Kit (Thermo Fisher Scientific) 3 XU~ 27 a7 L — KU —
4 —Glomax® (Promega, Madison, WI, USA) Z W CTEEZITV, 1 ug/pl 12725 & 5 12 Sample
Buffer Solution (&7 ¢ /L AFDEHIEE), JREHEMAK EEA L, 5 oBEHBL THr 723
LT,

B 7= 7 v & Uy, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) JEIZCTH U RTEORBAEMNT LT, 9% RV T 7 VLT I K50, 200V OFRET
THEAUKEI L. poly vinylidene di fluoride (PVDF) & Immobilon®-P membrane (Merck Millipore)
IZ100V, 90 /3 CTHAE: L7c, FERFEAVFE A A2 BT 572912 PVDF % 5% NFDM (non-fat
dry milk, FEFIA 7 I V7 S, W) B¢ 1RSI E2, 71y % 7 H11E 0.05%
RIAXRTZF L YA EEE )TV — N (THTAT AV 5T tris-buffer saline
(TBS ; 20 mM tris, 500mM b+ N U T A (T AT AT A7), pH8.0) THEME L=, =Dk,
— PR & LT, Ht mevalonate decarboxylase (MVD) $i{& (Santa Cruz Biotechnology, Dallas,
TX. USA. #sc-376975). §T Farnesyl pyrophosphate synthase (FDPS / FPS) #T1{& (Abcam, Cambridge,
UK. #ab189874), it B-actin fLf& (Sigma-Aldrich, #A5441) % f#H L 7=, Horseradish peroxidase
(HRP) HEF&HT T U= IgG Hifkds L O~ 7 & 1gG Hfk (Cell Signaling Technology) % —IKHL
e LT U, RERISHES /37 BIZx ST %73 K% ECL Prime Western Blotting
Detection Kit (Cytiva, Tokyo. Japan) % H\>T ImageQuant™ LAS 4000 (Cytiva) {2 X D #Hi L
oo R LIEHUADFRIRE R L7 7 > % Z AL Table 3 12R7,
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Table 3. Antibodies and blocking agents used in Western Blotting

, Primary Ab Secondary Ab ,
Primary Ab ) Secondary Ab ) Blocking agents
concentrations concentrations
MVD 1:100 anti-mouse IgG 1 :1000 5% NFDM
FDPS/FPS 1:500 anti-rabbit IgG 1 : 1000 5% NFDM
B-actin 1 : 10000 anti-mouse IgG 1 : 10000 5% NFDM

Ab, antibody; MVD, mevalonate decarboxylase; FDPS/FPS, farnesyl diphosphate synthase; Ig,
immunoglobulin; NFDM, non-fat dry milk.

52. RhoB B L UE A F D7 & F /AL DFEBLLLEL

5-1 LABRICHBL L 7= > 7 v & V. RhoB B LT v F {2 b o O BLE % fEiT
L7, 71 v 7 #IX 5% non-fat dry milk (NFDM, HEIA 7 I b7 ke, B 720
5% Mg 7 /L7 X > (Bovine serum albumin; BSA, & 7 ¢ /L AFEHMIE) ZEH L. 0.05%
RIAXRTZF LY NAVEE L E) TV —K (T TAT AV 5T tris-buffer saline
(TBS ; 20 mM tris, 500 mM #EfbF N U DA (FATA4 T A7), pH8.0) THM L=, —kHtL
K& LT, P RhoB Hifk (abcam,#ab170611), T Histone H3 (acetyl K27) HT{& (Abcam,#ab4729).
P11 Histone H3 H{& (Cell Signaling Technology. #9715) % {# f] L 7=, Horseradish peroxidase (HRP)
TERDT T VX 1gG PUiR I KUt~ 7 X 1gG HLik (Cell Signaling Technology) % —k$ifk & LT
A L. SERIE S X EIZHkHET 573 K% ECL Western Blotting Detection Kit (GE
Chicago. IL, USA) ZHWT X7 4 v (T A b U —2fkXE, 1) 12
BOtSE2Z LI L7, SR LSOOG EL LU0 7 v v & - 74X Table 4 (12
R,

Healthcare,
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Table 4. Antibodies and blocking agents in Western Blotting

. Primary Ab Secondary Ab .

Primary Ab ) Secondary Ab ) Blocking agents
concentrations concentrations

RhoB 1:1000 anti-rabbit IgG 1:1000 5% NFDM

Histone H3 ) .
1 : 1000 anti-rabbit IgG 1 : 10000 5% BSA

(acetyl K27)
Histone H3 1 : 1000 anti-rabbit IgG 1 : 1000 5% NFDM

B-actin 1 : 10000 anti-mouse IgG 1 : 10000 5% NFDM

Ab, antibody; MVD, mevalonate decarboxylase; FDPS/FPS, farnesyl diphosphate synthase; Ig,

immunoglobulin; NFDM, non-fat dry milk, BSA, bovine serum albumin.

6. MuATAEAT

BIHRER] O LU COREHFHIFENTIZ. Two-way ANOVA % FV>, #7E 21 Bonferroni /2 /€ %
fEH U CoMT Uiz, #EaH#ENT > 7 R X GraphPad Prism5 (GraphPad Software, San Diego, CA, USA)

ZAEH U7o, BT Cid, Pearson ORI OBE L W THEEMREZIT 72, p<0.05
Rt A R E LT,
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%3 A EBRER
1. MM MR 31T 2 MlAa 2 i 531 OO Fs BT

ATEEORE RN S | ARERFRIREE TI2I81T 5 HUIEE 0 R Isiss 0 ZRN T MR & 5 & B %2
L7z, £2C, vd T Ml & OFEEENT D0 AMBOREE 5 1 ORBMRE L HEEEERE T
CAREAFRBREE T C FCM ¥E%4 W THIEE U 7o, IRER R EBREL T CHUBEE IR & b I L Tz
RPMI8226 #ilf & FiV T ICAM-1, MICA/B, PVR OREIBREZ 7 o —HA F A h U —¥EIC K
DHRIE LT, LLARRG, TORBBREIZZNENOERE TR CETRD DL T
(Figure 8),

Negative control
(Normoxia)

Negative control
(Hypoxia)

Stained sample
(Normoxia)

Stained sample

(Hypoxia)
ICAM-1 MIC A/B
/™M
Negative control J N\
(Normoxia) /o \
Negative control
(Hypoxia)
: RPMI8226
Stained sample
(Normoxia) ,/
Stained sample
(Hypoxia)
100 101 102 103 104
PVR

Figure 8. Expression levels of adhesion molecules and cytokines.

(A) Flow cytometry analysis of cell surface molecule expression by MM-Normo and MM-HA cells.
White and black histograms represent normoxic and hypoxic conditions, respectively. Dotted lines
indicate negative controls, and solid lines indicate stained samples.

Modified from Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.
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TS DOBEESAF UM G, vd T ML TCRyS 24 LTS AMIIZ D BTN3AL Z 385k
%o D7z, RPMIS226 Hifdd> BTN3A1 OFSBLHE 4 @ BA R BRIE T & {KEAHRBRIE T Clb
B L7c, LU D, MBS T ORBLE FERIC, TNENORE M TAEITRO b
7273 7= (Figure 9),

RPMI8226

Normoxia control

Hypoxia control

Normoxia sample

a|0| o

Hypoxia sample

BTN3A1l

Figure 9. Expression levels of BTN3A1 in RPMI8226 cells.
Flow cytometry analysis of cell surface molecule expression in RPMI8226-Normo cells and
RPMI8226-HA cells. Red histograms represent normoxic conditions. Blue histograms represent hypoxic

conditions. Light color lines indicate negative controls. BTN, butyrophilin
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2. MM HIfEN IPP 1 X OB538 Lig o IPP &0 Lhi

BTN3AL (ZHIEN R A A A IPP AT 5 Z LI X O REENZL L, T OfER., v8 T #l
Ja 23 BTN3AL 2386k L. 23 AHAEIZyS T Ml O 0K AT 5 (71), & Z T, RIZT ZOL O
JLTE & FEALE IR T, MM-Normo il & MM-HA Hi IPP O &% LC-MS/MS (2 LV
T, ZORER, REEFREREE T CHUEL ) RIBE5 238D H v/ RPMIS226 Al Tl @
PR BREE T Tl ZOL ALEIC LV IPP EREENE K L=, —77 T, RPMI8226-HA i Ti,
ZOL ALEIZ K % PP HEEOHKITIZ L A EiEFETE 7. RPMIS226-Normo A LV &3 L
ARVME & 72 o 72, RIS, ZOL A 4LE L7- EIM Ml < & A A IPP EANMKREEERE T CF
BIZHD LTz, — T, WTEROERMIZE W T vo THIZ L 2 IS EEECmM %
7~ L7- U266 #MMETIIBREAE<C ZOL ALE IR < . oo 2 MRk 1/10 ~ 1/20 FRED
IPP LR TH Y . U266-Normo #M & U266-HA MR TH E 21T b iy~ 7= (Figure
10),
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Figure 10. IPP content of mutiple myeloma (MM) cells.

