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CAC KIEU CHET CUA TE BAO

CO CHE PHAN TU CUA HIEN TUONG APOPTOSIS
ROI LOAN APOPTOSIS TRONG UNG THW

CHIEN LU'OC PIEU TRI DUA TREN APOPTOSIS
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CAC BAC TINH CUA TE BAO UNG THW

. Khéng chiu sw tac dong cua tin hiéu ndi bao va

ngoai bao trong tang sinh té bao

. C6 khuynh hwéng 1an tranh chét té bao theo lap trinh

. Khéng tuan thu sw biét héa binh thwéong

Mat 6n dinh vé mat di truyen

. Dé “di hoang” (escape from home tissues): xam lan

. Song s6t va tang sinh trong nhirng vi tri méi: di can



LICH SU NGHIEN CU’'U APOPTOSIS

Timeline | Apoptosis research and cancer

First morphological
description of what
we now call apaptosis

Cell death
observedin
vertebrate
development’

Shrinkage necrosis
Is renamed as
apoptosis and
defined"

p53induces

apoptosis®

Cloning
BCL-2found | | and
toinhibit sequencing
apoptosis™ | | of CD5¥

|dentification
of BAX*

Involvement of CDY5
indrug-induced
tumour cell apoptosis
ls demonstrated™

|dentification
of SMAC®

Pre-clinical trial
of asmall
molecule BCL-2
antagonist™

1906

1951 1065 1972 1980 1988

1000 1991 1992 1993 1995 1996

1997 2000

2003

Developmental
cell death
observedin
toads’

Developmental
cell death
observedin
Neurons

The term

shrinkage
Necrosis is
coined?

DONA ladder
formation
observed in
apoptosis’

Inhibition of
BCL-2 shown to

induce tumour
cell death”

MYC described

as a requlator
of apoptosi ™

|dentification
of BAK*

Phase 1 clinical
trial using
antisense RNA
toBCL-2
REFTY)

Autophagy
suppression and

tumour development
linkeq™®




CAC KIEU CHET CUA TE BAO

. HOAI TU (NECROSIS)

. CHET THEO LAP TRINH TYPE |
(PROGRAMMED CELL DEATH: APOPTOSIS,
ANOIKIS)

. CHET THEO LAP TRINH TYPE Il (AUTOPHAGY:
TU TIEU)

. MITOTIC CATASTROPHE
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Triggering of death receptors
Oncogene activation
Cytotoxic drugs

Radiation

UV-light

Etc.

Apoptosis
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Necrosis

/v Mitotic catastrophe

__» Slow cell death

—* Paraptosis
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CAC BAO QUAN GAY CHET TE BAO
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NECROSIS VA APOPTOSIS

(A)

(A) Necrosis:

Do ton thuong cap tinh
Té bao phdng va vo
Phong thich chat gay viém

I (©

(B)

10 um

engulfed dead cell phagocytic cell

Apoptosis: FALLING OFF

ba dworc lap trinh

Té bao co nhd, khung té bao sup dé,
nhiém sac chéat cé dac, DNA nhan bj gay
vun

Khéng gay tén hai xung quanh



ANOIKIS
(HOMELESSNESS)
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FOCAL ADHESION VA ANOIKIS
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AUTOPHAGY
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PIEU HOA AUTOPHAGY
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APOPTOSIS SIGNALLING NETWORK

The extrinsic apoptosis pathway is
activated upon ligand binding to death
receptors (TNFR1,Fas/CD95, DR4/5). This
results in activation of a caspase cascade and
eventually cleavage of both cytoplasmic and
nuclear substrates. TNFR1 may promote
survival signalling through activation of NFkB.
The intrinsic pathway involves release of
apoptotic proteins from the mitochondria,
formation of the apoptosome and
subsequently caspase activation. Members of
the BCL-2 protein family are involved in
regulation of the intrinsic apoptotic pathway.
The extrinsic and the intrinsic pathways
converge in a caspase cascade that results in
cellular shrinkage, DNA fragmentation and
eventually apoptosis. Tumour necrosis factor
receptor (TNFR), Tumour necrosis related
apoptosis-inducing ligand (TRAIL), TNFR type
1-associated death domain protein (TRADD),
Death receptor (DR), Fas-associated protein
with death domain (FADD), TNFR associated
factor (TRAF), Receptor interacting protein
(RIP), FLICE-like inhibitory protein (FLIP), X-
linked inhibitor of apoptosis protein (XIAP),
Nuclear factor kappa-light-chain-enhancer of
activated B cells (NFkB), Inhibitor of kB (IkB),
IkB kinases (IKKs), cytochrome ¢ (Cyt ¢),
Apoptotic protease activating factor 1 (Apaf-1).




