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ABSTRACT 

Cell death in the cell development cycle, forms one of the most potential areas for experimental as well as 

theoretical research and an exciting question as well. Regardless of the importance of the cell death process, its 

mechanisms are not understood and are still being studied. According to the studies, the cell death takes place through two 

processes: (i) Apoptosis is a form of cell death which is programmed or controlled, (ii) Necrosis is a type of cell death that 

is accidental or un-programmed. Apoptosis which is a significant part of the molecular mechanism, it has attracted a 

considerable amount of attention over the last two decades. Apoptosis is characterized by d istinct biochemical 

mechanism and morphological characteristics, it plays a major role in diversified processes including natural cell 

development, proper functioning of a cell, a cell dies due to chemicals and development of the immune system. The cell 

death signalling pathway responds to both normal and pathologic stimuli and human diseases like neurodegenerative 

disorders, ischemic damage, immune deficiency, cancer and autoimmune disorders are caused by unseemly apoptosis. This 

paper presents a theoretical investigation on the cell death process, its role in cell development, its different forms and its 

mechanism signalling pathways, a summarized comparison of Apoptosis and Necrosis. Further, a relational hypothesis 

analysis for cell death mechanism has been conducted. Our results give valuable insights into the factors that are 

influencing the sample dataset to be malignant. The result shows that p-value had a clear dependency on the percentage of 

malignant cases in a sample and hence population, as the value increased the percentage share of malignant cases 

increased. 

 
Index Terms: cell death, apoptosis, necrosis, mechanism. 

 

1. INTRODUCTION 
Death of a cell plays a vital part in maintaining 

organismal growth, stress response and tissue 

homoeostasis; it is reciprocally connected with the 

survival of cell and procreation [1, 2]. The biological event 

in which cell ceases to carry out its principal functions is 

known as cell death. Normally death of the cell is a natural 

process, where the old cells die and get substituted by new 

ones otherwise it can also result from external factors that 

is localized injury and disease. Un-natural reasons for cell 

death play a vital role in carcinogenic growth of cells [3]. 

During the development of tumor, unrestrained cell 

proliferation is assisted by specific oncogenes which 

trigger the disablement of cell death responses. Apoptosis, 

Autophagy and Necrosis are the three important processes 

that play a major role in the cell death execution [4]. 

Complex regulatory networkstightly control cell death 

which includes balancing pro-survival signals. 

Dysregulation of cell death leads to pathological disorders 

like neuro-degeneration, autoimmune diseases and 

developmental defects. Thus, understanding of signalling 

pathways of cell death is vital in understanding 

malignancy and for the efficient development of 

therapeutics [5]. The two main forms of cell death 

pathways are: “intrinsic pathways,” where due to detection 

of DNA damage a cell receives a signal to destroy itself 

from one of its own proteins or genes; and “extrinsic 

pathways,” wherein the organism a cell receives a signal 

to start cell death mechanism from other cells. The 

extrinsic pathway is activated when the organism 

identifies that a cell has outlived its functionality. 

Programmed cell death (PCD) is responsible for 

maintaining a balance between cell deaths with the 

survival of normal cell; balance, when disturbed, becomes 

the crucial point in the final decisions of the fate of cancer 

cell [8, 9]. PCD is a regulated procedure; that plays a 

crucial part in ensuring a healthy life-cycle of an 

organism. 

PCD has two forms that are Type-I cell-death: 

Apoptosis and Type-II cell-death: Autophagy, while a 

non-physiological process i.e. Necrosis may appear due to 

injury or infection and they can be easily differentiated 

through their morphological appearances as shown in Fig. 

1 [7, 8].Morphological characteristic of necrosis cell death 

display increase in cell volume, chromatin clumping, 

karyolysis, organelles swelling, oncosis, subsequent loss 

of intracellular contents and early plasma membrane 

rupture. In history, Necrosis was termed in a negative 

fashion that is a cell death type without the trademark of 

apoptosis or autophagy vacuolization caused by 

overwhelming stress. Necrosis is a harmful process that is 

often associated with inflammation and pathological cell 

loss. Autophagy is programmed cell death which starts 

with the composition of autophagosomes, double 

membrane-bound structures encircling cytoplasmic 

macromolecules which are intended for reusing [9-10] and 

is an evolutionarily conserved catabolic process. [11]. It 

plays a vital part in pro-survival in the homeostasis of the 

cell, during the periods of stress or starvation because of 

growth factor destitution [12]. Although, there is compiled 

evidence that autophagic cells which are coping with 

excessive stress may commit self-immolation by going 
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through cell death and the procedure is different from 

Apoptosis and Necrosis [13]. Autophagy controls 

innumerable physiological processes which include cell 

survival, cell differentiation, starvation and cell death [14]. 

The third type of PCD that exists besides Apoptosis and 

Autophagy, known as programmed necrosis; includes 

organelle dysfunction, swelling of cell and cell lysis [15-

16]. Therefore, PCD plays a major role during the 

elimination of damaged cells, preservation of tissue 

homoeostasis and this has profound effects on malignant 

tissues. 

