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What is apoptosise

? Apoptosis is a regulated cellular suicide mechanism
characterized by nuclear condensation, cell
shrinkage, membrane blebbing, and DNA
fragmentation.

? Apoptosis, or programmed cell death, is an
evolutionary conserved genetic process of cellular
suicide, which plays a cruaol role in sculphng the
developing organism and in “pruning” billions of
unwanted, unneeded, or damaged cells every day
during adult life




Imporiance of Apopitosis

1) Crucial for embryonic development

-Errors in Apoptosis can lead to Birth Defects

2) Important for maintaining homeostasis

- Cell death is balanced with mitosis to regulate cell number.
3) Improper regulation contributes o human disease

- Neurodegenerative diseases

Parkinson’s

Alzheimer’s

-Cancer

- Autoimmune diseases e.g. (diabetes type |)

- Viral diseases



Morphology

? Cell shrinkage (condensation of cytoplasm)
?  Breakdown of mitochondrig; release of cytochrome C
? Nuclear condensation

? Nuclear fragmentation

?  Cellmembrane blebbing

?  Fragmentation; apoptotic body formation: membrane-bound cellular
fragments, which often lack nuclei

? Phagocytosis




How Apoptosis Differs from Necrosis?

7 Apoptosis is intrinsically controlled, necrosis is not
7 Apoptosis is more rapid (12-24 hours) than necrosis

7 Apoptosis is induced by endogenous or exogenous stimuli, necrosis is always
induced by exogenous harms

7 Apoptosis is limited to single or few cells at a time, and occurs among healthy cell
population, necrosis is usually more extensive & occurs in tissue exposed to injuries

?  Cell cytoplasm shrinks in apoptosis and swells in necrosis.

? Nucleosomes of apoptotic cells are 180 bp fragments, contrary to the irregular ones
IN Necrosis

7 Apoptosis has no inflammation, while necrosis leads to liberation of
pro-inflammatory mediators

7  Apoptosis has no systemic manifestations confrary to most inflammations




Mechanism

? |. Four stages of apoptosis have been defined:

? 1. Committment to death by extracellular or intracellular
triggers/signals

? . Cell kiling (execution) by activation of intracellular proteases
(caspases)

? ii. Engulfment of cell corpse by other cells

? iv. Degradation of the cell corpse within the lysosomes of phagocytic

cells
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Death Factors

?  Definition: cytokines that activate an apoptosis program by binding to their
specific receptor.

? Typical examples of death factors are:
? Fasligand, FAS L
? TNF (fumor necrosis factor) and

?  TRAIL (TNF-related apoptosis-inducing ligand).

? - Apoptosis can also be induced by cytotoxic T-lymphocytes using the
enzyme granzyme.




. Activation of Caspase cascade

? 1. Various stimuli described above eventually activate
the executioner (caspase) cascade

? 1. At least 14 different caspases exist in human cells

? 1il. Caspase cascades are apparently required for
complete execution




The intrinsic (mitochondrial) pathway of
apoptosis.

? Death agonists cause changes in the inner
mitochondrial membrane, resulting in the mitochondrial
permeability fransition (MPT) and release of cytochrome
Cc and other pro-apoptoftic proteins into the cytosaol,
which activate caspases.

? AlF= Apoptosis inhibitory factor;
? |APs= Inhibitors of apoptosis proteins;
? Apaf-1= apoptosis protease activating factor




?  Caspases are central initiators and executioners of apoptosis

7 The term caspases is derived from cysteine-dependent aspartate-specific
proteases

?7 The caspase cascade can be activated by:

?  Granzyme B released by cytotoxic T lymphocytes which is known to
activate caspase-3 and -7;

? death receptors (like FAS, TRAIL receptors and TNF receptor) which can
activate caspase-8 and -10; and

?  the apoptosome, regulated by cytochrome ¢ and the Bcl-2 family, which
activates caspase-9.




INTRINSIC PATHWAY OF APOPTOSIS

(Mitochondria Mediated Programmed Cell Death Pathway)
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Fas Signaling Pathway
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Figure 1: Apoptosis signaling pathways and roles of c-FLIP in preventing apoptosis. Interaction of TRAIL with its receptors DR4 and DR5 or binding of Fas ligand to
Fas receptor initiates the death receptor (extrinsic) and subsequently mitochondral apoptosis signaling pathways through FADD-dependent autocatalytic activation
of caspases-8 and -10 and Bid cleavage to truncated Bid. c-FLIP isoforms suppress caspase-8 and -10 activation, therefore preventing the downstream apoptosis

cascade.
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Resistance to Fas signalling in cancer

