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The mitochondrion is a double membrane organelle that is involved in various biosynthetic and
metabolic pathways including regulation of cell death through apoptosis. Apoptosis is a highly
complex process which involved an energy-dependent cascades of molecular event. Intrinsic
pathway is the apoptotic pathway which is initiated from the mitochondria. On the other hand, the
pathway that involved the cell surface receptor is identified as the extrinsic pathway. The role of
mitochondrion in apoptosis in the mammalian cell was emphasized when several mitochondrial
proteins were identified. These proteins were discovered to be able to stimulate cellular apoptotic
programmed cell death directly. The intermembrane space proteins, such as cytochrome c,
Smac/DIABLO, and Omi/Htra2, involve activation of various caspases to undergo apoptosis.
However, there is some that act in a caspase-independent manner, such as AIF and endonuclease G.
Cytochrome c release into the cytosol is directed by the Bcl-2 family of protein following the
permeabilization of the outer mitochondrial membrane, mediated by pro-apoptotic Bcl-2 family
proteins. Due to the involvement of various proteins that act as mitochondrial stressors in
theinduction of apoptosis, this review will emphasize the role of different stressor proteins towards
this important organelle that regulate apoptosis.

Copyright © Basri DF ef al, 2018, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.

INTRODUCTION

Mitochondrion is a crucial organelle responsible for the fate of
a cell as determinant whether a cell lives or dies (Ernster and
Schatz, 1981). Mitochondria are complex organelles that play a
central role in energy metabolism, control of stress responses
and are a hub for biosynthesis processes. Mitochondria are
critical mediators of signals to produce various cellular
outcomes (Vakifahmetoglu-Norberg et al, 2017). Mitochondria
consist of an outer and an inner membrane with folded cristae
that divides into two aqueous compartments which are the
intermembrane space that contains mitochondrial proteins and
the matrix that comprises of its DNA (Ding, et a/, 2012). These
double-membrane organelles continuously change shape and
position and contain complete metabolic machinery for the
oxidative conversion of pyruvate, fatty acids, and amino acids
into ATP.

Mitochondria are eukaryotic organelles involved in numerous
and various essential biosynthetic and metabolic pathways
including energy transduction, iron or sulphur synthesis, copper
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homeostasis and lipid metabolism (Koopman et al, 2010).
Moreover, they are a continuous source of reactive oxygen
species (ROS) produced by the leakiness of the electron
transport chain (Wang et al, 2008). Mitochondria need an
efficient system to repair damaged DNA because they generate
a dangerous superoxide anion radical as a by-product of
respiration (Barja, 2002). The superoxide anion radical can be
converted to other types of reactive oxygen species (ROS)
(Adam-Vizi and Chinopoulos, 2006). Other than that,
mitochondria are significant organelles in the regulation of
apoptotic cell death induced by intrinsic stimuli (Scorrano,
2009).

Mitochondria contain a self-destructive arsenal of apoptogenic
factor and wundergo active process involving different
mitochondrial protein in the regulation of the pathway that lead
to cell death (van Loo ef al, 2002; Vakifahmetoglu-Norberg
et al, 2017). There are some intermembrane space proteins that
can induce caspase activation for the cell to undergo apoptosis,
such as cytochrome ¢, Smac/DIABLO, and Omi/Htra2. On the
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other hand, other proteins such as AIF and endonuclease G,
may act in a caspase-independent manner (Kuwana and
Newmeyer, 2003). Cytochrome c release into the cytosol is
directed by the Bcl-2 family of protein via the permeabilization
of the outer mitochondrial membrane mediated by pro-
apoptotic Bcl-2 family proteins (Orrenius, 2004). In this
review, various mitochondrial stressors and proteins will be
discussed in particular on their role in the event of programmed
cell death.

Mitochondria Structure

In healthy cells, cytochrome ¢ (Cytc) is located in the
mitochondrial intermembrane spaces, where it functions as an
electron shuttle in the respiratory chain and interacts with
cardiolipin (CL). The mitochondrial intermembrane space is
where cytochrome c¢ that acts as an electron shuttle in the
respiratory chain and interacts with cardiolipin (Garrido et al,
2006). A number of proapoptotic stimuli induce the
permeabilization of the outer membrane, facilitate the
interaction between intermembrane and intercristae spaces and
promote the mobilization and release of cytochrome ¢ (Garrido
et al, 2006).

