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ABSTRACT

Elimination of unwanted, injured or diseased cells by apoptosis is the requirement for the maintenance of
homeostasis and regulation of physiological functions in multicellular organisms. Because of its exceptional role
and anatomical position, liver is susceptible to exogenous xenobiotics and toxins, and highly vulnerable to tissue
apoptosis. Apoptosis, which is accompanied by biochemical features such as DNA fragmentation, membrane
alterations, and degradation of liver cells can be initiated by extrinsic or intrinsic pathways by means of death
signals from the cell exterior. The extrinsic pathway is activated by the binding of a group of transmembrane
receptors (death receptors) to their related ligands. Some of the death receptors in liver comprise Fas or CD95,
Tumor TNF-R1, TRAIL-R2 also called death receptor 4 and 5 (DR4 and DR5). The intrinsic pathway usually
activates apoptosis through members Bcl-2 family, which control mitochondrial outer membrane permeabilization,
cytochrome C release, and consequently caspase initiation. Caspases are a family of aspartate-specific cysteinyl
proteases that are triggered during and assist the execution of apoptosis in liver cells. A group of caspases that are
triggered first in the process (upstream) are called initiation caspases, while others that bring the important
structural hits of apoptosis are called executioner caspases. Caspases, that is, caspase -2, -8, -9, and -10, belong to
the group of initiator caspases, while caspases, that is, caspase- 3, -6, and -7, belong to the group of executioner
enzymes. Any malfunctioning in the course of liver apoptosis might result in various kinds of liver disorders from
auto-immune diseases to the high risk hepatocellular carcinoma (liver cancer). In this review, we addressed some
common molecular concepts and mechanisms of hepatic apoptosis and circumstances that are linked to hepatic
apoptosis.
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1. INTRODUCTION in order to maintain tissue homeostasis and regulation of
physiological functions.® Essentially any modification
in this equilibrium, either in the direction of unnecessary
multiplying or extreme apoptosis, results in the
progression of disease situations."’®  Widespread
varieties of both physiological and pathological
conditions can activate apoptosis. Some of these
conditions include: DNA fragmentation, intracellular
damage, extracellular signals, toxins, heat, free radicals,
nitric oxide, oxidative stress, and radiation.!”! Cells that
die during normal development and tissue homeostasis
have distinguishing morphological hallmarks,
comprising cytoplasmic decline, chromatin shortening
and marginalization and plasma membrane blebbing,
which are accompanied by biochemical features such as
DNA fragmentation, membrane alterations (that is,
exposure of phosphatidylserine on the outside of the
plasma membrane), and degradation of specific cellular
proteins, as a result of the huge activation of a large
number of intracellular proteases and endonucleases.®*!

Liver is an organ with numerous roles, it has essential
functions in biosynthesis, metabolism, secretion,
excretion and detoxification.) Liver has maximum
metabolic activity and hence its energy needs is
substantial. Liver is the biochemical hub utilizing 20%
of oxygen in the whole body and is vital in the oxidation
of fat, sugar, protein, vitamins and salt.®! Because of its
exceptional role and anatomical position, liver is
susceptible to exogenous xenobiotics and toxins,
comprising pollutants, medicines and alcohol, as well as
to infection by viruses, and consequently, is highly
vulnerable to tissue damage.®® Elevated liver cell death
and diminished renewal are undeniably the
characteristics of many liver diseases."

Apoptosis or programmed cell death (PCD) is a highly
organized and genetically controlled type of cell death,
which allows the elimination of damaged or surplus cells
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It is vital to know that apoptosis is not all the time a
deleterious process. It is essential during embryonic
development to ensure proper organogenesis as well as
for the health of adult organisms, and serves to eliminate
damaged or malfunctioning cells from the body. Thus,
apoptosis plays a vital part in ensuring the appropriate
functioning of several organs."® Surplus of PCD could
be detrimental and results in several deteriorating
degenerative pathologies, while absence of PCD can also
contribute to the progression of proliferative disease
conditions like cancer.® In apoptosis, the dying cell is
split into membrane bound vesicles comprising fairly
intact organelles and chromatin remains named
‘apoptotic bodies’ which are easily engulfed by nearby
cells and professional phagocytes, such as liver dwelling
macrophages or Kupffer cells.’® For these details,
understanding of molecular mechanisms of the liver cells
death could have apparent clinical significance. In this
review article, we highlighted some common molecular
events of hepatic apoptosis and circumstances that are
linked to hepatic apoptosis.