HOAT HOA CASPASE

CASPASE: Protease c6 cysteine tai diém hoat ddng va ly giai protein
dich tai vi tri aspartic acid
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HOAT HOA CASPASE

(A) ACTIVATION OF APOPTOSIS FROM OUTSIDE THE CELL (EXTRINSIC PATHWAY)
killer lymphocyte

apoptotic
target cell

target cell

(8) ACTIVATION OF APOPTOSIS FROM INSIDE THE CELL (INTRINSIC PATHWAY)
cytochrome ¢ (in intermembrane space)

adaptor protein
(Apaf-1) activated
caspase-9

PP g o v

injured
mitochondrion




Green tea (-)-epigalocatechin-3-gallate inhibits KIT
activity and causes caspase-dependent cell death in
gastrointestinal stromal tumor including
imatinib-resistant cells

Hoang Thanh Chi,'? Hoang AnhVu,' Reo Iwasaki,'? Le Ba Thao,'? Yukihiko Hara,’ Takahiro Taguchi,* Toshiki VWatanabe? and Yuko
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Apoptosis and cancer: mutations within caspase

genes

Table 1 Summary of caspase-8 somatic mutation in gastric cancer
Total cases Cases with
Total case with caspase-8 specific caspase-8 Nucleotide change (predicted amino acid
Tumour type  numbers  mutation mutation Mutation site Mutation type change)
Gastric 162 15 1 Exon 1 (DED) In-frame (deletion) 249 251 delGGA (E84del)
carcinoma” 1 Intron 2 Substitution IVS2 + 1G =A (Unknown)
1 Exon 1 Insertion 1_2insT (Unknown)
1 Exon 1 Substitution 1A >G (Unknown)
1 Exon Z (DED) Substitution (missense) 409A =C M137L
2 Exon 3 (DED) Deletion (frameshift) 492 493delTG (Frameshift after codon164 and

Exon 3 (in between DED/p20)

Exon 7 (p10) Insertion (frameshift)
Exon 6 (p20) Deletion (frameshift)
Intron 6 Insertion

Exon 7 (p20) Deletion (frameshift)
Exon 8 Substitution (missense)

3'-Untranslated region Insertion

Substitution (missense)

stop at codon 178)
491G >A (C164Y)

1223 1224 insT (Frameshift after codon 408
and stop at codon 438)

698delG (Frameshift after codon 233 and stop
at codon 237)

IVSE + 47 insT (Unknown)

969 972 delCTAT (Frameshift after codon 323
and stop at codon 335)

1427T =C (F476S)
*43 insT (Unknown)

(Ghavami S, J Med Genet 2009)



Apoptosis and cancer: mutations within caspase

genes
Table 3 Summary of caspase-3 somatic mutation in different cancer
Cases with
Total case  caspase-d Nucleotide change (predicted

Tumour type numbers mutation Mutation site Mutation type amino acid change)
Adenocarcinoma-stomach' 165 2 Exon 6 (p12 protease subunit) Silent 667C—T (no change)

Intron 4 IVS4 —64del A (no change)
Squamous cell carcinoma-lung and ung 181 4 Exon 6 (p12 protease subunit) Silent 667C—T (no change)
adenocarcinoma’™ Exon 6 (p12 protease subunit Missense  674A—T (02251)

Exon 3 (p17 protease subunit) Missense  278G-T (R93L)

Exon 5 (p12 protease subunit) Missense  533C—A (H185 N)
Adenocarcinoma- ascending colon % 4 3'-untranslated region *26del A (no change]
Adenocarcinoma- rectum Exon 4 (p17 protease subunit) Missense  469C—A (L157)
Adenocarcinoma- descending colon Exon 4 (p17 protease subunit) Silent 579C—A (F193L)
Adenocarcinoma- descending colon™ Exon 6 (p12 protease subunit) Silent 634G—A (no changg)
Hepatocellular carcinoma'™ B0 I '-untranslated region 16T (no change)
Multiple myeloma"™ 28 I Intron 5 VS5 +8C—T (no change)