Figure 1. Fas apoptotic pathway and mechanisms of resistance to Fas signaling in cancer. The activated Fas receptor recruits
the adapter molecule FADD by homotypic interaction through their death domains. Fas-associated death domain (FADD)
recruits the initiator procaspase 8 by the death effector domain to form the death-inducing signaling complex (DISC).
Procaspase 8 is cleaved in the DISC to give rise to active caspase 8, which dissociates from the DISC to proceed with the
activation of the caspase cascade. In type 1 cells, sufficient caspase-8 is generated to directly activate caspase-3. However, in
type 2 cells, the signal needs to be amplified through the mitochondria. Caspase-8 induces the cleavage and activation of
B cell leukemia 2 homology domain 3 interacting domain death agonist (Bid) and its translocation to the mitochondria, which
in turn causes the release of pro-apoptotic molecules from the intermembrane space of mitochondria, like cytochrome ¢ (Cyto
¢). It clusters with apoptotic peptidase activating factor 1 (Apaf-1) and Procaspase-9 to form the apoptosome, producing
active caspase-9, which in turn converges with the extrinsic pathway in the activation of caspase-3, the cleavage of death
substrates in the cell, and ultimately in the death of the cell. Often, cancer cells protect themselves from Fas-
mediated apoptosis, which is achieved through different mechanisms leading to resistance acquisition (mechanisms 1 to

6 in figure, further explained in boxes).
DcR3: Decoy receptor 3; FLIP: FADD-like IL-1B-converting enzyme-like apoptotic protein-inhibitory protein; IAPs: Inhibitors of apoptosis proteins, mFAS: Membrane
Fas, miRNA: microRNA; sFAS: Soluble Fas; sFASL: Soluble Fas ligand.

Figure 2. Approaches targeting the Fas/FasL signaling for cancer therapy. In order to sensitize tumor cells to Fas-mediated
apoptosis, various approaches have been developed to target the Fas/FasL system at each of the levels than can be affected.
The approaches are summarized in three major groups (1 to 3), see text for details. Group 3 is subdivided into six subgroups of
approaches, according to the level of action.

DISC: Death-inducing signaling comglex; FADD: Fas-associated death domain; FLIP: FADD-like IL-18-converting enzyme-like apoptotic protein-inhibitory protein,
HDIs: Histone deacetylases inhibitors; 1APs: Inhibitors of apoptosis; mFAS: Membrane Fas; miRNAs: microRNAs, MMPIs: MMP inhibitors; sFAS: Soluble Fas;

sFASL: Soluble Fas ligand.



UHrMOGUTOpPBLI anonTo3a (aHTManontmyeckme doakrtopsl). K Hamboaee
CEPLE3HbIM MHIMBOUTOPAM AMNONTO3A OTHOCHATCS POCTOBbLIE GOAKTOP.I.
Apyrme: HeEUTPAAbHbIE AMUMHOKMUCAOTHI, LIMHK, DCTPOrEeHbI, AHAPOTEHbI,
HEKOTOPbIE BEAKM.

[Moumep: beakmn cememnctsa 1AP — NOAQBAFOT OKTMBHOCTb KACMNA3 3 1 9,
OAMH M3 DTMX BEAKOB (Survin) OBHAPY>XXEH B OMYXOAEBbLIX KAETKAX. C HUM
CBA3bIBAIOT PE3MCTEHTHOCTb OMYXOAEBbLIX KAETOK K XMMMOTEPAMMM.

AKTUMBATOPLI ANONTO3dA(MpoanonTMyeckme dqoaKTopsl). ITO
NPOAMOMNTMYECKME TEHBI U UX MPOAYKLMA: reHbl cememncTtsa BCL-2 (BAX u
BID); reHbl Rb v P53 (3anycKatoT anonTtos, eCAM KAETKA 30AEPXKAHA
MEXAHM3IMOM Ccheckpoint).

[laToreHe3 MHOTIMx 3a00AEBAHMM, B TOM YUCAE U ONMYXOAEBBIX, CBA3AH CO
CHUMXXEHMEM CMNOCOOHOCTM KAETOK NMOABEPIATLCH anontosy. OTCioAd
HOKOMNAEHME NOBPEXKAEHHbBIX KAETOK M DOPMUPOBAHUE OMYXOAM.



Bcl-2

?  Bcl2 was the first apoptosis-related gene that was recognized to
play a role in tumorigenesis, and indeed, Bcl-2 is overexpressed in
a variety of cancers, contributing to cancer cell survival through
direct inhibition of apopftosis.

? BCL-2is a human proto-oncogene located on chromosome 18.

