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Pharmaceutical Study on Mechanism of Differential Cell-death Activity
Induced by Methylated B-Cyclodextrins

Kazuhisa Kameyama

Cyclodextrins (CyDs) and their hydrophilic derivatives form inclusion complexes with
hydrophobic molecules. CyDs can improve the solubility, dissolution rate and
bioavailability of the drugs, and so the widespread use of CyDs is well known in the
pharmaceutical field. Of various CyDs, methylated B-cyclodextrins (M-B-CyDs) at high
concentration are acknowledged to disrupt the structures of lipid rafts, which are lipid
microdomains formed by lateral assemblies of cholesterol and sphingolipids in the cell
membrane, through extraction of cholesterol from lipid rafts, resulting in the induction of
cell-death. In addition, lipids rafts are highly expressing in cancer cells and regulating the
tumor cell survival. Therefore, M-B-CyDs are expected to utilize as antitumor agents.
However, it is still unclear the mechanism of cell-death induced by M-B-CyDs.

M-B-CyDs possess the potent cytotoxic activity in cancer cells in vitro. However,
M-B-CyDs are not allowed the parenteral use in human, because the antitumor activities of
M-B-CyDs have a lack of a tumor cell-selectivity. Meanwhile, the widespread use of folic
acid (FA) as a tumor-targeting ligand has been known, because folate receptor-a. (FR-o)
overexpresses in various kinds of epithelial tumor cells. Most recently, we prepared the
folate-appended M-B-CyD (FA-M-B-CyD), and evaluated the potentials as its novel
tumor-selective carrier for antitumor drugs. As the results, FA-M-B-CyD provided selective
antitumor activity in FR-a-expressing cells by the induction of autophagy. However, the
mechanism of autophagy induction by FA-M-B-CyD remains unclear.

Therefore, in the present study, we firstly investigated the mechanism of cell-death induced
by M-B-CyDs. Secondary, we also examined the mechanism of autophagy-mediated
cell-death in FR-a-expressing cancer cells induced by FA-M-B-CyD and evaluated the in vivo

antitumor activity in human cancer xenografted mice.

1. Mechanism of cell-death induced by M-B-CyDs

Of various CyDs, 2,6-di-O-methyl-B-cyclodextrin (DM-B-CyD) potentially caused apoptosis

in NR8383, a rat alveolar macrophage cell line, A549, a human lung adenocarcinoma



epithelial cell line and Jurkat cells, a human T cell lymphoblast-like cell line, through
cholesterol depletion from lipid rafts. DM-B-CyD induced apoptosis through the inhibition
of the activation of PI3K-Akt-Bad pathway. On the other hand, neither p38 MAP kinase nor
p53 were contributed to the induction of apoptosis by DM-B-CyD. DM-B-CyD potentially
decreased mitochondrial transmembrane potential and caused release of cytochrome c to
cytosol.  Furthermore, we confirmed that down-regulation of pro-caspase-3 and activation of
caspase-3 after incubation with DM-B-CyD. These results potentially suggest that
DM-B-CyD induced apoptosis through PI3K-Akt-Bad pathway in NR8383 cells by
cholesterol depletion from lipid rafts.

2. Mechanism of autophagy-mediated cell-death induced by FA-M-B-CyD

In contrast to M-B-CyD, FA-M-B-CyD entered KB cells (FR-a (+)), a human epidermoid
carcinoma cells, through FR-o-mediated endocytosis. The transmembrane potential of
isolated mitochondria after treatment with FA-M-B-CyD was significantly elevated.
Additionally, FA-M-B-CyD lowered ATP production and promoted reactive oxygen species
(ROS) production in KB cells (FR-a (+)). Importantly, FA-M-B-CyD enhanced light chain 3
(LC3) conversion (LC3-1 to LC3-11) in KB cells (FR-o (+)) and induced PINK1 protein
expression, which is involved in the induction of mitophagy. Furthermore, FA-M-B-CyD had
potent antitumor activity in BALB/c nu/nu mice xenografted with KB cells
(FR-a (+)) without any significant side effects. Taken together, these results suggest that the
autophagic cell death induced by FA-M-B-CyD could be associated with mitophagy elicited

by impaired mitochondrial function.

In conclusion, we demonstrated that DM-B-CyD induced apoptosis through the inhibition
of the activation of PI3K-Akt-Bad pathway, leading to cholesterol depletion from lipid rafts in
NR8383 cells. Meanwhile, we demonstrated the potentials of FA-M-B-CyD as a novel
tumor-selective anticancer agent, due to the induction of mitophagy in the FR-o-expressing
tumor cells. These findings will contribute in the development of an antitumor agent and a

drug carrier using FA and M-3-CyDs.
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Table 1. Autophagy Inducers for Cancer Treatment 52

Compound

Target

Tumor type/cancer cell types

Temsirolimus (CCI-779)
Everolimus (RAD-001)
Rapamycin
Imatinib (Gleevec)
Dasatinib (Sprycel)
Erlotinib (Tarceva)
Bortezomib
NPI-0052

Vorinostat (Zolinza)

Butyrate, suberoylanilide
hydroxamic acid (SAHA)

Temozolomide (Temodar)
GX15-070

Resveratrol

mTORCL1 inhibitors
mTORCL1 inhibitors
mTORCL1 inhibitors
Tyrosine kinase inhibitors; KIT
BCR-Abl, PDGFR and EGFR
BCR-Abl, PDGFR and EGFR
Proteasome inhibitors
Proteasome inhibitors
HDAC inhibitors
HDAC inhibitors
DNAalkylating agent

Bcl2 inhibitor

Antioxidant

Renal cancer? Mantle cell ymphoma

Renal cancer?, Acute lymphoblastic leukemia

Glioma malignant, Chronic myeloid leukemia (CML)?

Gastrointestinal stromal tumor? and CML2

Glioma

Non-small cell lung cancer?

Multiple myeloma?

Prostate cancer

Cutaneous T-cell lymphoma?

Multiple cancers, CML

Glioblastoma, Metastatic melanoma?

Pancreatic carcinoma, Leukemia

Ovarian cancer

Table 2. Autophagy Inhibitors for Cancer Treatment 52

Compound

Target

Tumor typelcancer cell types

3-Methyladenine (3-MA)

Chloroquine

Hydroxychloroquine

Monensin

Bafilomycin A,

Pepstatin A

Class Il PI3 kinase inhibitor

Lysosomal pH

Lysosomal pH

Lysosomal pH

Vacuolar-ATPase

Lysosomal protease (cathepsin inhibitor)

Colorectal cancer

Malaria?, Breast cancer, Prostate cancer, Glioma
Lymphoma

Malaria, Lupus, Rheumatoid arthritis?, Breast cancer
Glioma malignant
Glioma malignant, Breast cancer

Cervical cancer




vr7uFx ALYy (CyD:Fig. 4) I, 7> 712 CyD ARkE4#E 2 1EH S TH

LILDERROA Y THETH Y | Fx O E Z OBUKZERNIZE Y AR GRS K%
TERT 2 TR A Ry IS NS, 3% CyDs OMEsy 1-HI 7 al s EIx, &
i, ABBES, BRI, Y, @ rbFEREZFmTHA S TEY, KA -
BRI FHEI CIE, CyDs OBREMECAERE A 2RI LT, AT X 2 EIR,
DLEA, WIRIEORE, A AT A T U T 4 O L, kD 5 WV KRS
ORI, FEBIEOR Ik, 350 - BRI X OVRFTRIEME ORI & ~OIGH 2355 5
v, BN TEERANMEH ST D, 80— B TIERIR CyDs OffE
SHIZEOTFEL D CyDs #FEARNEAR I, CyDs HRCHEBERH 2R3 2 &0
IO TE TS, iz, CyDs OKEFEEE Fax 7 reifb L, B-CyD DK
WA EDT- 2-8 Ra %71 EL-B-CyD (HP-B-CyD) . S DIRFENESC /S A F 7
RATGEVT 4 OHBIROBIAESHOONTWDFERTHD, O X512, 2009 4
3 ALY HP-B-CyD WEEERHH CHLH=—~ v 7 C H (NPC) ET /L~
Z~DRFHEIZE Y HP-B-CyD & NPC ~DHFMENGFHE N2 Lk, 2 7
AV THA-D NPC BFEIZI VT BRI H A BAS Sh, BIE A AR THHEE K
A RIRPE, B IRSLERRY, BIBERKRAMNB S W EERE - # —I2B0
T. NPC BFIZxT 2 HP-B-CyD DIMENHZ G- THOIL TV D

H,OR

3
RsOC ° H,OR,
O OR,
Rsocsz&

Fig. 4. Structure of B-CyDs
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CyDs IFZEMERIZIS U THEA D7 A Ny L OHEEAEREZ KT 5, flxiX, 7m
AR Z Dy (PG) #F ANyt L THlE®HITAH &, ZERED/NET: a-CyD I
PG ® o SHAMENIZEE L, EREROKE 7 B-CyD X BNy &M< HAERT
Do BT, ZHAEN K E /L y-CyD 1L PG 3+ AR Z < WiET 5 2 LM bLIL TV
%o, ZD X D7 CyDs ORI & OFE/EHIZB W THRE D Hiv, a-CyD
XV HEE. B-CyD L L AT m— L EBSAHAEEM L, Zh b OIRE RS Z i o i
DB E PR E | EIRE TR IER O A M -CA AR D B 25 b & B 3 2 72 E ik
BEEMEAR T2 LNMEN TN D, 9 Filt, /5 FAED oMW 0525
W, B-CyD <° methyl-B-CyD (M-B-CyD) 723, AU FORRE~A 71 KAAL U TH
HVE Y RTT7 R hbalbATa— x|k Z 128D, EGF (epithelial growth
factor) receptor X Fce receptor | 226D 7 F )V RELZ LS ELH 2 708, VEY R
77 MGy D3 L AT u— )L OEEN 2 AT DB A FH ST\ (Fig. 5).
) Zp VU ¥y K77 MENITIE, e DX R ENEFSNTEBY, St 77 Y
—Fr X —EEFI LD, Ras, GH¥ L NIVE a V7 2=v s, TarAf %)
—+ C. GPI (glycosylphosphatidylinositol) 7 > 1 —R % L X7 G2 ENRET H 2 &
NS I TS, ) 554 FasL/Fas SRIC &2 7R b — 2 A5EES, TNFITNFR %
12X % NF-xB (nuclear factor xB) OfEMALN Y ¥y KT 7 h&and4 52 &, %879 Bcl-2
77 IV—IBT AT AR M=V RFEERKE T Bad NYEy RT77 MIRETLHZ &N
WEIN TS, ™M F2ZnETIZ, B-CyD X° M-B-CyD %7 v h DEARNIZZ &
BHETLHZEICEY, R e AROFEENFTEIND Z LEARESN TN D,
273 UL 5, CyDs DOFEEMIZ L - TR Z ZHAEN T R b —3 ZANE I
T O REHIIE & A T T2,

CTOLHIBEFEOL E, KImLXOHE 1 FETIE, M-B-CyD OFMshI L =7 R
R — 3 AFHEAE IOV TIRE L7z,
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({\ :phospholipids

\ :cholesterol

O :proteins

Fig. 5. Interaction of CyD with Phospholipids or Cholesterol

—J7. Grosse HiX, HAA~ T RZBWT M-B-CyD % fEEWNIZEM# 5 (800
mg/kg) 9% & . DOX HiM# 5% (2mg/kg) LV EWHUIEESIREA2RTZ &2 s L
e M ZnbDZELY ., M-B-CyD 12V ¥y KT 7 &N LEFEEEEZ AT 5
DR AHE LTEHTHL EEZOND, £ 2 TYWEETIL. M-B-CyD DJE
IR om L2 KL, U KE LT FA &6 L7- FA-M-B-CyD (Fig. 6) %3
HICHHE L, ZoHFHAEEZFHE Lz, TOR%E., FA-M-B-CyD X in vitro (28T
FR-o. @FEBUMIRSIRIIC I D A E AL, AR PUEEREH T2 Z & RS T,
B0 F T U AREG AR TH 5 Colon-26 Hifid (FR-o (+) % [FIFERAH
LN A~ 7 AT FA-M-B-CyD ZF#IRINICH B G- LT & 2 A BTz HulEE )
BERFEINTZ, ® X512, in vitro 2BV T, KB Hifa (FR-o (+)) {2 5 mM
FA-M-B-CyD % 2 FfffJLEEL7=& 2 A, A — 77 IV —L~—N"—ThHbH LC3
DIHN EH LIZZ &b, FA-M-B-CyD ORI RICA— 7 7 V=515
ZENRBENTZ, TV L LR, FA-M-B-CyD A4 — k7 7 ¥ — i B D ZE
L BT 72> TR,

% ZCH 2 Tl FA-M-B-CyD OB A SR AT BLIT 2N A A DA RRSETEE A 7
=ALEROENITT D20, LLFOREZ1T>72, £ FA-M-B-CyD |2 L 2 HUiE;
I B OMI 2 B LT, b b OESAHEHRIEMIRTH S KB Ml (FR-a
(+)) ZHWTinvitro (2817 24—~ 7 7 V—FERICOVW TR L, S5I2, o
NETRRFTH-72 KB Ml (FR-a (+)) Z BB L2 A~ 22 ER L,
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FA-M-B-CyD % §# RN Hilalf 5-4% O HUlE SIS 2 EE AR, (KRB s L OVAEFR %
FEREZRHE L7z, 7Zed8. AAFZECTHU = CyDs D%z Table 3 123,
PLFICARMRICBWNCTE LN TR 27T 5,

OH o o CH,OR;
HN -< )—II-N o‘ﬁii
" mﬂ Oro\H)\HNHQ%RZORgo OF\,CH.0R;
o\ Ra
(o)
OR,

RO
ReOH,C Ao = CH,0Re
(%&Rs OR;:-EO
R.OCHY © CH,OR;

Fig. 6. Chemical Structure of FA-M-B-CyD

Table 3. Chemical Structures of CyD Derivatives Used in This Study

n
Compound Abbreviation R DSY
a-Cyclodextrin a-CyD H -
B-Cyclodextrin B-CyD H -
y-Cyclodextrin y-CyD H -
Methyl-B-cyclodextrin M-B-CyD H or CH,4 12.2
2,6-Di-O-methyl-a-cyclodextrin DM-a-CyD R,, Rg=CH;, R;=H 12
2,6-Di-O-methyl-B-cyclodextrin DM-B-CyD R, Rg=CH;, R;=H 14
2,3,6-Tri-O-methyl-B-cyclodextrin TM-B-CyD R,, R3, Rg = CH,4 21
. [CH,CH(CH,)O]H
2-Hydroxypropyl-a-cyclodextrin HP-a-CyD 4.1
(X:0,1,2, )
. [CH,CH(CH3)O]H
2-Hydroxypropyl-B-cyclodextrin HP-B-CyD 4.8
(x=0,1,2,----)
Sulfobutyl ether-B-cyclodextrin SBE7-B-CyD H or (CH,),SO;Na 6.2
. 12.2
Folate-appended methyl-B-cyclodextrin FA-M-B-CyD H or CH; or FA

(OK

1) The average degree of substitution.
2) The average degree of substitution of folic acid.
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B1E AFUEBIZ7uFHRX MY v (M-B-CyDs) DFEHMIZHE L
Z DB

wB1E K

BRI~V AU TETH D CyD 1%, o FHICEUKMEDZER ARG L, 24T IS
UCCTHEx DT A N2 IAA THBEESEREZIENRT 5, FAIT - A7 T
(X, CyDs OEBEEHEZFIHL T, REERERLOLZEN, BRIEOHRE . ~A
FTRA T T 4 O Ll EADIEABRA LN TS, L7235, CyDs i
EEEICBWOCHIRE EOIBE Ry ThoraL 2T o— 1) UIRE EHAEERL
THIFRIE R AR S 2 2 2120 . FREROEM-CEE w2 b2 T 5
EREBEN TS, ) F£7-, B-CyD R° M-B-CyD % F v FDFRNICEZEHR 5T 5
. X7 a— U AOBEENFEIND Z ENRES L TNDM, 27 CyDs ®
EEPEIC Lo TR Z 2N T R b — 3 20BNl T 235 BmERE e A L
fThn T, 7 22 TARETIL, CyDs IZ K D&M RT9 5 MFRAEA 7
R B =Y AFENENICON TR EITo72, £9, AESE 2 STk, MR
*9% CyDs OffifafsEM:2 WST-1 {RICLVEME L7z, £72, % 3 Hil XU 4
fffiCIL DNA Wik, 7 v~ > OEE, PS OMIfaES &~ & H % fi1EIZ, CyDs
DOHIFAFEEMEIN T R b= ZANENITOWTHRE LTZ, & bIZ, A F /L Lk B-CyDs @
PCTHRLT R = AFEEOE N> DM-B-CyD IZEMEYTTTHR F—T R
MO AR L7z, % 5 H#iTld. NR8383 #llfiudHifuAEE ri 7y D iz
KIEF CyDs DRI HOWTHF L7z, & 6 Sk LU 7 fiTld, Miao7 Rk
— VAT T FCEL BE LT D PIBK-AKt £, MAPK %835 L O p53 #%
FAZMKIET DM-B-CyD DFEZZ O TG LTz, 5612, 5 8 Hiks LU 9 HiT
IZ. DM-B-CyD #FET AR F— A~DI bz R T ORE L caspase-3 DiFEMAL
IZOWTRRET LTz,

14



% 2 & M-B-CyDs IZ & 5 Ml &

WEAMRE 2 52 1T 7o MR D & A — D & 3T 5 ik L LT, Mlast ok 4 ifaiic
B SHTHRNBERICE VBB ST 5 51E (MTT assay) &, MlaIC/FET 2~
D& R ER RN~ &N D EEET HH1E (LDH ) BRI HmbTn
60 80)

ARHEITIEX, MTT assay DL BEIETH DB THIFEARIE WST-1 27 v b~ >
7 — UHHRMEMIE TH 5 NR8383 i, b M LS Ml A549 Aifid, b hEdE
T ARACPE A AR Jurkat AR IC L% OfBIE EIE OB LA RIE L, A
CyDs #FEARDMIINEIZ R T D BEEFEMAZFHM L7z, OB, BEREEEOTRWIEA A
PES EIEMEA] Tween 20 % positive control [ ZfEH L7-, Fig. 7TA B3 X 7B 1%
NI, BIRED CyDs % 24 WFHALEE% O NR8383 Mifiis L TN A549 flifid A
% WST-1 EIZ KV RO TERERE AT CRAFE OO A4 100% & L72),
Fig. 7C IIBIRED CyDs % 4 KL% O Jurkat HIRRLO AL %777, NR8383
HIIZ BT DM-B-CyD BL T TM-B-CyD % 1mM DL ETAEGFEREZETFEHE, 5
MM TRERIZFEIK S 72 (Fig. 7TA), DM-a-CyD LY M-B-CyD (ZZZ4L 2 mM,
5 mM CTAEGFEEZK 50% FRERTIH, 10 mM TREIDFER ST, —H.
HP-a-CyD £ X T HP-B-CyD (X 10 mM IZB W THAEFEREZEK T SERho T,
A549 HifZIZHVC DM-B-CyD (% 1 mM DL ETCAEFRZELTFEE, 3 mM TEE
[ZFEB S 7= (Fig. 7B), —J7. HP-B-CyD iZ 10 mM [ZB W T HiE st A EAEGFERE
KXo 7-, £72 Jurkat FLIZI VT DM-B-CyD 1L 2mM TR S
. HP-B-CyD X 5 mM IZB W T HAEFREKT S o7z (Fig. 7C), 72k,
CyDs OIREEMEIK CHE ST & FurF—BiRHEo KT, mEMERE O
BRI T DI hay RUTHOBRIEEO EAICERT 20 EE2 b, LA
LoRERNS . AF L L CyDs IE NR8383 A, A549 A, Jurkat #MAEIZHMIEAE
EHETLZENRHLNE RS2, UTFOEBITIXZ OMIENT R —vATHD
DM DN DWW TR LT,
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(A) NR8383 cells

[EnY
a1
o

100

50 [

Dehydrogenase activity (%)

0 5 10
Concn. of CyDs (mM)
(B) A549 cells (C) Jurkat cells

;\5\ 150 :\o\

> > 150
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T 100 5

3 & ®: DM-B-CyD
o o 100 A: HP-3-CyD
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© =]
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Concn. of CyDs (mM) Concn. of CyDs (mM)

Fig. 7. Cytotoxicity of CyDs in NR8383 Cells (A), A549 Cells (B) and Jurkat
Cells (C)
NR8383 cells (A) and A549 cells (B) were incubated with medium containing CyDs (0-10 mM)
for 24 hr at 37°C. After washing twice with HBSS, cell viability was assayed by WST-1 method.
Jurkat cells (C) were incubated with medium containing CyDs (0-5 mM) for 4 hr at 37°C. Then,

cell viability was assayed by WST-1 method. Each point represents the mean + S.E. of 3
experiments.
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# 38 M-B-CyDs IZEBT7RKI—IRFHE

% 1 IH DNA OWrA{k

Fig. 8 /X DM-B-CyD T 24 FF[HALEE L 7= NR8383 #ijax 3 Vb7 m T v A
(Pl) THA(FH%, DNA a7 —H A M A N —THEHT LR 2T, PLIE, I®
FEEDMR T2 TW A IGEITITME 2 8 T E 2V A, =& ) — VAL ClEd i
Z ER-EE5 EMBNICADENIZEIT L DNA @ & 58 ALZ intercalate L T4t
HEFHT LD, mAREND DNA EEZ 72 —H A FA N —THRAXDHIEMNT
XD, £l2, TR P—UANFHEEIFL DNA Wb L7zfifa sz =% / — )VALE 7 &
CTIHEMZ BASE5 & A b &7z DNA TSR3 5729 DNA & &
PMET L7zfilaz 7 A h—v Afila s Red 2 LnTt&x b, FEEE. 5 mM DM-B-CyD
T 24 WP L7- NR8383 Mifid Tld, #OGHE DKW, §72H5H DNA G&
B Go »DHWNE G WML L 0K < R S il 0BG I IRAE 2 he—L
DOHO & LT 90.1% O DNA & EDIK TR 5z (Fig. 8),

Hypodiploid nuclei (%) = R1/R2 % 100 J

200 — control

R1 \

DM-B-CyD

Cell number

lllllllllllll]llll

10° 10t 102 108 104

Fluorescence intensity (PI)

Fig. 8. Flow Cytometric Analysis of DNA Content in NR8383 Cells
NR8383 cells were treated with DM-B-CyD (5 mM). After incubation for 24 hr, cells
were stained by PI, and the percentage of cells showing DNA degradation was quantified
by flow cytometry.
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Fig. 9A % NR8383 #lifliZ 5mM @ CyDs % 24 FFJALEEL ., Pl CTHff%, 7
—H A FABRY—IZLY DNA GE&ZHE L, 7 b= AOFHE &GN L 7= f5 R %
RY,  Fig. 7 OAEREEMORE R O ML Z IR S 5 5T DM-B-CyD
BELWY TM-B-CyD MLEE %479 &, DNA &N KT L-Miao®E &Nz Ein
90.1%, 49.1% F THEK L7-, —H. I 80% Ok EM: %~ L7z DM-0-CyD LB
TiX., DNA &K T LIZMEOBSIIRLIEOL S L RIRE CH -T2, Fi-,
HP-o-CyD 3 X O HP-B-CyD AL ClIfiflafEE 2R &7 DNA S EOK FIXR®
SNanotz,  [FRRICHIIEEMEDER W Z ERME SN TS HP-y-CyD B L O
SBE7-B-CyD #LPETY DNA & &EDIK TIERED L v h -7z, Fig. 9B, 9C (2R L5
\Z DM-B-CyD MLEEIZ L5 DNA EE&DKT LMo niX, A549 HMilldis L O
Jurkat FHIAIC BT HBIZ ST,