2. Approaches of Hepatic Cell Death

As its name indicates, hepatic apoptosis means cell death
in liver. The hepatocyte apoptosis designates cell death
in hepatocytes (one type of liver cells). Liver is an organ
comprising of numerous phenotypically different cell
types, for instance, hepatocytes, cholangiocytes, hepatic
stellate cells (HSCs), oval cells, sinusoidal endothelial
cells, and so on.*Y Hepatocytes are dominant forms of
liver cells where clinically documented apoptosis mainly
happens. Prmuf)ally hepatocytes make up 70-80% of the
liver mass.'?!] The two main forms of cell death in the
liver are apoptosis and necrosis.*® Chen et al.*¥
indicated that apoptosis is identified to occur in liver in
hepatocytes and is a significant part of the firmly
controlled homeostatic mechanisms regulating liver role.
One of the hallmarks of liver is that it has an incredible
regenerative ability in reply to cell loss through
infectious, physical, or hepatotoxic damage.®*!

In opposing to the controlled cellular death program
called apoptosis, necrosis or currently retitled oncotic
necrosis is a more disordered approach of cell death. It
results from metabolic disruption with energy reduction
and loss of adenosine triphosphate (ATP).* Rounding
and inflammation of mitochondria, Cellular edema,
dilations of the endoplasmic reticulum (ER), lysosomal
disruption and development of plasma membrane
protrusions called blebs are the results of loss of ATP.1*
Hence, necrotic cell death is morphologically
characterized by an expansion in cell size (oncosis),
swelling of organelles, plasma membrane rupture and
resulting loss of intracellular contents.'® Necroptosis
(caspase- free cell death) has been used to designate this
substitute cell death program.[®®!
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Fig. 1: A) Apoptotic (aC|doph|I) body (arrow). Note
the concentration and shady stain of the cytoplasm
and lack of nucleus. B) Spotty necrosis. Numerous
neighboring hepatocytes are lacking and substituted
by inflammatory cells. Modified from. !

Table 1: Summary of morphological, molecular and biochemical features distinguishing hepatic apoptosis and

Necrosis.
Feature Apoptosis Necrosis Ref.
Cell size Reduced (shrinkage) Enlarged (swelling) (>l
Condensation and margination of Rarely compression (pyknosis) at early
chromatin, often to characteristic crescent- | steps; later generally breakup
Nucleus shape. Very often breakup into sharply (karyorrhexis) and dissolution (karyolysis). | %

defined spherical chromatin masses that are
finally scattered throughout the cytosol

On light microscopic level, early pyknotic
stages may occasionally resemble apoptosis

Intact, changed structure specially

Cell membrane orientation of lipids

breakdown and introduction of [67]
inflammation

Typical high molecular weight DNA

DNA fragmentation into 50kbp - 300kbp

fragmentation

Sometimes accidental DNA degradation.
Often little DNA

degradation before lysis of the

plasma membrane

[68]

Enzymatic digestion may leak out of cell 1%9]

fragments.
Cellular contents Intact, may be released in apoptotic bodies
Nearby No
inflammation

Frequent (6]
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Physiologic or
pathologic role
damage

Often physiologic, means of removing
unwanted cells, may be pathologic after
some form of cell injury particularly DNA

Always pathologic, ends with an [70]
irreversible cell injury

Phagocytosis and by neighboring cells

Quick removal by professional phagocytes

Clearance of necraotic tissue by infiltrating [71]
phagocytes after breakdown of cells

Caspase initiation | Caspase dependent

No caspase participation (68l

Frequently unremarkable; mostly

Tissue reaction reconstitution and integrum; often

apoptosis necessary for tissue organization

Often inflammatory response, leukocyte
infiltration, production of immune [72]
mediators; often formation of scar tissue or
disturbance of tissue organization