 

 
 

Figure-1. Cell death - Causes and Types. 

 

Kerr, Wyllie and Currie in year 1972 presented 

an active and programmed process of cell elimination, that 

behave inverse but complementary to cell division, to 

carry out tissue homeostasis which can be inhibited or 

initiated by various pathological or physiological stimuli 

[17] and they named the process like apoptosis, which 

later on became greatly inspected physiological process of 

cell. Later in the year 2003, Apoptosis’s molecular genetic 

pathway; responsible for genetically determined cell 

elimination was suggested by Horvitz et al. at the 

advancement of Caenorhabditis elegans, which is a model 

organism [18].  Necrosis is caused via factors which are 

external for example trauma or infection. This paper 

presents a theoretical investigation on cell death process, 

its role in cell development, its different forms and its 

mechanism signalling pathways, a summarized 

comparison of Apoptosis and Necrosis; further,a relational 

hypothesis analysis for cell death mechanism has been 

conducted. It also presents apoptosis detection tools and 

technologies which includes flow cytometry, bio-imaging 

and microscopy (for live and fixed cell analysis) and give 

valuable insights into the factors that are influencing the 

sample dataset to be malignant. The proposed work 

establishes a relation for cell death mechanism using 

hypothesis analysis. 

This Paper is organized as follows: Section II 

explains different types of cell death mechanisms. Section 

III describes related work done on cell death and its 

mechanism. In section IV, the signalling pathway is 

presented and a generalized model is proposed for 

improved detection and prediction of un-natural cell death. 

In Section, V formulates and evaluates hypothesis test on 

the test data. In Section VI, presents the conclusion and 

future work. 

2. TYPE OF CELL DEATH 
Cell death is categorized on the basis of 

morphological appearance as Apoptosis, Autophagy and 

Necrosis.   

a) Apoptosis: is generally described through its 

morphological hallmarks, containing nuclear 

fragmentation, shrinkage of the cytoplasm, chromatin 

condensation and composition of apoptotic bodies and 

is shown in Figure-2. It’s considered as a 

programmed, non-immunogenic process, caspase-

dependent and is identified by blebbing of the 

membrane, chromatin condensation, cellular 

shrinkage and degradation of DNA. At the time of 

dying of Apoptosis cell loses contacts with its 12 

neighbouring cells and finally is fragmented into 

apoptotic bodies which is a compact structure of 

membrane-enclosed. Apoptosis is commonly but not 

particularly, linked with activation of caspase and 

permeabilization of the mitochondrial membrane. It is 

an extensive and uniformly happening mechanism in 

the human body and is vital for tissue homeostasis, 

normal development and other numerous 

physiological processes such as in the beginning, 

development of the human embryonic brain, existing 

cells up to 50% of present undergo Apoptosis. Due to 

the potentially important part of Apoptosis in cell 

growth and homeostasis, the immunological results of 

the death of a cell is the centre of attraction for 

research.  

 
 

Figure-2. Morphological Processes occurring 

during Apoptosis. 

 

b) Autophagy: is a moderate process which leads to 

intracellular organelles degradation after isolating in 

double-membrane vacuoles. At the time of Autophagy 

cells commonly are not able to give clear signs of 

Apoptosis for example chromatin condensation, even 
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though sometimes apoptosis can pursue an initial 

large autophagic vacuolization. Impressively, against 

intense stress autophagy can either lead to cell 

defence or cell death. Still, it is unclear whether cells 

can actually die by Autophagy or whether cells rather 

die with Autophagy. Currently, the immunological 

effect of autophagic cell death is not well 

distinguished. 

c) Necrosis: is distinguished by morphological 

appearances such as swelling of the oncosis and 

cytoplasm which induces the plasma membrane 

rupturing and the release of organelles that are 

swollen and damaged. Inflammation typically results 

from the cytoplasm released into the interstitial space. 

Traditionally necrosis was thought to be a process of 

energy-independent toxic, where the cell is destroyed 

passively. For example, in many cell types radiation 

or extreme heat will cause Necrosis whereas radiation 

stress or moderate levels of heat will induce 

Apoptosis. Biochemical characteristics of Necrosis 

are not clearly understood, unlike Apoptosis. Necrosis 

is basically studied as an immunological injury on 

account of the sudden discharge of pro-inflammatory 

mediators. Actually, Necrotic cell death frequently 

causes the discharge of pro-inflammatory cytokines. 

 

Table-1. Morphological Parameter Comparison for Apoptosis, Autophagy and Necrosis. 
 