The matrix of mitochondria is finely granular with crystalline
or fibrous inclusions (Munn, 2014). The matrix is the site
where DNA replication, transcription, protein biosynthesis and
various enzymatic reactions occur (Kukat et al, 2011;
Kihlbrandt, 2015).The topology of a membrane is a complex
function of intrinsic and extrinsic factors that comprises
binding to other cellular constituents (such as cytoskeletal
filaments and membrane-binding proteins), spontancous
curvature (protein and lipid composition) and dynamics (ability
to undergo fusion and fission) (Manella, 2006). There is likely
a major change on the shape of the inner membrane when it has
physical interactions with the outer membrane (Manella, 2006).

Mitochondria contain their own genetic material and
machineries to produce RNAs and proteins. The small circular
mitochondrial genome encodes only approximately 13
polypeptides in human (Stojanovki et al, 2012). Because of the
way the mitochondrion is divided into four sub compartments —
two membranes (outer membranes and inner membranes and
two aqueous chambers (intermembrane space and matrix),
there are several pathways for protein translocation into the
mitochondria. Most of the ~1,000 mitochondrial proteins are
encoded by the nuclear genome, synthesized in the cytosol on
free ribosomes as precursor proteins and then transported into
or across mitochondrial membranes with the help of distinct
complexes (Truscott et al, 2003).
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Fig 1 Structure of mitochondrion under electron microscopy. The membranes

of mitochondrion appeared to be distinctive only when they are perpendicular
to the plane of the section (Munn, 2014).

Mitochondria stressors

The role of mitochondria in the regulation of apoptosis is
influenced by a number of stressors like loss of growth signals,
hypoxia, oxidative stress and DNA damage (Kubli and
Gustafsson, 2012). In addition to that, mitochondrial mutation,
heat, ethidium bromide treatment, electron transport chain
(ETC) protein mutation and physiological stimuli-induced
accumulation of reactive oxygen species (ROS) can induce
stress towards mitochondria either by disrupting membrane
potential or increase the load of misfolded proteins (Hu and
Liu, 2011).

Mitochondria in apoptosis

The role of mitochondria in mammalian cell apoptosis was
emphasized when several mitochondrial proteins were
identified. These proteins were discovered to be able to
stimulate cellular apoptotic cell death programs directly (Wang,
2001). Apoptosis or known as programmed cell death is a vital
physiological process that plays an important role in the
development and tissue homeostasis where it is involved in
healthy tissues and responsible for the elimination of cells
(Kerr et al, 1972). Apoptosis is defined by characteristic
changes such as altered nuclear morphology including
chromatin condensation and fragmentation, changes in
cytoplasmic organelles, cell shrinkage, blebbing of plasma
membrane, and apoptotic body formation (Hillario et al/, 2010).
During apoptotic death, cells are carved up by caspases and
packed into apoptotic bodies as a mechanism to avoid immune
activation (Edinger and Thompson, 2004).

On the other hand, necrotic cells display loss of membrane
integrity which eventually results in release of intracellular
materials into the extracellular environmentleading to
inflammatory responses by immune cells (Ouyang et al, 2012).
Those characteristics indicated that apoptosis is an orderly
genetic programme, which could potentially be controlled at
various points, while necrosis is a form of cell death that lacks
these control points (Doonan and Cotter, 2008).
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Fig 2 Extrinsic and Intrinsic Pathway of Apoptosis. The extrinsic pathway or
death receptor-mediated pathway includes TNFR1/TNFa, Fas/FasL and
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(e.g., ROS) which eventually cause permeabilization of the mitochondrial outer
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mitochondria and activation of the death signal through cascade activity of
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The mechanisms of apoptosis are highly complex and
involving an energy-dependent cascade of molecular events.
Apoptosis expresses in two main execution programs
downstream of the death signal which are the caspase pathway
and the organelle dysfunction, of which mitochondrial
dysfunction is best regarded as (Zimmerman ef al, 2001). There
are two major apoptotic pathways known to date, initiated by
either the mitochondria via the intrinsic pathwayor the cell
surface receptor via the extrinsic pathway (Youle and Strasser,
2008).

Receptor-mediated apoptosis (Extrinsic Pathway)

The extrinsic signalling pathways are initiated by
transmembrane receptor-mediated interactions through the
binding of extracellular ligands to the respective death
receptors(Elmore 2007). Fas (also called Apo-1 or CD95) and
tumour-necrosis factor receptors (TNF-R)are the typical death
receptors which activate receptor-mediated apoptosis.