TR b= AMIfE2 S DNA 2 LT A n—2 7 VESIkEI 24T 5 L. DNA K
RAGIZHENA Y X7 LAY — LB (K 180 M%) OFEEf% > DNA ladder @
N KPR END Z ERMLN TS, ®Fig. 10A |X 5mM CyDs T 24 B
L 7= NR8383 #lfu% nl¥R{l#4. RNase, proteinase ALEE L, 7 40— R 7 /LVERIKE %
fTol-#*% %79, a-CyD, B-CyD, DM-a-CyD, M-B-CyD, HP-a-CyD ¥ Xk O}
HP-B-CyD T 24 KffijLBE L7 NR8383 #fdici\Tik CyD RLBD = fr—
JL L [AERIZ DNA ladder 23 &7 hr- 7, —75 . DM-B-CyD 35 LT TM-B-CyD 4L
B L7 NR8383 #fifd Tid, DNA ladder 735 41, DM-B-CyD 3 L ¥ TM-B-CyD 4L
BIZX Y DNA OWAEREZ > T\D 2 ERfER Sz, DM-B-CyD ALEIZ L5
DNA DO A{bi%, A549 HilzB W T b EIZZ S 7= (Fig. 10B),
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(A) NR8383 cells
100

75 |

25 |

Hypodiploid nuclei (%)
a1
o

0
(B) A549 cells (C) Jurkat cells
100 100
S 75f S 75f
k3 o
s 50| © 50
o o
2 o
3 3
S 251 S 25
T T
0 0 '

Fig. 9. Flow Cytometric Analysis of DNA Content in NR8383 Cells (A), A549
Cells (B) and Jurkat Cells (C) Treated with CyDs
NR8383 cells (A) and A549 cells (B) were incubated with medium containing CyDs (5 mM) for
24 hr at 37°C. After incubation, cells were stained by PI, and the percentage of cells showing
DNA degradation was quantified by flow cytometry. Jurkat cells (C) were incubated with medium
containing CyDs (5 mM) for 4 hr at 37°C. After incubation, cells were stained by PI, and the
percentage of cells showing DNA degradation was quantified by flow cytometry. Each value
represents the mean = S.E. of 3 experiments. *p < 0.05, compared with control.
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(A) NR8383 cells

(B) A549 cells

Fig. 10. Agarose Gel Electrophoresis of DNA Extracted from NR8383 Cells (A)
and A549 Cells (B) Treated with CyDs
NR8383 cells (A) and A549 cells (B) were incubated with medium containing CyDs (5
mM) for 24 hr at 37°C. After incubation, cells were lysed, and then analyzed DNA
fragmentation by gel electrophoresis.
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Fig. 11 1% NR8383 ffifld (A) B LW~ U RA~v7 1”7y — UK EMlE RAW264.7
AL (B) ® DNA & 8IZKIET CyDs MHEERFM O EL RT, B AHEEEIL 5
mM & L7-, DM-B-CyD 5 L1 TM-B-CyD #LPE L 7- NR8383 #luiZ 5\ THFRIEK
178912 DNA EEBOE T L7z E & 0380 L= (Fig. 11A), —J7. M-B-CyD B X
Y HP-B-CyD #LPE L 7= NR8383 #lifll Cix 30 FFM&ZIZB W TH DNA OF &K T
IERO BN oT-, F7-. DM-B-CyD ALEE L 7= RAW264.7 #lfid Cix 36 Hrfif% &
THREMMKFHIIZ DNA S EOIKT LizHilaoElE 23480 L7 (Fig. 11B), DM-B-CyD
LPRIZ K RFFIK A9 72 DNA Wr b o581 NR8383 MifldiZds 7% DNA ladder
DN BB bl Sz (Fig. 12),
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(A) NR8383 cells

100

75

50

Hypodiploid nuclei (%)

25

6 12 18 24

Incubation time (h)

(B) RAW264.7 cells

100

75

50

Hypodiploid nuclei (%)

25

Fig. 11. Time-dependent
and RAW264.7 Cells (B)

NR8383 cells (A) and RAW264.7 cells (B) were incubated with medium containing CyDs
(5 mM) for indicated time at 37°C. After incubation, cells were stained by PI, and the
percentage of cells showing DNA degradation was quantified by flow cytometry. Each

12 24
Incubation time (h)

Effects of B-CyDs on Apoptosis of NR8383 Cells (A)

point represents the mean + S.E. of 3 experiments.
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DM-B-CyD

S
2
gQQQQQQQ

Fig. 12. Time-dependent Effect of B-CyDs on Apoptosis of NR8383 Cells
NR8383 cells were incubated with medium containing B-CyDs (5 mM) for indicated time at
37°C. After incubation, cells were lysed, and then analyzed DNA fragmentation by gel
electrophoresis.
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Fig. 13 {X NR8383 i (A) F L " RAW264.7 #ifid (B) ® DNA &EIZKIFT
CyDs B DAL R, /R RBAFREERIL 24 B & L7z, M-B-CyD, DM-B-CyD
L TM-B-CyD #L¥E L 7= NR8383 HfuiC U TR IEAIIC DNA G EDIK T L
7oA OFIE G L7 (Fig. 13A), — 77, HP-B-CyD ALEE L 7= NR8383 ffifid Tix 10
mM T% DNA ZE&DOETIERDO N>z, £/, DM-B-CyD WLE L 7=
RAW264.7 #IIEICI VT HIBEKFMIC DNA GEOE T L2 oE & 238N L
7z (Fig. 13B), DM-B-CyD ALBHIC X DR EKAFAY7Z: DNA KA {b.0F%E 1T NR8383
MfEIc 31T 5 DNAladder /3> Ronb b fifgsd S vz (Fig. 14),

LLEDRERMN G, AF 4k B-CyDs % NR8383 #Hfid, A549 #Hfid, Jurkat FHfEIZ
DNA OWi bS5 Z LRGN E R 5T,
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Fig. 13. Concentration-dependent Effects of B-CyDs on Apoptosis of NR8383
Cells (A) and RAW264.7 Cells (B)
NR8383 cells (A) and RAW264.7 cells (B) were incubated with medium containing
B-CyDs at indicated concentration for 24 hr at 37°C. After incubation, cells were stained by
Pl, and the percentage of cells showing DNA degradation was quantified by flow cytometry.
Each point represents the mean = S.E. of 3 experiments.
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DM-B-CyD
S

Fig. 14. Concentration-dependent Effect of B-CyDs on Apoptosis of NR8383
Cells
NR8383 cells were incubated with medium containing CyDs at indicated concentration for
24 hr at 37°C. After incubation, cells were lysed, and then analyzed DNA fragmentation by
gel electrophoresis.
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%2 H HMEOERBRZERHEL

Fig. 15A | NR8383 iz 5mM CyDs T 24 WifEJLEL# . DNA fEA M e
T& 5 Hoechst 33342 TYufa L, 7R b—3 AR DEREFHE DO —H>ThH 7 0
~F L DU A SIS TR Lo Th D, £72. Fig. 15B [T ORE &AL
FAZERA S SE CRIER L2 fE R 2, M-B-CyD B LY HP-B-CyD T NR8383 i % 4L
B9 5 &, CyD RUHDOLGH L [RERICHBIRD 7 v~F > DNA OREEDRTE D B,
7 a~F L OERERITBIE S o T2 (Fig. 15A), ZHUZ% LT, DM-B-CyD H X
O TM-B-CyD TRLEL L 7= 4 OIFRY:, NERIROGBRBE S, 7 a~TF 2 OiEEE

MIBH H AL (Fig. 15A), 7=, MAHZEBMEBIZE OIS, DM-B-CyD B LW
TM-B-CyD ALEE L 723546 O HABL OME/ N3 FRB® Hiviz (Fig. 15B), LA EOFERN S,
DM-B-CyD 3 L O TM-B-CyD LBEIZ LV TR b — 2 AL O REF 2L O FE ¥
Thor u~F U OEMPFEISND ZERHLNERoT,

Control M-B-CyD DM-3-CyD TM-B-CyD HP-B-CyD
o . . . . .
‘”ﬁ?
. z ‘¥ r
s ".‘ 5 ,"' o TN I ;.' Ao & ; |7 : “‘?}:
RSNl i e s W s z“}

Fig. 15. Fluorescence (A) and Phase Contrast (B) Micrographs of NR8383 Cells
Treated with B-CyDs
NR8383 cells were incubated with medium containing B-CyDs (5 mM) for 24 hr at 37°C.
After incubation, cells were stained by Hoechst 33342, and condensations of chromatin
were detected by fluorescence microscope. The left panels and right panels show
fluorescence micrographs (A), phase contrast images (B), respectively.
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% 3 H MREBEEEORL

IEFE MR OMAEETIXY Y IRE D% < DSHIRIREAEE — &g ] CIERFRICAFTE L T
B, Ml EERT D) CIREO—FTHDH PS OKERITMILKIEE —ERE DN
WZRIELTWD, 2D X 57 UIREDOIERFHEIIRICAET 527 2/ U U IREE
BRSO AR T 707 7 =B R EOERDOEEZDWEIZ LV iFrsh Tnd, 7R h—
¥ AR DR D — IS E DAL H 0 . TR h— 3 A ORI TR Y
FRE QIR KDL, 73 7 U VIRBEEBBEMEO NG s IRy 7075
— B OIEMEALIC LV IRORERE 2R FF L7 £ £ T PS SHIfARANEICE T 5 Z & A
HEINTWD, 8 AnnexinV 1X, 71 b EUIEEORE, 8 KRR R—F A
JEYEDRLE, 8 FuT A %) —F C OMAEIRE 8 R EoABEEAET LT
J W 320 6D B XU EThD, 8 £l WLV U AMFEETT PS IZEWBL
FitEZHE L CWDZ b, 7R F~°/;<@%ﬁ%&:%b\%ﬁﬁﬂ@ﬂ%ﬂ%cz%m L7 PS %
BT 2 0iIcid THERRY T+ Th D,

W FE FITC £Z#  AnnexinV (AnnexinV-FITC) & Pl ZHWTCHIlRZ et 4 5
&L TR = ZGHAOMA TIX, AnnexinV-FITC [ZHIfREEA @ I L= PS L i
AT DN, ARG R TW D72, PL OFIIENA~DIR AR DNA £ OFEE
T Z 5T, FITC OEOLBEDHEKOLNEEIND, —FH, 7R b= 2% HE
ORI v — 2 %8 2 LTSI Tk, MR ORESEDNEET 2 Z ML TEY |
Pl [ ZAHIEANIZIEA L DNA EfEGT %5, £72 AnnexinV-FITC (HifaEs gD PS &
AT 272 FITC & Pl O GOENBENIHKT D LN IIFIOT R b—
ALBMOT R = ABIOR 70— A% 70— A NA N —TRKRHIFTHZ
ENTE D, £Z T, AmnexinV-FITC & Pl ZHWTHIHI T A F—3 ROV THR
L7, ZOfEH%, DM-0-CyD 3 L8 HP-p-CyD THLEE L 7- NR8383 Ml Tl
AnnexinV-FITC DOHEHREES CyD RAAHEOLE L RIFLE T, PS DOHMALESE ~D

BRI S e~ 7= (Fig. 16A), F 7=, Fig. 16B (X Fig. 16A (Z/r3 FITC (+) /Pl
() DEBICHFET DMBOEGEES T 7 TORLELDTHD,  Fig. 16B (Z73T
X 912, M-B-CyD, DM-B-CyD ¥ L T* TM-B-CyD MLFRIZ L Y. FITC (+) /Pl (-) EIK

IZAFET DA OEIAIEZ N E IR 30%, 65%, 64% THY 2> fha—/ Ll THE
LSBVWVMEZ R L, ZOZ &5, AF )k B-CyDs #LER|T NR8383 #fuiZ 7 7~
N—=URAEFHET L ENRBI N,

Fig. 17 1X RAW264.7 Ml IC K17 5 PS OFMIEIEIE ~D FEH 2 K I1FT
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DM-B-CyD ALEREF D 2% 7~k3°, DM-B-CyD #LEE L 7= RAW264.7 HIARIZIS T
PERFREMKAZAIIC . PS 23RBS g ~F& ) L 72 A O FIG 238 R L7z,

PLEDFERMNG A F AL B-CyDs ([Z X DHIASEILT R F— A THDH I LG
meieoi,
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Fig. 16. Effects of CyDs on Exposure of PS in NR8383 Cells
NR8383 cells were incubated in medium with or without CyDs (5 mM) for 24 hr. Then
cells were stained with AnnexinV-FITC and PI, and analysed by flow cytometry. (A) Data
were plotted as the AnnexinV-FITC intensity (X axis) versus the relative number of PI-
positive cells (Y axis). (B) The percentage of cells existing in FITC-positive and
Pl-negative fraction was shown. Each value represents the mean £+ S.E. of 3 experiments.
*p < 0.05, compared with control
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Fig. 17. Effect of DM-B-CyD on Exposure of PS in RAW264.7 Cells
RAW?264.7 cells were incubated in medium with or without DM-B-CyD (2 mM) for
indicated time. Then cells were stained with AnnexinV-FITC and PI, and analysed by flow

cytometry. Each values represents the mean + S.E. of 3 experiments. *p < 0.05, compared
with control.
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#AH REEEFICEATRF—I RFHE

% 3 HiE TOMBNT LY AF Ak B-CyDs I L AMPILIZT R Fh—3 A THDHZ
EDRA BN E TR oTe, ATF L B-CyDs 1K ToH 1P A XD R E W T2 O Al E
WHEDME S, NIV IAENTT R b=V A Z2HET 5 L 3B 28, 7R F—
VAFBBEDA T =ALE LT, B EOHAERANREZ OGNS, REITIH, ATFL
{b. B-CyDs & [FIRRICE 2 £, REVEEIER 26 L, vk a BT 031 4
PEFURTEMA Z N T, 20T R b — ZFFER L ERE Lz, 7. FEA T 4%
S & LT Tween 20, Tween 40, Tween 80, HCO60, Cremophor, Triton X-100 %
V7= (Table 4), ®) Fig. 19 I NR8383 Mifdic 1 mM DIEA A R miE Al %2 24
FPfABE L, PI THEH, 7u—HF A P A MY —IZLY DNA GELZHEL T Ak
—VADFHEELFM LR EZ T, DM-B-CyD ¥ L U8 HP-B-CyD B L O
Cremophor #LEE L7- NR8383 #liiii Tix DNA & &K FIZB O Lo T-, 7=,
Tween 20, Tween 40, Tween 80 ALEIZ L W =T 84%, 35%, 20%. HCO60 ALHIZ
L VK 45%, Triton X-100 ALEEIZ L VK 98% O DNA FEZOK FABE S, FEA
A PEREIE AL X% DNA Wr A (b0 #5513 NR8383 MifidiZdsif 5 DNA
ladder @/ N> Fvb bR S L7z (Fig. 20), 2D OFERN G| FEA A MR miETE
#1Z c.m.c. (critical micelle concentration) UL EDREEIZIWT, I BAFAIZAE S Mifa
WAy DAL RAZ KO T AR F = A2 5H8 T 5 2 LR S,

Table 4. Critical Micelle Concentration for Some Nonionic Surfactants®”

Surfactant Commercial name c.m.c. (mM)D
PEG (20) sorbitan monolaurate Tween 20 0.053
PEG (20) sorbitan monopalmitate Tween 40 0.023
PEG (20) sorbitan monooleate Tween 80 0.010
Polyoxyethylenehydrogenated caster oil 60 HCO60 0.026
Polyoxyl 35 caster oll Cremophor 0.040
PEG (9-10) p-isooctylphenol Triton X-100 0.240

1) Critical micelle concentration at 25°C.
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Fig. 19. Agarose Gel Electrophoresis of DNA Extracted from NR8383 Cells
Treated with B-CyDs or Nonionic Surfactants
NR8383 cells were incubated with medium containing 3-CyDs or nonionic surfactants at 1
mM for 24 hr at 37°C. After incubation, cells were lysed and then analyzed for DNA
fragmentation by gel electrophoresis. *p < 0.05, compared with control.

Fig. 20. Induction of Apoptosis in NR8383 Cells Treated with B-CyDs or
Nonionic Surfactants
NR8383 cells were incubated with medium containing CyDs or nonionic surfactants at 1
mM for 24 hr at 37°C. After incubation, cells were lysed and then analyzed DNA
fragmentation by gel electrophoresis.
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%5 8 MRERRERSICKRIET M-B-CyDs DE

B 1EH ARBEERSORH

VE Y RI7 MNIRTZ7 4 IFEEa VAT — LRERBL7ZEEE 10 nm O~
A7 AL THY, VT TNAGTFEERL, V7 TIREOHFRILZHOIHE L
THEHINLTWS, VEY KT 7 NI Sre, Ras, G # > /"\7F a 7 2=v b,
7usrA % —8 C, GPl 7 h—% /37, growth factor receptors 72 & X F X
F Y T NMBES TN RET 5, %) J14E, FasL/Fas RICE DT R b — v AfHE
R, TNF/TNFR SRIZE %D NF-kB OIEMALRY By KT 7 haid 52 &, B70Bcl-2
77V =BT AT AN RFHERF Bad NI EY T 7 MIRETLHZ &N
WMESN VD, ™ F, YHFFE=ETIE DM-B-CyD A, VEY KT 7 FO—FTH
HAREZWGIAFET DAL AT a— L ERHSELZ L1280, ZRMIZ P-FE
& X7 'E (P-glycoprotein) <> MRP2 (multidrug resistance-associated protein 2) % i
S, BRI TR A IIHIT D 2 L A WE L, 8 L7eiio T, A F /L B-CyDs
WCEDTR =V AFEIZIFTIEY RTZT7 MNEGLLDA L AT R—LRAT 4V
TPENRE R ED Y By FT 7 MR eI E R s & ZIRAICERES v D & 3
7 EDOEENHEE SN D, &2 TAIETIL, NR8383 fifanbda b A7rm—LR Y
VHEE DRI KIET CyDs DRI OW TR L 7=,

NR8383 #ifiiz CyD &4 HBSS T 1 FEEMLEEL, EiHho=alAryo—L %o
LAT =LA F X —F DAOS % (2L AT u—/)L ET A T a—® EiEFO
B UIEEEEZ ) AU H—E8 - DAOS i (U VIEE C-7 A F T a—®) & Hwn
THIE LTz, ZOfEF, DM-a-CyD THLEE L 7= NR8383 fifd/rHda L 27 m—)b
DXy br—L CRAEE) LRIBECTH o7, —F, B-CyDs IR T2 L X
T u—/VRHABIZE S, 2 VAT v — L &l HP-B-CyD < M-B-CyD < TM-B-CyD
< DM-B-CyD DJEIZHE K L7z (Fig. 21A), ¥V VIFEEOEE. M-p-CyD, TM-B-CyD
3B L OVHP-B-CyD ZLEE L 7= NR8383 #Hfam b OlfHIT= > e —/b (GRAE) &[FH
FECTH o7z, —J. DM-0-CyD LT DM-B-CyD THLFL L7- NR8383 HifuicF
WTCAHERBY VIEEDORHEZNR® Hiu7- (Fig. 21B), NR8383 fijgnbda L 27
7 —/LRHIE, B-CyDs IR COABIEE I, £ DZhEIX HP-B-CyD < M-B-CyD <
TM-B-CyD < DM-B-CyD DIJHIZH K L7, # Y Y EE &L DM-a-CyD I L O}
DM-B-CyD % CTAHEIZEWIRH 2GR b7,
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Fig. 21. Effects of CyDs on Efflux of Cholesterol (A) and Phospholipids (B)
from NR8383 Cells
NR8383 cells were incubated in HBSS (pH 7.4) with or without CyDs (5 mM) for 1 hr. The
concentrations of cholesterol and phospholipids in HBSS were determined by Cholesterol
E-test Wako® and Phospholipids C-test Wako®, respectively. Each value represents the
mean + S.E. of 3 experiments. *p<0.05, compared with control.
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E2HE TR VRABEIRIFTaVATu—LOEE

AITEOFE RIS DM-B-CyD #FHET AR b — 2 A~OMaEAEE 55 O tH o B 5-
DRIBENT, F2IT. kD ar2re—1a2H 50 00RMLTa L A Tra—
JVEHERE KT S 72 DM-B-CyD &Rk 2 W TRt 24T > 72, Fig. 22 12”7 &
I, KDL AT — /LIRINZ LY DM-B-CyD #FHET AR b — T ARG EIZH
Hl sz,

100

O: DM-B-CyD
@: Cholesterol-loading DM-3-CyD
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Fig. 22. Effect of Cholesterol on Apoptosis Induced by DM-B-CyD
NR8383 cells were treated with 5 mM DM-B-CyD or cholesterol-loading 5 mM
DM-B-CyD for 24 hr at 37°C. After treatment, cells were stained by PI, and then the
percentage of cells showing DNA degradation was quantified by flow cytometry. Each
point represents the meanzS.E. of 3 experiments. *p < 0.05, compared with DM--CyD.
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% 6 & PISK-Akt BT MAPK #EEIZKIES DM-B-CyD D&

MR T AN b= AEZ M2 RESEATHRFE LT, Vb 77 i s
TR M=V ZADOWRE - FATR FEEOBEMN A TV 5, FFIC PIBK-Akt #RE&ILT R
F— ZAOFHE, WE, FATICHD 2 2R FRICER L, FITT7 R b= %
ST FNEMGIT S ETHEGFY T E L TOMREZ BT 5 LSS5,
4) —7J7. INK (c-Jun NH.-terminal kinase/stress activated protein kinase : SAPK), p38 MAP
kinase (ZfAF# XD A F L RAIGEME MAPK #R# L, & & SEMEEENE2 LA
RRIEMEY A P UA Ko TEHLESI, TR =3 2D T T IARFEICEE K&
FERTZENMBNTVND, 8890 2z - TAREITIE, PISK-Akt X" MAPK %
HAZIET DM-B-CyD DI S\ TG LT,

BI1E THRMUVABEIIKIET PIK BLT MAPK FHEF| D5

PI3K-Akt 3 X' MAPK #&#1Z&IFT DM-B-CyD DZZIZ O\ T, TNEN D
FANZ O TRRGET L7z, PIBK-Akt #RE&IZRE9 25T Tldk, NR8383 fifidz PI3K [,
EHTHDH LY294002 (10 uM) T 4 FFALEE LI A FREHR, fx OREOD
DM-B-CyD T24 WFfLEEL . PI TYafE, 7 —H A P A MU —I|ZXD DNA &&
ZHIE L, TR b= AFFEZFHE L7=, DM-B-CyD RIFMDLE4A . LY294002 THij
RLPR L 7= NR8383 ifid Tid, #J 15% OMifiZDNA ZEDEK AR OIL, 53V T R
b ABEBRHEGEESNTZ, —F7. DM-B-CyD #MRTId, IRINEEEKAFERIC DNA
GEOET LMEOE SN L7, DM-B-CyD #SMIEE 1.25mM LI T Ok
TIE. LY294002 FiALERIC L0 ARAEE L Hlg LT, DNA S EOK T L-fMlaofls
NAFICHR L, 7R b= AJEPEICH LT, DM-B-CyD & LY294002 & DFHMNTE
HERTHEABIRD b7 (Fig. 23), £72. MAPK RIKICEET 2 MaHIB W T,
NR8383 ififid % p38 MAP kinase FHFEAITH 5 SB203580 (20 uM) T 2 HFfEALER L |
LUF, LY294002 WLPRDGE L AR OEELZIT o7& 2 A, DM-B-CyD KB L %
DNA & &K FIxd % SB203580 MM EEITRD i 7- (Fig. 24), Zh
HOFERI G, ARIOFERSEMETIL, DM-B-CyD O 7 R b —3 ZAFFE/EH I LT,
PI3K-Akt #RE&IZEI 542 23, p38 MAP kinase (& DOBIHIT/ NS W2 EAVREBE I T,
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Fig. 23. Effect of Phosphoinositide 3-kinase Inhibitor on Apoptosis Induced by
DM-B-CyD
NR8383 cells were treated with or without LY294002 (10 uM) for 4 hr at 37°C, and then
treated with DM-B-CyD (0-2 mM) for 24 hr at 37°C. After treatment, cells were stained by
Pl, and then the percentage of cells showing DNA degradation was quantified by flow
cytometry. Each point represents the mean +S.E. of 3 experiments. *p < 0.05, compared with
DM-B-CyD.
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Fig. 24. Effect of p38 MAP Kinase Inhibitor on Apoptosis Induced by DM-B-CyD
NR8383 cells were treated with or without SB203580 (20 uM) for 2 hr at 37°C, and then
treated with DM-B-CyD (0-2 mM) for 24 hr at 37°C. After treatment, cells were stained by
Pl, and then the percentage of cells showing DNA degradation was quantified by flow
cytometry. Each point represents the mean £S.E. of 3 experiments.
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% 2 T Akt FEHE(LIZRIET DM-B-CyD DEE

