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Cellular death-by-suicide is part of normal develoment,
and Is termed apoptosis or programmed cell death (D).
Cysteine Aspartate Specific ProteASEs -€aspases— are
active In apoptosis, as arg@53, a tumor _suppressor gene,
and FAS gene which iIs member 6 of the tumor necrosis
factor receptor superfamily (TNF). In contrast to
apoptosis,necrosisis cell death that results from cytotoxic,

Injurious stresses that are too severe for correan by the
cellular stress response

Apoptosisis a part of normal cell turnover and tissue
homeostasis




,History" of molecular biology of cell
death

tKerr et al., 1972:
ldentification of the cell death APOPTOSIS
Apoptosis: a basic biological

pehenomenon with wide-ranging implications in tissue kinestics.
Br. J.Cancer 1972;26:239-257

1990

Horvitz (1992-3) identification of .cell death genes"' in
Caenorhabditis elegans { ced-3 (ICE), ced-4(0), ced-9 (bcl-2)}

(Cerretti 1992, Thornberry 1992) uncovering of the homology
between ced-3 gene product and ICE (interleukin-13 converting

enzyme)] protease ‘




Apoptosisplaysa pivotal role inthe pathophysiologyof ". Thefreeradicaltheory
of ageinglinks senescenct® damaganflicted by andother
oxidantsgenerategrimarily in mitochondrialrespiration The

proposesthat ageingis the

l.e., thefour mitochondrialenzymaticcomplexes
Defectivecomplexegroducemorefreeradicalsleadingto aviciouscycle of increasing
MtDNA damageradicalgenerationandpossiblyapoptosis




Apoptosisin contrast to necrotic cell death
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Nuclear morfology in HL-60 cells
(P. Mlejnek 2001)
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Cell death classification by Clarke

Apoptosis

Nelysosomal
disintegration

CM — cyt. membrane

J — nuclei

M — mitochondrion

ER — endopl. reticulum

GA — Golgy complex

L — lysosomes




Cell death classification by Clarke

- heterophagy, final cell destruction is
done by lysosomes of other cells

- final cell destruction is done by
Its own lysosomes

- cell destruction is mediated by
unknown nonlysosomal proteases

is a form of programmed cell death which is inducedy anchoragedependent cells detaching
from the surrounding extracellular matrix (ECM)[1]. Usually cells stay close to the 8sue to whit they
belong since the communication between proximal dslas well asbetween cells and ECM provide
essential signals for growth or survival. When cedl are detachd from the ECM, i.e. there is a loss of
normal cell-matrix interactions, they may undergoanoikis. However, metastatictumor cells may escap€
from anoikis and invade other organs.




Morphological featuresof apoptosis
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Scanningelectron micrograph
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Apoptotic DNA degradation is followed
by phogocytosisof apoptotic bodies

Final stage of apoptosis White blood cell

@i Rich etal., Nature 2000

Apoptotic cell
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Two major apoptotic pathways
In mammalian cells
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Deathreceptor superfamily:
CD95 receptorand tumour
necrosisfactor receptor. CD95
ligand binds to CD95 receptor-
to form

This complexrecruits
via the adaptor molecule

Procaspased binds to
this complex in orderto activate
and subsequenty
activation of IS induced
Activation of procaspase8 can be
blocked through degenerate caspasg
homoloque

Hengartner M.O., Nature 2000



Two major apoptotic pathways

activated after DNA damage
proapoptotic members of
Bcl-2 family, located on the
surfaceof mitochondria,

are activated

IN mammalian cells
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Schernatic illustration of the signaling pathways discovered or characterized in the Meurodegenerative Disease
Pragram that can be targeted to prevent neuranal apoptosis and thus treat warious neurologic diseases, Drug or
rolecular therapies are being developed to (1) antagonize MMDA receptors (MMDA&-Rc), (21 modulate activation of the
p3& mitogen activated kinase (MAPK)Y - MEFZC (transcription factor) pathwayw, (30 prevent toxic reactions of free

radicals such as nitric oxide (MO and reactive oxvgen species (RO3), and (4) inhibit apoptosis-inducing enzyrmes
including caspases,







The Bcl-2 Family

Anti-Apoptotic
Bcl-2, Bcl-X,
Mcl-1, CED-9

8 A1, Bfi-1

Pro -Apoptotic
Bax, Bak
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Bcl -X

Bik, Bim

Bad, Bid
Egl-1

- BH4 BH1 - Transmembrane Domain
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) CAD Caspases
ICAD

DNA
Histones ‘

Nucleosome

DNA fragment

Caspase 3




DNA damage stimulates apoptosis. For example p53 is a tumour suppressor gene. MDM2
inhibits the activity of p53 participating in the ubiquitination of p53. p53 is activated when
MDM?2 is inhibited by signalling from factors such as DNA damage. p53 is a transcription
factor. Active p53 induces the transcription of many genes, including Bax, which promotes
apoptosis by stimulating the release of cytochrome ¢ and the formation of apoptosomes.