3. Mechanisms of Hepatic Apoptosis

Apoptosis denotes a programmed type of cell death that
is essential to keep tissue homeostasis by balancing cell
propagation and eradicating injured, diseased, or stressed
cells.®! This process is chiefly significant in the liver as
an organ that is obviously exposed to toxins, drugs, and
viruses.*" Cell proliferation and tissue homeostasis that
are ruled by various physiological growth-control
mechanisms are related to apoptosis. Apoptosis
mechanisms are extremely intricate and sophisticated,
including an energy dependent cascade of molecular
events.'™ The process of apoptosis in liver is controlled
by diversity of cell signaling pathways and involved in
regulation of cell fate, death or survival.l'!

Apoptosis might hence be regarded, in biochemical
positions, as a caspase-mediated form of cell death.”” To
date, apoptotic signaling within the hepatocytes is
transduced primarily through two distinct molecular
pathways, even though it can be initiated by numerous
stimuli: (a) extrinsic or death receptor related and (b)
intrinsic or mitochondrial.?*° The final fate of both the
extrinsic and intrinsic pathways is activation of a wide
variety of intracellular proteases (especially a group of
proteolytic enzymes called caspases) and endonucleases
that eventually destroy the cellular ingredients.®

3.1. The Extrinsic pathway

The extrinsic pathway refers to a signaling pathway
activated by the binding of a precise group of
transmembrane receptors (death receptors) to their

related ligands. Certainly, apoptosis in the liver is
principally facilitated by death receptors in disease
conditions.”) These receptors are expressed in several
tissues and cells, as well as hepatic tissue. Apoptosis
mediated by these receptors has the most important role
in a diversity of biological practices, such as tissue injury,
immunologic and lymphocytic homeostasis, and defense
against pathogenic microorganisms.??

Some of the death receptors comprise first apoptotic
signal (Fas) or CD95, tumor necrosis factor receptor - a-
receptor 1 (TNF-R1) and tumor necrosis factor related
apoptosis inducing ligand receptors 1 and 2 (TRAIL-R1
and TRAIL-R2) also called death receptor 4 and 5 (DR4
and DR5).”¥ Their associated ligands (FasL/CD95L,
TNF-a, and TRAIL) are chiefly expressed by cells of the
immune system and play an essential role in the
eradication of virally infected, distorted, or injured
hepatocytes. Extrinsic pathway needs the enrolment of
the Fas associated protein with death domain (FADD)
that binds to the intracellular area of the death receptor.®”!
The Ligand/receptor binding encourages the recruitment
of numerous adapter proteins and proenzymes
(procaspase-8 and -10) at the intracellular domain of the
receptor to form a complex usually referred to as death
inducing signaling complex (DISC). The signal produced
at the DISC by triggered caspases results in cell death
which, depending on the cell type, may or may not need
the  participation of  mitochondria  for its
implementation. 24?5

Table 2: Summary of the features of some death receptors.

Death receptor | Alternative name | Death domain | Expression in liver | Ref.

Fas APO-1/CD-95 Yes Yes [61.82]

TNF-R1 APO-2 Yes Yes (62,631
TNF-R2 - No Yes [o4]
DR-3 TRAMP/ Apo-3 Yes No 7]
TRAIL- R1 DR-4 Yes ? 7]
TRAIL-R2 DR-5 Yes Yes 1]
TRAIL-R3 DcR1 No Yes L7e]
TRAIL-R4 DcR2 Reduced Yes 177l

Fas and TNF-R1 expression have been evaluated in
purified liver cell preparations by both Northern blot and
immunoblot investigation. Expression of DR-3 and the
TRAIL receptors have been assessed exclusively by

Northern blot analysis using total liver RNA. (Fas = first
apoptotic signal; TNF-R1 = tumor necrosis factor
receptor -a-receptor 1; TNF-R2 = tumor necrosis factor
receptor -a-receptor 2; DR-3 = death receptor 3; DR-4 =
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death receptor 4; DR-5 = death receptor 5; TRAIL-R1 =
tumor necrosis factor related apoptosis inducing ligand
receptors 1; TRAIL-R2 = tumor necrosis factor related
apoptosis inducing ligand receptors 2; RTAIL-3 = tumor
necrosis factor related apoptosis inducing ligand
receptors 3; TRAIL-4 = tumor necrosis factor related
apoptosis inducing ligand receptors 4;, TRAMP = TNF
receptor related apoptosis mediated protein; DcR1 =
decoy receptor 1; DcR2 = decoy receptor 2). Modified
from. 5!