Parameters of 

Comparison 
Apoptosis Necrosis Autophagy 

Cell size 
The decrease in cellular volume 

(Shrinkage of the cell) 

Cell volume increase 

(cell swelling) 

Protein turnover and 

degradation 

Level of chromatin 

condensation 

Intense chromatin condensation 

(pyknosis) 

No chromatin 

condensation 

Lack of chromatin 

condensation 

Nuclear fragmentation 
Karyorrhexis (Nuclear 

fragmentation) 
Clamping of Chromatin 

Accumulation of (double-

membraned) autophagic 

vacuoles 

DNA fragmentation 
DNA fragmentation of 

Oligonucleosomal 
Karyolysis 

Small or no uptake by 

phagocytic cells, in vivo 

Status of Cytoplasmic 

membrane 
Intact cytoplasmic membrane 

Rupture of cytoplasmic 

and lysosomal membrane 

Massive vacuolization of 

the cytoplasm 

Level of Phosphatidylserine 

in the nucleus 

Phosphatidylserine 

externalization 

Phosphatidylserine 

degraded, internalized or 

released 

 

Level of ATP concentration 
ATP concentrations are slightly 

decreased or maintained 

Loss of ATP 

concentration 
 

 

Several characteristics of apoptosis, necrosis and 

autophagy can be combined, depending on the cell model 

and physical or chemical agent responsible for causing cell 

death as depicted in Table-1. Originally Necrosis was used 

as a pathological term which illustrate the morphology of 

dead cells noticed in many human diseases such as trauma 

[19], bacterial infection [20], tumor malignancies [21, 22], 

neurodegenerative diseases with necrotic outcome as 

pancreas radionecrosis, ischemia-reperfusion in 

myocardial infarction [23] or in cerebral infarction [24], 

and not as description characterizing the way cell dies. 

Morphologically, necrosis is concurrent with the early loss 

of plasma membrane integrity and intracellular 

compartments. The cell will ultimately undergo the 

Necrotic cell death process, if the cell is not able to die by 

Apoptosis [25, 26]. This is identified by cell swelling, cell 

lysis, breach of cellular membrane and dysfunction 

(swelling and rupture) of mitochondria. Necrotic nuclei do 

not show fragmentation, condensation and DNA cleavage 

of internucleosomal, although some degradation of DNA 

appears in the later phase of Necrosis unlike in Apoptosis. 

It doesn’t engage caspase activation [26- 29] in 

comparison to Apoptosis. Inflammatory reactions are 

regularly caused in reaction to Necrosis [30-33]. Initiation 

of necrosis normally takes place in acute pathological 

circumstances or accidental damage of cell [34]. For a few 

decades, Necrosis was better known as a form of death of 

cell that was unrestrained, non-programmed and results in 

dramatic not reversible changes in cell structure and cell 

parameters. Surprisingly, recent studies show that 

Necrosis is an event at the molecular level that can be 

controlled by programmed Necrosis (necroptosis) [35].  

 

3. LITERATURE REVIEW 

Kerr, Wyllie, and Currie first introduced the term 

“Apoptosis” in 1972 as a morphologically different type of 

cell death, although some part of Apoptosis, though not 

clearly indicated the approach was outlined earlier to that 

[36 - 37]. PCD indicates to Apoptosis, Autophagy and 

Necrosis and is suggested to be a part of cell death in 

pathological form, at time of intervening through an 

intracellular program. The dominant type of PCD declares 

the fate of the cell; can lead to malignant neoplasms. 

Autophagy can play a vital role either pro-death or pro-
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survival while Apoptosis and Necrosis always contribute 

to cell death. The mechanisms of apoptosis for human 

cells can be understood from an inspection of PCD which 

appears at the moment when the development of the 

Caenorhabditis elegans [38] of nematode takes place. 

Apoptosis has been identified as one of the original and 

most essential modes of “programmed” death of the cell 

and it may include cell elimination which is genetically 

determined. Nevertheless, it is necessary to notice that 

some new forms of PCD have been defined and many new 

types of PCD may yet be invented [39, 40]. Apoptosis 

appears normally at the time of development, as one of 

homeostatic structure to manage populations of the cells in 

the tissues and ageing. When the cells are destroyed by 

infection or disease Apoptosis also acts as a defence 

mechanism [41]. Even though there are a large diversified 

variety of stimuli, both pathological and physiological 

which could easily activate apoptosis but not all the cells 

certainly die in reaction to the identical stimulus. There 

has been an issue of differentiating apoptosis from 

necrosis [42].  

This literature reviewed also suggested some 

other techniques for the recognition of apoptosis and 

concluded that most frequent methods that were used for 

finding apoptotic cells involved: morphological study, 

labelling techniques of DNA end, the study of DNA 

degradation, nuclease assays and flow cytometric analysis 

[43-44]. Apoptosis is not only necessary, natural but also 

answerable for the development of mammalian cell and is 

neither anomalous nor destructive and is controlled 

through an internal structure [45]. Researches have 

inquired into the apoptosis’s molecular mechanism and 

that apoptosis is a PCD which is genetic in nature and the 

removal procedure which in turn will become deranged 

and dysfunctional when parts of the mechanism of 

apoptotic cell are converted or visible in inappropriate 

bulks leading to barely communicating or lack in death 

signals time for the cells. Death of the cell in rear cases are 

dangerous such as necrosis and is a very important 

procedure for the development of the cell and for the 

growth of an organisms such as in apoptosis and whenever 

dysfunction or dysregulation of apoptosis, a pathogenesis 

occur which would be linked with diseases of different 

type for example autoimmunity, neurodegeneration, heart 

diseases, cancer, etc. Apoptosis directly indicates naturally 

appearing death of the cell and it is quite important for the 

sustenance of the homeostasis of tissue and helpful in the 

elimination of dangerous, unessential and extraneous cells 

in a quick or inconspicuous manner [46]. Deregulation and 

failure of apoptosis have been connected with many 

bacterial infections and also neurodegenerative diseases 

acquired immune deficiency syndrome. Apoptosis may 

utilize morphological and signalling features; creating a 

difference in requirement of energy. This supported him in 

building theories of cell death type which are – necrosis, 

apoptosis and lysosomal cell death [47].  