In the extrinsic pathway, ligands such as tumour-necrosis factor
(TNF), FAS ligand/CD95L, or TNF-related apoptosis-inducing
ligand (TRAIL/APO2 ligand (APO2L)) or TNF ligand super
family member 10) interact with their respective death
receptors (TNF receptor 1 (TNFR1), FAS/CD95 and death
receptor 4 (DR4, also known as TRAIL receptor 1 (TRAILRI)
or DR5/TRAILR?2, respectively). These interactions ultimately
lead to the recruitment of the FAS-associated death domain
(FADD) and the activation of the protease caspase 8. Caspase 8
cleaves and activates caspase 3 (the executioner caspase) and
other downstream caspases, which results in a proteolytic
cascade that gives rise to the cell death (Fesik 2005; Ribas et
al, 2016). Caspase-8 can also cleave the BH3-only protein Bid
thus allow the resulting truncated Bid (tBid) to move to the
mitochondria and triggers cytochrome c release that leads to
activation of caspase-9 and caspase-3 (Lawen, 2003).

Mitochondria-mediated apoptosis (Intrinsic pathway)

The intrinsic pathway known as mitochondria-mediated
apoptosis occurs in response to a wide range of death stimuli,
including activation of tumor suppressor proteins (such as p53)
and oncogenes (c-Myc as an example), DNA damage,
chemotherapeutic agents and ultraviolet radiation. The intrinsic
pathway involves the destabilization of the mitochondria outer
membrane and the release of mitochondrial proteins that active
effector caspases (Ribas ef al, 2016).Generally, it is known that
this pathway must be inactivated in all cancer cells (Shi, 2001).
The intrinsic pathway leads to apoptosis under the regulation of
mitochondrial pro-enzymes (Ouyang et al, 2012). In this
pathway, the release of cytochrome ¢ and apoptosis inducing
factors along with the induction of a mitochondrial
permeability transition pore initiates apoptosis (Kroemer et al,
2007). The large, nonspecific channel protein of mitochondrial
permeability transition pore spans the outer mitochondria
membrane and inner mitochondria membrane thus, mediates
the permeability changes of the mitochondrial membranes
leading to mitochondria-mediated death (Muravchick and
Levy, 2006).

The mitochondrial pathway is initiated by the release of
apoptogenic factors such as cytochrome c, apoptosis-inducing
factor (AIF), Smac (second mitochondria-derived activator of
caspase)/DIABLO (direct inhibitor of apoptosis protein (IAP)-

binding protein with low PI), Omi/HtrA2 or Endonuclease G
from the mitochondrial intermembrane space (Fulda and
Debatin, 2006). Mitochondrial outer membrane integrity is
highly controlled, primarily through interactions between pro-
apoptotic and anti-apoptotic members of the B cell lymphoma
2 (Bcl-2) protein family (Li and Dewson, 2015). Following
mitochondrial outer membrane permeabilization by pro-
apoptotic Bcl-2-associated X protein (BAX) or Bcl-2
antagonist (BAK), additional regulatory mechanisms govern
the mitochondrial release of intermembrane space proteins and
caspase activity (Tait and Green, 2010).

Apoptotic stimuli
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Fig 3 Overview of mitochondria-mediated pathway (Intrinsic pathway) (Xiong
et al, 2014)

Cytochrome c

Normally, cytochrome ¢ is bound to the inner mitochondrial
membrane by an association with the anionic phospholipid
cardiolipin (Ott et al, 2007). In mammalian cells, a major
caspase activation pathway is the cytochrome -c-initiated
pathway. In this pathway, a variety of apoptotic stimuli cause
the release of cytochrome ¢ from mitochondria, which triggers
a series of biochemical reactions thus lead to caspase activation
and cell death (Jiang and Wang, 2004). When a cell was
initiated by either extracellular stimuli or intracellular signals,
outer mitochondrial membranes become permeable to internal
cytochrome ¢, which is then released into the cytosol. A large
internal pool of cytochrome ¢ was mobilized in conjunction
with a severe change in the topology of the inner membrane.
The crista junctions were wider and slot-like, and the curvature
of the membrane was reversed in many regions, forming tubes
that enclosed matrix (Manella 2008).