? Its product is an integral membrane protein (called Bcl-2) located
in the membranes of the endoplasmic reticulum (ER), nuclear
envelope, and in the outer membrane of the mitochondria.

? The gene was discovered as the tfranslocated locus in a B-cell
leukemia (hence the name). This translocation is also found in
some B-cell ymphomas.



beAkM cynpeccopsbl

? 1. OBHaOpYyXeHMe noBpexaeHms B CTPYKType AHK. 3TOT QOOKT - CTUMYA AAS
QKTMBALLMM TEHOB-CYMNPECCOPOB.

? 2. [eHbl-Cynpeccopsbl NPOAYLMPYIOT 6eAk Rb 1 pb3.

?  3.beakn Rb 1 p53 3anycKatoT ArnonTo3 NOBPEXAEHHOM KAETKM. ITO -
MHAYKTOPbI AMONTO3d. BEAOK P53 MHAYLIMPYET anonTo3 B MOMeEHT G, /S.
beAok Rb nHAyuMpyeT anontos B MOMEHT G, /M.




buoAorudeckas poAb reHOB-CYNPECCOPOB: OHU HE MNPOMYCKAIOT B MMTO3 KAETKY C
nospexaeHHoM AHK. AedpeKT reHa-Cynpeccopa BEAET K PA3MHOXKEHMIO
NOBPEXAEHHOM KAETKU. [TpOAMTOEPALLMSI MOBPEXKAEHHOM KAETKM - OCHOBA
OMYXOAEBOIro POCTA.

HacAeAOBOHME reHOB-CYNPEeCcCOpPOB. B KOXKAOM KAETKE €CTb MO ABA OAAEAS
AODbIX TEHOB. 3HAYUT, B KODKAOM KAETKE €CTb ABA FrEHA-Cynpeccopda. AedeKT
OAHOTO reHA-CYNPEeCCOPA MNOBbLILLAET PUCK MPOMYCKA B MMTO3 MOBREXAEHHOM
KAETKU. AedoekT 0OOMX FrEHOB-CYNPECCOPOB BCETAQ MPUBOAMT K MPOMYCKY B MMUTO3
MOBPEXAEHHOM KAETKM 1 OMYXOAEBOMY POCTY.

NMonmep: HOCAEACTBEHHASN PETMHODAACTOMA - OMYXOAb CETYATKM TAQ3A -
ANATHOCTMPYETCH B PAHHEM AETCKOM BO3PACTE (3PpAYOK OTCBEYMBAET KPACHbBIM).
OTUOAOTUA - HOCAEACTBEHHbIM AECDEKT reHA-CYynpeccopa Rb 1 KOK CAEACTBUE -
MNOCTOSHHbIM MPOMNYCK B MMTO3 KAETOK C rnospexaeHHom AHK.



a:08s of Cell Cycle Controls in Cancer Cells

« Cancer cells

— Do not respond normally to the body’s control mechanisms

- Formtumors P53 is a tumor suppressor
protein thatin humans is
-y cru P encoded by the TP53 gene
N > Q\N‘; )—” Ras proteins also play a role in cell growth
oy e . and division. Overactive Ras signaling can
DNA DAMAGED P83 CAUSES :
ultimately lead to cancer

(rat Sarcoma)

BRCA1 and BRCA 2 are tumor-suppressor
genes expressed in the cells of breast and
other tissue, where it helps repair damaged
DNA, or destroy cells if DNA cannot be
repaired. If BRCA itself is damaged,
damaged DNA is not repaired properly and

VIRUS INFECTS CELLS TUmoRCELSBUT NOT | OHORCESOE this increases risks for cancers
IN HEALTHY ONES




P53 protein

? Acts as a tumor suppressor gene

? 2 Main Functions:
? halts growth and division in cell cycle under aberrant conditions
? Induces apoptosis

? Loss of p53 function leading cause in 30-50% of various
types of cancers




? CurHaabHbIK NyTb Ne 1 (cBa3aH C noBpexaeHnem AHK):

? 1. TlloBpexaeHne AHK

? 2. AKTMBALMSA reHA P53 U NPOAYKLLMA COOTBETCTBYIOLLLETO BEAKA

? 3. AKTMBALMSA Npoanontnieckmx reHos cememctsa BCL-2 (BAX v BID)
7 4, OBpa30BAHME BEAKOB ITMX FrEHOB

7 5. AKTMBALMS KOCNA3bl 9

7?7 6. AKTMBALLMS KAOCNA3bl 3
? 7. AKTUBALUA APYTMX KOCMA3 1 MPOTEA3

7 8. Anonto3




? The p53 gene like the Rb gene, is a fumor suppressor gene, i.e., its activity
stops the formation of tumors. If a person inherits only one functional copy
of the P53 gene from their parents, they are predisposed to cancer and
usually develop several independent tumors in a variety of fissues in early
adulthood. This condition is rare, and is known as Li-Fraumeni syndrome.
However, mutations in p53 are found in most tumor types, and so contribute
to the complex network of molecular events leading to tumor formation.