Cell death may also result from ischemia i.e. 

neuronal death after short global ischemia appears through 

apoptosis. Accordingly, the 'cell suicide' process is active 

and genetically controlled thus often apoptosis is seen as 

cell suicide [48]. Algorithms used in the detection of 

Apoptosis can be used to visualize fragmentation of DNA 

in tissue and they are supplemented through the data on 

particular pathways of cell death [49]. Apoptosis is a kind 

of active death of a cell which is extremely necessary for 

development, morphogenesis and cell distinction of all 

multi-cell organisms [50]. Genetically controlled pathways 

have been protected so far due to past experiences of 

evolution which characterize the morphological attributes 

of all the multicultural organisms and these features are 

very common inthenucleus of a cell body.  
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Table-2. Review of Modifications in Cell Death Mechanism. 
 

AUTHOR YEAR TOPIC INVESTIGATION 

Glücksmann 1951 
Cell Deaths In Normal 

Vertebrate Ontogeny. 

Proposed work confirms that in PCD, death of cell happens 

at a particular time as part of the natural growth of the 

organism. 

Kerr 1971 

Shrinkage Necrosis: A 

Distinct Mode Of 

Cellular Death 

Proposed work gives insight on lysosomal changes in hepatic 

ischemia histochemical and works further gave experimental 

proof for the existence of 2 apparent forms of cell death. 

Kerr, Wyllie, and 

Currie 
1972 

Apoptosis: A Basic 

Biological Phenomenon 

With Wide-Ranging 

Implications In Tissue 

Kinetics 

The study proposed the term “apoptosis” which is involved 

in the physiological removal of unnecessary cells. 

Major and Joris 1995 

Apoptosis, Oncosis, And 

Necrosis. An Overview 

Of Cell Death 

An experimental study conducted provided evidence about 

cell development that took place in the last decade and traced 

the origin of the term necrosis. 

Tsujimoto 1997 

Apoptosis And Necrosis: 

Intracellular Atp Level 

As A Determinant For 

Cell Death Modes 

Proposed work depicted the requirement of ATP for 

apoptotic cell death and further gave evidence about whether 

a cell will die by apoptosis or necrosis with the level of 

intracellular ATP. 

Fadeel et. Al 1999 

Apoptosis: A Basic 

Biological Phenomenon 

With Wide-Ranging 

Implications In Human 

Disease. 

The experimental study threw light on the importance of 

apoptosis in the germination of diseases and indicated that 

natural death of a cell is vital for the sustenance of tissues 

homeostasis; this helps in elimination of toxic and redundant 

cells in a quick and inconspicuous manner. 

Horvitz 2003 
Nobel Lecture: Worms, 

Life And Death 

The study presented a vital leap in locating cell death that; 

PCD is observed during the growth of simple organisms, like 

the nematode Caenorhabditiselegans which is involved in 

similar kind of mechanisms and genetics as cell death by 

apoptosis in mammals. 

Pierre Goldstein, 

Guido Kroemer 
2007 

Cell death by necrosis: 

towards a molecular 

definition 

The proposed study indicated that necrosis can display signs 

of the controlled or restrained procedure after signalling or 

damage induced lesions. 

Yaron Fuchs, 

Hermann Steller 

 

2011 

Programmed Cell Death 

in Animal Development 

and Disease 

Proposed work provides a brief record on the roles, modes 

and regulation of PCD during animal development and 

examines the regulation and functioning of apoptotic 

proteins, including caspases. 

Enzo 

Ottaviani, DavideM

alagoli 

2016 

Cell Death Pathways in 

an Unconventional 

Invertebrate Model 

The proposed model describes the pro-death impacts and the 

pathways triggered by the mitochondria-targeting drugs 2-

Deoxy-D-ribose, oligomycin A or sodium nitroprusside in 

the IPLB-LdFB cell line derived from Lymantriadispar that 

is unconventional insect model. 

Chen Qi, et.al 

 
2018 

Anti-mitotic 

chemotherapeutics 

promote apoptosis 

through TL1A-activated 

death receptor 3 in 

cancer cells 

The study indicated that the commonly used antimitotic 

chemotherapeutic agents arrest cell cycle advancement by 

disturbing mitotic spindles which lead to malignancy in 

cells to go through apoptosis by ‘mitotic catastrophe’. 