3.2. The Intrinsic pathway

This pathway is influenced by an enormous range of
non-receptor factors which may positively or negatively
affect the initiation of apoptosis. These factors comprise
but are not restricted to viral infections, toxins, physical
stimuli, hormones, free radicals and reactive oxygen.®®
This pathway usually activates apoptosis through
members of the B-cell lymphoma 2 (Bcl-2) family,
which  control ~ mitochondrial ~ outer  membrane
permeabilization,  cytochrome C  release, and
consequently caspase initiation.’®” The main component
of this pathway includes the release of mitochondrial
contents due to increased alterations in mitochondrial
outer membrane permeabilization (MOMP) to release a
proapoptogenic factors, including cytochrome C, second
mitochondria-derived activator of caspases
(SMAC)/direct inhibitor apoptosis protein (1AP), and
apoptosis-inducing factor (AlIF), from the intermembrane
space into the cytoplasm.”% In the presence of
adenosine triphosphate (ATP), the cytochrome C is
combined with apoptosis protease-activating factor
(Apaf-1) that is combined with caspase recruitment
domain and caspase-9 precursor to trigger caspase-9,
leading to activation of caspase-3 and caspase-7. Bcl-2
family, which plays a significant role in the
mitochondrial pathway contains anti-apoptotic proteins
including Bcl-2, Bcl- XL and Mcl-1, and pro-apoptotic
proteins such as Bax, Bad and Bek, where Bcl-2 and Bax
are more important proteins.*

This signaling cascade, termed as the mitochondrial
(intrinsic) pathway of apoptosis, is triggered by the
activation of pro-apoptotic B cell lymphoma Homology
(BH3)-only (i.e., Bid, Bim, Bad, PUMA, Noxa) and
multi-domain (Bax and Bak) members of the Bcl-2
family, which are accountable for the initiation of
MOMP, and antagonized by the anti-apoptotic members
of the same family (Bcl-2, Bcl-xL, Mcl-1).7 The
mitochondrial BAX and BAK move from the cytosol to
the outer membrane to form permeability change pores,
activating cascade of signaling actions such as the
release of apoptotic factors and mitochondrial rupture.®!
Whereas, anti-apoptotic Bcl-2 and Bcl-xL inhibit BAX
and BAK initiation by binding and impounding pro-
apoptotic  proteins, and preserve mitochondrial
integrity.®? Released cytochrome c links with Apaf-1 to
form the apoptosome, a large multimeric complex which
recruits procaspase 9 and facilitates its auto activation.
Caspase 9 then cleaves and stimulates caspase 3 and 7,

which in turn, continue to degrade several cellular
substrates, resulting in the morphological changes
associated to apoptosis.l*! At the same time, endogenous
cellular 1APs, usually inhibiting accidentally activated
caspases, are neutralized by SMAC/DIABLO, which is
released from the mitochondria together with
cytochrome C. The extrinsic and intrinsic pathways are
not mutually exclusive, as some cells, comprising
hepatocytes and cholangiocytes, have been displayed to
necessitate mitochondrial participation to increase the
apoptotic sign from death receptors.!**!

Extrinsic Intrinsic

— >

CytochromeC

Fig. 2: An overall diagrammatic illustration of the
pathways of apoptosis. Modified from.[?