? The p53 gene has been mapped to chromosome 17. In the cell, p&3 protein
binds DNA, which in turn stimulates another gene to produce a protein
called p21 that interacts with a cell division-stimulating protein (cdk2).
When p21 is complexed with cdk2 the cell cannot pass through to the next
stage of cell division. Mutant p&3 can no longer bind DNA in an effective
way, and as a consequence the p21 protein is not made available to act
as the 'stop signal for cell division. Thus cells divide uncontrollably, and form
tumors.




The p53 pathway

Transcription
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Cancer, cell division, and p53 protein

NORMAL p53
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DNA damage is caused Cell division stops, and pS3 triggers the destruction
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DNA damage is caused The p53 protein fails to stop Damaged cells continue to divide.
by heat, radiation, or cell division and repair DNA. If other damage accumulates, the
chemicals. Cell divides without repair to cell can tumn cancerous.

damaged DNA.
@ How tumor suppression genes work




B MHuMuuauum nporpammbl anonTosa BaXKHas porb NPUHAANEXUT reHy-cynpeccopy wib3.

Benok aTtoro reHa — p53 NokanusoBaH B AQpe KIEeTKU U ABNAETCA PerynATopoM TPAHCKPUMLMK ApYruX
reHoB — reH Denka p21 v gpyrux, KOTopbie MOryT 3aAepKuBaTh KneTky B G-hase KNeToYHOro LuKna.

B Hopme reH wtb3 B knetke monuut. MNpu nospexaeHuax AHK npoucxoanT aktuBauma 3TOro reHa — MHOro
benka ero. OH DnoKupyeT KneTouHbl UMKN B hasax G1 u G2 go pennukauvmu [OHK n muto3a, genan
BO3MOXHOW penapauuio [JHK, n 3Tum npegoTepallaeT noasneHue KNeTok ¢ anMmytaumaMmm u mytauuamu.
Ecnu penapauna He npousowna, To MHAyUWMPYETCA anonTo3 ANA 3aluTbl opraHu3aMa OT NpucyTcTBUA
AedeKTHbIX N0 reHoOMYy, T.€. NpeApaKkoBbIX KNETOK, CNOCODHbLIX NpeBpallaTbCA B PaKoBble KIETKU.

B nonoBuHe cnyyaeB pakoBbIX KMETOK pasHOro Tuna reH-cynpeccop wits3 umeeTt myTauuu. 3To BedeT K
npeBpaLleHnio NpeapakoBOi KNEeTKU B PaKoBYH KNETKY U BO3HMKHOBEHUIO U3 Hee paka. To eCcTb pakoBasd
KneTka B oTnv4yue oT nioboi Apyroi KNeTku He nofsepraeTca anonTosy, ecnu B Hel AedeKTbl B ee reHax-
cynpeccopax.



[ eHeTUYeCcKMe M3MEeHEeHUA B PaKoBbIX KNeTKax, Beaylwme K nogasneHuo 00ounx nyten MHAYKUUM anontoaa

B HMX 3aKOHOMEPHO OOHAapPYXMBAKTCA:

- NOTEPA 3KCNPEeCCUXM Ha MOBEPXHOCTW pPAKOBOW KNETKW peuentopa cmeptu Fas; npu Hanuymu Obl
peuentopa Fas Baaummopgencteue ero ¢ FAS-L vnu ¢ MOHOKMNOHamNbLHbLIMKU aHTUTenamu npueBoauno Obl

PaKoBYH KINETKY K (peHoNnTo3y;

- HapylweHua npoBeAeHWA anonTOreHHoOro curHana K MWTOXOHApUAM. Hanpumep, npu MmyTauum B
«CTpaxe» reHoma reHe wtd3 v mytauum unu anumyTtaumu B reHe-cynpeccope PTEN;

- MHrMOMpoBaHUe Mop BO BHYTPEHHEWn mMembpaHe MUTOXOHAPUM OAnA uutoxpoma c u AlF, Bcneacrteue
SKCNPECCUN KTEeHOB XU3HW» Yyepe3 ux benkn — Bel-2. 3mn benkun He AakT OTKPbITh NMOpbl BO BHYTPEHHEn
MemMbpaHe MUTOXOHOPWU;

- bnokupoBaHue akTuBauuu 3hHEKTOpHbLIX Kacnas. Hanpumep, npu notepe akcnpeccuu denka Apaf-1 B
pe3ynbTare MeTUNUPOBaHUA €ro reHa n ap.