 

Studies show that apoptotic condition also 

behaves as activation for the creation of autoantibodies to 

the nuclear parts [51]. It has been established with the help 

of electron microscopy, that titanium dioxide on inhalation 

influence micronuclei and apoptosis in embryo fibroblasts 

[52]. While necrosis is an outcome which comes from 

damaging external conditions and exposure to toxins, 

Apoptosis can also occur in the human body through 

isolation but it can be related with necrosis as it can result 

in a cell death mode shift from necrosis to apoptosis. 

Cases have been reported that expressed ischemia in the 

brain causing cell destructive necrosis, which appears in 

the brain’s centre tissue, related to cell death which turns 

to increase in the vicinity [53]. Necrosis appears in the 

middle of the cell and as cell damage rises and meets the 

vicinity, thus apoptosis starts after some days of necrosis 

start. Alkylating agents would kill cells by a process, 

called as 'programmed necrosis' that are induced via an 
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extravagant activation of PARP which in turn causes 

degradation of cytosolic NAD+ and restriction of 

glycolysis [54,55,56]. Cellular death also causes changes 

in ischemia and focal cerebral hypoxia [57]. A qualitative 

examination of macrophage necrosis versus apoptosis 

reveals that they can be induced by chromium and cobalt 

ions. [58, 59].  

The study of Apoptosis depends on the toxicity of 

metallic ions which are present in the tissues. Necrosis is 

known as a passive form of cell death which has the 

presence of early plasma membrane permeabilization but 

lacks specific biochemical markers. Interestingly, the same 

inducers can activate the autophagy or induce necrosis and 

apoptotic program. Only the intensity of the stressors and 

the time period of the exposure are different. Physical 

stressors like heat or cold, or chemical agents like 

cytotoxic drugs, lack of nutrients necessary for adenosine 

triphosphate (ATP) production, irradiation (UV, X-ray, γ), 
protein accumulation, 18 hypoxias can also activate cell 

death of different types which include necrosis based on 

stressor’s intensity.  Sometimes a therapeutic intervention 

can also help in the treatment of disease under severe 

apoptosis condition [60]. The active type of cell death 

comprises of cell suicide and it uses a particular molecular 

mechanism for killing cells. Absolutely, apoptosis is the 

best-featured and most transformative sustained type of 

PCD. It needs triggering of caspase proteases in order to 

take rapid death of cell that shows different morphological 

and biochemical hallmarks [61-64]. Growing curiosity is 

currently centred upon PCD apart from apoptosis. The 

best-analyzed type of PCD is apoptosis, a process that 

needs to trigger the caspase proteases. Currently, it’s 

accepted that diversified dell death other than apoptotic 

types can exist, such as pyroptosis and necroptosis [64-

69]. There is various non-apoptotic type controlled cell 

death which involves caspase-independent, autophagic cell 

death, necroptosis, and pyroptosis. 

 

4. APOPTOTIC PATHWAYS 

Cancer is categorized as a genetic disease and 

results from the metamorphosis of tumor suppressor genes 

or oncogenes [70] and signalling pathways are developed 

by alteration. The disease has numerous links to PCD. 

Apoptosis grouped as one of the important categories of 

PCD occurs when damage to DNA is irreversible. 