Apoptosis and cancer: mutations within caspase

genes

Table 5 Caspase-7 somatic mutations in different cancers

Total Cases with Nucleotide change
case caspase-/ Mutation (predicted amino acid
Tumour type numbers mutations site change)
Colon 90 . Exon 2 127 C to T (Arg 43 stop)
adenocarcinoma'™ Exon3 384 Ato G (no change)
Oesophageal 50 1 Intron 1 VS 1C-3toT (splice
squamous cell defect)
carcinoma'™
Laryngeal squamous 33 1 Exon 2 209 G to A (Cys 70 Tyr)

cell carcinoma'™®



Apoptosis and cancer: mutations within caspase
genes

Table 6 Caspase-1, -4, and -5 somatic mutations in different cancers

Total case Cases with

Caspase Tumour type numbers Mutation site Nucleotide change (predicted amino acid change)
Caspase-1""  Gastric carcinoma 54 Exon 7 (p10) 1034 T=>A (M345K)

Inron 2 \§2-3C>A (unknown)
Caspase4™  Colon carcinoma 103 Intron 6 VS6+9C=>A (unknown)

Exon 3 (p20) 346 G=>T (R116)

Caspases'  NSCLC (adenocarcinoma) 60 Exon 4 (p20) 629TNA (L2100)

Caspases™  Colon carcinoma 103 Exon 2 (CARD domain) 153 154delAA (frameshift after codon 51 and stop at codon 68)
Exon 2 (CARD domain) 154dupA (frameshift after codon 51 and stop at codon 68)
5"-UTR -21 -22AA (unknown)

Intron 6 VS6+6T=A (unknown)

Caspases™  Gastric carcinoma 54 5'.UTR (4 cases) -21_-22AA (unknown)

Exon 2 (CARD domain) (3 cases) ~ 154delA (frameshift after codon 51 and stop at codon 77)
Exon 2 (CARD domain| 153 154delAA (frameshift after codon 51 and stop at codon 68)
Caspases'  Breast carcinoma 60 Exon 1 105T>C (N35N)




Small-molecule activation of procaspase-3 to caspase-3
as a personalized anticancer strategy
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Small-molecule activation of procaspase-3 to caspase-3
as a personalized anticancer strategy
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BCL-2 FAMILY

Multidomain anti-apoptotic

BCL2, BCL-X,, - H H H ).
MCL1, BCL-w and BFL] _m_{ BH3 BHI BH2 ™

Multidomain pro-apoptotic

Activators: BH3-only pro-apoptotic
BID, BIM and PUMA(?)

Sensitizers:
BAD, BlK, NOXA,
BMF and HRK

BH3




SURVIVAL FACTORS SUPPRESS APOPTOSIS
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Damage or deregulation signals
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Figure 3| A model of BCL2 family control over
mitochondrial apoptosis. In response to cellular
damage or deregulation, activator BH3-only proteins
such as BH3-interacting domain death agonist (BID) or
BIM are activated by transcription or post-translational
modification. Activator BH3-only proteins activate
effectors such as BCL2-associated X protein (BAX) and
BCL2-antagonist/killer (BAK), inducing homo-
oligomerization, resulting in mitochondrial
permeabilization and commitment to death. Anti-
apoptotic proteins sequester activators to prevent
them contacting effectors, and also might sequester
activated monomeric BAX or BAK. Sensitizers act as
selective antagonists of anti-apoptotic proteins.
Whether PUMA is a member of the sensitizer or
activator class of BH3 proteins remains to be shown
clearly, soitis placed in between the two classes in this
figure. BAD, BCL2 antagonist of cell death; BID, BH3-
interacting domain death agonist; BIK, BCL2-interacting
killer; BMF, Bcl2-modifying factor; BOK, BCL2-related
ovarian killer. Modified, with permission, from REF. 72
© Elsevier Science (2007).
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Figure 4 | Three classes of apoptotic blocks used to maintain cancer survival.
Apoptosis is a tumour-suppressive mechanism that cancer cells must overcome to
endure. Selective pressure during tumorigenesis can reduce or eliminate the
activation of pro-death BH3-only proteins, perhaps through the deletion of key BH3-
only genes or by genetic modulation of any of the poorly understood interactions
functioning upstream to regulate these proteins. We refer to this as a class A block.
Alternatively, the effector arm of the mitochondrial apoptotic pathway could be
mutated, resulting in the reduction or elimination of BCL2-associated X protein (BAX)
and BCL2-antagonist/killer (BAK). Thiswe refer to as a class B block™. Finally, cancer
cells may have increased expression of an inhibitor such as BCL2, myeloid cell
leukaemia sequence 1 (MCL1) or a related anti-apoptotic protein. We refer to this as a
class C block. Modified, with permission, from REF. 72 © Elsevier Science (2007).
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Table 2 | Clinical development of drugs targeting anti-apoptotic proteins