HEHE N 7BV B 7 o fI IS L 0 IEMEAL L7 PISK 1. Pl (45) P2
(phosphatidylinositol 4,5-bisphosphate) & Pl (3,4,5) Ps % E/E7 %, FEAE L7 PI(3,4) P2
& PIBAS)Ps ITEN LV RAY B Yy —L LTHE, 222CT% PI(34,5)Ps I% PH
(pleckstrin homology) KA A % & o Tckkx ooy a2 fifuEmts~L UV 71— 545
ZEIZEY, b0 FOE LA T 29, Akt X Akt O BiEOFF—E T
& 5 PDK1 (3-phosphoinositide-dependent protein kinase-1) (X, Z® PH KA A »%&FH
LTHBY, PBK X260 FOiEH Lz LT, MROALR - HIH - IO 72
IND v T NEARET Do Akt [THIFEEEEE I AFES 2 PDKL (2X D 308 &HDA
VA=) Uik a2 T 5 Z LI KV EMET 5, EM L LT Akt 1X TR b—
T AFATHF DOAREMAL, TR b=V AFEME S A DG D D DB N F O RE
(AN EP € |11 S S AL TR A NVRVIRY S RAY AN AN ¥ (oA el A U 1) O K RA BV g
g5,

Akt OIEMALIZ DUV T, NR8383 ffifida DM-B-CyD F7-i% HP-B-CyD T 24 Kl
LR L. $1 Akt PiikIs L O%T phospho-Akt Hifk% Fv 7= Western blot 752 X ¥ i
L7=, Fig. 25 12774 K 912, HP-B-CyD MLFETIT Akt B3 LNV Uk Akt DX B
AR D 2> ha— L ERIERICHRE &7z, —J5. DM-B-CyD ALEECIT Akt 35 X
WU Ufigfl Akt N2 ROTEENBIZR SN (Fig. 25), F7=. Akt O/ RERE T
DM-B-CyD DILERRFRIAFEAIIZI L= (Fig. 26), 25 OfEHE N5, DM-B-CyD 1
Akt U L OMIHIE LY Akt O REFFET D Z L OVRIB I LT,
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Fig. 25. Immunoblot Analysis of Akt and Phospho-Akt Following Treatment of

NR8383 Cells with B-CyDs
NR8383 cells were treated with 5 mM B-CyDs for 24 hr at 37°C. Then cells were lysed and

lysates were separated by SDS-PAGE and transferred onto nitrocellurose membranes. Akt
and phospho-Akt on the membranes were detected by Western blot.
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Fig. 26. Effect of B-CyDs on Akt Levels in NR8383 Cells
NR8383 cells were treated with 5 mM B-CyDs for the indicated time at 37°C. Cells were
lysed and lysates were separated by SDS-PAGE, and then transferred onto nitrocellurose

membrane. Akt on the membrane was detected by Western blot.
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% 3 IH Bad ®V VE{LIZKIET DM-B-CyD D%

TR M=V AFENED Bel-2 77 IV —41FThd Bad (X, W, IHMEE Akt (2
LoT 136 HFEHOEY URNY b TRY, 14-3-3 X7 F LG LTl
BIAHET D03, U VB IH SR T 5 & 14-3-3 Z T B HEENT
S bR TA~BITT A, Mt L7z Bad 13X b= RU THEEICEBWTT A B
— U AHIR A TH D Belxe EFEAG L. THR M= RAEZEESEDLZENMBLNT
1/\50 92, 93)

Bad @V U P{kiZ->V T, NR8383 ffifida DM-B-CyD 35 KUY HP-B-CyD T 24 I
WALEL L, T Bad Hiflds L O phospho-Bad $Hifk% v 7= Western blot %2 & 0 &
L7, Fig. 27 12”9 X 912, HP-B-CyD #LHETiX Bad B LY gk Bad D/
Y RPRLE D2 b o —L LRI S V2, —F, DM-B-CyD ALECITY
{t. Bad O/ ROMEENBE SN, ZNHDOFEENS, DM-B-CyD 1% Bad @V
VAt 2 L, PIBK-AKt #RI&IZ X D MIlA ES 7 F A ZHEL TWD O L H#HELE
=iz,

Bad .-

phospho Bad R L

Fig. 27. Immunoblot Analysis of Bad and Phospho-Bad Following Treatment of
NR8383 Cells with B-CyDs
NR8383 cells were treated with 5 mM B-CyDs for 24 hr at 37°C. Cells were lysed and
lysates were separated by SDS-PAGE and then transferred onto nitrocellurose membranes.
Bad and phospho-Bad on the membranes were detected by Western blot.
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W7 & pS3 BEICKIFT DM-B-CyD DE

p53 17 AR b — v AEE R T O EHIEIC L VA DT R b — 2 AFE~DE
EREEIN TS, ¥ F72, &iIT pb3 1T A PV ARIKIC LY S b= KU 7T b
FoArg— 3tk Bak EFHAAFEH L, 7R PV AEFHET L2 EWMES
iz, ¥ £ Z T DM-B-CyD iFET R h— ZA~DEE A LN T 5720, pb3 /
VI TR TANLERRLEEE~ 07 7 — V2O THRE LT, ps3 /v 7 T
U hw AN LEEE~ s v > — Y% DM-B-CyD F72i% HP-B-CyD T 24
IRFFETALEE L. Annexin V-FITC %faf%k, 7a—H% A FA MU =XV TR F— R
fu &k U7, Fig. 28 (27”9 XL 512, DM-B-CyD 4LEE L 7= wild type ~27 17 7 —
TUTIFK 25% OHRIRRIC PS OB I N, —F, pi3 KE~v/n T 57— T
t, DM-B-CyD ALPRIC LV 25% OMIfEIZ PS Oo@BHNBIE I N, Fo,
HP-B-CyD #LEE L7 wild type 38 LT p53 K~/ v 77— TlX, CyD RAUHEHD
ary hr— L EERRED PS OBHMBBEI N, ZNHDZ Lh, DM-B-CyD 7%
HY R M—=ZAA~D pb3 OGNS NEDEZEZBND,
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Fig. 28. Effects of B-CyDs on Exposure of PS in Peritoneal Macrophages
Isolated from Wild Type or p53-Deficient Mice
Mouse peritoneal macrophages (wild type or p537) were treated with B-CyDs (5 mM) for
24 hr, and then stained with AnnexinV-FITC and PI, and analyzed by flow cytometry. Each
value represents the mean = S.E. of 3 experiments.
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B8 THRIMVAFEIBITIAI b R ToEE

TR —=V AT FNE, I hay R TIRFRZRREE I har B 7 IHRAR
RREICRBIE N D, BIEORKETIE, 2 by R TREN (Aym) DK T
cytochrome ¢ 72 KD I by KU T X X7 B OB ~O e EREE s,

S 6T, i &7 cytochrome ¢ (2X D, flix OSEEZRESMHELT AR b— 2D
FATICHE L BRENZRIZL WL T 0T 7 —ETH 5D caspase-family DOIEME(LDNFH
HINDZ Mo TG, %%

AHEITIE, I by R TRENMOZE L7 5N cytochrome ¢ OFMRE ~D H
ZRAEIZL T DM-B-CyD IC LD 7 AN F—v AFEIZHE T HI b2 R TOREIC
DUVWTHERT LTz,

/1R b FYTIREN

Aym 1%, BFEERICED H ORAHLIZESTELLI b2 R THED
~ ~U w7 2R A, SMUDNIE E R D EAMABIZ L > TSN TE YD, @F IR0
-180 mV DL A% 779, Rhodamine 123 #5325 LB AT ha v K

ICIRVIAEND T2, BV IAHBEZHES 2 2 &I K > TREN & MR IIE
52 ENTE 5, 9Fig. 29 1TRT K 9T HP-B-CyD T 24 MEfEALEE L 7= NR8383 #li
JaDEOEIREE L CyD RAFD = hr— L L [AFEE TH -7, £7-. DM-a-CyD ¥
J Y M-B-CyD LFRIZ L VK 56%, DM-B-CyD ALERIC & ¥ #) 1%, TM-B-CyD ALFR|Z
L VH 16% £ T NR8383 MildDHIMCHMENK T L, ZAHDHMENDL
DM-B-CyD #LER|Z X W NR8383 #nd Aym MMETT 2 Z ERHBLMNI o7,
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Fig. 29. Flow Cytometric Analysis of Mitochondrial Transmembrane Potential
of NR8383 Cells Treated with CyDs
NR8383 cells were incubated in medium with or without CyDs (5 mM) for 24 hr. Cells
were stained with rodamine 123 and mitochondrial transmembrane potential was analysed
by flow cytometry. (A) Rodamine 123 intensity. Dotted line, untreated control; solid line,
treated with CyDs. (B) Rate of mitochondrial transmembrane potential (%). Each value
represents the mean + S.E. of 3 experiments. *p < 0.05, compared with control.
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W2H IPFaRYUTHHOD cytochromec D

CyD THLEE L7~ NR8383 fifjdcd> I k== KU 7 » & cytochrome ¢ @ fx %
Western blot (2 X v Bt L7=, Fig. 30 (2783 & 912, DM-a-CyD, M-B-CyD B X O
HP-B-CyD T 24 IKfffj4LBE L 7= NR8383 Mifu 264372 b2 RUTHEHFIZEIT S
cytochrome ¢ M/ 32 Ri#fEIL CyD RUBO 2> hu— L EFRIBETH -2, —H,
TM-B-CyD ALPRIZ X ¥ cytochrome ¢ D32 RFREEILIEA L. DM-B-CyD ALHEZ LV
cytochromec O/ RABTER L7z, 2 by RUTHEHGNIELSFHRI LTV DL G
WaI hary R T OEFARERDOW S /N7 E T 5 cytochrome oxidase IV %
FRIEIZ Western blot EIZ KV MET L7z, WThoOI bar Y 7ESIZEWTS
cytochrome oxidase IV O 32 RREIZERIIFRO DR ->72Z LD (Fig. 30).
DM-B-CyD ZLEEiZ X % cytochrome ¢ M/ 3 FOJHESKIE, I F oy R 74y & il
THEDT =7 4 7727 FELTHLNERTIERLS, T har R 70 6HilE
SORIZERT 2 2 & RO btz

/]

171

e — -
Cytochrome oxidase IV w
R

Fig. 30. Immunoblot Analysis of Cytochrome ¢ Remaining in Mitochondria
Following Treatment of NR8383 Cells with CyDs
NR&8383 cells were treated with 5 mM CyDs for 24 hr at 37°C, mitochondrial fraction was
isolated, and then cytochrome c levels were assayed by Western blot. To verify the
purification of mitochondrial fraction, the analysis of cytochrome oxidase IV was also
carried out.
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% 9 #i DM-B-CyD Ik % caspase-3 DEMAL

Caspase (X H & & 5\ I caspase % BRE /iR L T, A& A o fij BE A&
(pro-caspase) 7> HiEMERI~ L Z5H L, ICAD, PARP, actin 72 K O IE 25+ %, I b
a2 RU T bMEENICHEE S/ cytochrome ¢ (£ Apaf-1, ATP B X W
pro-caspase-9 & fE& 95 Z & T caspase-9 ZIHME/L L. Z @ caspase-9 (Z XD
caspase-3 M {EME(L X415, Caspase-3 L caspase-family OH TH 7R h—3 ADFEST
DR EEIZ R L TR Y, @I & 32 kDa @ pro-caspase-3 & L CAE(E
95 7M. caspase-9 AR EIC L VUK EiLsH & 20kDa, 19 kDa 35 L U8 17 kDa DiE A
~EWAT S, % 2T B-CyDs MLPRIZ X5 NR8383 #lfimd caspase-3 DiEME(LIZ DU
T Western blot (2 X W HiFt L7=, HP-B-CyD T NR8383 #lifiua 24 HFREIALEL4 2
ERMBED = b u— )L DA & FIERICATEEAL D pro-caspase-3 D32 KD B3]
LI N72H . DM-B-CyD TS 2% & RIEMALD pro-caspase-3 D3 RoREE DI
BEOVEMA caspase-3 DN NIREOHEINA B L I 7= (Fig. 31),

Fig. 32 /X NR8383 #furiZ& 1} 5 actin O FREIZ KIET B-CyDs D%
Western blot 7512 X 0 Et L7242 7”9, Actin 1% caspase-3 DIEE TH D78, %
Fig. 32 (2B T actin O 3 KRN DM-B-CyD D RLELEF R FRIIC A Lz 2
i, actin A3 caspase-3 (LD I NI EERBT D, TNLOREND,
DM-B-CyD ALEEIZ LV caspase-3 DIEMALDNFHFEIN D D L HLEIN D,
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pro-caspase-3

Caspase-3

1 |'- (] '

Fig. 31. Immunoblot Analysis of Caspase-3 Following Treatment in NR8383

Cells with B-CyDs
NR8383 cells were treated with 5 mM B-CyDs for 24 hr at 37°C. Cells lysates were

separated by SDS-PAGE, and then transferred onto PVDF. Caspase-3 on the membrane was

detected by Western blot.

N
DM-B-CyD S O«
& Ry
o ‘v
1 2 4 8 12 24h O I

Fig. 32. Effects of B-CyDs on Actin Levels in NR8383 Cells
NR8383 cells were treated with 5 mM B-CyDs for 24 hr at 37°C. Cells lysates were
separated by SDS-PAGE, and then transferred onto nitrocellurose membrane. Actin on the

membrane was detected by Western blot.
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%10 fi B

CyDs [ZFEREEIZ I THRMER DEF M0 AR O FE i R 28 b & B 3 5 72 & e
EEEZAT DL ENMBNTND, 8 F7-, B-CyD ° M-B-CyD % 7 » F OFRIRN
ICZBEET DL, X7 =V AROBRENFEIND Z LBRREINTND,
) LU CyDs OREEMEIC L » Tl Z 2R T R b — 3 ANE MBI
LHAET D7, B TOZ 2 CARETIE, CyDs (2 X B AR 9 2 MIIRSEL T R
k— 3 RFFE NG DN OV THRET L T2,

YMEETIIZINETIZE MEBDB AN Caco-2 fifao~v T A~rn 7y —
BERE A RAW264.7 HERRIC% 3% CyDs OffufEENM:Z 8L LT, 8% K#fgec
TET MRS LTy bvrmr 77— VR L NR8383 #ifd, & RAfindA k
FeAlifil AB49 Aifm, b MaME T MERRME B mps Ml Jurkat MifnZHWT, b
DOMfEIZxF 35 CyDs OffifafEEM4 WST-1 {JEIC K W EHME L 7=, & DfE%E. Caco-2
A RAW264.7 FMAROFER & RIERIC, ATk CyDs ALERIZ X W NR8383 #lfu,
A549 Hifa, Jurkat MIFRLICHIFLIED G E S 4L, B Ref o 7 o e Lfk CyDs ALBE Tl
MRFBIIFE SN2 - 72 (Fig. 9), 2 CyDs (T & 2 ML E B o05R & |3 .
RO MIGEPEDTRE &b T2 2 &6 M SETA M 1T I O 556 & RERIS M
IR DATEAICER T 5 6 D & HEE LT,

TR —=VR LT, ZRAEMOEME R T 57 DICBEFIC L > THII Sz
HIRSET o 0 | MDA FEREA(L L TBRE P D S TERIN TN D, AIFEIC
BLTClE, X7 v A Y —2ba7 %575 B —EMIc DNase I, %9 DNase II, 0V
CAD (caspase-activated endonuclease), @ DNase y 1% x> KX 7 L7 —E 0MEH
LC.DNA BYIKTEN D Z EIZL - TR I D X7 LA Y — LB TO DNA Wik,
HHWNET XU VIBEEBERO NGB L OR Y T 0T T —BOEHIZ &
% PS OFMaEANE ~DFE 78 & OMBABRESE DA H T b b, 8 %mFICHEL
Tik., B2 o~F U EEfEIN+ Acinus (apoptotic chromatin condensation inducer in
nucleus) |2 X% 7 v~ F » OUEfE 19 3% G5, NR8383 i, A549 Hificl, Jurkat
% DM-B-CyD LY TM-B-CyD THLEET % L Yufafk DNA X Go H DT
G1 Bl X v D2l s S (Figs. 8,9). & 512 DNA Wi {kIZfE S DNA
ladder 723 7= (Fig. 10), F7=. CyDs #LFE L 7= NR8383 #ifu% Hoechst 33342
TYath, HCTAMEEIC L VIBEEZBIEZ L= 25, DM-B-CyD B L' TM-B-CyD
MEZ K-> T/ a~F o OREMENEZ D Z ENHLICR>72 (Fig. 15), & HIC
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CyDs #LERE L 7- NR8383 #lfid% AnnexinV-FITC 8L PI THA L 7o —H A K X
MU —THHEHLIZEZ A, DM-B-CyD B L TM-B-CyD (2K 0 PS DHfafEEstfE~
DOEHAHER SN (Fig. 16), F7 0 — AL BAHMAEIE, I R RUTARED
FRN/ R E OIZME Y3 2 0 Ml R ER L, fR & U CRIRIEMAE Z » . DNA
DX 7 LAY — LB OB L7 a~F v OEFBITBIE S NWnWZ Enmbh
TW5, O K228V T, DM-B-CyD L 1F TM-B-CyD ALFET DNA Wi {b=e
ya~F UM, SHIC PS OMEENAE~OBENBEINTZZ LD,
DM-B-CyD LN TM-B-CyD IZ L VFFHEINDMIIEILT R F—T A TH D &
MG E ST, 70, BIRED M-p-CyD ML TIE DNA G EOIK T LZ/Miao
HEmAEERsN-Z L9 5 (Fig. 13). M-B-CyD b EEBEICBWWTCIEIT R h— A%
FHETHIENRES N, —F, BREWNZ £ DM-a-CyD I, stz iFE L
7278 (Fig. 7). Al DNA SEDIKT, oWk, PS OBEHZFE Lo 2
EDB (Figs. 9,10,16), 7R b — ZALUSOHIFIFEAFFE L TWDHH D L HEER SN D,
—#%IZ CyDs L IERLSy & ORI AEAEMIL CyD DZEY A RIHEfE L, o-CyD 12V
EE.B-CyDIZa b AT u— L e HAERAT L Z DML T WD, LI2hi> T,
DM-0-CyD MLBETT R b — 3 ARNBE SN -T2 2 LiE, 7R b—3 ZAFFEITH
NAMERi 7y DFEFADNB G- L TV D 2 & 2R %, 723, HP-a-CyD ¥ KUY HP-B-CyD
IIARSEBR S T CITMafE S 2 RS 2o leled, TR M= A bFE Lo Tz,
UL EDFERS CyDs OHITRRIZ A F LAl B-CyDs & K - THix OMLIZ T R bk
—UANFEEND ZEMRFA LN E o7, AF AL B-CyDs IFAKEM T FH A X
MRE N, MRS RNV IAERTT R b= A E2FHET 5
ZLIFEZENZD, TR M=V AFBEDORA D=L E LT, S & OFAEAIERAN
B2 oD, EEE. CyDs USNDIEA A RIS T HERR I B VIREL EOR
B (AENE 1mM THRRLE) TR =Y AFEREER SN (Figs. 19, 20), Z1
LD EMD, EBEDAF AL B-CyDs (25D TR b— ZAFFENMEMIT, FEA A
PER TSR DA L RIS > & O BE/ERICEINT 2 b0 L HERIN D,
WIZ, AF bk B-CyDs IZ L VFFHEINLT A b— ADOMHEMY] 2K LT,
BRx IR 24T o 1o, falt, o0 AW oMl 7D 3 BB T M-B-CyD 13,
AR EORFE~A 278 RAL U THDHIVE Yy RT 7 MIFETH I VAT — )L
&< Z &2k v, EGF receptor X° Fce receptor | 7»5 D> 7 F B & 2 L &
HH2EE, VY KT 7 Ml Oa L AT a— )L O&E & {3 5 8F2812 A < F
FHEn<Twb (Fig.5), F7-. FasL/Fas R & DT AR b— AFHES, TNFITNFR %
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IZ& D NFxB OIEHAEN IV E Yy RTIT7 hEnd5HZ2 8, Bel2 77 I U—IZ@T 5
TR M=V AFHEERET Bad NV Vv F7 7 MIRET S Z ENEFRESNLTWND
8870 L= o T, AF AL B-CyDs XD TR F—VAFEHEIZIZTI Ey K77 M
BINHDALAT A= ARAT ¢ VAFEREREDY ¥y KT 7 N EE M aEAE
By & TIRMICIERES D Z X BOB SN HEE I NS, F DT CyDs 1285
MR REAE B Rl 7y DI OFEE 2 Leige L7z, £ DOfER. M-B-, TM-B-CyD  ALF T4l el
MNHEICT VAT E—)LE, DM-a-CyD [ZEi2Y VIFE %W =&, DM-B-CyD X
aLAxA7Tr—/, UUEEE IR SEZ (Fig 21), A F/v{k CyDs OH T
DM-a-CyD LH DB E DK T R b — AFENBE SN2 -T2 2 &b (Fig. 9).
CyDs |ZL DT AR M=V AFEIZITa L AT e — URHOTFGRRENT &EBHELEX
N5, EEZ, DM-B-CyD LEIZ LA T AR F—T AFEENR T L AT B —/LORIMNIC L
STHEILIH SN Z 81X, ZOEHEBRS R+ 2 (Fig. 22), 7272L, AF Lk
B-CyDs ODHF TH b EWT AR h— AFFEHEL R L7z DM-B-CyD (F=a L AT m—)L
TR VIBELRHSES 2006, VUBEOMG LEEIXTE R,
FER BT TP IVRERKE TH D PIBK-Akt BREEIZEEDL 50113, < DBAT
G T HIEOIE M TN & TV %, 195100 pI3K | PI (3,4,5) Ps DPEAIZ LW, PH
NRAA %A 25 PDKL & Akt Zffifaofsic ) 7 v— kL, Akt ZiEHELT 5,
H, 20 Akt DIEHER TV By RZ 7 MZ2H L TRIA ZEDRREINL TN
Akt | Bad °t b caspase-9 &V U LT HZ LIZED . ENHDOT R F—T RFE
EIEMEAIEIT 2 Z e mEIN TN D, 19 22 TEF PIBK ORFEAHEA %
FWT PIBK A ARIEMEZ2 S T DM-B-CyD LHRIZ KL DT AR b— 2 AFFE|IZ OV
TRt 21T -7, DM-B-CyD DIEFE, 1.25 mM LLF i, LY294002 LR L 7=Hifd
IZBWT, RULEOMPLIZEERTT R b= AHlaOE &N FAEICE <. DM-B-CyD
& LY294002 & DARIIBHERN R ST, L LR, Zozh%Eix DM-B-CyD B
23 1.5 mM DL ETITRRD bz o 7= (Fig. 23), ZiuiE. DM-B-CyD (2L D7 R b
— U AFHEN PIBK {EVEOFICER T 2720, [HER ORI FTHHE ST &
s b, £7-. DM-B-CyD BRIZ LV, PIBK O Tt 7L ThsdH Akt DY
VRN NH S, Akt OFEETH D Bad b U L IIH STz (Figs. 25,
27), VU Bt Bad [T I WNT 14-3-3 LFEA L TWDN, U UEEAIH &
NHEIFary R T7ELIBWWTT AR F— 2K TH D Belxe EfEE L,
TRV RAEFETLHEDHONTND, 29 Li=n-T, DM-B-CyD 12k %
TR M= AFHFEIZ AktUBad RO NREI N, S HICHREN T &IT
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DM-B-CyD % Akt @V V{2 MET 57210 T2 < Akt OO EZHE LT (Fig.
26), Z Do fRfEH S Bad OV UEEOIHITE N TW D b D EHEE SN D, 7272 L
I ETIT Akt OORIZBI LT, caspase-3 IKIFAIZRRRIKI® Lok F o -TaT T
V—ARICEDRERIME SN TWDH N, 199 KERSKMET T DM-B-CyD 1285
Akt DRI E DREIEITRFE L T D NI STV, 451, caspase-3 FHLEHIS
TuT T Y — AHEAZ E 2 ORI BRE DN ETH D,