4. Caspases and their Inhibitors

Caspases are a family of aspartate-specific cysteinyl
proteases that are triggered during, and assist the
execution of programmed cell death in liver cells.®! The
intracellular execution of apoptosis is motivated by a
newly recognized class of proteases. Proteases are
enzymes whose purpose is to cut proteins. Some
proteases are nonspecific: they cut all categories of
proteins at a variety of cleavage sites. Such are the
pancreatic enzymes, whose role is to reduce big proteins
small enough to be absorbed by the intestinal mucosa.
Other proteases are very specific and will cleave only
proteins that have a specific conformation or amino acid
sequence. The latter group comprises proteases involved
in the apoptotic process.*” Caspases have been given
their name because they are rich in cysteine amino acid
residues, they detect a distinct target arrangement that
encompasses aspartic acid residues and they are
proteases. Fourteen caspases have been known to date
and their functions have not all been well defined.!*"
They act in sequence, with one caspase activating
another by cleavage of the inactive form called a
procaspase (Fig. 3). A group of caspases that are
triggered first in the process (upstream) are called
initiation caspases, while others that bring the vital
structural hits of apoptosis are called executioner
caspases.”®®! Long pro-domain caspases, that is, caspase-
2, -8, -9, and -10, belong to the group of initiator
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caspases, while short pro-domain caspases, that is,
caspase- 3, -6, and -7, belong to the group of executioner
enzymes. 183!

Majority of caspases involve in apoptosis through
proteolytic stimulation of other caspases and by
degrading cellular proteins, hence contributing to the
progression of cell death. Certain caspases produce
mature proinflammatory cytokines and, thus, regulate
immune responses.” However, it becomes gradually
obvious that caspases and apoptosis-regulatory
molecules apply significant roles beyond that of cell
death, comprising the regulation of T cell production and
cell-cycle progress.”"! Besides the Bcl-2 family, caspase

bind procaspase 9 and stop its initiation, and can also
directly bind and hinder active caspases.[*”
Overexpression of the human homologue of clAP2 did
protect hepatocytes against apoptosis in vitro. IAP family
members specifically inhibit caspases -3 and -9. Their
action can be stopped by Second mitochondrial-derived
activator of caspase/ Direct IAP-binding protein
(Smac/DIABLO) and Omi/HtrA2.4¥ As a result, the
mild equilibrium between the comparative cytosolic
concentrations of active caspases-3, -8, and -9 and
Smac/DIABLO, OMI/HtrA2 compared with IAP family
members determine cell fate. Heat shock proteins (HSPs)
have likewise apoptosis regulatory functions. HSP27
binds to cytochrome ¢, and HSP70 and HSP90 bind to

inhibitors, such as IAP family members, may protect
against apoptotic cell death by interrupting the caspase
cascade. IAPs, XIAP, and c-1AP-1 have been revealed to

Apaf-1, resulting in the inhibition of apoptosome
formation. 4

Table 3: Commonly known essential caspases participating in apoptosis.

Function Ref. | Expression | Type Weight | Organism Length of
in liver (KDa) prodomain

Apoptosis T T Yes Caspase-2 | 51 Human, Mouse Long CARD
Initiators (79 Caspase-8 | 55 Human, Mouse Long/DED-DED

Caspase-9 | 45 Human, Mouse Long CARD

Caspase-10 | 55 Human Long/DED-DED
Apoptosis 0 T Yes Caspase-3 | 32 Human, Mouse Short
escutioners (el Caspase-6 | 34 Human, Mouse Short

Caspase-7 | 35 Human, Mouse Short
Inflammation | ® [ Yes Caspase-1 | 45 Human, Mouse Long CARD
mediators 5 Caspase-4 | 43 Human Long CARD

Caspase-5 | 48 Human Long CARD

Caspase-12 | 50 Human, Mouse Long CARD

Caspase-14 | 30 Human, Mouse Short

CARD = caspase recruitment domain; DED = death effector domain; Long = long form; Short = short form. Modified

from.[6%

5. Apoptosis in some Liver Diseases

Liver cell apoptosis plays an essential part in the
regulation of normal liver role, which is facilitated by
numerous signal transduction pathways,*® However,
apoptosis serves as the cytological origin for the
development of various liver diseases. Thus, diminishing
non-physiological apoptosis in hepatocytes has vital
clinical implication for keeping hepatic structure and
function. Some researchers indicated that apoptosis may
occur in response to viral infection, extreme alcohol
consumption, and contact to any sort of
hepatocarcinogen, or due to genetic mutations./®!
Elevated levels of cell death related receptors are
expressed in liver dwelling cells, for example
hepatocytes, activated stellate cells, Kupffer cells, and
cholangiocytes express Fas. Prominently expressed Fas
receptors aid to sustain liver homeostasis and also to
remove virally infected cells of liver by the
immunocytes.?”