Cytochrome ¢ binds to Apaf—1, a cytosolic protein with an N-
terminal caspase-recruitment domain (CARD) thus facilitates
the association of dATP with Apaf-1 and exposes its N-
terminal CARD, which could oligomerize and become a
platform for which the initiator caspase-9 is recruited and then
activate pro-caspase-9 to compose the apoptosome (Ghobrial et
al, 2005). Activation of procaspase-9 is mediated by Apaf-1
through cleavage by zymogens, thereby cleaving and in turn
activating caspase-3, an effector caspase (Chipuk and Green,
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2005). Caspase-3 then cleaves key substrates in the cell to
produce many of the cellular and biochemical events of cell
death by apoptosis (Fulda and Debatin, 2006).The release of
cytochrome ¢ from mitochondria is controlled by proteins of
the Bcl-2 family: those that inhibit cell death, for example, Bcl-
2 and Bcl-xL prevent the release of cytochrome ¢ whereas
those that promote cell death such as Bax and Bak induce this
release (Martinou et al, 2000).Cytochrome ¢ release can also
occur in death receptor-dependent, extrinsic apoptotic
pathways by cleavage and activation of the proapoptotic Bcl-2
family member Bid through caspase 8, the apical caspase
activated by cell surface death receptors such as Fas and TNF
(Luo et al, 1998).

SMAC/Diablo

Endogenous antagonists of IAPs help to keep these apoptosis
suppressors in check, promoting apoptosis. The naturally
occurring [AP-antagonists, SMAC (second mitochondria-
derived activator of caspase)/DIABLO (direct inhibitor of
apoptosis protein (IAP)-binding protein with low PI) are
isolated inside mitochondria and released into the cytosol
during apoptosis in response to various apoptotic stimuli (Reed
2002). Smac/DIABLO is synthesized as a 239 amino acid
precursor protein and targets to mitochondria via its N-terminal
domain. This mitochondria localization sequence is removed
via proteolytic after it is imported into the intermembrane space
(Ravagnan et al, 2002).

Smac/DIABLO promotes caspase activation in the cytochrome
c/Apaf-1/caspase-9 pathway by binding to inhibitor of
apoptosis proteins, IAPs, and removing their inhibitory activity.
Mitochondrial import and cleavage of its signal peptide are
required for Smac/DIABLO to gain its apoptotic activity (Du
et al, 2000). Smac/DIABLO may promote apoptosis by binding
to IAPs and preventing them from inhibiting caspases
(Verhagen et al, 2000). For example, when Smac/DIABLO
binds to XIAP, it prevents caspase-9 to be processed and
therefore promotes cell death following UV irradiation (Ekert
et al, 2001). Overexpression of Smac increases cells' sensitivity
to apoptotic stimuli. Smac is the second mitochondrial protein,
along with cytochrome c, that promotes apoptosis by activating
caspases (Du et al, 2000).

Omi/HtrA2

Structurally, the mature HtrA2 protein consists of 7 a-helices
and 19 B-strands, forming two well-defined domains. The
serine protease domain adopts the same fold as trypsin (Li et al,
2002). The full-length of HtrA2 protein holds 458 amino acids,
of which the N-terminal 133 residues are cleaned out to be
activated after released from mitochondria, therefore
generating a 36-kDa active form (Bhuiyan et a/, 2008). The
mature serine protease Omi, also known as HtrA2 (high-
temperature requirement protein A2) was identified as a
mitochondrial direct BIR3-binding protein and a caspase
activator (Hedge et al, 2002). HtrA2 is upregulated in
mammalian cells in response to stress induced by both heat
shock and tunicamycin treatment (Gray et al, 2000). Omi and
its related family members could control protein stability and
turnover under thermal, osmotic, pH, and other stress
conditions (Hedge et al, 2002).

Omi/ HtrA2 is released in the cytosol, where it contributes to
apoptosis through both caspase-independent and caspase-

dependent pathways (Walle er al, 2008). One mechanism is
through binding to the IAPs and disrupts the association of
active caspases with IAPs while another depends on its
protease activity to cleave bound IAPs and aims them for
further degradation by the proteosomal pathway (Srinivasula
et al, 2003). Omi/HtrA2 cleavage of bound IAP is catalytic and
irreversible. Omi/HtrA2 cleaves and/or degrades IAPs and an
unidentified substrate(s), causing inactivation of IAPs and
permeabilization of the outer mitochondrial membrane
continued by cytochrome c-dependent caspase activation,
respectively (Yang et al, 2003; Suzuki ef al, 2004).