1 Normoxia
Il Hypoxia

ZOL was applied to 5 x 10° MM cells at the indicated concentrations (0.5 or 1 pM) in 5 ml of medium.
The MM-Normo and MM-HA cells were then cultured for 24 h. Concentrations of IPP in MM cells
were measured using LC-MS/MS. White histograms represent MM-Normo cells, and black histograms
represent MM-HA cells. Statistical significance of differences was determined by two-way ANOVA
(**p <0.01, ***p <0.001, MM-Normo vs. MM-HA). ns, not significant.

Modified from Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.
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INETOMIEZI D . DA DW ST TPP IX, v8 T MR D2 AFIIE~DbEE %
TLHESHED (68), + 2 T. DAL EIET O IPP & b R LC-MS/MS Z W CHlllE L 7=,
ZDOFER, MM-HA #ifE CHUEE 225685 L TV 7= RPMIS226 AL, ZOL ALiE (2 BEtR 72
< MM-HA #ifaogszE FiEH o IPP & 6380 LT\ e, £72. EIM M, Ui 3 oR
I AL G AV SR L [FIERIZ, ZOL ZALE L7235 I O AMEER R BREE T ChE 8 R+ o PP &
DD LTz, —5C, U266 Ml TIXMIAEN IPP & & FEEIZ, WTORMIZB W THAR
D 2 Mk & bl U TR EEF O IPP &3 L <K< 72> Tk v, U266-Normo fflific & U266-
HA M CHE R ZITFRO b7z - 7= (Figure 11),
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Figure 11. IPP content of mutiple myeloma (MM) cells and their culture supernatants.

ZOL was applied to 5 x 10° MM cells at the indicated concentrations (0.5 or 1 pM) in 5 ml of medium.
The MM-Normo and MM-HA cells were then cultured for 24 h. Concentrations of IPP in MM cells

culture supernatants were measured using LC-MS/MS. White histograms represent MM-Normo cells,

and black histograms represent MM-HA cells. Statistical significance of differences was determined by
two-way ANOVA (*p < 0.05, ***p < 0.001, MM-Normo vs. MM-HA). ns, not significant.
Modified from Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.
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FEVNTL yd T A X D HTIEERh R I3t L. MM-HA HEIEASHE 2 7~ 3R K 23 PP & OJ
LTHDHIEERLNET 72O, MM flEN L ZORE EETOZNZEho IPP &Lt
N R OFBIBIR Z WE LTz, T ORES., MilaN IPP &, 855% EiEH O IPP &EDOZ N Ei
THUEE RN & A RR A3 8 S U (Figure 12), #IAAN IPP & 5238 i g o> IPP OIS HAH
BHEALR 3R & B 4172 (Supplementary Figure 2), LA EOFER S MM-HA AifdiTMEIEAN S L OY
Beg% FIER O IPP 2395 Z & Ty T A OISRk L TPt 2 S L b 2
EVNHBMNE ST,
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Dead cells (%)
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MEIAIPP vs Dead cells
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O EIM
/\ U266
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80+
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0.0 0.2 0.4 0.6
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Figure 12. Correlation between the cytotoxicity of y6 T cells and the amount of IPP in multiple

myeloma (MM) cells or their culture supernatants.

The y-axis shows the average cytotoxicity exerted by yo T cells against MM-Normo or MM-HA cells

with and without ZOL (1 uM). White shapes represent MM-Normo cells, and black shapes represent
MM-HA cells. Pearson’s correlation analysis: R? = 0.5013, **p < 0.01 (intracellular) and R?> = 0.7379,
**%p < (0.001 (supernatant).
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3. MM-HA Hifglz3iF 5 A/ 1 /@fz K DIEMEEL L

AT UPERIRILS £ S ERBERICL VAT SN TS (Figure 14A), % Z T, MM-HA #fi
JElZE1T 5 IPP FEAROIK FIL, _ng@x Su R BEERER ORBUR TIC L 5 b DT
TV EHERIL, Y2 X T a T 4 7LD PP GRkEESE (MVD) & IPP {UHEE
F# (FDPS) DX /37 ERBLEZ TN L=, ZDORE%., ZOL OALEIZE D 57, RPMIS226,
EIM, U266 Ml DO WTHORIIERIZIWN T, b D X7 BB MM-HA iz i
T LTWe, BLEDOFRERD G KERFREE TIZHE W T MM MDD A /S o B OTE
TR T LTWD Z DRI,
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A
HMG-CoA

HMG-CoA reductase

Mevalonate

v
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| PP [e—| DMAPP |
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| FPP —| GGPP |

B
RPMI8226 EJM U266
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[ 10 | 1
AT Il [l P _— ) [e—" -—
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B-actin |« S D G | [ — e | | — e —— —
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ZOL 0 pum 1uM 0 puMm 1M 0 uM 1uM

Figure 14. Expression levels of mevalonate pathway-related proteins in mutiple myeloma (MM)
cells.

(A) An outline of the mevalonate pathway and the implicated enzymes. (B) Western blot analysis of
MVD and FDPS expression in MM cells with or without ZOL treatment. -actin was used as a loading
control. IPP, isopentenyl pyrophosphate; DMAPP, dimethylallyl diphosphate; GPP, geranyl
pyrophosphate; FPP, farnesyl pyrophosphate; GGPP, geranyl-geranyl pyrophosphate; HMG-CoA,
hydroxymethylglutaryl-CoA; MVD, mevalonate decarboxylase; FDPS, farnesyl pyrophosphate
synthase; ZOL, zoledronic acid.

Modified from Sano, Y., et al., Anticancer Res., 2023, 43 (2), 547-555.
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4. MM-HA #2351 5 RhoB D & > /87 BB Lk

ITHE, BTN3AL 2% vd T MARICREGR S 2 72D OREEE(LIZIZ, IPP OMBNERE 721 T
<\ Rho 77 2V —EHFEGH L /N7ERhoB bZ5 L TWAHZ ENMESNTWD (7]),
PN RhoB 78 GTP A IZ 72V . BTIN3AL OFIN K A A AZHEAT D Z & A BIN3AL O
HEEBICIZEE L Z 25N TWD (7)), ZDZ Enh, [KERFEERE FICBIT 5 vd T MWD
PURE N R OWHI DERK & LT, RhoB ORELOEGZHER LT, veRxF o TuyT 407
EIZE D, RhoB DX > /)7 B3 Bl E % MM-Normo #li & MM-HA MW CLEig L7,
ZOFER, MM-HA fifi@iZ 3 T MM-Normo #ifid & i L RhoB D & > /X7 B3 BL & )3 si/)
LTWAZERHALMNERR -T2, F72. RhoB OFIERHET HE A R DOT BF L (77)
H MM-HA #ifd Tl LT\ 2 ERH 60 E 22572 (Figure 15),

RhoB ‘ .-

B-actin e,

Normo | HA

RPMI8226

Histone H3 IF

(acetyl K27)

Histone H3 ”

Normo | HA

Figure 15. Expression levels of RhoB and acetylated Histone H3 in mutiple myeloma (MM) cells.