5.1. Apoptosis and Hepatocellular Carcinoma
Hepatocellular carcinoma (HCC) is regarded as one of
the well-known malignancies globally.’™ It is mainly

malignancy of the liver and the third top cause of cancer
death  worldwide.”  Non-alcoholic  steatohepatitis
(NASH), Chronic viral hepatitis related liver cirrhosis,
(Hepatitis B virus (HBV) and hepatitis C virus (HCV),
hereditary diseases like hemochromatosis, ethanol
consumption, contact to hepatotoxins (aflatoxin), obesity
and diabetes denote the chief risk factors for HCC
progression.[®9°1 As in all other body parts, some
extent of hepatocyte apoptosis is typical of a healthy
liver.® Undeniably, currently, it has become obvious
that development and evolution of HCC are connected in
specific with both defective apoptosis and increased cell
propagation.’®? Specially, tumor cells frequently display
modifications in genes regulating the apoptotic
mechanism.[*!  Nevertheless, the exact molecular
mechanisms of apoptosis regulation participated in
hepatocarcinogenesis are still not well understood.

Regardless of the improvements in the conventional
therapy of cancers, liver cancer remains one of the top
cause of mortality in developing nations and its treatment
is mostly unsuccessful.® As early as the 1970’s,
apoptosis had linked to the removal of possibly
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malignant cells, hyperplasia and tumor progression.
Therefore, decreased apoptosis or its resistance plays an
essential part in HCC. There are numerous ways a
malignant cell can obtain decrease in apoptosis. Usually,
the mechanisms by which avoidance of apoptosis
happens could be roughly categorized into: 1) disordered
balance of pro-apoptotic and anti-apoptotic proteins, 2)
weakened death receptor signalling and 3) diminished
caspase role.

Inhibition of apoptosis in HCC needs IAPs, which hinder
caspase initiation. Survivin, a class of the 1AP family,
can play a significant part in development of HCC by
encouraging cell proliferation, and is clearly associated
with extraordinary risk of disease reappearance and poor
diagnosis in HCC.! For patients with HCC after
hepatectomy, the appearance of surviving might
consequently help as a predictive factor. Transfection of
liver tumor cells (HepG2) with antisense oligonucleotide
(ASO) against surviving results in substantial cells
growth inhibition and lessening appearance of survivin.
Additionally, systemic treatment with ASO meaningfully
prevents tumour growth in an orthotopic transplant
model of HCC in nude mice, signifying that ASO could
possibly be an encouraging gene therapy approach to
treatment of HCC.? To date, there are no recognized
prognostic factors or standardized treatments for HCC
relapse. The understanding of the causes of the disease
and its pathogenesis is important for existence after HCC
reappearance.’

l Apoptosis l |Necroptosisl | Necrosis |

Apoptotic
bodies

e

H

:

H

H

:

H

14 &

( B ;) Ry
Hep-t&yte X\’Ngﬁ(frophllv i
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Compensatory
proliferation

Fig. 3: Impact of specific cell death modes and
subsequent cell death responses on development of liver
disease. In acute and chronic liver diseases, apoptosis,
necroptosis, and necrosis may promote hepatocyte
proliferation, HSC activation, and inflammatory cell
recruitment and activation. Although these responses are

beneficial in the short term, they result in maladaptive
responses that result in development of fibrosis and HCC
in the long term. Precise mechanisms by which apoptotic
bodies and DAMPs promote development of chronic
liver disease remain to be determined. (HSC = hepatic
stellate cell; HCC = hepatocellular carcinoma; DAMPs =
Damage-associated molecular patterns; TNF = tumor
necrosis factor; IL = interleukin; TGF = transforming
growth factor). Modified from."!