il 2 OFIEFER] PN AT B E— X —THDHHRNAR— VT AT )V Bk 7
flgcItmlicIEEbEn st VIRV A= —E L L TRIE Sz MAPK X
ERK (extracellular signal-regulated kinase) & & FE(XAL, HMEI@EEGE, Ml bis K O
JEHHIE 72 & Dk x 72y T REICB W T EE R EE E R LT 5, 19 Furuchi
5%, M-B-CyD 12 Xk Afifafid =1 L 25 1 — )L DkVE A ERK Z 41 L7-1BIE 75
PHFETLH L AERELTWS, M INK BLO p38 MAP kinase X MAPK & —ik
BESEL L' VAL A= —ETHY, MAPK & E&5DH T MAPK 2—
NR—=T7 7 IV —LRHEIN TS, ERK BlfaoisE, /b, £EFICBEST 501
% LT, INK 33X p38 MAP kinase (%, FasL <X°> TNF-o 72 & D7 &K b— 25K
KRR S8R, BN AH, MIERREZR EDT R b — T A &FHET Dk % e
HALFRIA B LRI Z o THSIEME (LS, TR b= 203 7 FREIZE S L T
W5, % ZZ T, DM-B-CyD 12X DT K F—T AFEITH T D p38 MAP kinase DB
HAZo\W T, FrEAPAEFA] SB203580 % VN THERT L 7=, SB203580 BH & FIMLEE & o
ALFR > NR8383 i & tbifs L C. DM-B-CyD #LFRIZ L% DNA &K FICHEA
TR B o7z (Fig. 24), D Z & B ARIOERSMTIX, DM-B-CyD #HE 7T
R h— A~D p38 MAP kinase DRI/ Wb DEEZ BND,

p53 ITAREHI R NAMHIKRFTHY . DNA EERED S EZER A ML RTGE
LCT AR b=V RAEHET 5, pb3 X MHIECIRAE T HIEF IS EA SN T 503,

H MDM2 LHEATHZ LICdkVaexF o/ 7uas T V—LRE20 L THSITY
frS AL, TOREDHZ 87 B ONINE 30 43 LA EFEF TRV, —J7. DNA {5
7R EDA N L AFRLIZEE, p53 U Rk, 7T L, SUMO-L b7z & DiEhii%
27T MDM2 & OfSiGER LR IH SN D, ZDIHIZ, pb3 # /I E WL
LS, BRNICERT 2 2 & T, ENBEEFOIREAEE L, ZOBEFEDIC
Lo THEf A OfE 1, DNA BESCT R h—V ZA0OFEEZIT-oT05, ® F-, &
IT p53 1T A PV ARIICE YW I ha v RU T ~hF v Aalr— k3 uiztk, Bak &
MAEMEAL, 7R M=V RAZFET L2 ERRESN TS, % £ 2T DM-B-CyD
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FET R =V ZA~DBE p53 /) v 7T U R UANLERLEEE~Y 7 7 7 —
TEMWTHE L= (Fig. 28), Wildtype v/ rn 77— & ps3 RE~v/n 77—
ZHE L TH DM-B-CyD I K27 AR b— 3 AFFEICHEEITRED b ho i
Z L5, DM-B-CyD #HHT R b — Z~D p53 DOEGIT/NSWE D EHEE L=,

TR —=VAOFERIIEDL L 7 FIRETI Far FU KA S I b
ay R 7 IS KNS D, 7R P—RIZHEITLT hary R T
BAL (Aym) 2MEF L.cytochromec ° AIF 72D b KU T X R0 B AR
WEm BN ~JH &L caspase-family OFEMEALNHE SN Z 0D, 2 ha v K
UTET R M= 20T 7T IARFEIZEE 25 2 e LT\ 5, Figs. 29 B LT 30
IR L7EL D12, DM-B-CyD MLHEIZ L > T, Aym DIETRLI =2 U T7h6
cytochrome ¢ DA FHEE S i=7-%, DM-B-CyD #LFRIZ X5 NR8383 M 7 iR
=Y ZAFFEIE, X hbay FUTIREFR R THEIND Z LITHALNTH S,

TRV ZAFEIZBIT S Aym DL TR cytochrome ¢ O HiRE & LT PT
(permeability transition) 237FH STV 5, PT &1, Ca?t REKFMIZI har R
TR BEE B SEIHRTHY ., Aym O T, I har RUTHEE ~~J v
I AL R EORRHR EERESBIRTH D, PT OIERER FRREIIRIITH 273,

2B % pore (PT pore) O E LT, 2 by KU THED VDAC

(voltage-dependent anion channel), N2> ANT (adenine nucleotide translocator), ~ U
I ADT a7 4y D OIED, FBaxOXF—ENETF L, o THERIN
% multi protein channel 23Z DK TIT oW EHELZ STV D, #F VDAC 13,
pore OBHPAZFRAEI L CI b RU T LHIRER O ATP ORI 70 & D W) B i
EEATSTNDN, TA M=V RAFEEMD Bel-2 77 IV —4r7 Bax #% VDAC |2
T 5H& VDAC XLV KE7 pore ZEAK L., 2 2225 cytochromec 2T %
EEZLNTND, 1219 —F5 Belx, (X VDAC OF v F/UGHEIIHIT 5 Z &1
& 5T cytochrome ¢ OFHZHIHE L T\, Sk~ L 512 Bad I2LDHT7H h—
VATEMEIL, 2 b RY TR EIZBWT Bad 28 Bel-xy IZHEA L, 7R h—v
ZMHEEEOEICRERK T2 b0 TH S, 2% oF 0 DM-B-CyD 4LHIZ L5 Bad
DU UL OIHIZY Aym DR T cytochrome ¢ O A FHE L T\ 5 H D & HESR
SN,

T by RU T LHEERNIC I S vz cytochrome ¢ i Apaf-1, ATP 3 L
pro-caspase-9 & #EA 9 H I & T caspase-9 Z{HME(L L. IEMEIL Z4L7- caspase-9 1T &
 caspase-3 NIEME(LENL D, % %) AKHFFETIT DM-B-CyD #LEE L 7= NR8383 #llf
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IZEBWTIEMA caspase-3 D/N2 R S 4L, S HICEBE TH D actin Do fig 38l
g &z (Figs. 31,32), £72. T —X TR L TWRWAS, Jurkat #lAEZ W72 FEtC
i%. JidK caspase PHEAITH D z-VAD-fmk LELZ LYW DM-B-CyD #FE TR h—
AMF BRI SN, 5O ENS, DM-B-CyD MLBLZ LV caspase-3 Dif
ERFEIIND Z ENHLNE RS T,

Fig. 33 1%, AFETE LN A EZ ILIZ DM-B-CyD DT R b — 3 A%k 4 HE
E LT %2 773, DM-B-CyD [ 3HIfaE D HIEAEE K0 CTh D a L AT 1 — /L % i
H S, Akt O ffEFHE L, S50 Akt U U ER{kZ sl L <, Bad U > ER(LOHD
H & 3HE 9% (Figs. 20, 24, 26, 27), TDOFER, T har FUTO Aym DK TR
cytochrome ¢ DS %758 L C, caspase-3 ZiEM L L, 7R b—v 2A&2FHET 5L
DEEZBND (Figs. 29, 30,31), L L7225, INK ORI H 2B LTI &0
TRV BOMFRETH D, £/, MIIATT Y —a b AT a— /L& RET
HENEA RV AEZER L. TR PV R E2FET D 2 LTS S o
DIz AF AL B-CyDs IZX D3 VAT a— ARG/ MaE A NV A EZFHET 5 )
BNZONTHEHORFDBLETH 5,

DM-B-CyD

2 B
\(\ ﬂ /

®
®

\e
:> @D —>

pro-caspase-3 m o
Cytochrome ¢
i A/ Caspase-9

Caspase-3 m

>
Apoptosis

Fig. 33. Proposed Mechanism of Apoptosis Induced by DM-B-CyD
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% 8 & /NME

AREFETIE, CyDs |2 & D &FEAIII KT T DR N T AR b — 3 ZAFFENE LG
PN T DT, CyDs ALER L 7 fifd DffifafEdt:, DNA Wrifb, 7 v~ F o Ok
BLOPS OffafEsE ~DFE & it L7z, DM-B-CyDs 2 XV #FEHEINLDH TR b
— 3 A DHRERRIA 2 4B U CHIBIERE 2y O, PIBK-AKt 35 XY MAPK #%. p53
PRSI KIET CyDs 02, I b= KU T ORE, caspase-3 DIEMELIZ OV TR
FEfTolz, LLTFICHE bR E TR T 5,

1) NR8383 i, A549 fifiw, Jurkat MLIZXId 5 CyDs oDl M 2 FE4h L 72
EZA BIREDO AT AL CyDs MBI X W HIlaE N FE S, B Red 7o
v Ul CyDs WLEE CITMIfasEITFHE S e o 7,

2) NR8383 #Hfid, A549 #Hfd, Jurkat flifiiz DM-B-CyD LT TM-B-CyD THLEL
T5 L. Yefifk DNA 28 Gy HDWME Gr B L 0 72 IR B S 4,
X 5|2 DNA Wi fbizfE > DNAladder 23 &iviz, £7-, @iEE D M-B-CyD
WLEECIE DNA S 20K T LzMlantgn L7, —7F. DM-a-CyD %, #ifust %
FE L7203, MilED DNA & &0 RO i biX A 672> 7, HP-a-CyD
BELOY HP-B-CyD TR EM 2RI o772, DNA GEOIKT., Ok
FAbbLFHFE Lo T,

3) HOLBHMEBEZ H W BREFRIZ L DB, DM-B-CyD L UF TM-B-CyD AL
L 72 NR8383 ffldic BT 7 u~F o OEEE 2 Z80 Hiiz,

4) M-B-CyD, DM-B-CyD # LT TM-B-CyD THLEE L 7= NR8383 #HAIZH\\ T, PS
DSHEBR RSN B~ H L 7= e OB A 0388 L 7=,

5) HS R ARREELL I A MM CALER L7 NR8383 MIIAIZISUT,
ML DNA GHEOET. oAb BlgZ S, MBS ORI & 7R B
— ¥ ADREEM S RE ST,

6) NR8383 Ml b DAL I IRIIZx %5 CyDs OB tpat Lz A, L X
7 —/LOJEHIL DM-a-CyD WLPETIIEIZZ ST, B-CyDs IRNISR THBIZE S,
ZDOFEIT HP-p-CyD < M-B-CyD < TM-B-CyD < DM-B-CyD DIJEIZHIK L
2o ¥V VIEEEOIRHICE L TiX, M-B-CyD, TM-B-CyD 35 L N HP-B-CyD 4L
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ATz be— L LRIBEETH o722, DM-a-CyD 35 LY DM-B-CyD ALER|C
BWTHERRY VIEEOREDRD bz, SkDa L A7 v — ViR
DM-B-CyD #FiE 7T AR b — 3 ANFEITHH S iz, ZTh b DORERNG DM-B-CyD
FHET RN — A~ L AT —LRHNEST AL 0 RSN,

7) NR8383 M@z T, DM-B-CyD #FHET R h— A Zxt9 % PISK FHEH| DO
Y, IKRED DM-B-CyD TOHFEH H 4L, p38 MAP kinase FHEHA| D 2158
DB o T2, DM-B-CyD ZLEE L 7= NR8383 Ml Tik Akt 38 LV »fgfl
Akt DIEREBBLE S, Akt OERITLABEGEFIKTFH THoT-, S HIC
DM-B-CyD % Bad V b OMfilZ5HE L7z, 2416 DFEERN S . DM-B-CyD (%
PIBK-Akt #REEIC L DALY 7TV EZLEL TWD Z &N HEER Sz,

8) Wild type v/ r7 77— L p53 KE~v /7”7 —U ik L T DM-B-CyD AL
BIZEAT AR M=V AFEICHEEITIRO OGN NoTZ LD, pb3 DA 51
INEWH O EHEE I T,

9) DM-B-CyD #LPEL 7- NR8383 fifidicisuv T, Aym DK X cytochrome ¢ @
hay RUTHLOBENFEI N2, DM-B-CyD #FHE TR h— A E I b
oy RU TIKGFR7 R Th 5 L HEZE ST,

10) DM-B-CyD #LEE L 7= NR8383 @i\ T pro-caspase-3 DN KD &%
PR caspase-3 D32 KR & 41, & BT caspase-3 DFEH TH % actin DAL
MR R R BlE Sz, 202 s, DM-B-CyD ALEIZ LD
caspase-3 DIEMEALAFHFEINDL b D LRI N,

PLEIR AT L 912, A F Ak B-CyDs EmEiRE CHMAMAUZT AR h—T A &2 FHE T
DT ENHALMNE ST, — 05, REBRSMT HP-0-CyD 35 XKUY HP-B-CyD (Z#lfE
fEEMEZ RS, TA M= ZABFE Loz, £72, DM-o-CyD I7 R h—
AL ORI 2 755 T D AIREMEN RE STz, 51, DM-B-CyD IZ X277 h—
T ADFEER T, DM-B-CyD 25HIalsE G IRNEE Ry Th 5 = L AT 1 — /L & i
S, EfFEV TV E L THEREL T 5 PIBK-Akt-Bad #REEOIEMALAZFLZEL, 2 b
oy R U TRIFER 28 %2 1 LT caspase-3 DIEMEALICER T2 D EEZ BN D,
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B2 E ERBEHiAFLBIIuTHABIY L (FA-M-B-CyD) @
PUBESIRE X O OtEMER

Bl

ZIE THMIEETIL, M-B-CyD IZHAFERIY T K& LTHEER (FA) 28 L
7= FA-M-B-CyD %%l L. Colon-26 Hifd (FR-a (+)) % [RIFEREAE L7-HH3 A~ T A
REARNEEE G Lo L 2 A D) ebitlEE R a2 R 2 L2l L2, 9 512,
Fex T FA-M-B-CyD OFHIABRICA— F 7 7 V=59 5 /et 2 85 Lz,
M LU S FA-M-B-CyD DA — k7 7 ¥ — %A L 7= HIBRSE 5 BRSO 3H /01X A
BT,

% Z TARETIE, FA-M-B-CyD @ fE 550 ia S8 R 00 70 Al fal 5E 775 A 2 B & 295
=0, LFoOME%1T-72, £9. FA-M-B-CyD & FR-o DfATEEEZHaT Lz, &
2. FA-M-B-CyD |Z & % #lfusEsh s Ol 2 =X L T, FA-M-B-CyD Lz X %
TRIN—=VABIOA— N7 7 VY RV EORBAELHRF L, WA T, 2
a2y RU 7 OKEEIZKIET FA-M-B-CyD DO ZONWT, 2 har K7 Lol
JATE, ATP FEAER:, ROS EABEAIEICHF Lz, 52, FA-M-B-CyD I[ZX 54
— h7 7 V—#FEIZ ROS NG T 20 ENCOVTHIRET L, £72, IEFHIZIC
R AL E LT, & MNFHlal sk Hepatocyte % H VT FA-M-B-CyD #LPEf%
OMfEFER, 4 — b7 7 U—FEAE, ROS A, ATP PEAICE L TR Lz, &
HlZ, TNETRMRFITho7- NEEPAMIETH S KB Hild (FR-a (+) BIW
b AT/ —<HH3¥% lhara fifld (FR-o (+)) ZREBMH L7-HENA X — K~ 21Tt
% in vivo UG & ISR, REE LS K OEFRABIEICHHE Lz, 2L
ICARREIZBWTHE LN H R ZFHRT 5,
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% 2 #i FA-M-B-CyD LEMESF L /NJ'E (FBP) OHHEEHA

FR-o 1T X 2 3EMOFEFRICIT, R TH D a-HNVARFVENEETH L, M —
7. FA-M-B-CyD 1%, FIZHERD y-DNARFTVELEFEE L TCVDEID, a- TV RF
VEEN LT FR-a EREATDHHDEEZEZBIND, & 2 TAHITIX, FA-M-B-CyD 23
FR-a EHEETHMENERFT A7, FR-o DET VX X7 E E L TERES
% 378 (Folate binding protein: FBP) % i\ T, FA-M-B-CyD & FBP DfiBfEE%k
KR~ A 7 13T X3 (Quartz crystal microbalance: QCM) (2 & v llE L 7=,
QCM X, BEmICH T 5T/ 77 a4 —F—DEEE %, BAFEEELE LTH
H3 2 2 & NATRER BRI T /S A TH D | KA R OV I3\ CHIENR A
<HEHEZRTWD,

Fig. 34 |Zo"9° L 912, FBP ZEMRFEmEICHEE(L L-%. FA-M-B-CyD 1 mg/mL %
W+ 2 & BERBAMRASEON, ZOWREI =Y R X707 my b
THZLIZEVRDZ FA-M-B-CyD & FBP OfifffEE%i: 856 x107M TH Y, F
L<IKfEZR L7 (Fig. 34A), —J7. M-B-CyD (% FBP LAHAEHET . HETAREET
&~ 7= (Fig. 34B),

INLORERENS . FA-M-B-CyD IZ M-B-CyD IZ FA ZffH5L7=Z &ilckD
FR-a IZFRFR SN D Z L 3R < RIR S Tz,

57



(A) FA-M-B-CyD

0 {
Kd® (M)
-10
8.56 x 107
/I\T '20 B
L
W -30
-40
-50 | {
0 2 4 6 8 10 12
Time (min)
(B) M-B-CyD
D O e A
O n — ——  ——m— ——  —m  —  —m—  ——
1ok Kd (M)
Not detected
< -20
L
g 30
40
_50 -
| | | | | |

0 2 4 6 8 10 12

Time (min)

Fig. 34. Binding Curves of M-B-CyDs with Folate Binding Protein (FBP)
The binding curves were determined by a quartz crystal microbalance (QCM) method. The
sample buffer was supplied with 0.02 M potassium phosphate, 0.15 M sodium chloride (pH
7.2, 37°C). After fixing of FBP by avidin-biotin system, M-B-CyDs (1 mg/mL) were added
to the buffer. The arrows mean the injection point. a) Kd : Dissociation constant.
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B 3H TAHRPFVRZRIET FA-M-B-CyD DFE

% 1 E EEMRIZETS FA-M-B-CyD DEHIaZhE

TIE THUMIEE TIiL, FA-M-B-CyD 7% FR-o %8 B B4R 0 7 B oh S 2 56
MY AHZLEAFALMCLTE I, M) L LAans, #E3kO in vitro TOERTT L
T, MR R A L7 T A F v 7 OBWEE ECHEEMREZEET S TETH
D, AIRRIERE RIS U, BRI T 5, MR E LT, 26 0MdiXin
Vivo COESEREOBE TR T e 7 7 AV EBREOM FERK->TLE 9 Z &1
AIND, I T, LVARPRBICIWEE Y AT LA E2#ET H7-9012. LRl
A7 xzuA K&K S, FA-M-B-CyD OFAMIERhE &2 B L=,

F9. KB #i (FR-o (+) OHEREBIKICA 7 = 1A FEEA ECM (Hilfast< k
U w7 A, TRVIGEN ##) Z¥RL., 72 BEfiE®% T2 2L TA7z2u A K KB #l
i (FR-a(+) ZfA8LL7=, KA 7 x4 F% 5mMFA-M-B-CyD T 24 HFEJALER L
7o& 2 A, M-B-CyD ALBRRE & il U CHEIZ @ WGBSR R 0338 b7z (Fig. 35).
INHDORER LY FA-M-B-CyD 1ZA 7 =11 F KB flfd (FR-o (+)) (23T, &
NIRRT+ 2 2 ENRB ST,
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Fig. 35. Cytotoxic Activity of M-B-CyDs for Spheroid of KB Cells

KB cells (3 x 10° cells/well) were incubated for 72 h with RPMI medium (FA-free) and 10
Spheroid Formation ECM at 37°C. KB cells were incubated for 24 h with 50 pL of medium
containing M-B-CyDs (5 mM) at 37°C. After washing twice with RPMI to remove
M-B-CyDs, 10 uL of MTT reagent and 100 uL of deterfent reagent were added to plates,
and incubated for 24 h at 37°C. The absorbance at 570 nm against a reference wavelength of
690 nm was measured. Each value represents the mean*S.E. of 3-4 experiments. *p <
0.05, compared with control. Tp < 0.05, compared with M-f-CyD.

60



% 2 TH DNA BrA{kizkIE3 FA-M-B-CyD O£

% 13 Tl%,. DM-B-CyD 7% KB HiflZ3B\ T, DNA & EOIK T I L% caspase-3/7
DIEMALZHET 52 L 2L LZ, L L, FA-M-B-CyD BT R h— 2 &3
A B0, FERIEA STl £ 2 CARIE T, KB Y (FR-a (+) 2BV
T FA-M-B-CyD M7 R h— ZDIEIETH D DNA OWr b ZFHE S 50 &2
WTRRRT L 72,

FEBRIT, KB (FR-a (+)) #4578 5 mM M-B-CyDs & A #EIMERE T 2 ML
BEL. TUNEL JEIZX VR L7z (Fig. 36), TUNEL %1%, Wrffk DNA #E4F
2Ek X 7 L AT N CHEERk L7274, horseradish peroxidase (HRP) ik A b L7 b7 BV
> % )i &, diamino benzidine (DAB) (2 X W Yeta 4% HiETH D, 7238, M-B-CyD
IIAREBR LM T, DNA Ot 2 FE T en-7=72, 4ElIL DM-B-CyD # It
Boe R & LT,

Fig.36 (&~ ko, RYT 7 ar ba—nt LTHWEZ DM-B-CyD 128\ T,
KB flfaix, A< Inizoizxt LT, FA-M-B-CyD (X, =¥ hr—/L (RALH)
ElRER, Qe S npinoTe,

TS DFERNS  FA-M-B-CyD LERIZ LV DNA OWrA{bIT Z > Tz &
DR E T,

DM-b-CyDI FA-M-b-CyDL

Fig. 36. Effects of M-B-CyDs on DNA Fragmentation in KB Cells (FR-a (+))
KB cells were treated with M-B-CyDs (5 mM) for 2 h. The fragmented DNA was detected
by a TUNEL method. The experiments were performed independently three times, and then
representative images are shown.
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%5 3 T Caspase-3 BBLUIKIET FA-M-B-CyD DFE

ATEIOFE R L V. FA-M-B-CyD 1 DNA OWA L EZFHFE L RN &R ST,
ZZTARETIE, TRV ANEZ 572 DNA OB bl b BTl %
caspase-3 DIEFMEILIZOWNWT, v xZ 7 ay MEIZE VKRG LT, 7238, M-B-CyD
IZARFEER ST, cleaved-caspase-3 DB A FETE oo lod, AEHTIX
DM-B-CyD # kbl & L CTHW Tz,

Caspase-3 (% caspase-family O TEH T AR h— ZDOFATIZH LB 2 R7- L
TEY ., BHEITSFE 32kDa @ pro-caspase-3 & L CIEET 573, caspase-9 72 KT
FvbErsid & 20kDa, 19kDa LT 17 kDa OIEMHRIA~ZE SN D, 2T 5
mM M-B-CyDs T 2 K4l L7-%. KB #ifd (FR-a (+)) @ caspase-3 DOiEMHALIC
DUNT western blot 7512 X Y fiFt L 72, DM-B-CyD ALEE D e TIXAIEMES D
pro-caspase-3 /3> REREE D35 L OVEMESL caspase-3 /N2 R o #8538
LZINT-DIZH LT, FA-M-B-CyD AFLOHMIA TIT 2> b v —/L DA &[RRI ARTE
PRI pro-caspase-3 D /N> RO A NEILE S 7z (Fig. 37),

INLDOFREREY . FA-M-B-CyD 1FARZEBRZM T, caspase-3 ZIEMELET . 7R
RV REFE LRI EARB I LT,
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Fig. 37. Effects of M-B-CyDs on Caspase-3 Expression in KB cells (FR-a (+))
KB cells were treated with M-B-CyDs (5 mM) for 24 h. The caspase-3 protein levels were
detected by western blotting. The experiments were performed independently three times,
and then representative data are shown. *p < 0.05, compared with control. Tp < 0.05,
compared with FA-M-B-CyD.
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% 4 % FA-M-B-CyD ORI EICRIIBA— 77 — D5

% 1 H FA-M-B-CyD OFMIRZIRIZEIET A — 77O —[LERI DR

F— 7 7 3V — LD, PI3K class Il DiEMALZ N U 7= FE IR Rk 23 203
EEZLNTWVWD, ITNE THUHFIEEIT FA-M-B-CyD WLEIZ LY, A—F 773V
—LDOEEPFEEIND L EHRE L, T L L5, FA-M-B-CyD DOl
RICKET A — 7 7P —EAORBEIIA LN TIERY, £ 2 TR T
FA-M-B-CyD DFEAMALhHIZ K IE T PI3K class 111 FLEA] (3-MA 35 L TY LY294002)
DB SN THRE LT,

Fig. 38 (2”9 X 912, 5mMFA-M-B-CyD % 2 HFRJALEE: O EIL. 3-MA
F L OV LY294002 MLER|Z X 0 k85 L7z 2 & 226 PI3K class T OiEME(LE A LA —
N7 7 = O NRE I T,
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Fig. 38. Effects of Autophagy Inhibitors (3-MA and LY294002) on Cytotoxic
Activity of FA-M-B-CyD in KB Cells (FR-a (+))
KB cells were incubated with 3-MA (50 mM) and LY294002 (50 uM) at 37°C for 1 h, and then further

incubated with medium containing FA-M-B-CyD (5 mM) at 37°C for 2 h. Each value represents the
mean + S.E. of 7 experiments. *p < 0.05, compared with control.