Western blot analysis of RhoB and acetylated histone H3 expression in RPMI8226 cells. Histone H3

and P-actin were used as a loading control.
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H4H B

9 1 B CIIEAIIEAR MM-HA MUEIC K95 v T MR OFUIES IR 2 Mt L. MM-HA fllfz
23 yd T AAEIC K U TP Z R T Z ERB LM E o T2, S 5HIT, yOT i Lo MM il fdFE
PRI LB 7R HEAE R -3 L OIS H A T O R BUTIZZE L3 72 <. MM flfa O IRHTIEES O
BRI 2N yOT MIRRIC 72N 2 L 2B B Lz, £ 2C, AETIE, MM Mfuss y8 T MR %9
DU & ST 2 BN A ER Lz, £, ZOL Z4LE T 5 Z & T, EIM-Normo i (254
éﬁT%@@ﬁ@%@%ﬁ%ﬁéhé:&%%%LkoLﬂb ZOL ZHLE L7212 b 0h b
59", RPMI-HA £ X O° EIM-HA Hifafk o AEAN IPP BT, @5 FAREREE T oMk L 0 & L
AR, 8 T HIARIZ K D MaE st Uikt 2 s Lz, —J7, U266 MRz BT 5 IPP
DN ZFERIT, ZOL OUEIZERAR S, o 2 2D MM fiflatk L v 472 < U266-
Normo A FS X OV U266-HA FfEIZx9 2 vo T M OHUESE IR L IKh -7, ZhbnZ b
25 yd T HIBE O MR EENME TR MM MBI X 5 IPP EAEICIKTE L. MM fllid O (KFE 35 i
SR IS ORI IPP &4 KT S, v T MlaOMIEEEZ IR T IE25 2 &R S
72 F77. MM HIIZIEZ OB PP 2206 L, ) MM HIIE~D y8 T Ml O b 2 75
THR[REMENH D (68) T2, MM MR OB FiGH o IPP &4 HIE L7 & Z A, RPMIS226-
HA 5 X O EIM-HA iR BiEH o IPP &I, IEWEARIRE CE L-/MiEo i X
DHARIKRTLTWe, L7edio> T, KEEREM T TR, v8 TMEOEE LR L TND
ZENHERI S D, HMEREN IPP & & B BIET IPP &3 & 612 vs T MR O BRI h R: & FH B
BfRICH o7 Z L1, TNHEFFT D,

ZHIVETIT, Fox AR DY ARSI R 5 v T Ml OPUIESESI R A HRET L THY |
cancer sphere Bﬂ?fé@ﬁﬁﬁﬂ;’ﬁ?ﬁ) AR RT3 D HUBSE N RITTT T 5 Z L A BT LT
% (38), AWFIE E 1IN AFEDENR, cancer sphere HR DM & AKEEEBR T (2 L 7= /ifE
EDBFENEH DN, WTOMIE LB~ — I —ORENTCHE L, HOEREZ RTZ L
B DA E L COMEREAR LT 5D, FBITHFE (38) Tik, 20T LI s
TWARW, DAFKIRICXTT 2 y8 T AIRROPIEERIFME T L T, ZOFRITSE O
TR EXFTHLOTH D,

MM-HA #ifaizdiF % PP FEAEIK T OMF A OGN T 572012, MM MidickiT 5
MVD 35 KX OVFDPS ¥ > /X7 B O3B 3 L7z, MM-HA fIlaTiX, 2o o A3 e g
SR DR BLA MM-Normo #Ifl LV HAEK - 722 &6 KEEFE ST ¢ MM i MVD
& FDPS ORBIAZIK T S, ZTORER PP FEANME T L, v6 T HIIRIC X 2 laEEICR LT
Bhith L 2o 72 2 L 2B T 5, 2N ETIC HIF-lo ICE D A\ VR OHEREERZE TH D
HMG-CoA ZILEER DX X7 EHREDMET L TWAHZ ENRB BN ERSTND (78) 73,
HIF-1a & MVD, FDPS OEURITFH XL TWAR, F7-. 205D A1 ek RS
DIEME DB HILTNZRY, S HIT, IPP & Z DRI dimethylally diphosphate (DMAPP) @
Kz IPP & & L CRfii L TV 5 23, isopentenyl-diphosphate delta isomerase (Z L Y #H A28 (b3
% 728 . DMAPP ~DZEALNESN /2 5 Z & T IPP &N L TV D AIREMEIZ R E TE 720,
IPP & Z OiEERMEIR DMAPP Th HIEF—D ' — 7 {RFRH TH L7280, AEEH LD
T ATIEEDEECE 2o Tz, BIMEKREHR D Z AOFHICELY ZNLEDEECE 08, 200

e o
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7 L TIiX GPP, GGPP, FPP O3 HENINEE L 72 %, F721%. DMAPP OHNERMKIEIZ LY
ATV EERTDHZEEZRAL, ZOA YT VU B&ETAIa~ N7T77 4 —IZX 0
E L, IPP & DMAPP DR ENDHALBIETHIETIPPEEZRDHZEHTEXDH, LLA
235 IPP LIAMZ E GPP, FPP, GGPP O &t MM-HA Mifdic Tl LTz Z &b b, A
Na UFEREEROTEEME T L TWD Z EVRIBE 4L, IPP & DMAPP 28 & 1208 LT
Wb EZ 251D,  (Supplementary Figures 3, 4)

AWFGE T B L 72 > 72 MM-HA i v T MRS 2 ST 5 121, ZOL OALE R E
EEINEEDZ L6 HED 1 S>TIEH DA, ZOL ALiE % > MM-HA HII 55 vo T MRS
K DMIEGEEOEIMI IS bT N Tholz, 2O ik, MM EHIIEICxTT 2 v T Hila o
PO D B2 HE5R 3 2121, ZOL ALE 720 TIEAR 4 Th 0 . vd T MO IR M 4 HE ok
THEMBIKZRATHZEDBMETHLHZ 2R L TWD, Programmed cell death 1 (PD-1)
/ PD-ligand 1 (PD-L1) #%B&I%. T MIOBREMEI 255595, FH 1L, RPMIS226-HA HMifidiZ
BT % PD-L1 O%8LH, RPMIS226-Normo Ml L W KW & & L L7z (7 — % RKFEEK),
Smith &%, FEPEEIZE T 5 PD-L1 OFRBLMEFEFESIE T TRV T 52 EE2FZFELTE (79).
T2 ORFZETIX, RPMIS226-HA i PD-L1 OFREIME T LT AIZH D 53, v T Ml
2 L DTSRRI L2 o 7o (7 —F RIEH), S 51, Fex IZLART, 8 T #fES PD-
L1 ORBL & (3RS IR 2 RET D2 L 2ME L T D (80), LLEDFERN S | PD-
1/PD-L1 #EEDOAE T, MM MR35 voT MIfaiC X 2 Ml =0k 2 ek L7 & HER
ENb, £72. RFZEICE Y. MM-HA #ifiBl2 38 T RhoB 23 LT\ 5 Z LR & iz,
RhoB 1% v& T #MDIEMEILICHKEETH D BTIN3AL OREEEIICEEG LT\, D=,
RhoB O % /)7 B &% FH X85 Z &L T MM-HA fllja OHIME &2 fgbr T & 2 & HEHl L 7=,
%72, RhoB OFIAEHEL TWDHE X F DT EF /S MM-HA Hija TR LTz,
HIF-1a &K DZEALIZ histone deacetylase (HDAC) D% 52 /RET 528 E L INTHY
(81). HIF-la EEERNLZEN L TWDHIREEREREE T Tld HDAC 2MEM(E L T\ o EHERI S
%o TDT2H, MM-HA #lild CTid HDAC i&HEARIZ L D B 2 D7 BF k284 L. RhoB
DH R EREAPIHI SN TWD EBZHND, ZOZ E0n, HDAC FFEAIZHWS Z
& T RhoB DX /87 g BlEL FH S, MM-HA #iliZxtd 2 PilEE R 2 HEm TE 5
AREME B D,
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IINFE
TIIESH IR MM REAEIZ 335 vo T Mila OB h BLisies O ER 2 B3R L, LR OZ
776