5.2. Acute liver failure

Acute liver failure (ALF) is a serious clinical disorder
with high mortality degrees in which a formerly normal
liver fails within short period of time like, few days or
weeks.® ALF is a clinical condition defined by the
abrupt start of severe liver damage and is characterized
by encephalopathy and coagulopathy in individuals with
previously normal liver function. Infections, toxins, or
metabolic and genetic disease are the diverse causes of
ALF regardless of their etiology.®™ ALF results from
quick and widespread hepatic apoptosis and necrosis.
The chief causal agents of the hepatic injury that
activates the beginning of ALF comprise hepatotropic
viral infections and the use of medications such as
acetaminophen. To date, liver transplantation is effective
option of treatment for ALF. Nevertheless, having to
limited donor accessibility and the difficulty in choice of
graft compatibility, liver transplantation is not feasible in
majority of cases, hence, the pathogenesis of ALF needs
to be further explored.”®

Imbalance in immune system serves a serious role in the
progression of ALF. Specifically, pro-inflammatory and
anti-inflammatory cytokine imbalance in the liver and
circulation elicits extreme immune response and brings
adverse consequences.’® Death receptor facilitated
hepatic apoptosis is regarded as one of the most common
pathologic mechanisms of the initiation of ALF from
various causes, including fulminant hepatitis, viral
hepatitis, autoimmune hepatitis, and endotoxic shock.!®”)
Being one of the death receptors, Fas/CD95 is plentifully
expressed in hepatocytes and plays a key role in normal
liver homeostasis by which virally infected or unhealthy
hepatocytes are ruined via Fas/CD95 ligation. The
expression of Fas is highly up-regulated in the livers of
patients with fulminant hepatic failure and acute
hepatitis.’*®

5.2. Apoptosis and Liver fibrosis

Liver fibrosis denotes the common result of the most of
chronic liver injuries. Eventually, it marks in distortion
of the liver structure (cirrhosis) which is related with
disruption of liver purposes and substantial morbidity
and mortality."® Damage of liver leading to fibrosis
happens in reply to a diversity of insults comprising viral
hepatitis, alcohol, steatosis, autoimmune infections,
insulin resistance, unnecessary accumulation of iron or
copper, and hereditary aberrations.®® Long-lasting liver
damage of numerous causes have consequences on liver
apoptosis, and successive activation of hepatic stellate
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cells (HSCs) into myofibroblasts.®” The activated HSCs
quickly produce huge quantities of pro-fibrogenic
cytokines, such as transforming growth factor-beta
(TGF-B),° connective tissue growth factor (CTGF), and
platelet-derived growth factor-beta (PDGF-B),""! they
then produce extracellular matrix (ECM) comprising
collagen kinds I, 111, and IV in hepatic tissues.®*) TGF-
B1 from both paracrine and autocrine origins has been
revealed to be an important facilitator of liver
fibrogenesis.[®® Preventing HSCs activation is the key
purpose in the therapy of alcohol induced apoptotic
hepatic damage.*!

6. CONCLUDING REMARKS

Apoptosis or programmed cell death is genetically
controlled mode of cell death, which is essential for all
multicellular organisms to balance tissues homeostasis
and regulate cell propagation, also eliminate injured or
unwanted cells. Apoptosis is usually accompanied by
numerous distinctive metabolical and morphological
modifications. Liver apoptosis is an exceptionally
intricate process, with energy-dependent undertaking of
events that takes place by two kinds of pathways:
extrinsic and intrinsic that includes the stimulation of a
number of cysteine proteases termed as caspases. The
knowledge of the molecular pathways principal to
stimulation of apoptosis and cell existence has increased
substantially over the past few tens of years. Apoptosis
mediates an enzymatic cascade system which plays vital
roles in disease progression process. Significant advance
has been made in our understanding of the mechanisms
of apoptosis and the relative participation of apoptosis in
some liver disease development.
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