direct binding
Unidentified
Protein(s) = HtrA2 1 1AP

degradation

A

—' Cytc — Casp9 — Casp3 — Apoptosis

mitochondrion T
Bel-xL

Fig 4 Protease activity of Omi/HtrA2 develops caspase activation and
apoptosis by at least two different mechanisms: 1) Direct cleavage and/or
degradation of IAPs leading to inactivation of IAPs and, 2) Cleavage of an
unidentified substrate(s) leading to permeabilization of the mitochondrial outer
membrane and release of Cytochrome ¢ which triggers a caspase 9/3 signalling
cascade in apoptosis (Suzuki et al, 2004).

AIF (Apoptosis Inducing Factor)

The pro-apoptotic factor, Apoptosis Inducing Factor (AIF) is a
57-kDa  mitochondrial ~ flavoprotein, located in the
mitochondrial intermembrane space of a healthy cell (Donovan
and Cotter 2004). AIF has three domains which are an N-
terminal region that bears a mitochondrial localization
sequence, a central spacer sequence and a C-terminal area
(Ravagnan et al, 2002). AIF normally stabilizes mitochondrial
membrane permeability and supports oxidative
phosphorylation (Vahsen et al, 2004). However, if released
through the outer membrane into the cytosol, AIF can produce
terminal damage to nDNA (Muravchick and Levy, 2006).
Upon lethal signalling, AIF undergo translocation via the
cytosol, to the nucleus where it binds to DNA and provokes
caspase-independent chromatin condensation (Candé et al,
2002). AIF induces caspase-independent cell death primarily
with some features of apoptosis, such as phosphatidylserine
exposure, partial chromatin condensation and cellular
shrinkage (Loeffler et al, 2001).AIF induces nuclear
condensation and large-scale DNA fragmentation (Susin
et al, 2000).

Endo G

Endonuclease G is a mitochondrial nuclease that has been
suggested to play a role in mitochondrial DNA replication
(Cote and Ruiz-Camilo, 1993). EndoG undergoes a caspase-
independent apoptotic pathway initiated from the mitochondria.
When treated with the active form of the pro-apoptotic protein
Bid, Endo G can be recovered from mitochondria. Once
released into the cytosol, Endo G translocates towards the
nucleus where it generated oligonucleosomal DNA
fragmentation even in the absence of caspases (Li et al, 2001).
Endo G catalyzes both high molecular weight DNA cleavage
and oligonucleosomal DNA breakdown in a sequential fashion
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(Ravagnan et al, 2002). The apoptotic release of mitochondrial
endonuclease G was completely blocked in conditions where
Bcl-2 was overexpressed (Van Loo et al, 2001).

Bcl-family

Although the caspases symbolize a central point in apoptosis,
their activation is regulated by a diversity of other factors.
Among these, Bcl-2 family plays an essential part in caspase
activation by determining the fate of a cell whether it lives or
dies (Burlacu, 2003; Li and Dewson, 2015).Bcl-2 is an integral
membrane protein located in the outer mitochondrial
membrane, the endoplasmic reticulum, and the nuclear
membrane (Kluck et al, 1997). Its NH,-terminal is facing the
cytosol and the rest of the other members of its family, Bcl-2
possess a hydrophobic domain at COOH-terminal that allows
the protein to enter into the cytosolic surface of the intracellular
membrane (Puthalakath and Strasser, 2002).

Traditionally, the member of the Bcl-2 family have been
classified into 3 groups: the first group is the members of the
Bcl-2 that inhibits apoptosis that comprises of Bcl-2, Bel-xL,
and Mcl-1. Cells undergoing apoptosis were found to have an
elevation of cytochrome c in the cytosol and a reduction in the
mitochondria. Overexpression of Bcl-2 prevented the efflux of
cytochrome ¢ from the mitochondria and the initiation of
apoptosis. Thus, one role of Bcl-2 in inhibition of apoptosis is
to block a release of cytochrome ¢ from mitochondria (Yang et
al, 1997). The second group of the Bcl-2 family stimulates
apoptosis that consists of Bax, Bok, Bak which includes BH1,
BH2 and BH3 domains (Li and Dewson, 2015). Pro-apoptotic
member of this family, trigger the release of caspases from
death antagonists via heterodimerization and also by triggering
the release of mitochondrial apoptogenic factor into the
cytoplasm through acting on mitochondrial permeability
transition pore, thereby activates caspases (Tsujimoto, 1998).
Last of all, the third group is the members of BH3-only
proteins, such as Bad, Bid, Bik, Bim, Noxa and PUMA (Li and
Dewson, 2015). They have a conserved BH3 domain that
develops apoptosis by regulation of antiapoptotic Bcl-2
proteins (Donovan and Cotter, 2004).