%5
VN
%

g |

ol

MM-Normo #fifid & MM-HA FfifE OIS 77 FIZI3EITRD b o T2,

—

2. MM-HA Hfifa Cld A v R OIETEDME T L, IPP OPEA R LTV 5,

3. MM-HA filaCiZ, 8 2 b OT7 B F AL LY RhoB DX 2 X7 BERBLE WA L
TW5,
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R
TN

MM [THERMEDIEEE & SN TE R, ITHEOS FERERO BRI SIC LV . T OiEERMRE
FESNL22H D, Ll b, MM &Hila s BEF OIRRIEICIREIME A2 R T 720, 4%
2B MM BEDOAEMTRIIARTH D, TD=H, MM BHIEIZ 39 5 Bl iaEO BRI
MM OARIEZ HiE+ LT, KREEHREDO 1 > ThH 5D, DAMHITEOEFEGEOER D 15
& UTEAPENE R 7 o AR —4—=° ALDH OFBL EH- 235 2 Hiv, FcRiGET 7 r—F 7
VETH D, FHIT MHC FERFMIC NS AHIEO BIN3AL 2785k L TR 5 v T ML,
MM BRI HUE G 2 R 2 T & 5 L HERI L 7=,

AL TIE MM @Ak 2 R IE OffENL 2 B L, MM-HA HERIZ 332 yd T Al
DOHUEG DR AT Lz, 5 1 BT, RERRERE IS U 72 ikt MM-HA #ifa 2 8 57
S, yd THIIRIC L AP R A fat L7, £ Of55, MM-HA HilaiX y8 T Mifaickt LT
BIMELZESE L CWDLZ LR bNERoTc, L LR G, [KEEFERERE FIZB W Ty T M
R DHEE Gy -OMIG BN T E D REAICE T o Te, 1, 2\ TR, 2 O|GUEER
BEF A28 L. MM-HA MR Cld A 3 R EE S B <4 IPP EREEN A L, &6
|{Z RhoB D& L /87 ERBIEME T2 2 & T, yd T MAED A A IG5 2kilEd 2
AIREME AR &R (Figure 16), D XK 912, MM EHIlIE v T Ha oM EVEREE 1o 545
BhitaEgE L s eEZLNDE, ZHHLDOMADIKEIE, 5%13Z D MM-HA filD v8
T FMRHCPIME OfEER 2 H & L CIf%E &2 4T > T <, BARAYIZIZ, TMM-HA il IPP @ |
51, TRhoB D% /37 3BITUHE) 12XV HIARER CTX 5 L& 25, AL TIX, ZOL L&
T % MM-HA MU OAIEAN IPP BIZZIEE EF Lo T-, LU S, BETIL,
BT v BTy FRIE 2R AR R— MUAIABAFE Z 4T Y (82), tetrakis-pivaloyloxymethyl 2-
(thiazole-2-ylamino) ethylidene-1,1-bisphosphonate (PTA) % ZOL & s LT, 272 D ERIIZ ¥ T
i A2 TEMELT D (83), U v VIEMAEEE Raji AHAZIZHE L C 1000 uM ZOL % 2 FERJALE T 5
&P IPP 2 EE 73 0.07 0.0 nmole Td - 7= DI2xt LT, PTA 100 nM ZL{& Tl 0.222 + 0.005
nmole T&H V., ZOL L VLD NTIRVRE T, M3 MEED IPP 2 EMEIED (84). LEDZ
EMB, PTA Z W5 Z & T MM-HA Mo IPP EfEE S LR SEAAREMENH D, £7-.
MM-HA MiffdiZFBW\WT e 2 DT B F /WAL 73, RhoB OFBLA D SETWD Z L AVR
XN TW5H72D, HDAC FAEAIDALEIZ L Y | RhoB ODFBLAZTLHETEDH L E X D, LLED
L diEE WS Z LT, Bfliiatk MM fiiE > BTN3AT ORGEZ(L 2 (e S, ipfliask
MM MR %32 8 T MO HUESE R Z IR AIRETH D & B2 5,

BIAEIX, Bri-7efofEik & LT, chimeric antigen receptor (CAR) % of T AfRIZEA L7z
CAR-T JEIEMTHOI T\ 5, BIE, BRISH I TS ofT flildz~—2 & L7= CAR-T ##
JafEik Cld, PD-1/PD-L1 #RI&IC L 2 0 i 25217 % (85), LILenin, FHAxIFINET
I y& T #HHA1E PD-1/PD-L1 fRI& DB AL F 722 L 2B H7vE LTS (80), v T flaIC
CAR Z¥E AL CCARST flifd &% = & T, PD-1/PD-L1 & IC L ARENLETE L L5
bbb, UbEDZ by, FHIT v T MilZ AW ERIEITIER L TV EB X5,
AWFFETI B2 & U7z v8 T MINEIC K D HUid s soh RHEGUE O ARHE 23 | sl fa ik MM Mifiaic
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%% 8 T MR O PN F 2 18] b SB 27200 & H 20127220 | ARAFZE MM iR DR
oz BHIg LB RIRR I OB RICEIR X2 Z L2 /LT D

nucleus nucleus

Figure 16. The mechanism of resistance for y6 T cell in MM-HA cells.

The cytotoxicity of ex vivo expanded yd T cells against MM-HA cells was attenuated by the
suppression of IPP production via the mevalonate pathway and by reduction of RhoB expression. TCR,
T cell receptor; BTN, butyrophilin; IPP, isopentenyl pyrophosphate; FPP, farnesyl pyrophosphate;
HDAC, histone deacetylase; HAT, histone acetyltransferase

42



e
AT ol TR0 5 T L SHERE AT D F LI KR AR B
FUER] g, AUKBRE HEEOR. FIMER BYBORICHEER 2 BIEE R LET,

ARLOAHS L OTIREZ ) £ LRy AEs TG B,
MR BE TREERESL  BRCHE HIILA L B

AR HEHET DI HT- Y THREB L O TIEWEE, T AREORTIZHTZY |
KRB ZBH NN IZEE LTEROTT 2, DR EHH L ETET,

CERE e NE S ST Y R e e
SRVIRES - AR G
SIUE T

B RT: R B
LK
HAKRE Pt
WHERE St
HiEEEAN
YN S
PINEtitE

RBIT, 2O 4ERORFBAERE 2 X2 T WL BIER S FEHWZ LE T,

43

T

W



51 F SCHk

1.
2.

10.

11.

12.

13.

14.

15.

EMAREGT2REATA T A 2 2018FRAHETIR  —MAEENEAN AARMIIR 2

Cancer Statistics. Cancer Information Service, National Cancer Center, Japan (National Cancer
Registry, Ministry of Health, Labour and Welfare)

Cancer Statistics. Cancer Information Service, National Cancer Center, Japan (Vital Statistics of
Japan, Ministry of Health, Labour and Welfare)

Kuehl, W. M.; Bergsagel, P. L. Multiple Myeloma: Evolving Genetic Events and Host
Interactions. Nat. Rev. Cancer 2002 23 2002, 2 (3), 175-187.

Walker, B. A.; Wardell, C. P.; Johnson, D. C.; Kaiser, M. F.; Begum, D. B.; Dahir, N. B.; Ross,
F. M.; Davies, F. E.; Gonzalez, D.; Morgan, G. J. Characterization of IGH Locus Breakpoints in
Multiple Myeloma Indicates a Subset of Translocations Appear to Occur in Pregerminal Center
B Cells. Blood 2013, 121 (17), 3413-3419.

Hanamura, 1.; lida, S.; Taniwaki, M. Z3&MEFBEED 77 1R HE Int. J. Myeloma 2013, 3 (1),
35-46.