Apoptosis is a specialized cell death which has a well-

arranged hierarchical molecular structure and is active in 

nature. It is either activated by the mitochondrial release of 

cytochrome c or through surface death receptors, upon 

treatments, conditions or events occurring due to 

biological stress. Activation of proteases of the caspase 

family is the general biological denominator of the 

apoptosis induction that can be identified as early as after 

10 to 15 minutes, upon death receptor activation [71], on 

another hand, mitochondrial pathways mostly need a little 

more time. So, apoptosis is featured by cell shrinkage, cell 

detachment, loss of cell-cell contact, internucleosomal 

cleavage of DNA, nuclear fragmentation, nuclear 

condensationand cell-self-fragmentation and membrane 

blebbing into apoptotic bodies, which are removed quickly 

by neighbour cells or professional phagocytes. Apoptosis 

may take approximately 2 hours minimum in optimal 

conditions; on the other hand, it needs several hours if 

activated by Tumor Necrosis Factor-a (TNF). It occurs 

ubiquitously and plays a major role in homoeostasis and 

tissue development and presents a suicidal cellular, active, 

energy consuming event. Apoptosis deregulation is 

important to the physiology of human and multicellular 

organisms. The apoptosis’s mechanism is important to the 

development of drug as many radiation therapeutic and 

chemotherapeutic strategies that can eventually start cell 

death. In tumor, acquired mutations and relation with 

alterations in signalling pathways can result inan increase 

in resistance to the death of the cell and are related to 

therapeutic targets in therapy of tumor. The disease-related 

with loss of net cell-like viral infections or 

neurodegenerative disorders, the therapeutic aim is to 

reduce or stop an increase in cell death. Apoptotic 

programs are started by a variety of stimuli which may be 

either internal or external. Apoptosis is mainly started by 

internal stimuli via the mitochondrial pathway. While, 

external stimuli engage pathway externally by death 

receptors activation over the surface of the cell and also 

internal pathways which create cellular stress, which 

means viral infection, chemicals or drugs interfering with 

the metabolism of the cell, irradiation and growth/survival 

factor deprivation. The extrinsic and the intrinsic pathways 

depicted in Figure-3 are the two signalling pathways of 

apoptotic in multicellular organisms. Both pathways 

involve caspases, but they differ in the way they signal the 

death of the cell. The external pathway which is extrinsic 

in nature is started via the members of the TNF-

superfamily, like TNFα, TRAIL and FAS-ligand. Linking 

of such ligands to their respective receptors (DR) results 

into the receptor aggregation (trimerisation) and 

intracellular clustering of death domains. This leads to the 

adaptor protein FADD recruitment and subsequently 

bonded through the death-effector domain and cleavage of 

inactive procaspase-8 (an initiator caspase which is 

activated by cleavage). Caspase-8 which has been 

activated will then split caspase-3, 6, and 7 (executioner 

caspases, caspase-3 being the most significant), which 

further leads to splitting of the death substrates such as 

regulatory and structural proteins like cytokeratins, lamins 

and poly (ADP-ribose) polymerase (PARP) [72]. The 

intrinsic pathway is activated as a reaction to the damage 

of DNA, loss of survival factors, cell cycle checkpoint 

defects, other types of severe cell stress which include 

PDT and hypoxia. Activation of the pro-apoptotic arm of 

the superfamily of the Bcl-2 gene is included in this 

pathway, which further engages the mitochondria in 

releasing of the apoptogenic factors that are SMAC and 

cytochrome c into the cytosol depicted in Figure-3. 

Cytochrome c subsequently binds the APAF-1 which is an 

adaptor protein, which furthers to the formation of an 

“apoptosome” that activates the initiator caspase that is 

caspase-9, which in turn leads to the activation of 

executioner caspases-3, 6 and 7. 
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Figure-3. Signalling Pathways for Apoptosis. 

 

Apoptosis is promoted by SMAC in which 

binding to IAP (inhibitor of apoptosis proteins) take place, 

thereby protecting these factors from the activation of the 

attenuating caspase. [73, 76]. The two signalling pathways 

that are extrinsic and intrinsic also communicate with each 

other; caspase-8 is enabled by the extrinsic pathway that 

can split the Bid who is a member of the pro-apoptotic 

Bcl-2 family to tBid which is its active form, which in turn 

promotes mitochondria in releasing of cytochrome c and 

therefore starts the intrinsic pathway depicted pictorially in 

Figure-3. Caspase-8 mediated Bid-processing thereby 

provides a bridge between the two pathways, causing an 

amplification of the extrinsic signal and subsequent 

augmentation of apoptotic cell death. Two distinct cell 

types have been described in relation to apoptotic 

mechanisms. Caspase-8 can be activated through the 

extrinsic pathway that takes place in Type-I cells and is 

able to kill the cells. In type-II cells (like HCT-116 cells) 

death of a cell is dependent on the amplified signal 

through intrinsic pathway activation [77]. Any 

dysregulation of Apoptosis such as defects/Mutation in p 

53, impaired receptor signalling pathway, increased 

expression of IAPs, caspases reduced expression and 

disrupted the balance of proteins of BCL-2 family causes 

cancer and many algorithms have been developed to 

identify apoptosis in vitro as pictorially represented by 

Figure-4. Methods used to decide the presence of 

apoptosis are listed below:  

 

a) Morphology-based methods 

b) Biochemistry-based methods 

c) Immunohistochemistry-based methods 

d) Array-based methods 

e) Immunology-based methods 

If for example, Apoptosis is decided on the basis 

of morphological appearance of the nucleus, then the 

validation may be based on a biochemistry based method 

such as agarose gel electrophoresis for the DNA cleavage. 

These are classified as: 

 

1. Morphology-based methods: 

1.1 Fluorescence Microscope 

a. Propidium Iodide staining 

b. Hoechst Dye staining 

1.2 Light Microscope 

a. Giemsa Staining 

b. Hematoxylin Staining 

1.3 Phase Contrast Microscope 

1.4 Electron Microscope 

 

 
 

Figure-4. Causes of Dysregulation in Apoptosis and 

Process of detection. 

 
5. HYPOTHESIS ANALYSIS 

The proposed work establishes a relation for cell 

death mechanism using hypothesis analysis. Hypothesis 

analysis is achieved via regression diagnosis; values 

obtained in ANOVA table included degree of freedom 

(df), the sum of squares (SS), the mean sum of square 

(MS) and finally F value and corresponding significant 

value. Analysis has been performed on Wisconsin Breast 

Cancer dataset from University of California at Irvine 

(UCI) Sample dataset had 700 entries, which was divided 

into 100 sets each with varying benign and malignant 

percentages to establish a significant relational equation 

between various parameters causing infection and actual 

real positive cases in terms of percentage of the dataset. 

Regression analyses were performed using nine major 

parameters: 

 

 Uniformity in Shape of the Cell  

 Uniformity in Size of the Cell  

 Marginal Adhesion 

 Clump Thickness 

 Bland Chromatin 

 Bare Nuclei 

 Single Epithelial  

 Normal Nucleoli  

 Mitoses 
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Table-3. ANOVA Table. 
 