64



% 2 I FA-M-B-CyD (ZkBA—hT7 7Y — LD

THETOMF LD, FAAM-B-CyD IZ7 K b — A TidR<l, A— b7 7 U—FHE
AL T, B R EZRET 5 Z BRI N, /2. /DFFELIT KB #Hilk
(FR-a (+)) (2% LT, 5mM FA-M-B-CyD T 2 HFfEJALFR#LIC, A — h 7 7 TV — LD
EEAFEIND I LEMREL VD, /) ZZTRETIE, ZRETRBEHNTH-
72 FA-M-B-CyD IZ XV #FEINLHA— F 7 7 TV — ORI 2L & gt L7z (Fig.
39), B A—FT7 7y IV —AIF, v—HI—43FThHsH LC3-1I1161) % Cyto-ID® %
AWTYA L, SORBIMERIC K W BIEE LT,

Fig. 39 (9 X912, v br— b (GRAEE) Tid, RIEFAIIZ LC3-1II HkDHE
SREESE R U7z, ZAuE, MR L OEERE 7 U — ORI CALEE U 7= 72 O 1T IE 23 AILEK
KRB . A— b7 7 V=N L= Z LICREIRT 5, —J7. FA-M-B-CyD [T/LHE
% 2 WEHETT LC3-Il HROEMIFBE SN, ZOEKME T2 Fr—/L (R
XV LEEICEPS T, SHIT. FA-M-B-CyD ALEL# OHEIRE 1L 6 B TRk &
720 12 RERIRRICIEREE Lz, 2D DOfERE YD . FA-M-B-CyD 13472 < & & L
% 2 R CTA— F 7 7 AV — L DM EFHFEL, ZORIT 6 Kl E THRIND
Z R s,
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Fig. 39. Effect of FA-M-B-CyD on Autophagosome Formation in KB Cells (FR-a

(+)
KB cells were treated with FA-M-B-CyD (5 mM) for 2, 6 and 12 h. Then, KB cells were
treated with Cyto-ID® for 30 min. (A) The cells were scanned with a fluorescence
microscope. The experiments were performed independently three times, and then
representative images are shown. (B) The fluorescence intensity was quantified by BZ-1I
analyzer. Each value represents the mean + S.E. of 3 experiments. *p < 0.05, compared
with control (0 h). Tp < 0.05, compared with control (2 h).
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% 5 i FA-M-B-CyD (ZkBA4— h 7 7 U—HEE

% 1 IH LC3-Il BHRIZKIET FA-M-B-CyD DE

/NEFSE B 1L FA-M-B-CyD LB D KB fifd (FR-a (+)) IZBWT, A— 77 =
V—hv—H—E LTHILND LC3 AR L, FOHMIREDHE KNS A — k
77 A= AOBEBFEEINDZ EEPLNE Lz, ™ —RIC, LC3 iFA— 7
7 V= OEITITEW Atgd 72 SR 0 afRE 3T LC3-1 2720 & 51T phosphatidyl
ethanolamine (2 X Y BB L &AL, LC3-Il L7204 — 7 7 Y — ABICRIET D, <
ZCAEITIE KB il (FR-a (+)) 2BV T, 5mM FA-M-B-CyD % 2 BFREJALEE$ 2
LD, A= Ty TV LREPEITT 0G0 % LC3-Il OF NI AR
frEE UCEMIE L7z, Fig. 40 (27”9 K 912, M-B-CyD B DML TlL=y hr—/L D
it L RERIZ LC3-1 Oy ROBPBEE ST DIZX LT, FA-M-B-CyD ALE D
fECIX LC3-1 O/ RIRE DRI LN LC3-11 O/ REEE DO RN BIE ST,

INHDFER LY, FA-M-B-CyD |E LC3-Il ~DfEE{bZHEEL, A— 772V
—LDEMERESED Z ERRBRINT,
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Fig. 40. Effects of M-B-CyDs on LC3-Il Expression in KB Cells (FR-a (+))
KB cells were treated with M-B-CyDs (5 mM) for 2 h. The LC3-11 protein levels were
detected by western blotting and quantified by Image Quant TL. The experiments were
performed independently three times. *p < 0.05, compared with control. p < 0.05,
compared with M-B-CyD.
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% 2 H p62 BEIIKRIFT FA-M-B-CyD D

AITEC, FA-M-B-CyD 34— 7 7 2V — LD EFHEST D Z LIREB STz,
P62 X, ZEXFFUREA X LRI EO—DOTHY, MilaNTIZ VT I Asnbae
X FACH ORI BRERIR S A= N T 7 VIl Ko TS D MIIE h — T &
kT DL H—L L THIEL TW1D, E5I2, p62 (FA— K77 IV —L~—7
—Tohd LC3 IZHFA L, X TFAb¥ T HEERE —fEICA— T 72—
WXV EZT D LD, p62 ORBL NNV ERFHRLHZ L TH— 77V —I2k
LR RGN ROEITEIBT A ENTE S, £ 2 CARIATIE, KB #llg (FR-o
(1)) ([ZBWT, FA-M-B-CyD LEIZ LV p62 DR, TabbA— 77—k
ITMHE BN D00 % GFP e p62 # AW THF L7, 7238, GFP f@é p62 1%
Premo™ Autophagy Sensor GFP-62 kit % F\ N CHIREINIZE A L7z, Fig. 41 (29 X9
IZ. 5 mM FA-M-B-CyD % 2 Wf[HLBEL 7= & 2 A, v hr—/L (RAH) BXLW
M-B-CyD #LHE & bl L C. p62 FSkOD &N AEITHEI L=,

INHORERLY . FA-M-B-CyD 1% p62 O3 fRZ#FE L, 4 — b7 7 ¥— &7
SHDLZENREINT,
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Fig. 41. Effects of M-B-CyDs on Degradation of GFP-labeled p62 in KB Cells
(FR-a (+))
KB cells were treated with GFP-labeled p62 (50 pL) for 16 h. Then, cells were treated with
M-B-CyDs (5 mM) for 1 h. After washed twice with culture medium (FA-free), cells were
scanned with a fluorescence microscope. The experiments were performed independently
three times, and representative data are shown. *p < 0.05, compared with control. fp < 0.05,
compared with M-B3-CyD.

69



% 3 IH Beclin-1 EBHIZKIET FA-M-B-CyD DFE

F—=1r7 7 A= LDEMIZIE, Beclin-l ET7F AT 7 FUNA ) =)L 3 U
> T% (Phosphatidylinositol 3-phosphate : PtdIns3P) & OE A RIS VLIATH U | IREER D
Bk zihEd 5 ECEEREEEZR-TZENMONTND, 1812 2 = TR TIE,
Beclin-1 ORHLEIZKIFT FA-M-B-CyD DOREEZF257-H, KB Mg (FR-o (+))
Z 5mM M-B-CyDs T 2 IRFfJALER L 7= . western blot {£I2 X V| Beclin-1 O¥Hl&E
Ze B L7z,

Fig. 42 (2R T X 912, M-B-CyD THLEEH: D Beclin-1 O/ N> REEEET, 22> ha—
JWERREE CTH - T-DIZxt LT, FA-M-B-CyD THLEE D Beclin-1 d 32 Ri#FEE T
FZLLHWKRLE,

INHORER LY FA-M-B-CyD (% Beclin-1l OB ELZERIYE, £—F7 7 I
V= ADIRAEE ST D Z &R I T,
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Fig. 42. Effects of M-B-CyDs on Beclin-1 Expression in KB Cells (FR-a (+))
(A) KB cells were treated with M-B-CyDs (5 mM) for 2 h. The beclin-1 protein levels were
detected by western blotting, and then quantified by Image Quant TL. The experiments
were performed independently three times. (B) The band intensity of beclin-1/B-actin ratio.
*p < 0.05, compared with control. ¥p < 0.05, compared with M-p-CyD.
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4 TH Atg7 BBICRIET FA-M-B-CyD DHE

Atgs BE W Atg7 (34—~ 7 7 V—IIREDELR T THDH L SN TE R, IThE,
Atgs B Atg7 # RE S~ U AffEFMRIZIBNTA— 7 7 Y — LD
B L OZ R BEOGRNED B2 D, AgSIAGT FERGFERR A — T 7
VU HEENEET D 2 L s, P 2 Z CAETIE, FA-M-B-CyD (2 X
WIFEINT-A—F 7 7= AtgbIAtg7 T G E R LT,

FBR L, KB il (FR-o (+)) 2 5mM M-B-CyDs T 2 FFREJALEE L 7214, Atg7 D3
Bl % western blot &4 HWTHFE L7, Fig. 43 ([Z T X912, RERSEKMET.
M-B-CyD ¥ X" FA-M-B-CyD ALFEFE D Atg7 D3 REEEL, 22> hr—/b (R
) CRREThH- T,

INHORE LY. FA-M-B-CyD 1% Atg5/Atg7 FIEEIFED A — b7 7 P — 2 FE
T 5 AIREME DS RIR S Tz,
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Fig. 43. Effects of M-B-CyDs on Atg7 Expression in KB Cells (FR-a (+))
(A) KB cells were treated with M-B-CyDs (5 mM) for 2 h. The Atg7 protein levels were
detected by western blotting, and then quantified by Image Quant TL. The experiments
were performed independently three times. (B) The band intensity of Atg7/p-actin ratio.
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% 5 H FA-M-B-CyD iZk3<Ab77P—HE

INETOMHFNELY ., FA-M-B-CyD 1% KB filglcxst L CA— b7 7 ¥V —ZiFE 4
LHZENHBLNE ST, — . Fexld FAAM-B-CyD IC LV FEEsnzA— 7 7
TY—LNI A R T EMILRET L EaWE L, 7 £ 2 TARIETIEL,
FA-M-B-CyD WA — 7 7 V=DM THI har NI 7 E2RROICDET D~ A
N7 7 V—EFHET LNENERE LT, B, A N7 7 U—OBHIZIE, Mtphagy
Dye® (FM{-Ab%) Z v 7=, Mtphagy Dye® %, ZEfifufEsz & L, MlgNO I b=
RUTICERB LR AEFRESICEY 2 hary Y TICEE &5, #% . Mtphagy
Dye® O SIRE TRV IRIEICH D3, ~A b7 7 V—PFE I TI b= R T
MUY —NE@Ed % &, Mtphagy Dye® OB L < HERT 5,

FERIX. KB i (FR-o (+)) % Mtphagy Dye® T 15 ZyRIFiLEE L7=%. 5 mM
M-B-CyDs T 2 BFfJMLEL L 7=, Z D%, Lyso Dye® |ZTV VYV —LAZPE L, #)
BAMSSE CHIZR L=, T OfE%, Mtphagy Dye® HEDREOHEEIL, FA-M-B-CyD AL
L7-MifRic W CTEZE Sz (Fig. 44), —J5. M-B-CyD THLEEL 7= KB #ifd (FR-a
(+)) TiX Mtphagy Dye® HkDELITBLE I N hoTc, TNHORR LY,
FA-M-B-CyD (% KB #llil (FR-o (+)) IZBWT~A b7 7 V—%iHE S 5 iREM R
e X7,
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Fig. 44. Effect of M-B-CyDs on Mitophagy in KB Cells (FR-a (+))
KB cells were treated Mtphagy Dye® for 15 min. Then, KB cells were treated with
M-B-CyDs (5 mM) for 2 h and then Lyso Dye® for 10 min. The cells were scanned with a
fluorescence microscope. The experiments were performed independently three times, and
representative images are shown.
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% 6 JH PINKLREHRIZKIEFT FA-M-B-CyD D

— Iz, A 77 U—EI Fary RUTHRHEEES T L X Z A BEEM OB
IR7e Eh 7 E LTRSS, Bt Z 5 &, fMifE N PINKL (PTEN
induced putative kinase 1) 723X b= R U TAHMEICERET 5, EF2I har R TIC
BT PINKL XX b=y R Y 7ARRICHE S L7 % . WIRICJRTET % Rhomboid £k
X R7 8 PARL (21~ T 52 kDa D7+ — AWk &, 7 a7 7 Y — L0
B0 L, — . MOWNEEZI har RY 7T, PINKL o b2 RUTW
JEA~ DA R LY PARL 12X 2003 HE S, Wik Shveh > 7= 2K PINKL
M hary RYUTHMEOY A B Y VEICERT 5, SHIT, £ ZICEMB LY 37
'E Parkin IZX > T, ¥4 F 77V —M5l&HZ S5, L7edi-> T, PINKL & 23
JEIFE~A N7 7 V—FEO~—h— L LTEIZLNTWD, £ 2 TARETIL,
FA-M-B-CyD (% KB #lf (FR-a (+)) 128V T, PINKL % >RV EORBZFHET 5
MBI DT AL T 0wy T 4 VRV BRE LT,

Fig. 45 12774 & 912, FA-M-B-CyD % KB #ifld (FR-a (+)) (2B T, PINK1 @
FRELFHFET LWL Eolc, —J, M-B-CyD Tid PINKL OFIGHEIT
ROl ZNHDOFER LY FA-M-B-CyD (£ b= KU 7R E®D PINK1
DRFHE ERSE, ~A V77 V—EHETL I ERNRB ST,
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Fig. 45. Effects of M-B-CyDs on Expression of PINK1 in KB Cells
KB cells were treated with M-B-CyDs (5 mM) for 2 h. The PINK1 protein levels were
detected by western blotting. The experiments performed independently three times. *p <
0.05, compared with control. Tp < 0.05, compared with M-p-CyD.
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MEE ST, F7o. LysoTracker® & —4ER7E L7122 &b, FA-M-B-CyD A
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Fig. 46. Cellular Localization of TRITC-M-B-CyDs in KB Cells (FR-a (+))
KB cells were treated with TRITC-M-B-CyDs (10 uM) for 2 h (A) and 24 h (B), then the
cells were treated with LysoTracker®. After washed twice with medium, the cells were
scanned with a confocal laser scanning microscope. The experiments were performed
independently three times, and representative images are shown.
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Do 7= DIZ% LT, TRITC-FA-M-B-CyD LEECTiX, TRITC HRDHEEABIER S,
MitoTracker® & —#4L/RTET 5 Z LAVRE Nz, 2B DFERE LD | FA-M-B-CyD IE
FAEAICE D IAEN, —5 I b R TICRTET D Z ENREB I T,

7



TRITC MitoTracker" Merge

Control

TRITC-M-B-CyD &

TRITC-FA-M-B-CyD

Fig. 47. Colocalization of TRITC-M-B-CyDs with Mitochondria in KB Cells (FR-a
(+)
KB cells were treated with TRITC-M-B-CyDs (10 uM) for 24 h, and then the cells were

treated with MitoTracker®. After washed twice with medium, the cells were scanned with a
confocal laser microscope. The experiments were performed independently three times,

and representative images are shown.
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TR RUTERBDT 0G0 ERG Lc, ok, Ml ha s Y 7 HUL,
FBN I F =2 KU 7 DNA (mtDNA) = v°—% %2k DNA (nDNA) Z 5L LT, U
TVE A A PCR JEIZE D AEREIZHIE LTz,

Fig. 48 12779 & 912, 5mMFA-M-B-CyD T KB #lifil (FR-a (+)) % 2 pfALs
L7=&Z A, mDNA B —Hn oy ho—/b CRALER) &L TEEICHED Lz,
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Fig. 48. Effects of M-B-CyDs on mtDNA Copy Number in KB Cells (FR-a (+))
KB cells were treated with M-B-CyDs (5 mM) for 2 h. Mitochondrial DNA (mtDNA) to
nuclear DNA (nDNA) copy number was measured by quantitative real time PCR. Each
value represents the mean + S.E. of 3-4 experiments. *p < 0.05, compared with control. fp
< 0.05, compared with M-B-CyD.
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Fig. 49. Effects of M-B-CyDs on Mitochondrial Transmembrane Potential in
Mitochondria Isolated from KB Cells (FR-a. (1))
Isolated mitochondria was treated with M-3-CyDs (50 uM) with or without FA (500 uM)
for 1 h. Mitochondrial transmembrane potential was detemined by rhodamine 123 staining
with fluorescent microplate reader. Each value represents the mean = S.E. of 3-6
experiments. *p < 0.05, compared with control. {p < 0.05, compared with M-B-CyD.
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NUTHRENZ LR S5 2 NIz, £/, AEiH 1 LY, FA-M-B-CyD
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50, 51)

Fig. 52A 2" X 912, KB #lia 5mM FA-M-B-CyD T 2 BRJMLEE L 7= & 2 A,
ay hu—)b GRAHE) &L T, AR ATP EAEMET L7Z, —F. M-B-CyD
B X B ATP BEAEBEOEITE D bV D -7, Fig. 52B (279 XL 912, A549
FZ BT, FA-M-B-CyD ALERIZ L% ATP BEABOK TIZRD bioT-, L
L7eMR5, FR-o / v 7 X v KB MilIZBWTC, ATP pEA BT FA-M-B-CyD 4LEE
IZX WIKTF L7z (Fig. 52C), ZOPEH & LT, FA [3fEHERICHETH Y, FR-a &/
I HET LT EITE ) ATP FEAICEEZ RIT LT ARERE 2 b5,

BRIV FA-M-B-CyD [TMIENIZIYV iAENDHZ T, I haryRI7
DOHEREZ KT S/ 2 AlREtED RIZ S LT,
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Fig. 50. FR-a mRNA Expression in KB Cells and A549 Cells
The FR-a mRNA was detected by RT-PCR method.
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Fig. 51. FR-a mRNA Expression after Transfected with siFR-a in KB Cells
KB cells were transfected with 100 nM Lipofectamine2000™/siFR-a. complex for
24 h. The FR-a mRNA was detected by RT-PCR method.
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Fig. 52. Effects of M-B-CyDs on ATP Production in KB Cells (A), A549 Cells (B)
and FR-a Knockdown KB Cells (C)

The cells were treated with M-B-CyDs (5 mM) for 2 h. After washed twice with culture
medium, cells were treated with ATP detection reagent. Each value represents the mean +
S.E. of 3 experiments. *p < 0.05, compared with control. ¥p < 0.05, compared with
M-B-CyD.
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Fig. 53A, B (2779 X 912, KB #if2iC 5mM M-B-CyD Z4LEE#% 2 W< ROS H
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ROS HISEDH NN EHE LR LTz, &5, FR-o EEHMWTH D AB49 HilLE
X FR-a /v 7 ¥ KB filia FA-M-B-CyD THLEEL T% ROS HIskDH
FEAET, 2 e —L CGRAEE) LR Ch -7z (Figs. 53C, D I LT 53E, F),
INHORERI Y FA-M-B-CyD 1%, FR-oo REHIAEEERIYIZ ROS OREA % FHE T
DT ENTRRE NI,
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Fig. 53. Effects of M-B-CyDs on ROS Production in KB Cells (A, B), A549 Cells
(C, D) and FR-a Knockdown KB Cells (E, F)
(A, C, E) Cells were treated with M--CyDs (5 mM) and ROS detection reagent for 2 h. (B,
D, F) The fluorescence intensity was quantified by BZ-I1 analyzer. Each value represents
the mean = S.E. of 3 experiments. *p < 0.05, compared with control. +p < 0.05, compared
with M-B-CyD. {p < 0.05, compared with siControl.
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FEANFEIND Z L EZHLMN LIz, £ 2 TARIETIX, FA-M-B-CyD I XV #FE X
NAHA— 77— ROS OFEAZNTDHHDTHL1EN% ROS FHEAZ H
WTHRGET L7z, AEl. ROS BHEANCIL, Hulefb#HITodH % N-acetyl-cysteine (NAC) %
FuN=,
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LC3 HIkDH Y8 X, FA-M-B-CyD & NAC O[RIBFMLERIZ I VT L7z, 2 b
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Fig. 54. Effects of ROS Inhibitor on Autophagosome Formation Induced by
FA-M-B-CyD in KB Cells (FR-a (+))
KB cells were treated with FA-M-B-CyD (5 mM) and N-acetyl-cysteine (100 uM) for 2 h.
Then, cells were treated with Cyto-ID® for 30 min. Fluorescence intensity was quantified by
BZ-1l analyzer. Each value represents the mean = S.E. of 3 experiments. *p < 0.05,
compared with control. p < 0.05, compared with FA-M-B-CyD with NAC. ip < 0.05,
compared with FA-M-B-CyD.
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Fig. 55. Effects of M-B-CyDs on Autophagosome Formation in A549 Cells (A,
B) and FR-a Knockdown KB Cells (C, D)
(A, C) Cells were treated with M-B-CyDs (5 mM) for 2 h. Then, cells were treated with
Cyto-ID® for 30 min. (B, D) Fluorescence intensity was quantified by BZ-11 analyzer. Each
value represents the mean £ S.E. of 3 experiments. *p < 0.05, compared with control. fp <
0.05, compared with siControl.
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Fig. 56. FR-a mRNA Expression in Hepatocytes
The FR-a mRNA was detected by RT-PCR method.
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Fig. 57. Effects of M-B-CyDs on Cytotoxicity in Hepatocytes
Hepatocytes were incubated with 150 pL of medium containing M-B-CyDs (0-20 mM) at
37°C for 2 h. After washing twice with PBS to remove M-3-CyDs, 100 uL of fresh HBSS
and 10 pL of WST-1 reagent were added to the plates, and then incubated at 37°C for 30
min. The absorbance at 450 nm against a reference wavelength of 630 nm was measured.
Each point represents the mean + S.E. of 7 experiments. *p < 0.05, compared with