Abe, M. 3B HEEOIRREMRI] L 1B OHESR T Jpn Soc Int Med 2015, 104 (2), 305-313.
Keats, J. J.; Chesi, M.; Egan, J. B.; Garbitt, V. M.; Palmer, S. E.; Braggio, E.; Van Wier, S.;
Blackburn, P. R.; Baker, A. S.; Dispenzieri, A.; Kumar, S.; Rajkumar, S. V.; Carpten, J. D.;
Barrett, M.; Fonseca, R.; Stewart, A. K.; Bergsagel, P. L. Clonal Competition with Alternating
Dominance in Multiple Myeloma. Blood 2012, 120 (5), 1067-1076.

Pawlyn, C.; Morgan, G. J. Evolutionary Biology of High-Risk Multiple Myeloma. Nat. Rev.
Cancer 2017, 17 (9), 543-556.

Egan, J. B.; Shi, C. X.; Tembe, W.; Christoforides, A.; Kurdoglu, A.; Sinari, S.; Middha, S.;
Asmann, Y.; Schmidt, J.; Braggio, E.; Keats, J. J.; Fonseca, R.; Bergsagel, P. L.; Craig, D. W_;
Carpten, J. D.; Stewart, A. K. Whole-Genome Sequencing of Multiple Myeloma from Diagnosis
to Plasma Cell Leukemia Reveals Genomic Initiating Events, Evolution, and Clonal Tides. Blood
2012, 7120 (5), 1060-1066.

Hoogstraten, B.; Sheehe, P. R.; Cuttner, J.; Cooper, T.; Kyle, R. A.; Oberfield, R. A.; Townsend,
S. R.; Harley, J. B.; Hayes, D. M.; Costa, G.; Holland, J. F. Melphalan in Multiple Myeloma.
Blood 1967, 30 (1), 74-83.

Mclntyre, O. R.; Pajak, T. F.; Kyle, R. A.; Cornwell, G. G.; Leone, L. Response Rate and
Survival in Myeloma Patients Receiving Prednisone Alone. Med. Pediatr. Oncol. 1985, 13 (5),
239-243,

R,A; A H,; AU, K,; M, L.; EM, M.; PJ, M.; W], S.; HE, W. Treatment for Multiple Myeloma.
Combination Chemotherapy with Different Melphalan Dose Regimens. JAMA 1969, 208 (9),
1680—1685.

Wood, A. J. J.; Alexanian, R.; Dimopoulos, M. The Treatment of Multiple Myeloma.
https://doi.org/10.1056/NEJM199402173300709 1994, 330 (7), 484—489.

Thomas, S. K.; Richards, T. A.; Weber, D. M. Lenalidomide in Multiple Myeloma. Best Pract.

44



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Res. Clin. Haematol. 2007, 20 (4), 717-735.

Terpos, E.; Roussou, M.; Dimopoulos, M. A. Bortezomib in Multiple Myeloma. Expert Opin.
Drug Metab. Toxicol. 2008, 4 (5), 639-654.

Zamagni, E.; Tacchetti, P.; Pantani, L.; Cavo, M. Anti-CD38 and Anti-SLAMF7: The Future of
Myeloma Immunotherapy. Expert Rev. Hematol. 2018, 11 (5), 423-435.

Ozaki, S.; Handa, H.; Saitoh, T.; Murakami, H.; Itagaki, M.; Asaoku, H.; Suzuki, K.; Isoda, A.;
Matsumoto, M.; Sawamura, M.; Konishi, J.; Sunami, K.; Takezako, N.; Hagiwara, S.; Kuroda,
Y.; Chou, T.; Nagura, E.; Shimizu, K. Trends of Survival in Patients with Multiple Myeloma in
Japan: A Multicenter Retrospective Collaborative Study of the Japanese Society of Myeloma.
Blood Cancer J. 2015, 5 (9), €349.

Chari, A.; Suvannasankha, A.; Fay, J. W.; Arnulf, B.; Kaufman, J. L.; Ifthikharuddin, J. J.; Weiss,
B. M.; Krishnan, A.; Lentzsch, S.; Comenzo, R.; Wang, J.; Nottage, K.; Chiu, C.; Khokhar, N.
Z.; Ahmadi, T.; Lonial, S. Daratumumab plus Pomalidomide and Dexamethasone in Relapsed
and/or Refractory Multiple Myeloma. Blood 2017, 130 (8), 974-981.

Mateos, M. V.; Masszi, T.; Grzasko, N.; Hansson, M.; Sandhu, I.; Pour, L.; Viterbo, L.; Jackson,
S. R.; Stoppa, A. M.; Gimsing, P.; Hamadani, M.; Borsaru, G.; Berg, D.; Lin, J.; Bacco, A. Dj;
Van De Velde, H.; Richardson, P. G.; Moreau, P. Impact of Prior Therapy on the Efficacy and
Safety of Oral Ixazomib-Lenalidomide-Dexamethasone vs. Placebo-Lenalidomide-
Dexamethasone in Patients with Relapsed/Refractory Multiple Myeloma in TOURMALINE-
MM1. Haematologica 2017, 102 (10), 1767-1775.

Palumbo, A.; Chanan-Khan, A.; Weisel, K.; Nooka, A. K.; Masszi, T.; Beksac, M.; Spicka, L;
Hungria, V.; Munder, M.; Mateos, M. V.; Mark, T. M.; Qi, M.; Schecter, J.; Amin, H.; Qin, X.;
Deraedt, W.; Ahmadi, T.; Spencer, A.; Sonneveld, P. Daratumumab, Bortezomib, and
Dexamethasone for Multiple Myeloma. N. Engl. J. Med. 2016, 375 (8), 754-766.

Visvader, J. E.; Lindeman, G. J. Cancer Stem Cells: Current Status and Evolving Complexities.
Cell Stem Cell 2012, 10 (6), 717-728.

Matsui, W.; Wang, Q.; Barber, J. P.; Brennan, S.; Smith, B. D.; Borrello, I.; McNiece, I.; Lin,
L.; Ambinder, R. F.; Peacock, C.; Watkins, D. N.; Huff, C. A.; Jones, R. J. Clonogenic Multiple
Myeloma Progenitors, Stem Cell Properties, and Drug Resistance. Cancer Res. 2008, 68 (1),
190-197.

Clarke, M. F.; Fuller, M. Stem Cells and Cancer: Two Faces of Eve. Cell 2006, 124 (6), 1111—
1115.

Hu, J.; Van Valckenborgh, E.; Menu, E.; De Bruyne, E.; Vanderkerken, K. Understanding the
Hypoxic Niche of Multiple Myeloma: Therapeutic Implications and Contributions of Mouse
Models. Dis. Model. Mech. 2012, 5 (6), 763-771.

Nakagawa, Y.; Ashihara, E.; Yao, H.; Yokota, A.; Toda, Y.; Miura, Y.; Nakata, S.; Hirai, H.;
Maekawa, T. Multiple Myeloma Cells Adapted to Long-Exposure of Hypoxia Exhibit Stem Cell
Characters with TGF-p/Smad Pathway Activation. Biochem. Biophys. Res. Commun. 2018, 496

45



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

(2), 490-496.

McCarthy, E. F. The Toxins of William B. Coley and the Treatment of Bone and Soft-Tissue
Sarcomas. lowa Orthop. J. 2006, 26, 154.

Burnet, M. Cancer—A Biological Approach: 1. The Processes Of Control. II. The Significance
of Somatic Mutation. Br. Med. J. 1957, 1 (5022), 779.

Schreiber, R. D.; Old, L. J.; Smyth, M. J. Cancer Immunoediting: Integrating Immunity’s Roles
in Cancer Suppression and Promotion. Science (80-. ). 2011, 331 (6024), 1565—-1570.
Bjorkstrand, B.; Gahrton, G. High-Dose Treatment with Autologous Stem Cell Transplantation
in Multiple Myeloma: Past, Present, and Future. Semin. Hematol. 2007, 44 (4), 227-233.
Richardson, P. G.; Mitsiades, C.; Schlossman, R.; Munshi, N.; Anderson, K. New Drugs for
Myeloma. Oncologist 2007, 12 (6), 664—689.