Rb, the retinoblastoma protein
regulates the cell cycle
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Tumor-Suppressor Gene

« RB1 is another
tumor-suppressor
gene found in
many cells

« Produces a protein
called pRB that
blocks cell cycle

« RB1 failure is
linked to
retinoblastoma and
other cancers

pPRB is active

Cell does not proceed
through G1/S checkpoint.

pRB is inactive

0 Cell moves through

G1/S checkpoint.

Cascade of gene expression

Y | Cell moves through cycle to divide.

Active
transcription factor



Mechanism of Action of Rb (Retinoblastoma) Protein
in Cell Cycle Regulation
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Tumor

Familial Cancer ’ Chromosomal Tumor Types
Syndrome Suppressor Function Location Observed
Gene
Li-Fraumeni cell cycle regulation, brain tumors, sarcomas,
P53 : 17p13.1 :
Syndrome apoptosis leukemia, breast cancer
Familial : retinoblastoma,
Retinoblastoma RB1 coll cycle reguiation 13q14.1-q14.2 osteogenic sarcoma
Waiiseriotional pediatric kidney cancer,
Wilms Tumor WT1 i ulatign 11p13 most common form of
g childhood solid tumor
Neurofibromatosis NF1, protein = catalysis of RAS neurofibromas,
: . e 17q11.2 :
Type 1 neurofibromin 1 inactivation sarcomas, gliomas
Neurofibromatosis NF2, protein = linkage of cell Schwann cell tumors,
Type 2 : X astrocytomas,
merlin or membrane to actin 22q12.2 g
. meningiomas,
. neurofibromin 2 cytoskeleton
GeneReviews ependymonas
Familial signaling through
Adenomatous APC adhesion molecules to 5q21-g22 colon cancer
Polyposis nucleus
Tuberous sclerosis 1 TS camploRWIL) seizures, mental
TSCA1, protein = TSC2 protein, inhibits i :
S . hamartin signaling to downstream 34 ;e;a;’f?gg%;?'ai
effectors of mMTOR 9
. benign growths
Tuberous sclerosis 2 — .
TSC2, protein = see TSC1 above 16p13.3 (hamartomas) in many

GeneReviews

tuberin

tissues, astrocytomas,
rhabdomyosarcomas




Pancreatic
Carcinoma 4,

requlation of

b e ] DPC4, also i pancreatic carcinoma,
Famlllal_juvenlle oW B SKADA TGF-B/BMP signal 18g21.1 oo T
polyposis syndrome transduction
GeneReviews
Delataa i transmembrane

receptor involved in
gglr(();ggﬁ; DCC axonal guidance via 18g21.3 colorectal cancer
netrins
functions in
transcription, DNA
binding, transcription
Familial Breast coupled DNA repair,
Cancer BRCA1 homologous 17q21 breast and ovarian
recombination, cancer
GeneReviews chromosomal stability,
ubiquitination of
proteins, and
centrosome replication

. transcriptional
Familial Breast BRCAZ2: regulation of genes ;
Cancer ; : g breast and ovarian

same as the involved in DNA repair 13q12.3
cancer
SaneReviaus FANCD1 locus |and hor_nolc_)gous
recombination
Cowden syndrome | PTEN: phosphoinositide ?A'Orﬁgsé:rﬁzftﬁsggi'
phosphatase and | 3-phosphatase, protein 10g23.3 y :

GeneReviews

tensin homolog

tyrosine phosphatase

neck squamous
carcinoma




hitps://www.youtube.com/watch2v=8kbAQqg Pp8gb - Infrinsic Pathway

hitps://www.voutube.com/watch2v=Aagf-n3pHv 1l — Induction of apoptosis

https://www.voutube.com/watch2v=1 s7KS2rit4 — Role of Mitochondria on
apoptosis

hitps://www.youtube.com/watchev=RIk?7zInzuA — Extrinsic Pathway/ TNF

https://www.youtube.com/watchev=f8CpWI-Tgf8 — E/Fas ligand




Literature:
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?  https://www.nature.com/articles/7220060

? hitps://www.ncbi.nim.nih.gov/books/NBK22268/ p53
?  https://themedicalbiochemistrypage.org/fumor-suppressors.ohp




?  hitp://humbio.ru/humbio/cytology/00118f2b.htm p53




Cancers:

7 http://cancerlink.ru/6346-2/ MOAEKYAIPHASA-OMOAOTUI-DAKO-
noyek/vhl-tumor-suppressor-protein/