M-B-CyD.
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Fig. 58. Effects of M-B-CyDs on Autophagosome Formation in Hepatocytes
(A) Hepatocytes were treated with M-B-CyDs (5 mM). Then, hepatocytes were treated
with Cyto-1D® for 30 min. After washed twice with culture medium, the cells were scanned
with a fluorescence microscope. (B) Fluorescence intensity was quantified by BZ-Il
analyzer. (A) The experiments were performed independently three times, and
representative images are shown. (B) Each value represents the mean + S.E. of 3
experiments.
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Fig. 59. Effects of M-B-CyDs on the ROS Production in Hepatocytes
(A) Hepatocytes were treated with M-B-CyDs (5 mM) and ROS detection reagent for 2
h. After washed twice with culture medium, cells were scanned with a fluorescence
microscope. (B) Fluorescence intensity was quantified by BZ-IlI analyzer. The
experiments were performed independently three times, and representative images are
shown.
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Fig. 60. Effects of M-B-CyDs on ATP Production in Hepatocytes
Hepatocytes were treated with M-B-CyDs (5 mM) for 2 h. After washed twice with culture
medium, cells were treated with ATP detection reagent. Each value represents the mean +
S.E. of 3 experiments.
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HEG A et Lz,

% 1H KB MRZEEBHELI-EANSA~T RZHT S FA-M-B-CyD DOHEES)
2=

AIETIX, FA-M-B-CyD Dt RS AMRIZ k3 5 A 25095720, KB Hikd
(FR-a. (+)) & X— R~ U ZADLEB I EFERAE L7123~ 7 212, DOX (5 mg/kg).
M-B-CyD (20 mg/kg). FA-M-B-CyD (20 mg/kg) % J2&IRMIC Hlm 3 5.4 RS AR 3
FOMEREIZOWTHET L7z, 723, KB #lild% 2 T4 L7z BALB/cnu/nu ~ 7 A%,
FIRF L OV T MO RN LI 0E R~ 7 A TH D,

Fig. 61A,61B LV, 5% ~> = F—/L, DOX (5 mg/kg). M-B-CyD (20 mg/kg) #¢5-
BEL LB L C. FA-M-B-CyD (20 mg/kg) #5-REClE 52 HMIZH7= v 581>k
HV IS DR Z2 47 L, 40% O~ 7 A TR W TR ITE4ICil %k LT, Fig. 61C X
D BBV THEEREEBIIA LR o7, ZHHORER XY | FA-M-B-CyD
T b ORER AR KB Mz W BTSSR A AT 5 2 LR aSh,

Fo, BRNE 5% 24 FERICEB T KA LT REMEEZRE L 2 A, 2k
B—LfE 5% v = h—/) & FA-M-B-CyD FGRHED /T A — X |CHE IR AERIT
RO BN -T2 (Table 5), ZNHDFER IV . FA-M-B-CyD 1FZLEMEIZEN D 7]
BEMEDNRIZ ST,
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O 1 1
0 20 40
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Fig. 61. Effects of Intravenous Administration of M-B-CyDs on Tumor Growth
(A, B), Body Weight (C) in BALB/c nu/nu Mice Bearing KB Cells (FR-a (+))
DOX (5 mg/kg) and M-B-CyDs (20 mg/kg) were administered by the single intravenous
injection to KB cells-bearing mice. The tumor volume and body weight changes of the
tumor-bearing mice were monitored. Each point represents the mean + S.E. of 4-5
experiments. *p < 0.05, compared with control (5% mannitol solution). fp < 0.05,
compared with DOX. {p < 0.05, compared with M-B-CyD.
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Injection of

Table 5. Blood Chemistry Data after Single Intravenous
M-B-CyDs in BALB/c nu/nu Mice
CRE® BUND) AST®) ALTY LDHe®) CK?
(mg/dL) (mg/dL) (UIL) (UIL) (UIL) (UIL)
5% Mannitol  0.11 + 0.008 17.7 +1.8 465+ 16 175+23 1878+ 131 37.0+ 3.8
M-B-CyD ~ 0.10 = 0.003 21.0%+05 39.8=%+18 135+07 1503+ 9.8 355+53
FA-M-B-CyD 0.11 +0.008 194+ 16 410%12 125=%10 196.0+ 334 40.7 %54

a) Creatinine, b) Blood urea nitrogen, c) Aspartate aminotransferase, d) Alanine
aminotransferase, e) Lactate dehydrogenase, f) Creatinine kinase. Twenty four h after
intravenous administration of 100 uL of solutions containing M-B-CyDs (20 mg/kg), serum
was collected. Each value represents the mean=S.E. of 3-4 mice.
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% 2 IH lhara MilEZEBEBE L-EHPA~ YRI5 FA-M-B-CyD DHIEES
ZhE

I EHHEN A ThHDHE AT 7 —< ik lhara #ifida BALB/c Rag-2/Jak3 / > 7
TURYUADORTICHRIEZ L, FA-M-B-CyD @ in vivo HUIEENR &2 MG L7z,
723, BALB/c Rag-2/Jak3 / > 7 7 7 b~ R &, MHGIZ X > THNL Sz B #l
f, T Mifa, NK Ml ERIC KB LEEERERRY T A THD, 2

Fig. 62A, 62B 2/~ X 912, Ihara Mz BFEBHE L 2 HAALX— R~ D X |
FA-M-B-CyD (10 mg/kg) % fIRINICELRIE G- L7z & 2 A B OHEFEDN INH] S 41 25 8
MR ENTZ, —FH. FA-M-B-CyD 52 X A2 REDOEITIZE A LD B L)
-7 (Fig. 62C), ZNHDFER LV | FA-M-B-CyD IZk b X 7/ —=<IZxF L C, HifiE
BENRAEAT D BRI,

(A) (B)

5007 Q: Control Mannitol M-B-CyD  FA-M-B-CyD
A: M-B-CyD
O: FA-M-B-CyD

400 ¢

300 +

200

Tumor volume (mm3)

100

0 3 6 9 12 15 18

Days after injection

25
20 +

G!

c
=
o
qg’ 15
2 O: Control
Qo 10r A: M-B-CyD
O: FA-M-B-CyD
5 L
0 3 6 9 12 15 18

Days after injection
Fig. 62. Effects of Intavenous Injection of M-B-CyDs on Tumor Volume (A, B)
and Body Weight (C) in BALB/c Nude Rag-2/Jak3 KO Mice Bearing lhara Cells
M-B-CyDs (10 mg/kg) were administered by the single intravenous injection to BALB/c
nude Rag-2/Jak3 KO mice bearing Ihara cells. The tumor volume and body weight changes
of the tumor-bearing mice were monitored. Each point represents the mean + S.E. of 12
experiments.
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%10 & B8

ARETIL, FA-M-B-CyD DIEEHEIRAIFIAAA E LTCOFHAMEE invitro BX O in
Vivo (2B W TR L 7=,

FA-M-B-CyD (% in vitro {ZBWTT AR h— A TiE<, ATP EADORED B LW
ROS FEADHELEEZN L T . A— b7 7 V—%FET 5 Z LAURENTZ, —f%IZ, CyDs
[FKEEME T F A AR KRE W2, MRS EAME < | MAEPNIZER Y A E T <
W, HBHFEETIX,. M-B-CyD DM EREREICAFET SV Y RI 7 hoaL &
THr—=)VEMABERTLZLICED, TR VRAEFETLHZLEEHLMNTI LT,
W) ULosL7eh B, FA-M-B-CyD (%, M-B-CyD |ZHEfZEM L7722 L1k Y FR-a %
I LT A~OR VD IAEN D728, M-B-CyD &35 2R CHiljast = LT
LOLEZHND, EEE. A549 Hill (FR-o () 128V T, FA-M-B-CyD 1% 10 mM,
2 WEEALER & ©, ffafEEME 21T E A ERE RN EnD, O FA-M-B-CyD DHUiEE
IEVEICAREE R E O BE/ER OB S XSV D L HER I D, — ). FA-M-B-CyD
£ A549 ffifd (FR-a (1) BELW FR-a /v 7 ¥ 7 KB fildicE\WTA— 77
U—%FEET (Fig. 55). ATP FEEAOHEA I LY Ml ROS OHIMG RO Hil7e
73o 7z (Figs. 52, 53), 46 DO#EF 1%, FA-M-B-CyD DOHiEEIEMEIC FR-oo 2 L7
ARNE Y IABNEETHDH Z L 2 XFFT 5,

F—F 77V, MRENORE 27 NI e A — T 7 TV — L EIRE
NOEE _EBECIROEAAR, VY Y —LE@AET 22828 TT X B EI0fiE
L CHAMMT 2 RO L LT < A Th D, A— b7 7 U—BEX o
7B TS pe2 1T, X F UL E LC3 MAERE RO 0IC, X F
fbshizZ o0 Bat— 773V —LA~NESEEZR-TZ EangES T
%, U6 12) g LC3 LHEEEES LIoBIL, p62 BHE LM EZITD, A=K7 7
VAR D L p62 XN EOEBENHEMNT L&D, p62 xE=F Y
JFHZETAH= N7 7 V—OMEITEAHRIT L2 ENTE S, ARFHIBWT,
FA-M-B-CyD (3 LC3-Il # > ™7 B O3B 4 LR SH27217 T/ < (Fig. 40), p62
DFFEEREL TN Z &b (Fig. 41), A— 7 7 TV — AOERARE L7272
TR VY Y=L DOMEB IO E TEESETWD Z EDRB N, 70,
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Beclin-1 # U XV BEORBEEN EF LW Lid, A= F7 7 V—0#fTEFEL X
FI2t0THD (Fig. 42), S 5T, FA-M-B-CyD ALEEZ L v | ATP FEA DD (Fig.
52) L RN ROS EOHIN (Fig. 53) 2580 L= Z 206, FA-M-B-CyD |

A F— 77 O—FHEICI hay R 7 OREERR R ST, Ziolkowski 5T,
M-B-CyD T v M HEIRL7ZI hay RYUTFOUE Y RT7 kb aLx7
n—/LaRH L, ZOEBEZ LS, =3 XA IflT 52 &2l L,

B =z b, FR-a #4 L T CLIC/IGEEC = K¥4 h—T A2k v Mgz
BYiAENTZ FA-M-B-CyD X, = RY—L &M, TO—FHNAI b R T
WZRTEL (Fig.47). VY RI 7 Ehbal ATo— L &Rl ESEs2 LItk =x
NFE—RBOMBNCE ST b D EHERIN D, —MKIZ, 73 F& 5,000 L FOWEIL

Ny RUTHNEEZ R IZHEZBTE L7720, &K 1,700 @ FA-M-B-CyD 34+
FEEFEEm LT, I hary FUTHEE TBITAREEZOND, £/, I ha R

THEICIZER ST AR —F2— (MFT) ZEHLTWVWDH I L, 12419
FA-M-B-CyD 7% MFT Z /P LCX b= RUTHBEICEVIAEN, TORAKO Y vy

K77 b albA7ra—LazRHSEmlBERE 61D, T —XITITRS 720
2. SiRNA C MFT %/ v 7 X7 L7- KB #ild%a FA-M-B-CyD THLEEL TH A —
N7 7 AV —LDBEBFEI NN EZ AL TS, EHIT, 73 Z T
FA-M-B-CyD D2z % B84 L7 IRRETIX, KB MR A LH A — F 7 7 V—NFFE &

NeWnWZ EEZBHLEMNMILTWS, DF D, FA-M-B-CyD D~ A 7 7 V—FEIZIL,

EREMIZ LD MFT OB LV CyD ZEc L DI ha vy RUTHIEDO Y B

K77 NEDOMAEEANKLETHD EHLESND, 5. FAAM-B-CyD A b= K
U7 ED MFT 20 LCTHRVIAENDDEPEH LTl I by KU TRHED

MBSy & OFBAERICOWTEEAICHRETT 20 ERH 5,

F— 77 U—0fAIL, Ell~vr/ued— T rP— I/ Fd— Ty U— ¥
¥ N EEA— h T 7 U —0 3 BEICK S L, FA-M-B-CyD [IA4—F 7 7 =
V= LD ELE) b, v/ ut— Ty U—kFET b0 EILND,
EBiz, w7 ud— 77 U—0OHZiE, e Zfao72I b RU 7 Z@8IRE
T Do~ A F7 7 V=0, MIEWNIZRA LTZHZ BRI 58 77 v —
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R EBFEET D, FAAM-B-CyD X, 2 b FUT LERBEL, MIENDO ATP A
DWW ROS PEAEDTHFERE I hary FU T OMRBICHELY X D 2 LN REES
M7= (Figs. 47, 52, 53), ZiL 5 DOFERIX, FA-M-B-CyD DOfifastah Esic~ A ~~7
7 VO ERET LD TH D, —J7, REBKREWZ LI, FA-M-B-CyD (T
BES ha s U TOREMNMEZ ERIE5Z & (W) BB E -7 (Fig. 49),
— I, A N T 7= EZI b a s RYUTOREMNMET T2 & (WaotR) I2Xk0,
PINKLI @I bz RUTHRA~OBATHIH SN D720, TOHHNY . B
WM L7 Parkin IZX > TH NI HOa2 X F L ALE AU T, REERIZNT v 7
Ehb, B Lo T, FA-M-B-CyD (2L b~A 77 P—iFlEid, ZhETOH
FIIZRDHT R A=A LTHDHEEZIBND, . X har R TR ETHRRE
NEDOFAER ATP pE/EIZEES-34 5 electron transport chain (ETC)'32 72 X L7/
FEIZ T T FA-M-B-CyD DEZB LN T H0E R H D,

IEH#IAE & L CHW= Hepatocyte (FR-ou (-)) (2% 5 FA-M-B-CyD D F:AMiazhH
(T, KB #fid (FR-a(+)) &t L TR, ZEMICEND Z RS Te, mED
BEtdk v, FA-M-B-CyD (X, A549 #ifid (FR-a (1) IZBWTEN-a L AT r—)L
RHEZ R LTEb OO, BRITIEEAE RS oTz, T ZDOZ b,
FA-M-B-CyD DOFHMfzh RIEL, FR-o mFBLA AMIEIR)TH VD . £ DD RITHINE
B L O BEAEHOFHIZTD BN D EHEIINLD, 5 TR L 91T, FR-a
DFBFEIL. DADAT—UNEITTHICONTELL ERTAHZ RN TND
2, B CIE FR-ao OFRBINEWIEFMIROTFENHRE SN TND, 2 Lo T,
EhgIZ x5 FA-M-B-CyD DFEEMITEEICFHMET 2L ENH H, EHE/RZ LT,
FA-M-B-CyD %~ 7 AFARPNIZIZR G- 24 FFREIICHIT S BUN X° CRE Oz K&
BRI IR oTe 2 Lt | REBREME T, BT 222 gim b oL
Ezbhd (Table 5), BIEOMALIE FRa ZEEBH L TV DICHBE LS T,
FA-M-B-CyD DREEMIMED 72D, DAL E EFMIETI b2 R U 7 HRER
FIHT DN R oo b D EHERIN D, Sk, DSAMINE & B 72 B 2
+% FA-M-B-CyD DIEMIZHOWT, ZEHICHFT 2B ERH 5,

AF AL B-CyD IZ X W eFE SN 2 ML, CyDs 2SfiastHs & I E IR ~1EH 9
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DA MNP D AN TR T MERTHAETIEIREL BRI LD EEZLND,
Kiw X5 1 BIZEBWT, DM-B-CyD 1Tfilast LV IBERE LY vy FF 7 kb =
V2T — a2 REESE T, VB Y F7 7 ME FITFEET S PIBK-Akt #2120l L
R hARITHESEOT R = AE2FHEET L 26N L, BHE, AT
{t. B-CyDs 137 &A% 1,000 LA ETH 5721, MFEPIZIZE Y IAF LT < VY,
LML, FA-M-B-CyD D X 92, FR-a DU T R THLHIEREZEMT L Z &
2k, CyDs #NAMIENICEAT S Z ENAREL 72D, S 5HIZ, FA-M-B-CyD 1
ARINT har RUTHEREEEZEEL, v N7 7 V—%23F8E L7, ThET,
CyDs z Rt AN ~E A L, MIAZERE S 4 Wit L 7o 113 & A AR
TR LOBERIIRE N, —T7, ERLSDO Y I REEfiL T M-B-CyD % #ifig
NA~NEALTZGE, EO L9 ZRflase-Crlam o« X2 R 3FEE S 5D O FE5 I Bk
RV,

FR-o mZEHNAMM TH D KB Az BB L 72 HNAA X — R~ U RAZE 0
T, FA-M-B-CyD 3EN-HilEEHE M2~ LT (Fig. 61), 2D Z & 2> 5 ., FA-M-B-CyD
Tt FORAMIIZE N T OISR Z R TE L5 2 PRI NI, £o, Z0D
ZhEIE DOX LN M-B-CyD 58 & it L C FA-M-B-CyD D MBI TNz,
NN AR Z B S H 72O, i ARIF v U T & OB ERORLF2D
30N LR THLHZ ENHFELVEEND, B BEORGL Y., BIFSLEGELIEIC
D HIE L7 FA-M-B-CyD DR FiTHoT0EkT) /2 A— M EFEFIT/INES L, R
TR EER LIS WD EHER I NS T2D, FA-M-B-CyD 1TEARNE 5% JEEHH
OB E CRIETE LD EHMEIND, T —FIZITI RS2V, FA-M-B-CyD %
RN 5-7% O i A N3RS 2.5 43 &<, PR EMEW o 72, 2
FA-M-B-CyD D431 &3 1,700 FREETH V) | /KEEMED E T2 DIZH0 ) 2B PR X
Nl EHELZ IS, —JF, BIRNICE S 3 K% IZBW T, FA-M-B-CyD (3T
Bk, Do fER. EFME. MR, MLV LEEERICER HEM L7z (data not shown), Z iUl
FA-M-B-CyD MEFMIaZE D FR-oo 23R LBk Lo EHEE SN D,

KB i B L7222 A~ 7 2BV T, FA-M-B-CyD MLHIRE I 5% 2 ¥
H AR O JESHATE O J) 2338 BT (Fig. 61), ZOHE & LT, AEIcHW =
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BALB/c nu/nu ~ 7 23RBS LY T MR RIB LIZREARE~Y T A TH L0, fld
TS TH D NK Ml LN~ 27 a7 77— OIEMEL N2 L T 5 AT REME
MEBEZ NS, THFE, DAREEZEZ D ET, DAMROAR: G, XA DUNREE
AT DREHIIC L ERREET > TS, TOFTHEBEEE~ /o7 7 —
(Tumor-associated Macrophage : TAM) 1%, EEOBU/NREOEKIZE TS~ o
77— YT, EEOME, MR, RIEICESBEbo TV, BY KT, TAM I2iE M1
BL M2 B B3H0 M2 B TAM OEBZVEE, THRARE Wb TG, 135150
ZZTIM2 B TAM 121X FR-B BEFEE L TWD ZERME SN TND Z &b,
130 FA-M-B-CyD [3MEEAIE/Z 1T T <. TAM 1ZxF L CH &M B2 BE L, Bk
DX RPUIEENRE R LD EHERIND, 5%, FA-M-B-CyD D F i IRTE#hH
(CBAL T, FEMNCRRET T D2 BEDRH D,

—J5 . MAKEREOFIZ DT IHIET D03 ABHEIE, B CEMERSZ 0 LEE.
RIPIEZ A L. DADEER - BRERORK LR ZENMbNTWD, HIRAIZERE
7R /ORI, AR A 2 R IR RBRIC & D 7200 MRy KA ERY & 3 5 BEFOHLA
AFNCIRIIE R BT 5, BT L0, RARMIE S FR-a BNEHBLT 2 2 &Mk
ENTED, B FA-M-B-CyD DIEME 720 9%, F7=. FA-M-B-CyD DOFEHMuzhE
M E N AR T, A b7 7 D=2 T 57001, s AFIMHEDRTE b Sk
TELHREMERH D, 4%, DAFMIICKTT 2 FA-M-B-CyD D284 F A3 2 &
b5,

Pk, AFECRon-miEE b &2, FA-M-B-CyD D HUIEEE M S O HEE
X% Fig. 63 1Z7~9, FA-M-B-CyD %, ffafEElE LD FR-o Z4 L T CLIC/GEEC
PEEEIZ L0 DSAMITINIZER D IAE 72, = RV —L (GEEC) 7226l L, A&
HUZHERL, T O—HN I bar RUT EMAEERT 2 b0 LRI D, £ DRER,
b RYTEEMD EAHBIO ATP EAEOKRTASIEEZL, T har RV
T~DARVAIZED, ROS OEANFESND, ZHHDI bar FU T ORE
FEEIZ LD, PINKL OREBLERANZEL o> T, ~A N7 7 V—D0FEINTbD L
a2 x o,

&,
o
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Fig. 63. Proposed Mechanism of Antitumor Activity of FA-M-B-CyD
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EILE N

RETIX, FA-M-B-CyD D3 AR A PTAEES 0 SR O I SV TR L 72, LA

TICELNT AR Z ZRT 5,

1)

2)

3)

4)

5)

6)

7)

8)

FA-M-B-CyD X, FBP & 856x10"M & FH L IRWVEEER AR LTIZZ &b,
FR-a LSR<FHAEHT DL Z ENRBINTZ, —F . M-B-CyD X FBP &lZL A
EHEMER Lo iz,

FA-M-B-CyD (%, A7 =1 A K KB i (FR-a (+)) (235 T, A7 R zh 5
EHTAHIENRBINT,

FA-M-B-CyD (%, DNA OWiJr{bis KON caspase-3 ORI AFHE L7z o72Z &)
5. TR M=V AIEERGEHRE 2N L CHIIEZHET 5 Z E AR I,

FA-M-B-CyD D&M Fix, A—h7 7 V—EAHTHD 3-MA BLV
LY294002 ORI L VI LIz b, A— b7 7 0 —%2 015 2 &L BRI
iz,

FA-M-B-CyD (%, KB il (FR-a (+)) (2T, LC3-Il XL Beclin-1 O3H
AR SH, p62 ORBEEZWD S b, A— b7 7 U—%J Licfifast
EHEET LI AR ENTZ, —F, A549 #iE (FR-a (1) BE O FR-a / v 7
2 KB MifdiZiBWT, F— 7 7 P—OFFEITERO b o7z,

FA-M-B-CyD (. KB #liil (FR-a (+)) (ZHBWT, Atg7 OFRHEK Lo T-,

FA-M-B-CyD (%, KB #ifid (FR-a (+)) (28T, PINKL ORHEZFHEL, ~1 b
Ty U—EHETHZENREINT,

FA-M-B-CyD &, X h=a» RU T OEENMEZ LA S, ATP EADIK TR IO
ROS FEADHRZFHFEST HZ LRI, —F. Ab9 #ifld (FR-a () X
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FR-a / v 7 X% KB fifdizB T, ZILHbDI bz U 7 OEBEIZZ(LIE
O LRI T,

9) FA-M-B-CyD O~ A ~7 7 U —§F8IL, ROS DEALZINT HZ EBREBINT,

10) b A0 M B SR AL M Hepatocyte (FR-o (-) (23T, FA-M-B-CyD (%
M-B-CyD & bt L€, MIfEfEEME MR 2 & B | IEH ISR L T etEicE
D ATREME DS RIR X Tz,

11) KB #ifid (FR-a (+)) F L Ihara flild (FR-o (+)) %5 FICEMEBH LA A
X — Rv U A2, FA-M-B-CyD Z #IRINICHEIEE L7z & 2 A, DOX Hijl<
M-B-CyD L 0 HEN=HEEREEZ R LT,

12) KB il (FR-a (+)) Z R TIZEMEBAE L2 A X — K~ 7 X2, FA-M-B-CyD
ZEARNICHER G- Lz 2 A, MKETFRINT A—=2133 L AL EELL72)
S Z EMB . FA-M-B-CyD X in vivo [ZBWTZEMICEND Z LRI
770

LBk ~7= 1 512, FA-M-B-CyD 1E. FR-o ZJr L CHIIENICER D IAEh, <A k
Ty U LM AT S I LR E N, £, T OMIEEFEEICI b
ay FUT OEREEEDOEG N REI N, ZhHDHEIL, FA X M-B-CyD %
WS KRR 22 B AR OREELICBE L, AR BB ERHC 2 5 b D EBZ 2 5
N5,
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o IE

