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RIZ mitotic catastrophe THEHH. HEAHRDERICLY FBHKRIHENTSE
3. KRELMAAELY ., nuclear envelope & micronuclei Z4HE & T 5, Hst
1R BET O EH| (etoposide, taxol, cisplatinZ) 2k Y . mitotic catastrophe
NFEEIND, EHIEOZ ITHEEAZD G #1D checkpoint DHEHEZEF L T
WA= Gl HAICELEETICG2HITEITT 5, TDT=8H G2 D checkpoint A
¥FITmitotic catastrophe MINFIICEETH 5,62 HiZHl{EI9 5 ATM, ATR, Chki,
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C) Autophagy
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(hsc70) IZ& > TERHEENLHBERNGDETH S, (3) S/ AA—+T7—:
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autophagosome RSN THY . B2 2A TIEAFIZT oV FYTEEATL
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[CIEWHEBTHY . ELEMEI—h—EH 5, B2 2B TIEHEBKETHEESL
f=A— k277 O—MPIK BBEHE|TH S 3-methyadenine (3-MA) [k - THIH|
NTWWBIEEZRLTWS, RFIA— b7 o—LEMBOMRZHRELT:
D&, FEZMAAKENCFT TDA— T 7 O—DFEL in vivo ITHITSHREIEICE
59 % beclinl (Atg6 @ mammal ian homologue) TH 3., 7k hk—L A Z{EHT S
Bcl-2 773 —BIFTHD. Bax EBak DFTIL/ v O 79 <O RD MEF
(A SFHERD) I HUEHFIVPI6 2359 d5L. 7R EF—JREFRoNGEA ST
M, A— b7 o—FFEINt=, £z, ZOA— T 7 O—IFRHRD 3-MA I
FUIHEI SN, ZRE—2XHH Bel-2 77 2 1) —EEFD Bel-2 45 Bel-X,
DEHRBIZLYIEESNIz, —A. Bcl-21EBeclin 1 £EETHEITLY.
A—r 27 0—4¢MFTH LN, ELADEMBIZSLNT invitro XYW invivo
[CEWTHESN, #— b7 O—HEMBOMEEZINHT LS00, BET
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T3 AIF OBADOBITHS., COA— LT 7O—ITBATHDEWVWSEEIC
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RENARREA—ILTADY F45F (20071 £ 12 A)

EDELSBHFTMIELT 2ONMNEKDHDHEHTHS, Imatinib Zi5sH
ETENFIREMNEELRATHSA, BHEBIZESTEH LUV T FILGERR
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BICHU DD HARANDERZH > TVEET A —MELGNEENTH S,
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related to necrosis—|ike programmed cell death induced by A23187 in CEM
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FR901228 1C5y and characteristics of human oseteosarcoma cell lines

FR901228

Cell lines p53 Rb 1Cs0 (NM)
HOS mt wt 1.2
U20S wt wit 2.3
Saos? mt mt 2.6
MG63 mt wt 2.7
G292 mt wt 2.9
OST wt wit 3.2
0S690 wt mt 3.6
Takao mt mt 7.3
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FR901228 induces apoptosis and increases acetylation
of histone H3 and H4 in human osteosarcoma cells
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FR901228 up-regulates FasL expression
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FR901228 activates caspase-8 and caspase-3
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FR901228 inhibits tumor growth in human osteosarcomas in
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Table1 | Characteristics of different types of cell death

Type of Morphological changes
cell death
Nucleus Cell
membrane

Apoptosis  Chromatin condensation; Blebking
nudear fragmentation;

CMA laddering

Autophagy  Partial chromatin Blebking
condenszation; no DA
laddering

Mitotic Muttiple micronudlei; -

catastrophe  nudear fragmentation

Mecrceis Clumping and random Sweling; rupture
degradation of nuclear DNA

Senescence Distinct heterochromatic -
structure (senescence-
associated heterochromatic
foci)

Cytoplasm

Fragmentation
(formation of
apoptotic bodies)

Increasaed number
of autophagic

vesicles

Increased vacuclation;
organelle degeneration;
mitochondrial swelling

Hattenin
increas

and
granularity

Biochemical features

Caspasa-depencent

Caspass-independent;
increasad lysosomal
activity

Caspass-independent
(at eary stage)
abrnormal COKAfoydin B

activation

SA-p-gal activity

Commeon detection methods

Electron microscopy; TUMNEL
staining; annexin staining;

C -activity assays;

O ﬁ-fragmentaﬂion agsags;
detection of increased number
of cells in sulbG1/30; detection
of changes in mitochondrial
membrare potertial

Electron microscopy;
protein-cegradation assays;
assays for marker-protein
translocation to autophagic
membrares; MDC staining

Electron microscopy;
assays for mitotic markers
MPM2); TUNEL staining

Electron microscopy; nuclear
staining (usually negative);
detection of inlammation and
darmage in surrounding tissues

Electron microscopy; SA-j-gal
staining, growth-arrest assays;
assays for increased p53,
INKAA ancl ARF levels (usually
increased); assays for RB

hosphondation (usual
Fypophospronsiad) assays
for metalloproteinase activity
(usually upregulated)

COKA, oyeline-dependent kinass 1; MDC, monodansylcadavering; MPMZ, mitotic phosphoprotein 2; SA-)i-gal, senescence-associated [f-galactosidase;

RE, retinoblastoma protein,

Nat Rev Cancer 4:592-603, 2004



Imatinib induces classical apoptosis, while zZVAD+imatinib
Induces atypical cell death.




Atypical cell death exhibits necrotic morphology.
original magnification, 3000x
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DNA content are not observed in zVAD+imatinib-induced
atypical cell death. DNA ladder and cell cycle analysis
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Mitochondrial transmembrane potential is lost in
the early phase of necrosis.
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Omi/HtrA2 is the only candidate mediator of necrosis.
Cell fractionation and western blotting
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Serine protease activity Is required for the execution

of necrosis.
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Serine protease activity Is required for the execution
of necrosis.
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SA-B-gal in human skins

Proc Natl Acad Sci USA 92; 9363-9367, 1995



Therapies that induce autophagy in cancer cells

Treatment Proposed target
Tarnaoxifen Oestrogen receptor
Temozolomide DMNA

wIrradiation DA

Sodium butyrate and HDAC

SAHA

Hyperthermia Lnknown

Arsenic trioxide Multiple targets (for example,
mitochondria)

Resveratrol Multiple targets (for example,
oestrogen receptor and
mitochondria)

Soybean B-group LInknown

triterpencid saponins

Raparmycin mTOR

Cancer type
Breast cancer
Malignant glioma

Breast cancer, prostate cancer, colon
cancer, malignant glioma

Cervical cancer that overexpresses
BCL-X,

Malignant glioma
Malignant glioma

Owarian cancer

Colon cancer

Malignant glioma

HODAC, historne deacetylase; mTOR, mammalian target of rmpamycin; SAHA, subsroylanilide hydroxamic acid.,

Nat Rev Cancer 2005; 5: 726-734



Different proteolytic pathways

i ‘\A
2005; 24: 558-561



Atg genes are required for autophagic vacuole formation
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Nat Rev Mol Cell Biol 2005; 6: 505-510



Double-membrane structures known as autophagosomes

T

Growth factor(+)

Nat Rev Mol Biol 2005: 6: 439-448



Starvation - + +
Starvation + 3MA - - +

LC3-1l p —

Oncogene 2004; 23: 2891-2906