Vij, R.; Wang, M.; Kaufman, J. L.; Lonial, S.; Jakubowiak, A. J.; Stewart, A. K.; Kukreti, V.;
Jagannath, S.; McDonagh, K. T.; Alsina, M.; Bahlis, N. J.; Reu, F. J.; Gabrail, N. Y.; Belch, A.;
Matous, J. V.; Lee, P.; Rosen, P.; Sebag, M.; Vesole, D. H.; Kunkel, L. A.; Wear, S. M.; Wong,
A. F.; Orlowski, R. Z.; Siegel, D. S. An Open-Label, Single-Arm, Phase 2 (PX-171-004) Study
of Single-Agent Carfilzomib in Bortezomib-Naive Patients with Relapsed and/or Refractory
Multiple Myeloma. Blood 2012, 119 (24), 5661-5670.

Lacy, M. Q.; Hayman, S. R.; Gertz, M. A.; Dispenzieri, A.; Buadi, F.; Kumar, S.; Greipp, P. R;
Lust, J. A.; Russell, S.J.; Dingli, D.; Kyle, R. A.; Fonseca, R.; Bergsagel, P. L.; Roy, V.; Mikhael,
J. R.; Stewart, A. K.; Laumann, K.; Allred, J. B.; Mandrekar, S. J.; Rajkumar, S. V.
Pomalidomide (CC4047) plus Low-Dose Dexamethasone as Therapy for Relapsed Multiple
Myeloma. J. Clin. Oncol. 2009, 27 (30), 5008-5014.

Magee, J. A.; Piskounova, E.; Morrison, S. J. Cancer Stem Cells: Impact, Heterogeneity, and
Uncertainty. Cancer Cell 2012, 21 (3), 283-296.

Kabelitz, D.; Wesch, D.; Pitters, E.; Zoller, M. Potential of Human I'd T Lymphocytes for
Immunotherapy of Cancer. /nt. J. Cancer 2004, 112 (5), 727-732.

Tanaka, Y.; Tanaka, Y.; Bloom, B. R.; Morita, C. T.; Brenner, M. B.; Nieves, E. Natural and
Synthetic Non-Peptide Antigens Recognized by Human Gamma Delta T Cells. Nature 1995, 375
(6527), 155-158.

Gober, H. J.; Kistowska, M.; Angman, L.; Jend, P.; Mori, L.; De Libero, G. Human T Cell
Receptor I'd Cells Recognize Endogenous Mevalonate Metabolites in Tumor Cells. J. Exp. Med.
2003, 797 (2), 163.

Miyashita, M.; Tomogane, M.; Nakamura, Y.; Shimizu, T.; Fujihara, A.; Ukimura, O.; Ashihara,
E. Sphere-Derived Prostate Cancer Stem Cells Are Resistant to I'0 T Cell Cytotoxicity.
Anticancer Res. 2020, 40 (10), 5481-5487.

Shimizu, T.; Tomogane, M.; Miyashita, M.; Ukimura, O.; Ashihara, E. Low Dose Gemcitabine
Increases the Cytotoxicity of Human Vy9Vo2 T Cells in Bladder Cancer Cells in Vitro and in an
Orthotopic Xenograft Model. Oncoimmunology 2018, 7 (5), e1424671.

46



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Yuasa, T.; Sato, K.; Ashihara, E.; Takeuchi, M.; Maita, S.; Tsuchiya, N.; Habuchi, T.; Maekawa,
T.; Kimura, S. Intravesical Administration of Gammadelta T Cells Successfully Prevents the
Growth of Bladder Cancer in the Murine Model. Cancer Immunol. Immunother. 2009, 58 (4),
493-502.

Uchida, R.; Ashihara, E.; Sato, K.; Kimura, S.; Kuroda, J.; Takeuchi, M.; Kawata, E.; Taniguchi,
K.; Okamoto, M.; Shimura, K.; Kiyono, Y.; Shimazaki, C.; Taniwaki, M.; Maekawa, T. Gamma
Delta T Cells Kill Myeloma Cells by Sensing Mevalonate Metabolites and ICAM-1 Molecules
on Cell Surface. Biochem. Biophys. Res. Commun. 2007, 354 (2), 613—618.

Morita, C. T.; Jin, C.; Sarikonda, G.; Wang, H. Nonpeptide Antigens, Presentation Mechanisms,
and Immunological Memory of Human Vy2V$2 T Cells: Discriminating Friend from Foe
through the Recognition of Prenyl Pyrophosphate Antigens. Immunol. Rev. 2007, 215 (1), 59—
76.

Gober, H. J.; Kistowska, M.; Angman, L.; Jeno, P.; Mori, L.; De Libero, G. Human T Cell
Receptor Gammadelta Cells Recognize Endogenous Mevalonate Metabolites in Tumor Cells. J.
Exp. Med. 2003, 197 (2), 163—-168.

Rigau, M.; Ostrouska, S.; Fulford, T. S.; Johnson, D. N.; Woods, K.; Ruan, Z.; McWilliam, H.
E. G.; Hudson, C.; Tutuka, C.; Wheatley, A. K.; Kent, S. J.; Villadangos, J. A.; Pal, B.; Kurts,
C.; Simmonds, J.; Pelzing, M.; Nash, A. D.; Hammet, A.; Verhagen, A. M.; Vairo, G.;
Maraskovsky, E.; Panousis, C.; Gherardin, N. A.; Cebon, J.; Godfrey, D. I.; Behren, A.; Uldrich,
A. P. Butyrophilin 2A1 Is Essential for Phosphoantigen Reactivity by I'd T Cells. Science 2020,
367 (6478), eaay5516.

Wang, H.; Morita, C. T. Sensor Function for Butyrophilin 3A1 in Prenyl Pyrophosphate
Stimulation of Human Vy2V2 T Cells. J. Immunol. 2015, 195 (10), 4583-4594.

Wang, H.; Henry, O.; Distefano, M. D.; Wang, Y.-C.; Riikkonen, J.; Monkkonen, J.; Tanaka,
Y.; Morita, C. T. Butyrophilin 3A1 Plays an Essential Role in Prenyl Pyrophosphate Stimulation
of Human Vy2V82 T Cells. J. Immunol. 2013, 191 (3), 1029-1042.

Sandstrom, A.; Peigné, C. M.; Léger, A.; Crooks, J. E.; Konczak, F.; Gesnel, M. C.; Breathnach,
R.; Bonneville, M.; Scotet, E.; Adams, E. J. The Intracellular B30.2 Domain of Butyrophilin 3A1
Binds Phosphoantigens to Mediate Activation of Human Vy9V62 T Cells. Immunity 2014, 40
(4), 490-500.

Fazzi, R.; Petrini, L.; Giuliani, N.; Morganti, R.; Carulli, G.; Dalla Palma, B.; Notarfranchi, L.;
Galimberti, S.; Buda, G. Phase II Trial of Maintenance Treatment With IL2 and Zoledronate in
Multiple Myeloma After Bone Marrow Transplantation: Biological and Clinical Results. Front.
Immunol. 2021, 11.

Ji, N.; Mukherjee, N.; Reyes, R. M.; Gelfond, J.; Javors, M.; Meeks, J. J.; McConkey, D. J.; Shu,
Z. J.; Ramamurthy, C.; Dennett, R.; Curiel, T. J.; Svatek, R. S. Rapamycin Enhances BCG-
Specific I'd T Cells during Intravesical BCG Therapy for Non-Muscle Invasive Bladder Cancer:
A Randomized, Double-Blind Study. J. Immunother. cancer 2021, 9 (3), e001941.

47



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Aoki, T.; Matsushita, H.; Hoshikawa, M.; Hasegawa, K.; Kokudo, N.; Kakimi, K. Adjuvant
Combination Therapy with Gemcitabine and Autologous I'd T-Cell Transfer in Patients with
Curatively Resected Pancreatic Cancer. Cytotherapy 2017, 19 (4), 473—485.