ARWFTETIE, FLs AR & L TOISHREIR: S d A F Lk B-CyDs DRHIaRN R &

Z ORI B IOV TR E B Z o7z, 1 ETIE, M-B-CyDs DT K h—
U AH BRI OV TRE LT, 8 2 T Tld, FA-M-B-CyD @ FR-a &FEHLM AR
BN 22 U ) RGH B IS DUV TR L7z, AT ICANIZE TS b V7o Fn i A #eds
T 5,

[ 1 %]

1)

2)

3)

4)

5)

6)

NR8383 #ifid. A549 #Ax, Jurkat FFLIZxF3 2 CyDs OifafEEM: 250 L 7=
LA, BIREDAF AL CyDs B KV N FHFESIL, B ka7
E /UL CyDs ALEETIIHIBISEIZFEE S h - 72,

NR8383 i, A549 Hifu, Jurkat #ifia DM-B-CyD 35 LN TM-B-CyD THLEH
THE, YR DNA 25 Go D5 G HIORIIE L 0 A2l e S 4,
X 512 DNA Wi{ElzfE S DNAladder 2R sz, £7-, ®IRED M-B-CyD
JLEECIX DNA S EOK T LoMiE» 8 m L7z, —7% . DM-a-CyD 1%, #lfastz
FE Lo, Ml DNA &0 FOEOW A LiX A 6/ - 7, HP-a-CyD
BEO HP-B-CyD FMifafEEM A2 /RS o772, DNA G EOKT., Ok
FAbLFHE L7227,

HOCBEIEE 2 W o B RE P b O BlEi)» b, DM-B-CyD ¥ L TY TM-B-CyD 4L
B L 72 NR8383 fiic VT 7 n~F » OEEN R bz,

M-B-CyD, DM-B-CyD L T' TM-B-CyD THLEE L 7= NR8383 iffiffdiZd5\ T, PS
A HISAIEESN i ~7 H L 72 M OIS 230 L7z,

BEE X B VIRELL EOIEA A PR miE A CALEE L7 NR8383 Afifidizdsuv .
ML DNA G HEOE T, oAb Blg2 S, MBS ORI & 7R B
— A D BEEM DR ST,

NR8383 it & DI ImIIZ A3 5 CyDs DEEL ML A, a LR
Fr—L O IE DM-a-CyD B TI3BlZ2 S, B-CyDs WMZ THIZ SN,

ZDORFE1T HP--CyD < M-B-CyD < TM-B-CyD < DM-B-CyD DIJIEIZHIK L

106



7)

8)

9)

10)

2o ¥V VIREEOREIZE L Cid, M-B-CyD, TM-B-CyD B LW HP-B-CyD AL
AT bo—/L L FRRETH o722, DM-a-CyD £ LT DM-B-CyD KL
BWTHERRBRY VIFEORHBRD b, Sk a L 27 v — LR
DM-B-CyD #F&ET AR h— Y ZADRFEICHH S Nc, 2RO ORERN G DM-B-CyD
FHET R =V ANDa LV AT —/LRHNPEET 50 LRI,

NR8383 iz 3V T, DM-B-CyD #HET AR h— RIZk3 2% PIBK FHEH D
23, KR DM-B-CyD TOHFRH H AL, p38 MAP kinase BHEH D 2T
DB o Tz, DM-B-CyD ALEE L 7= NR8383 #lfd Tix Akt 8LV L
Akt DIHREDBLE ST, Akt OHRITLBEFEFIKETFH TH-T-, S HIC
DM-B-CyD % Bad VU U fbdfil 2558 L7z, 216 DR RN S . DM-B-CyD (%
PI3K-Akt #XH&IZ K DAY 7 F A ZEL TWD 2 ERHER I,

Wild type v~ 7 17y — % pb3 RE~v 7/ n 77— % kg LT DM-B-CyD 4L
BIC L 578 b AR IR B ST 2 E D p53 DL
INEWH O EHEE I T,

DM-B-CyD #LEE L 7= NR8383 #fuiZ: T, Aym DK =X cytochrome ¢ ® 3
fay RUT L OMEAFEI N9, DM-B-CyD #FET7 AR F— XTI K
Ay FU TR CTh D L HEE ST,

DM-B-CyD XLH L 7= NR8383 HiliZ 3\ T pro-caspase-3 D32 RO &%
P caspase-3 D N RV S 4L, & 51T caspase-3 DFEE TH 5 actin DAL
MR R MaE s sz, 2o Z &b, DM-B-CyD ALFIZ LY
caspase-3 DIEMALDNFHFE SN D b O LHELR I LT,

[% 2 %]

1)

2)

FA-M-B-CyD X, FBP & 856x10'M & L<ARWREEERZ R L2 EinD,
FR-a L5<FHAEHT DL Z LRI, —F. M-B-CyD X FBP LiI: A
EWABEAER LTz,

FA-M-B-CyD (%, A7 =r A F KB #ifz (FR-a (+)) (23T, B/ F A h 3
EATDHIENRB I,
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3) FA-M-B-CyD (X, DNA OWi (b L O caspase-3 ORBLAFE LR Nn-722 L
5. TR b=V AIEERIFHREE 2 L CHIBE 2589 5 2 LR S iz,

4) FA-M-B-CyD DO FMAERIT, A—F 7 7 P —HEHTH D 3-MA BL D
LY294002 OFINZ L VI LIz b, A— b7 7 V—%2 N1 5 2 L BRI
i,

5) FA-M-B-CyD (%, KB i@ (FR-a (+)) (ZEW T, LC3-Il XL Beclin-1 D3
AHERKEE, p62 OFRBAEWLY S L0, A— 7 7 U—&J LML
EHET L2 LN R ENT, —J7. A549 il (FR-a (1) BELD FR-a / v 7
27 KB MifiZBWT, 4 — 7 7 P—OFEITFRD bR oo Tz,

6) FA-M-B-CyD IZ. KB #lifd (FR-a(+)) IZ3B\W\ T, Atg7 OFRELAHIK L7h o7,

7) FA-M-B-CyD 1%, KB #lll (FR-o (+)) 128\ T, PINKL OFBHEZFEL, ~A1 b
T U HHEET LRI N,

8) FA-M-B-CyD (X, X h= NU T DOIRENMNZ LA S8, ATP EEADK TEB LW
ROS FEEADHKZFHEET H Z LNRBR I N7, —F. A549 Hifd (FR-a () <
FR-o / v 7 Z 7 KB flldic\\WT, TN 6D b2 FU 7 OMREICE{LIX
RO BRI,

9) FA-M-B-CyD O~ A F 7 7 U—iFE L, ROS DFEAZENTDHZ ENREINT-,

10) & © FFHEAY B kAR LMY Hepatocyte (FR-o (5) (23T, FA-M-B-CyD (&
M-B-CyD & Lt L, flfEEMENMEN 2 D, EFHIIC L CEeMicsE
D ATREME DS IRIR X Tz,

11) KB #lifid (FR-a (+)) 3B L Ihara fifd (FR-a (+)) Z K FIZERFEBME L72HN A

X— R~ 17 A2, FA-M-B-CyD Z##lkNICHER G L& 2 A, DOX HAML
M-B-CyD LV bLENT-HUEESRZ R LT,
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12) KB #ifd (FR-a (+)) Z B FICHEMEBAHE L/ZHAA X — K~ 7 22, FA-M-B-CyD
ZRHIRMNICH ARG L& 25, MIRALFRINT A =2 3T L A ERL L7220
S22 05, FA-M-B-CyD X in vivo (TR W TEEMEICEND Z & IURIR S
776

LB _7= L 512, ATk B-CyDs I1LmRE CARMIIC T AN h— T A 2789
HZENHALMNEIR 5T, DM-B-CyD (2 X5 TR b —3 A0 EME L, DM-B-CyD
PR O S RS T D 2 L AT a— L AR S, EFEV 7 U ClghE
L TW% PI3K-Akt-Bad R DIEMEALZPAEF L, I b3y N THRFENZRRRZ I L
7= caspase-3 DIEMEALICERNT D LD EE X BNDH, —F, FA-M-B-CyD (X, FR-a %
U THINICEIY IAEN, ~A4 N7 7 O —% ) LTZIISE A FE T 5 Z L VR X
Nz, £, TOMBREFTFEIZI b2y R T OKEREORG N RBRINT, Z
SOFIRIL, M-B-CyD DEHIARN R FHEMEEN . BAKMILIZIY JAE N D NEDIT
LoT, BADAREMZRET S, TROHOMEIX, FA X M-B-CyD MW= A
HINLEIRE R BN AR OREEITEE L. AR EHRERNC R 5 bD LB R BND,
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o B

ARWFIEZAT O \TBR L TRAAIRES 72 258 L i RE 2 15 V) £ LZREART: Rkt
ARERIER ARG Y AR BRI DO 2R L ET,

ARWFIEEAT O IR L CRRE R 2 MIE S L HB S 20 £ LIZRRARRT: R dam
Frprseil SWAIRGHE DS RIS — HEIRZR D ONS ) RE BIZUCTR o
BERLET,

ARWPZEICER L CAHLR R DB S LB 215 VD £ LICRRARRS: 28 4 1
AL, RRART: KRB EmP e 2irseis B ol M LU0 IR . HEEdRICTR
SEHOBEZRLET,

ARWFFEZAT D ITER L, T D TEO 7o I BB Sk s P OGRS 2 FE =
NEFFEYD A BhEICTRS OB 2R L £ T,

ARWFFEZAT D ITER L, T D TEO 7ok SR AL |2k B HICER o
HBERLET,

AWFFEZAT D ZBR L, I I TEWIZREAR RS KRB m B A geis SRIRGt24)
B AR FECRSE#HOBEEZRLET,

AWFTEZAT OB L THR R MBI E LB 2150 £ LICREAR R A X240t
S — MG BRICREH O R LET,

AT STANTZREAR = A X IEE 7 — [l 7 vy = 7 hFJE= X
BHEA MEICREHOEERLET,

B-CyD Z 5 L TIHE £ L7z AARME TARASHLICIR L 97

BRIZ, RROZFEEIRZRN S BSFY . XX HITEWT=F G2 5 NS < OEAN
W Z DO aED T L0 EHE L £,

SER% 29 4 3 A
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£ BR OB

1. 3l SRR IURES

a-CyD

B-CyD

v-CyD

DM-B-CyD (DS 14)

HP-a-CyD (DS 4.1)

HP-B-CyD (DS 4.8)

M-B-CyD (DS 12.6)

TM-B-CyD (DS 21)

SBE7-B-CyD

p- LT AR = v u A R
KigfkF FY oA

25% T UE=T K
2-Chloro-2,6-dimethoxy-1,3,5-triazin

THF (no stabilizer)

N-Methylmorpholine

HEwE (FA)

VAT ANLEF T K (DMSO)
K%Y /1re s (DOX)

AT NIRRT

F-12K nutrient mixture

RPMI 1640 medium (FA-free)

RPMI 1640 medium (FA-containing)
Dulbecco’s modified Eagle’s medium (DMEM)
7% [REEAKFET B U U LTERR

L-Z7 Va3

HEPES

2-Mercaptoethanol (2-ME)
HEHARBA NV h~A > (i i 19)
HHARX= U B Y oA (20 J5HAL)
Fetal bovine serum (FBS)

NU L 250

T a— A

Rhodamine 123

Propidium iodide (PI)

Polyoxyethylene sorbitan monolaurate (Tween 20)

111

H ARG LT
H ARG LT
H ARG LT
H ARG LT
H ARG LT
B

i ks
AR T3
CyDex., f2fffh
THhITAT AT
THhITAT AT
FOEATRE T3
EEl (e
FOEATRE T3
TG T2
THhITAT AR
TG T2
AV ¥
FED

GIBCO

GIBCO

A K Hd3E

A K Hd3E
RGBSR
Sigma Chemical
TGS T2
Sigma

AR T

AR T
=F1rAq

Difco Laboratories
THIAT AT
Molecular Probes
Molecular Probes
THIAT AT



Polyoxyethylene sorbitan monopalmitate (Tween 40)
Polyoxyethylene sorbitan monooleate (Tween 80)
Triton X-100
Cremophor EL
LY 294002
SB 203580
Hoechst 33342
RN FFoF Lkt <l (HCO60)
100 bp DNA ladder marker
Jasy g Im—A
Skim milk
Cell Counting Kit (WST-1)
gL RATa—)L E-7 A MU a—®
Cyto-ID® Autophagy Detection Kit
Caspase-Glo™ 3/7 Assay
THEf D] ATP HIER S ™
Total ROS detection kit
Tetramethylrhodamine isothiocyanate (TRITC)
LysoTracker® Green
MitoTracker® Green
LY?294002
3-Methyladenine
Lipofectamine™2000 Reagent
siGL3
siFR-a. (5€39969)
Agarose S
D-v> = hF—/L
Tacs™ AnnexinV-FITC Apoptosis Detection Kits
ECL Western blotting analysis system
BCA™ Protein Assay Kit
VUNRE C-T A NT 2—®
Premo™ Autophagy Sensor GFP-p62 Kit
Human mtDNA Monitoring Primer Set®
Mouse anti-cytochrome c antibody (7H8.2C12)
Mouse anti-cytochrome oxidase subunit IV antibody
Rabbit anti-caspase-3 antibody
Mouse anti-Bad antibody
Rabbit anti-phospho-Bad antibody
Rabbit anti-actin antibody
Rabbit anti-Akt antibody
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TATAT AT
FTHTAT AT
FTHTAT AT

Sigma

Sigma

Sigma

Sigma

A7 I X
Invitrogen

PANJER:S 3 3
FGHEHE T 26
[F=Ab
FGHEHE T 26

Enzo Life Science
Promega

REA 7

Enzo Life Science

T av

Invitrogen

Invitrogen

Promega

Sigma

Invitrogen

HFE S AT LY A =2 R
Santa Cruz Biotechnology
=R
FThHTAT AT

R&D Systems

Amersham Biosciences
Pierce

FOtHRE T2

Life technologies

AT TINAF

BD PharmMingen
Molecular Probes

Santa Cruz Biotechnology
Santa Cruz Biotechnology
Santa Cruz Biotechnology
Santa Cruz Biotechnology
Cell Signaling



Mouse anti-phospho-Akt monoclonal antibody
Anti-mouse 1gG antibody

HRP-anti-rabbit 1gG antibody

Anti-LC3

Anti-Caspase-3

Anti-Beclin-1

Anti-Atg7

Anti-B-actin

Cell Signaling

EY Laboratories

Cappel

NOVUS Biologicals
Santa Cruz Biotechnology
Cell Signaling Technology
O AFINA A

Santa Cruz Biotechnology

RFEEAS O BRI TT AR R b A RN, A R B SR D IR & LT oK
Y QK (2V Q HMARLEEE (I VUART) (X #E L EDE 183
MQ - cm DL EDO#IK) 2 L. ELIMNIA A o R HkERDKZ 2 [BIZEE L CTHW
72, £ 72, Hanks’ balanced salt solution (HBSS) 3 X" phosphate-buffered saline (PBS) X

pH7.4 OHLOEFH LT,

2. B
BALB/c nu/nu < 7 A

3. EEHEER

RPN

pH A —5 —

TRl At

RO LA

AR GER
~AfrsnFL—F U —F—

7Y =R
3 Hlyzd Lo
NMR I & % &
FAB MS /&34

TV UKEE
@ RTE €0
AL BB OIS E

N7 AL NI R—H—
FLA-9000
R E D

W~ T L— Y —F—

53 [FAR AR AT 2

A=

IKA Works
HORIBA
TR
Y~ MR
Va7
Bio-Rad
ASTEC

H 3z

7 IRA

H A+
H A+
O RENA G
KEYENCE
H A+
FUJIFILM

HORIBA

TECAN
AS ONE
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HA SLC

I

ER-180A

F-12
AVO-2500N
NEOCOOL
TG-DTADTA8120
Model 550
APC-38

CCcv

1720
JNM-a-500
JMS-DX 303
Mupid-21
Biozero BZ-9000
JCA-BM2250
Image Reader

LA-100
Infinite M1000
Single-Q



e S L — P — B AR FY 8z FLUOVIEW FV300BX

LAS BT 4 VA LAS-1000
Microplate spectrophotometer BioTek Epoch
Primer Ed%

Human FR-«
Forward primer: 5°-CATGGCTGCAGCATAGAACCTCGC-3’
Reverse primer: 5’-GTAGTAGGGGAGGCTCAGACAAGG-3’

Human B-actin
Forward primer: 5°>-AGAGCTACGAGCTGCCTGAC-3’
Reverse primer: 5>-AGCACTGTGTTGGCGTACAG-3’

4. FREMIORE

(1) NR8383 A D#52: NR8383 #lfil 8 x 10° cells & 15% (v/v) FBS &F F-12K &%
1 (L-7 V2 X 300 mg/L, 7% EREEAKSRET R U U ATFESRHR 2,000 mg/ll, <=2
1x10°U/L, ARV h~A32 01g/L)10mL IZRBL, YT AT 4w IT 4 v
= (100 mm) (Z#EFE L T, 37°C, 5% CO, JRJE [ CHi#& L7z,

(2) RAW264.7 MR KO8 Jurkat HIBEDOBLEE: RAW264.7 #liEds L OY Jurkat HifiE 8
x 10° cells % 10% (v/v) FBS &#A RPMI-1640 5541 (L-Z7 /% 2 > 300 mg/L.7% R
KFF N U T AERHKE 2,000mg/L, X=2VU > 1x10°U/L, A L7 Fh~wA4 2 01
g/L) 10 mL (2B L., YT AT 4 v 7T 4 v = (100 mm) ([Z#EFE LT, 37°C, 5%
CO; BETCH&E L,

R) v R~ v T 7 —COFHRL : Wild type 35 LT p537 C57/BL6 ~ 7 A (8~9
We) (2 3% FA 7Y ab—h 1mL ZEENEKEEG L, 4 B SIEHE Lz~ D
AZADEIEE 1% ~XU > 4x10° UL =2V >, 02mgimL A LT h~A T %
Stk L7z HBSS5mL T 2 [ElfEH#%. MU ALY o E=7 LEEK (140 mM
NH.CI, 17 mM Tris, pH 7.2) 10 mL T/RIMERZ ¥ MPRE L, EPE2HMREZ S, 10%
FBS %A RPMI-1640 ¥ T 2 [RIWeif#%. [AEZHIC 5x 10° cells/mlL D EEIZHRE L |
wild type 33 LY p537"" v~ v RfEHE~ /v 7 — L LT LT,
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(4) KB MIfIDREEE: v M OFER AMIEE SO LMIn CH D KB il 8 x 10° cells
% 10% (v/V) FBS &4 RPMI 1640 (FA-free) 55l (L-7 /L% X > 300 mg/L, 7% P&
KFF B U T AERIK 2,000mg/L, X=>VU 2 1x10°U/L, AL T h~AT v 01
g/L) 10 mL IZ8E L., I RAT 4 v 7T 4 v = (100 mm) ([ZHEFEL T, 37°C, 5%
CO, ETTRHE L, ¥Iar 7oz MIELEMEZ RPMI 1640 (FA-free) 53
HIZ X DT 4 v anbHEEL, 3,000 rpm (885xg) T 3 rftliE LB, BiE4
DErE. SN~ v h% 10% (v/v) FBS &4 RPMI 1640 (FA-free) 55112 1x 10°
cellsimL DFJEToHHLL 72,

(5) A549 MERE DB b M B2 AMIE R OBRLMIE CTH D AB49 Hifid 8 x 10°
cells % 10% (v/iv) FBS &4 low-7 /L 22— A DMEM #5:# (L-7 /L4 X > 590 mg/L.
7% IREEKFET B U o7 AEEHE 1,600 mg/L, X=3U > 1x10°U/L, A hL T h~A
2> 0.1¢g/L) 10 mL 2V L. 100 mm culture dish (Z#Ef& L T, 37°C. 5% CO, J&J%
TCHELE, BEIarryrx=y MGELMEE N 7Y -EDTA IEICE D T 4
v BEEEL, 3,000 rpm (885xg) T 3 i OB, EEEIRVERE, 55
ni=~vr > h%& 10% (v/v) FBS &4 low-7 /L 2—A DMEM £5#11Z 1 x 10° cells/mL
DEFETHHLT,

(6) Hepatocyte M¥5#&: t KAk ORALAlIL T & % Hepatocyte (8 x 10° cells) %
10% (v/v) FBS 44 RPMI 1640 Hil (L-2 /L4 3 > 300 mg/L.7% [RERAKZET LU
LESHE 2,000 mg/L, X=3 VU > 1x10°U/L, A FL 7 h~<A > 0.1¢g/L)10mL (2
%% L. 100 mm culture dish |Z#§FE L T, 37°C, 5% CO; #RE FCTHE L, I
YINEY MIELEMEE NY U -EDTA BRI R D T 4 v v a i DB L,
1500 rpm T 5 rffl LB, REEZIRVERE, BonlXby & 10% (viv)
FBS &4 RPMI 1640 55H1IZ 1x 10° cells/rmL D JEToHr# L7z,

5. CyDs i R E 1 D J E

AR (5 x 10* cells) % 96 well culture plate |Z#EFE L 7=, i~ OJRFED CyDs & A5
HCALEE L7z, HBSS 100 pL T 3 [EIEif{%, HBSS 100 puL 8 L OY WST-1 ¥k 10 ul
AWMU, 37°C, 1 KA o F 2 _X— MR, v~ 7 a7 L— ) =X = TH
7V 405 nm, U 7 7 LA 630 nm OWOLEEZMIE L7c, £7-. Tween 20 (1%) &

115



A HBBS I LU CyDs FEWMZDOWICE 2 N ENAEFER 0% BELO 100% & L
C. CyDs OffuAETTFREZFHE Lz,

6. 7u—H%A FAFU—IiZX% DNA EEOHEIE

AMAE (4 x 10° cells) % 24 well culture plate (ZHEfE L7-1%, fix ORED CyDs &H
BEr it C—iERFf LB L 7=, PBS T4, 100 uL o 70% =& /) — )L HIZREE
H, 4°C T 3 FFMEE LGB 21T o 72, mO0EEIC X Y B &2BRE%, PBS 12
MR S, S|IET 30 oflA v Fa_—h L, THR b= REBFRETEL DNA Wil
ZIRH 72, RNase A &% (100 ng/mL) Zhnz. 37°C, 30 iAo F=~— kKL
RNA ZpfibrE Uz, mOEREIZ L0 BEZBRER. 100 b O Pl #HE (20 pg/mL)
IIRE S, K T 20 itk e —H A b A MU —IZ &0 MR O EOTRE &
HE L7,

7. THa—R 7 VEIIKENZ L5 DNAladder O

HIM (1 x 108 cells) % 35 mm tissue culture dish (Z#EFE L 7%, fEix OJEE D CyDs
BRI C— ERF AL L7z, PBS THEF£. lysis buffer (10 mM Tris-HCI (pH 8.0), 10
mM EDTA - 4Na, 0.5% Triton X-100) H 28k L, A2 % S 72, RNase A % figfk
FEEEA 400 pg/mL & 725 X 92z, 37°C T 30 A > FaX—F L7, &5
IZ proteinase K Z i #&JEFE)Y 400 pg/mL & 725 X 912Nz, 50°C T 1 Wil A > %
22—k L7, BN % ethidium bromide (0.1 pg/mL) Z&Te 2% 74

0— A7V EHANTERKE L7z, DNA O R, FT VAL VI Rx—F—|T K&
DR LT,

8. HLHMSRIC X HHE

NR8383 il (1 x 10° cells) % glass base dish (ZfEFE L 7=#%. 5mM & CyDs &F
Brfi T 24 WFELBR L7z, PBS TUEH L7, 4% Z V2V T /L7 b KT 40 4rf#fE
L. PBS T 3 [A¥E# L7, 10 ng/mL Hoechst 33342 &4 PBS % 1mL Jix. 37°C
T 10 flA v F 2X— KL, PBS T 3 [mIfeiftk, @& CHMEE CRIZ LT,