 
 

To establish a relation and confirm the diagnosis 

of whether the sample is benign or malignant. P-value is 

evaluated and a numerical value greater than 0.05 are 

considered significant. Table-3 depicts the ANOVA table 

and different terminologies utilized can be summarized as: 

 

 Degree of freedom (df) = Each sum of squares has a 

corresponding degree of freedom (df) associated with 

it. Total df is n-1, one less than the number of 

observations. The Regression df is the number of 

independent variables in the model. For simple linear 

regression, the Regression df is 1. The Error df is the 

difference between the Total df and the Regression df. 

For simple linear regression, the residual df is n-2. 

 Total Sum of Squares (TSS): It is defined asthe total 

amount of variability in the response. It is represented 

as ∑(𝑦𝑖 − 𝑦 ̅)2 

 Residual Sum of Square (RSS): It is defined as the 

error (the amount of uncertainty that remains) is the 

variability about the regression line. It is given 

as ∑(𝑦𝑖 − �̂�𝑖)2 

 

 Regression Sum of Squares: It is defined as the 

difference between the Total Sum of Squares and the 

Residual Sum of Squares and it is given by TSS-RSS. 

 Regression Mean Square (MSM): It is defined as the 

Regression Sums of Squares divided by the 

corresponding  regression degrees of freedom and it is 

represented as 
∑(𝑦𝑖 − �̅�)2 1⁄  

 Residual Mean Square or Mean Squared Error (MSE): 

It is defined as the  Residual Sums of Squares divided 

by the corresponding residual degrees of freedom and 

it is represented as  
∑(𝑦𝑖 − 𝑦�̂�)2 𝑛 − 2⁄  

 F: Overall F test for the null hypothesis: MSM/MSE 

 Significance F: The significance associated p-Value 

Each segregated sample dataset has a total of nine 

cytological parameters; the outer external appearance and 

internal chromosome alterations can be measured in nine 

diversified scales. Nine attributes are evaluated from a 

range of the scale that lies from1 to 10, where 1 represents 

the normal state of sample & 10 represents the highly 

abnormal state of the sample, the scale is at the regular 

unit interval. The class parameter is depicted as 2 for 

benign and 4 for malignant cases. All parameter numerical 

values have the same range; this reduces the need for 

normalization as depicted in Table-4. The numerical value 

spread of the nine microscopic parameters between normal 

and infected cases are summarized in the table. Percentage 

differences between normal and infected classes are 

chosen to ensure that lower numerical values tend to be 

normal or benign and higher values are infected or 

malignant. 

 

Table-4. Nine Cytological Attributes Used To Determine 

Breast Cancer. 
 

Attributes Domain 

Uniformity in Shape of the 

Cell 
1 to10 

Uniformity in Size of the Cell 1 to10 

Marginal Adhesion 1 to10 

Bare Nuclei 1 to10 

Clump Thickness 1 to10 

Single Epithelial Cell Size 1 to10 

Normal Nucleoli 1 to10 

Bland Chromatin 1 to10 

Mitoses 1 to10 

Class 
2= benign or 

4=malignant 

 

Hypothesis testing: 

Null Hypothesis (H0): The factors that are 

influencing the sample dataset to be malignant. 

Alternative Hypothesis (H1): The factors that 

are not influencing the sample dataset to be malignant. 

 

i. If the p-value ranges from p-value>=0.63813 then we 

can predict that a given sample is 100 % malignant.  

ii. If the p-value ranges from 0.63813 < p value>=9.13 

E-15 then we can predict that a given sample is 20 % 

benign and 80 % malignant.  

iii. If the p-value ranges from 9.13 E-15< p-

value>=2.94E-20 then we can predict that a given 

sample is 40% benign and 60 % malignant.  

iv. If the p-value ranges from 2.94E-20<p-value>=5.21E-

23 then we can predict that a given sample is 50% 

benign and 50 % malignant.  

v. If the p-value ranges from 5.21E-23< p-value>=1.4E-

27 then we can predict that a given sample is 60% 

benign and 40 % malignant.  

vi. If the p-value ranges from 1.4E-27< p-value>=9.5 E-

29 then we can predict that a given sample is 80% 

benign and 20 % malignant. 
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vii. If the p-value ranges from 9.5E-29< p-value>=4.88 E-

05 then we can predict that a given sample is 100 % 

benign.

 

Table-5. Regression Analysis for Varying Percentages Share in Dataset between Benign and Malignant. 
 