Apoptotic signals can activate the BH3-only proteins, thereby
inactivating the antiapoptotic Bcl-2 protein. This relieves
inhibition of the proapoptotic Bcl-2 protein and promotes
apoptosis (Nishida et al, 2008). Generally, BH3-only protein
aids as sensor of intrinsic stimuli because in response to DNA
damage or ER stress, specific member become activated by
transcriptional induction proteins such as Puma and Noxa,
posttranslational modification protein (Bad), or limited
proteolysis for example, Bid (Bender and Martinuo, 2013).

Caspases

The apoptotic caspases are initiators or effectors, reliant on
their point of access to the apoptotic pathway. Caspases are a
family of aspartate-specific cysteine proteases responsible for
the biochemical and morphological changes during apoptosis
(Inoue et al, 2009). Caspases can be divided into three
subclasses. Functionally, we can distinguish three classes of
caspases; 1) the initiator caspases that are characterized by long
prodomains (>90 amino acids) containing either DED domains
(caspase-8 and caspase-10) or a caspase recruitment domain
(CARD) (caspase-2 and caspase-9; CED-3); ii) the executioner

or effector caspase containing short prodomain (caspase-3,
caspase-6 and caspase-7) and iii) the remaining caspases that
involve in cytokine maturation (Griitter, 2000; Shalini et al,
2015). Both intrinsic and extrinsic apoptotic signalling
pathways converge at the level of the specific protease which is
the caspases (Kumar, 2006).

Caspases are widely expressed in an inactive proenzyme form
in most cells and once activated can often activate other pro-
caspases, allowing initiation of a protease cascade. Some pro-
caspases can also aggregate and auto-activate. This proteolytic
cascade, in which one caspase can activate other caspases,
amplifies the apoptotic signalling pathway and thus leads to
rapid cell death. Caspases have proteolytic activity and are able
to cleave proteins at aspartic acid residues, although different
caspases have different specificities involving recognition of
neighbouring amino acids. Once caspases are initially
activated, there seems to be an irreversible commitment
towards cell death (Elmore, 2007).

In human, there are two independent initiation pathways which
are the extrinsic pathway, defined by the activation of caspase-
8 through transmembrane receptors of the tumour necrosis
factor type-I (TNF-1) receptor family and the intrinsic
pathway which reacts to stress, genotoxic damage by the
activation of caspase-9.Caspase-9 is a key component of
the mitochondrial death pathway (the intrinsic pathway)
that is regulated primarily by the Bcl-2 family and the
BH-3 (Bcl-2 homology domain-3)-only proteins
(Fuentes-Prior and Salvesen, 2004). Activated caspases
might target the permeabilized mitochondria, increasing
apoptosis through a positive feedback loop (Rasola and
Bernardi, 2007). Caspase-2 activates the effector caspases
after death receptor ligation or other apoptotic stimuli
through cleavage of Bid because translocation of Bid to
the mitochondria is triggered by its cleavage and
subsequent myristoylation at glycine (Zha et al, 2000).
Remarkably, caspase-2 can directly trigger the release of
cytochrome ¢, AIF (apoptosis-inducing factor), and Smac
(second mitochondria-derived activator of caspases
protein) from isolated mitochondria, independent of Bid
or other cytosolic factors (Guo et al, 2002). The
executioner caspase of apoptosis cleaves a variety of
cellular target, causing in morphological changes,
degradation of genomic DNA, and, ultimately, phagocytic
removal of the apoptotic cell (Taylor et al, 2008). Caspase-1
and caspase-11 play a role in inflammation and mediating
inflammatory cell death by pyroptosis (Shalini et al, 2015).
Caspase-3 is the main downstream effector caspase that cleaves
the majority of the cellular substrates in apoptotic cells (Porter
and Janicke, 1999). Caspase-3 controls DNA fragmentation
and morphologic changes of apoptosis, whereas caspase-7 is
less involved in these processes. Caspase-7 seems to be more
significant to the loss of cellular viability, although the
combined role of both caspases is crucial (Lakhani ez a/, 2006).
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Fig. 5 The framework of apoptosis involving caspases. Cell death is signalled
by binding of ligand-receptors at the cell surface, which leads to the activation
of initiator caspase-8 and caspase-10. These caspases then directly cleave and
activate the effector caspase-3 and caspase-7. Genotoxic damage triggers the
release of cytochrome ¢ from mitochondria, thus engages the same effector
caspases. The common execution phase is regulated through direct caspase
inhibition by XIAP, which can also regulate the active form of caspase-9.
XIAP is under the influence of antagonist proteins such as Smac/DIABLO and
HtrA2 that compete with caspase for IAPs (Fuentes-Prior and Salvesen, 2004).