Drug Company Clinical phase Function Additional
comments
ABT-263 Abbott Laboratories Phase land I/l aclinical ~ BH3 mimetic, targets ABT-263 is an orally
trials in NHL, CLL and BCL2,BCL-X , BCL-w available compound
SCLC closely related to
ABT-737
Obatoclax Gemin X Multiple phase | and BH3 mimetic Might be a pan-
(GX15-070) phase ll clincial trials inhibitor of anti-
in haematological apoptotic proteins

malignancies and non-
small cell lung cancer

Oblimersen Genta Many clinical trials Antisense DNA None
(G3139) including phase lll in targeting BCL2
melanoma and CLL
AT-101 Ascenta Therapeutics  Phasellclinical trialsina  BH3 mimetic Al-101isthe
variety of cancers (~) enantiomer of
gossypol

BH, BCL2 homology; CLL, chronic lymphocytic leukaemia; NHL, non-Hodgkin lymphoma; SCLC, small-cell lung cancer.



VAI TRO P53 TRONG APOPTOSIS
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VAI TRO P53 TRONG APOPTOSIS

Cytochrome ¢

Caspase 9 and 3 activation



TP53 Mutations iIn Human Cancers:
Origins, Consequences, and Clinical Use
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Table 2. Selective chemotherapeutic agents targeting cell death pathways

Death Protein Chemotherapeu- Type of Sponsoring
pathway classification ticagent Target compound organization Stage
Apoptosis Bel-2 Oblimersen Bel-2 Antisense Genta/Aventis Phase I1/111
oligonucleotide
SAHBs Bel-2 family Peptidomimetic Harvard University Preclinical
ABT-737 Bel-2/Bel-xLL Smallcompound  Abbott Preclinical
Gossypol Bcel-2 Smallcompound  NCI/Ascenta Phase I
IAP Compound 3 IAPs Smallcompound  University of Texas Preclinical
Southwestern
AEG 35156/ XIAP Antisense Aegera/Hybridon Phasel
GEMG640 oligonucleotide (outside U.S.)
Polyphenylureas XIAP/cas- Smallcompound  The Burnham Insti- Preclinical
pase-3,-7 tute
p53 Nutlins p533/MDM2 Smallcompound  Hoffman-LaRoche Preclinical
Death TRAIL DR4/DR5 Recombinant Genentech/Amgen Phasel
receptors protein
HGS-ETRI1 DR4 Agonistic mAb Human Genome Phase I1
Sciences
HGS-ETR2 DRSS Agonistic mAb Human Genome Phase Il
Sciences
TNF-a TNFR Recombinant FDA approved,
protein limb perfusion
CDDO FLIP Smallcompound  Dartmouth Preclinical
College/Reata
Necrosis PDT Metabolism, Clinical
ROS, Ca**
PARP DINA alkylating DNA damage. Clinical
agents metabolism
[3—Lapachone Metabolism. Natural Preclinical
ROS, Ca?* compound
Mitotic Mitosis SB-715992 KSP/Eg5 Smallcompound  Cytokinetics/GSK  Phase I1
catastrophe
UCN-01 Chkl Small compound  NCI Phase I/11
CEP-3891 Chkl Smallcompound  Cephalon Preclinical
SB-218078 Chkl1 Smallcompound GSK Preclinical
A-641397 Chkl Smallcompound  Abbott Preclinical
Senescence Telomerase GRNI163L hTR Antisense Preclinical

oligonucleotide

(Ricci MS, The Oncologist

2006)



CHIEN LUOC PIEU TRI DUA TREN P53

Tumor

p53-reactivating
progression

drug
N

p53-dependent
transcription
DNA Apoptosis
Senescence

(Wiman KG, Oncogene 2010)



CO CHE TAC BONG CUA PRIMA-1
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(PRIMA-1: P53 reactivation and induction of massive apoptosis)



= Gene amplification, protein
overexpression

» MDM2—p53 interaction inhibitors
« MDM2 E3 ligase inhibitors

« Gene mutations and deletion

» Recombinant adenoviruses encoding p53
» Mutant p53 reactivators