9. MRS EE L DR
PS DOiffaEsl g ~D & H % Tacs™ AnnexinV-FITC Apoptosis Detection Kits % >
THH L7z, MifE (1 x 108 cells) % 35 mm tissue culture dish (Z#EFE L 7-t%. CyDs &
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ARG C—ERFE LB L7z, PBS THEH%. AnnexinV-FITC LN PI THEA L,
Ta—H A K~ A MY —|Z XY IR E YR E 2 HE LT,

10. #& Y VIEEDOIRH

NR8383 #fifid (1 x 10° cells) % 35 mm tissue culture dish (Z#Ff& L 7-1%. HBSS T 2
[Py L. CyDs & HBSS T 1 FRRJLER L 7=, byF#k %= 050EE (10,000 rpm, 10
min) L. k& 05mL # VU UfEE C-7 A b U a—3ARK 05 mL LIRA L THRE
. SPNOLEERTT 600 nm DOBOLEAREE L, Y VIEEELZ R L,

11. a LV A5 u—)LORKH

NR8383 #lfiz (1 x 10° cells) % 35 mm tissue culture dish (Z#EFE L 7=t%. HBSS T 2
[FI%EH L, CyDs & HBSS T 1 BERIALEEL7-, IS4 04BE (10,000 rpm, 10
min) L. E#&E 05 mL IZZ nak/LA/A K ) —)VIRIR (15/2) 1 mL 2§ 10 %
MR%Z L7c, T 0.8mL Z7ZAFHE®R., Z&A%/K 20uL 2L, SHICa VAT
n—L E-7 A FUa—36ARE 05 mL LIEA L TRAKE., DX EEFH T 600 nm
OWNEAREL, aLATu—LEa R L,

12. Cholesterol-loading DM-B-CyD ¥R DR

5 mM DM-B-CyD &4 H# 1 mL 2L 25 m—/L¥yR (20 mg) 2Nz 24 HRRA
WG U=, & DR %m0 BER% (2,000 rpm, 5 min), BG4 7 ¢ L% — (Advantec H
DISMIC-3CP) CT4Aifi L. cholesterol-loading DM-B-CyD A% & 157~

13. I Fa v FYTREAMD (Aym) DOHIE

2 by KU THREAN (Aym) 1 rhodamine 123 Z FWCTHIE L=, TRIEMED F4
> T 5 rhodamine 123 |ZEMZEICIG LTI by RUYTIZHRVAEND T2, HLD
IABBEERET D Z &I k> CTHEEBMZMENICHIET D Z &N TE 5, 9 CyDs
EAEEHTALEE L 7= NR 8383 il (1 x 10° cells) 2 PBS Ty, rhodamine 123
(10 uM) &F PBS I[ZRE L, 37°C, 15 H3fflA > F 2X— K~ L, PBS Tk, 7
B—HA b A NY—ICX D EEEEAREE L, Aym &3 L7,

14. T ba v FY TESOFHER
Yang HDOHED) (- T, 2 har KU 7Tl 2R L=, NR8383 iz (5 x
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10° cells) % 60 mm tissue culture dish (Z#&fET%, CyDs & A RGHICTALLEE L, PBS T
1% extruction buffer (20 mM HEPES-KOH (pH 7.5), 10 mM KCI, 1.5 mM MgClz, 1 mM
EDTA, 1 mM EGTA, 1 mM DTT, 73 uM pepstatin A, 0.1 mM leupeptin, 1 mM
phenylmethylsulfonyl fluoride, 250 mM sucrose) HZ#&¥ L 30 43 k% . Dounce %!
REVFA P —EHWTHEETF A X (10strokes) L, HmEVF— b &G, KEY
ZF— b &Ly EE (3,000 rpm, 10 min) L. #5072 EiE A2 & 52040 B (10,000
rpm, 15 min) L CHALNZEEZ I ha RY THEiGOH 70 e UTERICERL
7=,

15. QCM : Single-Q (Z T, 37°C, 480 rpm THIE L7z, KIGHEIZ 0.02M U el )
A, 015M HiftF R U A (pH7.2)500 ul ZIRML. FBP A4 — kA V=7 v
aVRRE ATV —F v FICEE LR, RNy 77y —ICEMR LT
FA-M-B-CyD1mg/mL % 2uL A —rA Pz a I THML, OSSHEZ, #
A OB ER T Q-UP V7 b & FW TR L=,

16. Western blot 4347

(1) FABOFTHED : NR8383 i (5 x 10° cells) %2 60 mm tissue culture dish (ZHEFET% .
CyDs & AR5 CARFMEE U7-t% ., Wil LU S LT Sl 2 TR L,
PBS TyEi#4. Lysis buffer (20 mM Tris (pH 7.5), 1% NP-40, 1% SDS, 150 mM NaCl, 1
mM EDTA, 1 mM NazVOs, 10 MM NaF, 1 mM DTT, 73 uM pepstatin A, 0.1 mM leupeptin, 1
mM phenylmethylsulfonyl fluoride) % 500 uL #NL, 4°C T 1 KA > F a2 X— K L
7, 0B (16,000 rpm, 10 min) %, EiEZ7HLL ., lysate & L7-,

HELDOFAMO: KB #ild% 35 mm tissue culture dish {2 5 x 10° cells/dish (2725 K 9
ICHEFE L. 10% (vIV) FBS & A BRI T 24 WrfiEsag U7, #ile 2 S © 2 [
¥ L7-1%. 5 mM M-B-CyDs & A i jFEs 2 3sn L, 37°C, 5% CO, JEE T T 2 I
LB L7, £ D%, PBS1mL T 2 [BIUE44. Lysis buffer 2 200 uL #INL | 4°C T
1 BEfA o F 2 X— b L7z, @050 8E (15,000 rpm, 10 min) 4. EiEZEoE L. 3k
& L7,

(2) SDS-PAGE: #kHZE 6 x sample buffer Z 1%, 98°C T 5 ZpMEVLELT 5 Z & |C
X v EILIREOVKEFEE L7z, 20 pgllane (2722 KO I 2 & L— 2w L.,
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TEAUKED (40 mA, 30 0B L 60mA, 2 FFfl) 2#1T-7-, 2B, Ko7 7 U
7 2 REEEIT 12% running gel 38 X OY 4% stacking gel T&» v vkEH buffer 1.0.192
M glycine, 0.1% SDS. 0.125 M Tris-HCI (pH8.3) O#E D & D ZFHH L7,

(3) Akt, phospho-Akt, Bad, phospho-Bad, actin ®&&H

SDS-PAGE %, = hatk/o—XEICEZE (50 V, 3FEfH) L7z, 5 L=tk
Na—ARZ, Tay XNy 77— (5% skim milk, 10 mM Tris pH 7.5, 100 mM
NaCl, 0.1% Tween 20) % FH\ C.25°C T 1 FFfi]~7 o v %7 L. Akt, phospho-Akt, Bad,
phospho-Bad 3 L % actin Z T 572D NN D —KHUAEK (rabbit anti-Akt
antibody (1 : 1,000), mouse anti-phospho-Akt antibody (1 : 500), mouse anti-Bad antibody (1 :
100), rabbit anti-phospho-Bad antibody (1 : 200), rabbit anti-actin antibody (1 : 200)) % 4°C
T—WefEH 72, TBS-Tween 20 (0.1%) &k T . TBS-Tween 20 (0.1%) #&#K T
R L 7= W BLIK (phospho-Akt, Bad ; peroxidase-conjugated sheep anti-mouse IgG
antibody (1 : 2,000), Akt, phospho-Bad, actin ; peroxidase-conjugated donkey anti-rabbit 19G
antibody (1 : 2,000)) % 25°C T 1 WfffEH S¥7z,  TBS-Tween 20 (0.1%) ¥k Tk
1% . ECL Western blotting analysis system % W\ CZNE DN RERHE LT,

(4) Cytochrome c, cytocrhrome oxidase IV, caspase-3 DRH

SDS-PAGE . PVDF f|2#£5. (100 V, 3 F§f]) L7-. #%5 L7- PVDF JEic~7 1 v
J T — A% HWT.25°CT 1 Kfffl7 1 v %7 L. cytochrome c, cytocrhrome oxidase IV
BELO caspase-3 T D7 DIZENZEILO KPR (mouse anti-cytochrome ¢
antibody (1 : 1000), mouse anti-cytochrome oxidase subunit IV antibody (1 : 1,000), rabbit
anti-caspase-3 antibody (1 : 500)) % 4°C T—MefEH =72, PBS-Tween 20 (0.1%) &K
TUEF1%. PBS-Tween 20 (0.1%) ¥k TAVER L 72 kLA (cytochrome c, cytocrhrome
oxidase IV ; peroxidase-conjugated sheep anti-mouse 1gG antibody (1 : 2,000), caspase-3 ;
peroxidase- conjugated donkey anti-rabbit IgG antibody (1 : 2,000)) % 25°C C 1 K¢fE/EA
S 72, PBS-Tween 20 (0.1%) ¥k THaif#%. ECL Western blotting analysis system % /]
WTENZEND/NN Y Raefi Lz,

(5) Caspase-3. LC3-Il, Beclin-1. Atg7 O#&H

SDS-PAGE %, = hrt/rr—XEITHZS (100V, 3 h) L, 7ryX Ty 7
77— (5% AXALINIZEH PBS) IZiRL, 4°C T—HiA > FaX—FL7%, 01%
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PBS-Tween20 AR CHEiE# . RV T 1,000 78R L7=—&$HiA (polyclonal rabbit
anti-human caspase-3, polyclonal rabbit anti-human LC3B. polyclonal rabbit anti-human
Beclin-1. polyclonal rabbit anti-human Atg7) % 4°C CT—#it S H¥72, B, 0.1%
PBS-Tween 20 AR Ty L. RIA#K T 1,000 %4 L7 Wk HLIR (anti-rabbit
IgG-conjugated horseradish peroxidase) % ==ilid C 1 WffE i S 72, 0.1% PBS-Tween
20 AR CUEit4. ECL Plus Western Blotting Detection Reagents % VT 5 43I
7=, Caspase-3 LN LC3-1l D 32 Kid LAS-4000 (2 X v K L. Image Quant
TL (Z &0t L7,

17. p62 DEBUCRKIET FA-M-B-CyD DE

KB #ff4 35 mm tissue culture dish (2 1 x 10° cells/dish (2722 K 9 IZHERE L. 10%
(viv) FBS &4 RPMI 1640 (FA-free) BT 24 BRRRG# L7-, Al 2 M yELsH 1
mL T 1 [E¥EE%. p62-FP (Premo™ Autophagy Sensor GFP-p62 Kit) 50 uL & 43 1 i%
Fih 1mL 2% L, 37°C, 5% CO, #RE T T 16 KA v Fa~— | Lz, TDI&,
HIIL 2 B RS T 2 [EH L. 5 mM M-B-CyDs & F 2 iFk 4 1 mL {hnL.,
1 WEAALEE U7, BEMIEESHLT 2 BIveidie, SORBAMERIC TBIZE LTz,

18. TRITC-M-B-CyDs DFRfHL

M-B-CyDs 10 mg ¥ £ TF TRITC1mg % DMSO 400 uL (Z¥afiE L, iR, #E T
T 24 IR IES¥ 7, 0%, HO T 72 BefIBH L. BAESEEIC LY
TRITC-M-B-CyDs %7537-,

19. TRITC-M-B-CyDs DN FTE

KB #ifli% 35 mm glass bottom dish & 2 x 10° cells/dish (2725 X CHEREL . # N2
L 10% (viv) FBS &4 RPMI 55T 24 BEfEG# L7-, MifuA PBS1mL TUEiH L
721, 10 uM TRITC-M-B-CyDs & A #E i EE 2 150 ub WL, 37°C, 5% CO: i
ETT 1 RMELIT 23 EKE L, BYES LI XTI ~v—DI—Th D
LysoTracker® (Jc#&IE 100 nM) 2L, S HIC 1 FEfA v FaX— 3 %, M
Mg 1 mL TP L, EA L —F —BSEIc LY TRITC BX W LysoTracker®
DHEBIEE LT,
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20. TRITC-M-B-CyDs & X bz KUY 7 DILFFE

KB #flifiz 35 mm glass bottom dish (2 2 x 10° cells/dish (272D IDIZHEFEL . T2
AL 10% (viv) FBS &4 RPMI E:th© 24 FRREEEE L=, Milaa PBS1mL THESE L
72t%. 10 uM TRITC-M-B-CyDs & #ifijER5 4 150 uL ¥ L., 37°C, 5% CO; J#
EFT 2 FERlEZ1T 24 R L7, I b2 RUT~—D—Th 5
MitoTracker® (B #&IRE 50 nM) ZIRML, 51 10min A U FaX— 3 Uk, M
MygEEH 1 mL TP L, ES L —F B L v TRITC LW MitoTracker®
DENEBEE LT,

21w A N7 7 V—HHEICRIFT FA-M-B-CyD DFE

KB #if% 35 mm glass bottom dish (2 5 x 10° cells/dish (2725 XH(Z#&FfEL . 100 nM
Mtphagy Dye® T 15 43[AJALBEL7-, #ifd% HBSS 1 mL T L72%. 5 mM
M-B-CyDs & A M L5 4 150 uL ¥R L. 37°C, 5% CO, R T 2 FRfilA > %
a2~_X— kL7, #ifd%d HBSS1mL T L7, 1uM Lyso Dye® T 15 4rfjALBiL
7o, Mz HBSS 1 mL T Liztk, #CBUSSIC TICTHIZ LT,

22.3 b2 FU 7 DNA B —HIZKIET FA-M-B-CyD DFE

KB #ifidz 35 mm dish (2 1.5 x 10° cells/dish (2725 5H &ML, =L 10%
(viv) FBS &A RPMI £5H1iC 24 FEfEGEE L7z, Milnz PBS 1 mL CHeE L7724, 5
mM M-B-CyDs & A Mg 2 1 mL ¥shi L., 37°C, 5% CO, R FC 2 WyfiiLeg
L7, T D% IR ZBIX L 7=t total DNA % 7 = / —/L/Z7 a kLA (1/1 (viv)) 2
L U HhH L. Epoch microplate photometer (BioTek instruments) (ZC DNA & &% E& L
72o D%, I b= KU 7 DNA (mtDNA) 3 L UM% DNA (nDNA) % Human mtDNA
Monitoring Primer Set® (TaKaRa Bio) Z T, U7/ %A A PCR IZCEE LT,

23. ATP EAIZKIET FA-M-B-CyD O£

KB #lifil %721 AB49 #lifinz 96 well culture plate (2 2 x 10% cellsiwell (2725 X 9
IZHEFE L. 10% (Viv) FBS & A 55T 24 EfEEREE L7, Mife %2 g5 150 b ¢
1 [EYEE L72#%. 5mM £721% 10 mM M-B-CyDs & A I 155 #1 ¢ 37°C, 2 FEAL
L7, 20%, [Miaol ATP JIERIE ™ 2 100 ul 2L 10 451 %
axX— g, v 7uaSL— ) =X —|ZTREEEZNE LT,
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24. ROS EAICKITT FA-M-B-CyD DFEE

KB #flifid % 35 mm glass bottom dish (2 2 x 10° cells/dish (2722 X 9 (Z#EfE L. 10%
(v/v) FBS SAESHLT 24 WFEIEGEE Lz, T 0%, HEM{EEH# 1 mL T 2 B L,
5 uM M-B-CyDs & A HEifiEHE A2 N L, 37°C, 5% CO, R T C 2 WRefAlALEE L7z,
O, MG 1mL T 2 [FY##4. total ROS detection reagent & A4 i ifi y5 55 Hi
1 mL 2L, #CEMEIC T ROS HRODEOEZBIZ% . BZ-II gt 7Y 7r—
varExHWTERLE,

25. — 7 7 Y — AR OMER

KB #fifiiA 35 mm glass bottom dish (2 5 x 10° cells/dish (2722 X 9 (2L, 10%
(VIV) FBS &ATE5HIC 24 WEREG3E L7, MEMUIERSHIC 1 [EI¥E4 L. 5mM M-B-CyDs
IR, 37°C, 5% CO2 T T 2 BffflA v Fa— g Lic, 20%, L%
bris LB SRS T 2 BIYE L7=7% . Cyto-ID® &AM ELRH 1 mL 23R L .,
37°C. 30 A v FaX— g Liz, D%, SOCBMEIC TBIE L,

26. M-B-CyDs @ in vitro ZHIfRZhE

KB #lifg3 X U8 Hepatocyte : KB #ifldds L U Hepatocyte % 96 well culture plate (Z
2 x 10% cellsiwell (2725 X 5 IZHEFE L. 10% (v/vV) FBS &ARSMIC 24 FREIEGE LT,
ffe & MM 150 pb T 2 [EIgES L2tk FEAx OJRED M-B-CyDs & 47 fEIfL i
B C 2 BEEAEE L7=, 0%, PBS 150 ub T 2 [H¥EE#. HBSS 100 ub B L O
WST-1 ik 10 ul 2% L, 37°C, 20 ol E 21T 30 /oA »FaX— g, ~A
s L—hY)—Z—ZTH 7V 450 nm, U 77 LA 630 nm DU % Il E
L7z, F£72. Tween 20 (1% (vIv)) &A TG KOV CyDs FEIRNR DWW IEE %2 %
NZENAETER 0% B 100% & LT CyDs ALFRBE OMIATER 235 Lz,

27. MK mRNA DORH

(1) Total RNA DO#hiH: fiflaz PBS T 2 [EIEH#%. TRIzol (2T total RNA ZHfiH L,
SIMEFEEEFHT T 260 nm OWLEE A JIE L, total RNA E& RO, 7ok, L
RNA % OD2eonso 1.8 LA LD & D % 7=,

(2) Reverse transcription (RT) [Ji~: total RNA (0.5 ng) (2% L . ReverTra Ace gPCR
RT Master Mix with gDNA Remover Z H T cDNA =157,
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(3) Real Time Polymerase chain reaction (Q-PCR) XJi: THUNDERBIRD® qPCR Mix 5
uL. PCR Forward Primer 0.3 puL (10 uM), PCR Reversed Primer 0.3 uL (10 uM), template
(cDNA) 1 pL (< 100 ng) 35 LT dH.0 3.4 uL =R A% . Applied Biosystems 7500 % A
VY, 95°C (30s, 20°C/s) DS T, WIIZE MR, & 51T 95°C (5's. 20°C/s), 55°C (30 s,
20°C/s), 72°C (30 s, 20°C/s) OZMHF 40 ¥+ 7 /L ® PCR [it~%1T72\ ., cDNA %
HEE S H 72,

(4) 7T Hu—RF)VERKIKE;: PCR (IC L WiEE S 7= DNA 10 uL %, &#% 05 x
TBE (Tris-borate EDTA; 45 mM Tris, 45 mM &R 7, 1 mM EDTA) Ti##E L7 1% 7
Ha—A7 A HWT 100 V OEESMF T TH 30 /rvkE Lic, vkEE TR, 7
Jiv— A%V % EtBr (100 ng/mL) % &de TBE I T 30 R E 5 L, et Lz,
Qe T2, FT U AANIRX—F—IZED I ZiRE LT,

28. NGV RT = ayv

KB % 24 well plate (2 1 x 10° cells/well (2722 X HIZFERE L, 10% (v/v) FBS
EAHEEH T 24 ReffEE Lz, Milaz i yEEs 300 ub © 2 [RIPEE#£.
Lipofectamine™2000/siFR-o. #& A% & TeEMyE RPMI 1640 K5t 270 uL #iRML .
37°C.5% CO; JBE FTC 1 Bl > FaX— kL7, ZD%. FBS30 uL 23RN L (%
FEPREE: 10% (VIV)), S 512 23 FefiEEsE L7,

29.FR-a / v 7 ¥ KB MIfEIZHIT 5 FA-M-B-CyD ® ROS EADHIE

AR O FIEIZ LV IER LT FR-a / v 7 X7 KB #il@ic 5 mM FA-M-B-CyD
GAHMMIER %A 37°C, 5% CO, JRE FC 2 REEALEE L7-, 0%, MiMmiEhH 1
mL T 2 [A[¥EE# . total ROS detection reagent & A MM IEEM 1 mL 2L, #)%
BAMEEIZ C ROS HISROHOE 2 BIEM% . BZ- fi#fi 7 7 ) r—ra v 2 HOTERL
72

30.FR-a / vy 7 ¥y KB HIRIZEBITHA— N7 7 IV —LJER

AR D FIEIC L VIERR L2 FR-a / v 7 X7 KB #llld% 35 mm glass bottom
dish |2 5x 10° cells/dish 12725 & 5 IZHEFE L, 10% (v/v) FBS & A RGHIT 24 WRfiE;
L7z, EMERET 1 BIY4 L. 5mM M-B-CyDs % #shni., 37°C, 5% CO, JEfE

123



TT 2 KA ¥ ax—a Lz, £D%, bifzbrE UGS T 2 Bk
L7, Cyto-ID® &AMEMIERH 1 mL Z¥RIL, 37°C, 30 A »F =2~— =
v LT, Tofk, BOLBMENC TR LT,

31. A—r7 7 V—PHEAITFEET @ invitro ZAERZFE

KB #lifd% 96 well culture plate 12 2 x 10* cells/well (2722 & 5 IZHEFE L, 10% (v/v)
FBS &AL MIC 24 WyEsE Lz, Mz Mg 150 pb T 2 [Fed L7k,
50 mM 3-MA 35 X T 50 uM LY294002 Z¥RINL, 37°C, 5% CO, #EE T T 1 Wi
VX aN—Tar i, TO%, BEMEEM TS L, 5 mM FA-M-B-CyD & A #E i
BT 2 FEAEE L7=, Z D%, M-B-CyDs DA F: & Rk EF R %
BH LT,

32. Invivo £k

(1) KB HfaR F#Af~ 7 A: BALB/c nu/nu HEME~w 2 (4 H, 20 g) O#%EIC, 2
HAE2>5 RPMI 1640 (FA-free) THizE L7- KB Ak (1 x 10° cells/100 pL) %
PHELT, £ 14 B, vV RADBEEORREN 4mm ICEELZ~ T A% invivo &
BRICH Wz, 2B, v~ T RIIMAR XV FA EGAE T~ BIRAEEHCCRE LT,
DOX (5 mg/kg). M-B-CyD (20 mg/kg) 3 LT FA-M-B-CyD (20 mg/kg) %= &Te 5% ~ >
= h— VI 100 pb 2 REIRNE G- Lo, 0%, RIEFRICIEGARE, ARE 2 JE
LTc, o, AAfFRIT, 5% 140 HHZ= FARA U e LTE=XV 7 LT,

(2) lhara KRz FRME~ 7 A Rag-2/Jak3 %/ >~ 27 77 k L7= BALB/c nu/nu Mk
<~ A (12 #in, 250) OEEZ FiZ. DMEM Eqt TR L7- KB i@ (1 x
10° cells/100 uL) #4#EfE L7=, ~ UV ADOEGEOER 5 mm ([ZEFE L/~ T X% in
vivo ZEBRIZH W=, M-B-CyD (10 mg/kg) £ O FA-M-B-CyD (10 mg/kg) % &1e 5%
v = h—/VIRIR 100 ub ZJREIRNEE S LTz, 20tk BRI IEGE AR, KE%
ME L7, ¥, AFRIE 5% 18 HHZZ UV FARA e L TE=ZT 7L
72

3) HA A~ U RADIEGARRE: FEF AR, Corbett &0 5L M) (ZHEv, EIFEO
REBIOEEZNE L., Fig 64 (ORI RIHEAEZHNTEB L,
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<€ > L

L : longest dimension of tumor

w
T Volume =L x W?/2

W : dimension perpendicular to L

Fig. 64. Measurement of Tumor Volume in Mice

(4) MIERAELZFRINT A—2DEH: HR A~ T 22T —T VT, M-B-CyD B X
" FA-M-B-CyD Z#&de 5% ~ > = h—/LEHK 100 b ZRBEIREL O &5 L7, 24 FF
{4 = — T VR T, MEERREIIR & 0 £ L, 9% 200 pl % 4y B U GE B S Gk
RAF LTz, SRR L A BT EE I L B8 LT,
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