Cases  SS MS F Significance F 

All the samples arebenign 

(normal case) 

Regression 1.252 .139 
4.624 4.8872E-05 

Residual 2.707 .0300 

80% arebenign and 20% 

are malignant Samples 

Regression 53.78304 5.975893 
42.76315 9.5E-29 

Residual 12.57696 0.139744 

60% arebenign and 40% 

are malignant Samples 

Regression 77.27087 8.5856 
39.6482 1.4E-27 

Residual 19.489 0.2165 

50% arebenign and 50% 

are malignant Samples 

Regression 74.414 8.2682 
29.0844 5.21E-23 

Residual 25.585 .2842 

40% arebenign and 60% 

are malignant Samples 

Regression 67.60601 7.511778 
23.80997 2.94E-20 

Residual 28.39399 0.315489 

20% arebenign and 80% 

are malignant Samples 

Regression 41.42617 4.6029 
15.22247 9.3E-15 

Residual 27.21383 0.3023 

All the samples are 

malignant 

Regression 0.2854 .0317 
0.776 0.63813 

Residual 0.6745 0.0408 

 

Table-6. Hypothesis Analysis 
 

Cases p-value Result 

All the samples arebenign 

(normal case) 
4.8872 E-05 H0 is rejected 

80% arebenign and 20% are 

malignant Samples 
9.5E-29 H0 is rejected 

60% arebenign and 40% are 

malignant Samples 
1.4 E-27 H0 is rejected 

50% arebenign and 50% are 

malignant Samples 
5.21E-23 H0 is rejected 

40% arebenign and 60% are 

malignant Samples 
2.94E-20 H0 is rejected 

20% arebenign and 80% are 

malignant Samples 
9.3E-15 H0 is rejected 

All the samples are malignant 0.6381 H0 is accepted 
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Figure-5. Comparison between Regression and Residual 

sum of square. 

 

 
 

Figure-6. Comparison between Regression and Residual 

Mean Sum of Square. 

 

Table-5 depicts values evaluated in regression 

analysis for the purpose of establishing a relation for cell 

death mechanism using hypothesis analysis, the following 

can be summarized: 

 

a) Residual error evaluated from the sample dataset 

considered indicates that as the percentage of 

malignant cases increases and Benign reduces the 

value of residual error increases from 2.707 (100 % 

benign) to 27.21(80 % malignant) 

b) Regression mean sum of square evaluated from the 

sample dataset considered indicates that as the 

percentage of malignant cases increases and Benign 

reduces the value of regression Sum of Square first 

increases from 1.252 (0%malignant) to 

77.27(60%malignant) and then decreases from 74.414 

(50% malignant) to 0.2854 (100% malignant). 

c) P-value evaluated from the sample dataset considered 

indicates that as the percentage of malignant cases 

increases and Benign reduces the value of p-value 

increases from 9.50 E-29 (100% benign) to 9.3 E-15 

(80 % malignant). Further, when all the dataset was 

taken as malignant, the p-value is also quite high i.e. 

0.6381 

6. CONCLUSIONS 
Programmed cell death includes apoptosis which 

is traditional cell death mechanism, multiple cell death 

programs & also involves autophagy and necrosis. 

Apoptosis and Necrosis contribute majorly in cell death 

mechanism. In any Living Bio-organism Apoptosis forms 

the superior type of death cell mechanism and can be 

induced both by the extrinsic and intrinsic signalling 

pathways in different pathological, physiological and 

experimental conditions. Paper presents processes as to 

why Necrosis and Apoptosis could be as different from 

each other. Further study shows Necrosis which was 

considered as an uncontrolled process, can also take place 

in a regulated manner as evidence recently has revealed 

whereas Apoptosis is carefully observed as a regulated 

process, the process is energy-dependent and is featured 

by particular biochemical and morphological 

characteristics, in which central role is played by caspase 

activation. The study also gives a brief about Apoptosis’s 

mechanism because Program Cell Death is an essential 

part of health or disease and is started by different 

pathologic and physiologic stimuli. Owing to the 

importance of Cell Death Paper proposes a hypothesis to 

define the relation between significant value and 

percentage contribution of the malignant and benign 

dataset. Test samples used was obtained from Wisconsin 

Breast Cancer dataset from University of Califonia at 

Irvine (UCI) Sample dataset had 700 entries, which was 

divided into 100 sets each with varying benign and 

malignant percentages to establish a significant relational 

equation, Hypothesis testing clearly indicated following 

conclusions: 

 

a) Residual error evaluated from the sample dataset 

considered indicates that as the percentage of 

malignant cases increases and Benign reduces the 

value of residual error increases from 2.707 (100 % 

begin) to 27.21(80 % malignant) 

b) Regression mean sum of square evaluated from the 

sample dataset considered indicates that as the 

percentage of malignant cases increases and Benign 

reduces the value of regression Sum of Square first 

increases from 1.252 (0%malignant) to 77.27 

(60%malignant) and then decreases from 74.414 

(50% malignant) to 0.2854 (100% malignant). 

c) P-value evaluated from the sample dataset considered 

indicates that as the percentage of malignant cases 

increases and Benign reduces the value of p-value 

increases from 9.50 E-29 (100%Benign) to 9.3 E-15 

(80 % malignant). Further, when all the dataset was 

taken as malignant, the p-value is also quite high i.e. 

0.6381. 

P value had a clear dependency on the percentage 

of malignant cases in a sample and hence population, as 

the value increased the percentage share of malignant 

cases increased. 
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