PARP-1 is a nuclear enzyme involved in DNA repair. When overactive, it can cause apoptosis
or necrosis. PARP-1 is activated by single stranded DNA. Active PARP-1 cleaves NAD+ as
shown in figure.

Cleavage of NAD+ by PARP-1.

PR ioris | os {7 |7 1 one | caree

TFARPJ

PARP-1 catalyses the addition of an ADP-ribose polymer of 50-200 residues to nuclear
proteins such as histones, which stimulates DNA repair enzymes. However, overactive
PARP-1 causes depletion of NAD+, and consequently the depletion of ATP.

ATP depletion leads to ion pump failure. The cell swells and bursts due to osmotic
pressure. This is necrosis.

Alternatively, the depletion of NAD+ from mitochondria appears to induce AIF
translocation from the mitochondria to the cytoplasm. This leads to apoptosis.

Apoptosis is ATP dependent. Apoptosis involves chromatin fragmentation, which would be
predicted to cause PARP-1 overactivity and drive the cell into necrosis.




DNA fragmentation
during apoptosis

High molecular weight DNA
fragmentation (50-300kbp)
OligonucleosomalDNA
fragmentation (180-200bp)

Scaffold Single- strand cleavage

protein
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. e . Bortner C.D. etal., 1995







Large and oligonucleosomaDNA fragmentation in
apoptotic cells (M. Fojtova, BFU Brno)

Field inversion electrophoresis(FIGE) DNA fragmentation test




Anti -PARP p85
fragment pAb

Poly(ADP-ribosyl)ation
and apoptosis
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Apoptosis was detected in human erythroleukemia cell
line K-562 and human retinoblastoma cell line Y79

1. Etoposide Control S
1) | deprivation

2. Cis-platin

3. Vincristine

4. Gamma-irradiation

5. Serum deprivation




Etoposide Control

Anexin V binds to phosphatidylserinesthat are traslocatedfrom the

Inner sideod the plasmamembraneto the cell surface soonafter the
Induction of apoptosis
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Phospholipid

B Fhosphatidylserin

@ Annexin
S with a grean fluorescent label
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Etoposide Control
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®

Diagnostict

DNA Fragmentation - TUNEL
In Situ Cell Death Detection Kit - Test Principle
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In situ nick transiation
(template dependent)
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The results of TUNEL test




@AFISH 2.0 (Leica+Quantix) (Jul 92002)
File Video Mode Edit Filter qrme Muc Manual segmentation  3D-="View

-
o

Fila: OOOE_af.tga (8 from 19 oom )




Nuclear organisationof chromosomal
territories

(Cremer T. and Cremer C., 2001)




FFRFISH 2.0 (Leica+Quantia) (Jul 9 2002)

File Wideo Mode Edic Filter ZSegment Bucleus  Manual segmenta




Territory of chromosome
and 17

Territory of chromosome







Apoptosisand HSA 21 in K-562cells




Apoptosisand chromosomalterritory and centromeric
region of HSA 11 in K- 562leukemic cells




RetinoblastomaY79 cellsand HSR




TUNEL and ! staining of fixed cells




Apoptosisin patient suffering from retinoblastoma
TUNEL and DAPI staining




Conclusions
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epins/SPL

* Differences in DNA fragmentation
* Differences in the number of nuclear apoptotic bodie

* Chromosomal territories cleaved into high molecular
DNA fragments were variably disassembled into
apoptotic bodies whose induction is the main effoiof
anticancer therapy.

* Apoptotic nuclear segmentation can be observed at
centromeric regions.

* Disassembly of chromosomal territories was also
found in pre-apoptotic (TUNEL positive) nuclel.

* Apoptosis can be observed not only after experimenta
and/or clinical treatment but also spontaneously