P33

The p53 tumor suppressor gene plays a role in cell cycle
regulation, DNA repair, and programmed cell death (Schuler et
al, 2000). As a result, cells in which p53 is stabilized are
sensitized for activation of the mitochondrial cell death
pathway. In addition, p53 may directly affect mitochondrial
integrity without the need for gene activation. Indeed, it has
been reported that pS3 can bind to Bel-2 and Bcel-XL at the
mitochondria, thereby promoting mitochondrial destabilization
(Mihara et al, 2003). The role that p53 plays is evident by the
tumor that bears a mutation in this gene (Zhang et al, 2016).
Loss of p53 in cancer leads to genomic instability, impaired
cell cycle regulation and inhibition of apoptosis. After DNA
damage, p53 holds the cell at a checkpoint until the damage is
repaired. If the damage is irreversible, apoptosis is triggered
(Yu et al, 2003).

CONCLUSION

Mitochondria play a prominent role in the regulation of cell
death through the intrinsic pathway of apoptosis. When a cell
was initiated by either extracellular stimuli or intracellular
signals, changes in the inner mitochondrial membrane occur
that results in an opening of the mitochondrial permeability
transition pre, loss of mitochondrial transmembrane potential
and release of pro-apoptotic proteins from the intermembrane
space into the cytosol. There are proteins that activate the
caspase-dependent mitochondrial pathway which consists of
cytochrome ¢, Smac/DIABLO, HtrA2/Omi whereas other
proteins such as AIF and endo G activates apoptosis through
caspase independent pathway. When there is an apoptotic
stimulus, the outer mitochondrial membranes become
permeable to internal cytochrome ¢, which is then released into
the cytosol. Cytochrome ¢ binds to Apaf—1 and recruitinitiator
caspase-9 and then activates pro-caspase-9 to compose the
apoptosome.

Pro-caspase-9 cleaves and activates caspase-3 thus produce
many of the cellular and biochemical events of cell death by

apoptosis. Smac/DIABLO promotes caspase activation in the
cytochrome c/Apaf-1/caspase-9 pathway by binding to
inhibitor of apoptosis proteins, IAP and removing their
inhibitory activity. Omi/ HtrA2 is released into the cytosol,
where it contributes to apoptosis through both caspase-
independent and caspase-dependent pathways. One mechanism
is through binding to the IAPs and disrupts the association of
active caspase with IAP while another cleaves bound TAPs and
undergo further degradation by the proteosomal pathways. AIF
undergo translocation via the cytosol, to the nucleus where it
binds to DNA and provokes caspase-independent chromatin
condensation. Endo G translocases to the nucleus and cleaves
nuclear chromatin to produce DNA fragments. Bcl-2 family
plays an essential part in caspase activation by determining the
fate of a cell. One role of Bcl-2 is in inhibition of apoptosis is
to block the release of cytochrome c¢ from mitochondria
initiated by the members of the Bcl-2 that inhibits apoptosis
that comprises of Bcl-2, Bcl-xL and Mcl-1. Another role of
Bcl-2 family is to stimulate apoptosis that include Bax and
Bak.

The members of BH3-only proteins, such as Bad, Bid, Bik,
Bim, Noxa and PUMA have a conserved BH3 domain that
develops apoptosis by regulation of antiapoptotic Bcl-2 protein.
In addition, p53 may directly affect mitochondrial integrity
without the need for gene activation. Indeed, it has been
reported that p53 can bind to Bcl-2 and Bcel-XL at the
mitochondria, thereby promoting mitochondrial destabilization.
This review concludes the proteins and stressors of
mitochondria and its role in apoptosis.
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