Kakimi, K.; Matsushita, H.; Masuzawa, K.; Karasaki, T.; Kobayashi, Y.; Nagaoka, K.; Hosoi,
A.; Ikemura, S.; Kitano, K.; Kawada, I.; Manabe, T.; Takehara, T.; Ebisudani, T.; Nagayama,
K.; Nakamura, Y.; Suzuki, R.; Yasuda, H.; Sato, M.; Soejima, K.; Nakajima, J. Adoptive
Transfer of Zoledronate-Expanded Autologous Vy9V42 T-Cells in Patients with Treatment-
Refractory Non-Small-Cell Lung Cancer: A Multicenter, Open-Label, Single-Arm, Phase 2
Study. J. Immunother. cancer 2020, 8 (2), e001185.

Gruenbacher, G.; Thurnher, M. Mevalonate Metabolism in Cancer. Cancer Lett. 2015, 356 (2 Pt
A), 192-196.

Mirten, A.; von Lilienfeld-Toal, M.; Biichler, M. W.; Schmidt, J. Soluble MIC Is Elevated in the
Serum of Patients with Pancreatic Carcinoma Diminishing Gammadelta T Cell Cytotoxicity.
Int. J. cancer 2006, 119 (10), 2359-2365.

Niu, C.; Jin, H.; Li, M.; Zhu, S.; Zhou, L.; Jin, F.; Zhou, Y.; Xu, D.; Xu, J.; Zhao, L.; Hao, S.;
Li, W.; Cui, J. Low-Dose Bortezomib Increases the Expression of NKG2D and DNAM-1
Ligands and Enhances Induced NK and I'd T Cell-Mediated Lysis in Multiple Myeloma.
Oncotarget 2017, 8 (4), 5954-5964.

Liu, Z.; Guo, B.; Lopez, R. D. Expression of Intercellular Adhesion Molecule (ICAM)-1 or
ICAM-2 Is Critical in Determining Sensitivity of Pancreatic Cancer Cells to Cytolysis by
Human Gammadelta-T Cells: Implications in the Design of Gammadelta-T-Cell-Based
Immunotherapies for Pancrea. J. Gastroenterol. Hepatol. 2009, 24 (5), 900-911.

Correia, D. V.; D’Orey, F.; Cardoso, B. A.; Langa, T.; Grosso, A. R.; DeBarros, A.; Martins, L.
R.; Barata, J. T.; Silva-Santos, B. Highly Active Microbial Phosphoantigen Induces Rapid yet
Sustained MEK/Erk- and PI-3K/Akt-Mediated Signal Transduction in Anti-Tumor Human I'd
T-Cells. PLoS One 2009, 4 (5), €5657

Li, H.; David Pauza, C. Interplay of T-Cell Receptor and Interleukin-2 Signalling in Vy2V52 T-
Cell Cytotoxicity. Immunology 2011, 132 (1), 96-103.

Ribot, J. C.; deBarros, A.; Mancio-Silva, L.; Pamplona, A.; Silva-Santos, B. B7-CD28§
Costimulatory Signals Control the Survival and Proliferation of Murine and Human I'6 T Cells
via IL-2 Production. J. Immunol. 2012, 189 (3), 1202—-1208.

Macian, F. NFAT Proteins: Key Regulators of T-Cell Development and Function. Nat. Rev.
Immunol. 2005, 5 (6), 472-484.

Roelofs, A. J.; Jauhiainen, M.; Mdnkkonen, H.; Rogers, M. J.; Monkkonen, J.; Thompson, K.
Peripheral Blood Monocytes Are Responsible for Gammadelta T Cell Activation Induced by
Zoledronic Acid through Accumulation of IPP/DMAPP. Br. J. Haematol. 2009, 144 (2), 245—
250.

Nerdal, P. T.; Peters, C.; Oberg, H.-H.; Zlatev, H.; Lettau, M.; Quabius, E. S.; Sousa, S.;

48



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Gonnermann, D.; Auriola, S.; Olive, D.; Maittd, J.; Janssen, O.; Kabelitz, D. Butyrophilin
3A/CD277-Dependent Activation of Human I'd T Cells: Accessory Cell Capacity of Distinct
Leukocyte Populations. J. Immunol. 2016, 197 (8), 3059-3068.

Tomogane, M.; Omura, M.; Sano, Y.; Shimizu, D.; Toda, Y.; Hosogi, S.; Kimura, S.; Ashihara,
E. Expression Level of BTN3AT1 on the Surface of CD14(+) Monocytes Is a Potential ~Predictor
of I'0 T Cell Expansion Efficiency. Biochem. Biophys. Res. Commun. 2022, 588, 47-54.

Zhou, S.; Schuetz, J. D.; Bunting, K. D.; Colapietro, A. M.; Sampath, J.; Morris, J. J.; Lagutina,
I.; Grosveld, G. C.; Osawa, M.; Nakauchi, H.; Sorrentino, B. P. The ABC Transporter
Berpl/ABCG?2 Is Expressed in a Wide Variety of Stem Cells and Is a Molecular Determinant of
the Side-Population Phenotype. Nat. Med. 2001, 7 (9), 1028-1034.

Xu, X.; Chai, S.; Wang, P.; Zhang, C.; Yang, Y.; Yang, Y.; Wang, K. Aldehyde Dehydrogenases
and Cancer Stem Cells. Cancer Lett. 2015, 369 (1), 50-57.

Kunzmann, V.; Bauer, E.; Feurle, J.; Weissinger, F.; Tony, H. P.; Wilhelm, M. Stimulation of
Gammadelta T Cells by Aminobisphosphonates and Induction of ~Antiplasma Cell Activity in
Multiple Myeloma. Blood 2000, 96 (2), 384-392.

Mariani, S.; Muraro, M.; Pantaleoni, F.; Fiore, F.; Nuschak, B.; Peola, S.; Foglietta, M.; Palumbo,
A.; Coscia, M.; Castella, B.; Bruno, B.; Bertieri, R.; Boano, L.; Boccadoro, M.; Massaia, M.
Effector Gammadelta T Cells and Tumor Cells as Immune Targets of Zoledronic Acid in
Multiple Myeloma. Leukemia 2005, 19 (4), 664—670.

Burjanadzé, M.; Condomines, M.; Reme, T.; Quittet, P.; Latry, P.; Lugagne, C.; Romagne, F.;
Morel, Y.; Rossi, J. F.; Klein, B.; Lu, Z. Y. In Vitro Expansion of Gamma Delta T Cells with
Anti-Myeloma Cell Activity by Phosphostim and IL-2 in Patients with Multiple Myeloma. Br.
J. Haematol. 2007, 139 (2), 206-216.

Ashihara, E.; Munaka, T.; Kimura, S.; Nakagawa, S.; Nakagawa, Y.; Kanai, M.; Hirai, H.; Abe,
H.; Miida, T.; Yamato, S.; Shoji, S.; Maekawa, T. Isopentenyl Pyrophosphate Secreted from
Zoledronate-Stimulated Myeloma Cells, Activates the Chemotaxis of I'dT Cells. Biochem.
Biophys. Res. Commun. 2015, 463 (4), 650—655.

Guo, W.; Wang, H.; Chen, P.; Shen, X.; Zhang, B.; Liu, J.; Peng, H.; Xiao, X. Identification and
Characterization of Multiple Myeloma Stem Cell-Like Cells. Cancers (Basel). 2021, 13 (14),
3523.

Hwang, S.; Nguyen, A. D.; Jo, Y.; Engelking, L. J.; Brugarolas, J.; DeBose-Boyd, R. A.
Hypoxia-Inducible Factor 1o Activates Insulin-Induced Gene 2 (Insig-2) Transcription for
Degradation of 3-Hydroxy-3-Methylglutaryl (HMG)-CoA Reductase in the Liver. J. Biol. Chem.
2017, 292 (22), 9382-9393.

Sebestyen, Z.; Scheper, W.; Vyborova, A.; Gu, S.; Rychnavska, Z.; Schiffler, M.; Cleven, A.;
Chéneau, C.; van Noorden, M.; Peigné, C.-M.; Olive, D.; Lebbink, R. J.; Oostvogels, R.; Mutis,
T.; Schuurhuis, G. J.; Adams, E. J.; Scotet, E.; Kuball, J. RhoB Mediates Phosphoantigen
Recognition by Vy9Vo2 T Cell Receptor. Cell Rep. 2016, 15 (9), 1973—-1985.

49



72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

&4.

Redwan, E. M.; Al-Hejin, A. M.; Almehdar, H. A.; Elsaway, A. M.; Uversky, V. N. Prediction
of Disordered Regions and Their Roles in the Anti-Pathogenic and Immunomodulatory
Functions of Butyrophilins. Molecules 2018, 23 (2), 328.

Harly, C.; Guillaume, Y.; Nedellec, S.; Peigné, C. M.; Monkkoénen, H.; Monkkdnen, J.; Li, J.;
Kuball, J.; Adams, E. J.; Netzer, S.; Déchanet-Merville, J.; Léger, A.; Herrmann, T.; Breathnach,
R.; Olive, D.; Bonneville, M.; Scotet, E. Key Implication of CD277/Butyrophilin-3 (BTN3A) in
Cellular Stress Sensing by a Major Human I'6 T-Cell Subset. Blood 2012, 120 (11), 2269-2279.
Vantourout, P.; Laing, A.; Woodward, M. J.; Zlatareva, I.; Apolonia, L.; Jones, A. W.; Snijders,
A. P.; Malim, M. H.; Hayday, A. C. Heteromeric Interactions Regulate Butyrophilin (BTN) and
BTN-like Molecules Governing I'd T Cell Biology. Proc. Natl. Acad. Sci. U. S. A. 2018, 115 (5),
1039-1044.

Compte, E.; Pontarotti, P.; Collette, Y.; Lopez, M.; Olive, D. Frontline: Characterization of BT3
Molecules Belonging to the B7 Family Expressed on Immune Cells. Eur. J. Immunol. 2004, 34
(8), 2089-2099.

Kranenburg, O.; Poland, M.; Gebbink, M.; Oomen, L.; Moolenaar, W. H. Dissociation of LPA-
Induced Cytoskeletal Contraction from Stress Fiber Formation by Differential Localization of
RhoA. J. Cell Sci. 1997, 110 (19), 2417-2427.

Gutierrez, E.; Cahatol, I.; Bailey, C. A. R.; Lafargue, A.; Zhang, N.; Song, Y.; Tian, H.; Zhang,
Y.; Chan, R.; Gu, K.; Zhang, A. C. C.; Tang, J.; Liu, C.; Connis, N.; Dennis, P.; Zhang, C.
Regulation of RhoB Gene Expression during Tumorigenesis and Aging Process and Its Potential
Applications in These Processes. Cancers (Basel). 2019, 11 (6), 818.

Minegaki, T.; Koiki, S.; Douke, Y.; Yamane, C.; Suzuki, A.; Mori, M.; Tsujimoto, M.;
Nishiguchi, K. Augmentation of the Cytotoxic Effects of Nitrogen-Containing Bisphosphonates
in Hypoxia. J. Pharm. Pharmacol. 2018, 70 (8), 1040-1047.

Smith, V.; Mukherjee, D.; Lunj, S.; Choudhury, A.; Hoskin, P.; West, C.; Illidge, T. The Effect
of Hypoxia on PD-L1 Expression in Bladder Cancer. BMC Cancer 2021, 21 (1), 1271.
Tomogane, M.; Sano, Y.; Shimizu, D.; Shimizu, T.; Miyashita, M.; Toda, Y.; Hosogi, S.; Tanaka,
Y.; Kimura, S.; Ashihara, E. Human Vy9V$2 T Cells Exert Anti-Tumor Activity Independently
of PD-L1 Expression in Tumor Cells. Biochem. Biophys. Res. Commun. 2021, 573, 132—139.
Liang, D.; Kong, X.; Sang, N. Effects of Histone Deacetylase Inhibitors on HIF-1. Cell Cycle
2006, 5 (21), 2430.

Matsumoto, K.; Hayashi, K.; Murata-Hirai, K.; Iwasaki, M.; Okamura, H.; Minato, N.; Morita,
C. T.; Tanaka, Y. Targeting Cancer Cells with a Bisphosphonate Prodrug. ChemMedChem 2016,
11 (24), 2656-2663.

Tanaka, Y.; Iwasaki, M.; Murata-Hirai, K.; Matsumoto, K.; Hayashi, K.; Okamura, H.; Sugie,
T.; Minato, N.; Morita, C. T.; Toi, M. Anti-Tumor Activity and Immunotherapeutic Potential of
a Bisphosphonate Prodrug. Sci. Rep. 2017, 7 (1), 5987.

Okuno, D.; Sugiura, Y.; Sakamoto, N.; Tagod, M. S. O.; Iwasaki, M.; Noda, S.; Tamura, A.;

50



85.

Senju, H.; Umeyama, Y.; Yamaguchi, H.; Suematsu, M.; Morita, C. T.; Tanaka, Y.; Mukae, H.
Comparison of a Novel Bisphosphonate Prodrug and Zoledronic Acid in the Induction of
Cytotoxicity in Human Vy2Vé2 T Cells. Front. Immunol. 2020, 11, 1405.

McGowan, E.; Lin, Q.; Ma, G.; Yin, H.; Chen, S.; Lin, Y. PD-1 Disrupted CAR-T Cells in the
Treatment of Solid Tumors: Promises and Challenges. Biomed. Pharmacother. 2020, 121,

109625.

51



Supplementary information

[KPRSRBREE NI 1T D M Bl e
3 T i HHTE DB i

2022 -
IS o PNE SN SR e S AT B
[F] JmReE sy iy

(G SO T

52



(a)

2
(7]
[ =
2
= GGPP
g A J
=)
(73]

!\ FPP

GPP
A IPP. DMAPP
I I I I i I I
2 25 3 35 4 45 5 55

Retention time (min)

(b)

2
wn
o
Q
E
© GGPP
=y
2}
l A FPP
J GPP
IPP, DMAPP
| I | | T I T
2 25 3 35 4 45 5 55

Retention time (min)

m/z 449.27—-m/z 79.10

m/z 381.16—m/z 79.10

m/z 313.11—m/z 78.80

m/z 245.01—-m/z 79.00

m/z 449.27—m/z 79.10

m/z 381.16—m/z 79.10

m/z 313.11—m/z 78.80

m/z 245.01—m/z 79.00

Supplementary Figure 1. Chromatograms of zoledronic acid-treated or untreated U266

(Normoxia) cell lysates.

Control (without zoledronic acid) (a) and zoledronic acid (1 pM) (b).
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Supplementary Figure 2. Correlation between the amount of IPP in MM cells and their culture

supernatants.

Pearson’s correlation analysis: R? = 0.6654, **p < 0.01.
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Supplementary Figure 3. GPP, FPP and GGPP contents of mutiple myeloma (MM) cells

ZOL was applied to 5 x 10° MM cells at the indicated concentrations (0.5 or 1 pM) in 5 ml of medium.
The MM-Normo and MM-HA cells were then cultured for 24 h. Concentrations of GPP (A), FPP (B)
and GGPP (C) in MM cells were measured using LC-MS/MS. White histograms represent MM-Normo
cells, and black histograms represent MM-HA cells. Statistical significance of differences was
determined by two-way ANOVA (*p < 0.05, **p < 0.01, ***p <0.001, MM-Normo vs. MM-HA). ns,

not significant.
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Supplementary Figure 4. GPP, FPP and GGPP contents of mutiple myeloma (MM) cells culture
supernatants.

ZOL was applied to 5 x 10° MM cells at the indicated concentrations (0.5 or 1 pM) in 5 ml of medium.
The MM-Normo and MM-HA cells were then cultured for 24 h. Concentrations of GPP (A), FPP (B)
and GGPP (C) in MM cells were measured using LC-MS/MS. White histograms represent MM-Normo
cells, and black histograms represent MM-HA cells. Statistical significance of differences was
determined by two-way ANOVA (¥*p <0.05, ***p <0.001, MM-Normo vs. MM-HA). ND, not detected;

ns, not significant.
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