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ABSTRACT 

The programmed cell death, also known as Apoptosis is a complex mechanisms by which cell undergo its 

own destruction to control the process of cell proliferation or it can be due to in response of DNA 

damage. Apoptosis also plays an important role in tissue homoeostasis and development. The most 

striking feature of the cancer cells is that they do not undergo Apoptosis. This fact is due to the 

involvement of dynamic interplay between oncogenes and/or inactivated tumors suppressor genes. Both 

of them have a key role in generation of tumors. Certain drugs and agents have been identified which can 

restore the normal apoptotic pathways and thus, have the potential for the effective treatment of the 

cancers that depends on the alteration of the apoptotic pathway. 

INTRODUCTION 

Apoptosis is described by its morphological 

characteristics,
 

including cell shrinkage, membrane 

blabbing, chromatin condensation
 

and nuclear 

fragmentation. Apoptosis, or programmed cell death, is 

one of the major control mechanism
 
by which cells 

undergo self destruction, if DNA damage is not 

repaired. Also, Apoptosis
 
is important in controlling 

cell number and proliferation
 
as part of normal growth 

and development [1]. Cancer, a genetic disease, is 

mainly manifested due to dysregulation of 4 different 

pathways, which includes; Increased activity of the cell 
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cycle [e.g., Ras, cyclins]; Decreased activity of 

differentiation pathways [eg, Hh, Apc]; Decreased 

DNA repair [eg, Atm, Brca];or Decreased cell death 

[eg, decreased Bcl-2, increased Apaf-1 activity [2]. The 

last pathway justifies the fact that cancer cells do not 

undergo Apoptosis. It is also well know that clonal 

evolution of cancer selects for cells that are 

characterized by enhanced proliferation and survival. 

Factors such as cellular stress, oncogene activation and 

deregulation of cell growth, all lead to activation of a 

tumors suppressor gene p53, which either arrest the cell 

cycle or activates apoptosis. 

 In a normal cell, deregulation of cellular 

proliferation generally triggers apoptosis, but in 

cancerous cells, agents such as radiation and 

chemotherapeutic drugs trigger the apoptosis [3]. The 

major signaling pathways for Apoptosis are- The 

intrinsic pathway which, may be, triggered by DNA 

damage and other types of severe cellular stress. It may 

also involve in the release of intracellular pro-apoptotic 

proteins which activate caspases. These caspases are a 

network of proteases that ultimately destroy and 

detoriate the critical structural proteins in the cell and 

stimulate fragmentation of the chromosomal DNA, 

resulting in cell death.  Secondly, the extrinsic pathway 

which may be triggered in response to external pro-

apoptotic signals, such as endogenous Apo2L/TRAIL. 

When this Apo2L/TRAIL binds to the transmembrane 
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receptors DR4 and DR5 of proapoptotic cell surface, 

the Apoptosis initiates a signaling cascade, which 

finally results in the activation of the caspase system 

leading to cell death [4,5]. 

APOPTOSIS AND CARCINOGENESIS 

Cancer cells do not undergo apoptosis; they bypass it 

through a series of complex mechanisms involving 

dynamic interplays between cancer causing genes, 

oncogenes, and/or mutated tumor suppressor genes. 

More than half of cancers diagnosed are due to the 

mutation in a specific tumor suppressor gene p53 [6]. 

Oncogenes such as Myc, Ras, and E1A produce a 

continuous and elevated signal which promotes cellular 

proliferation. For example, Myc is a powerful inducer 

of apoptosis under adverse conditions and enhance 

tumor cells sensitivity to apoptotic signaling via the 

extrinsic pathway [7,8,9,10]. But the pro-apoptotic 

effects of Myc is reported to be abrogated by 

exogenous survival factors such as Insulin like growth 

factors, IGF-1 due to forced overexpression of anti-

apoptotic factors Bcl-2 and Bcl-XL, as well as by 

disruption of the FAS death signaling circuit [6]. The 

recent development in the research of the bcl-2 

oncogenes established
 
the importance of apoptosis in 

tumors development along with p53 [1].  p53 was the 

first tumors suppressor gene linked to apoptosis. It is 

seen that p53 mutations is the major cause for the 

tumorgenesis and is
 
often associated with advanced 

tumors stage and poor patient
 
prognosis [11].  

Recently, the studies using
 
p53 knockout mice 

established that endogenous p53 could participate
 
in 

apoptosis, p53 was demonstrated to be required for 

radiation-induced cell death
 
in the thymus, but p53 

does not take part in cell death induced by 

glucocorticoids
 

or other apoptotic stimuli [12,13]. 

Therefore, the role of p53 in
 
apoptosis was indirectly 

linked to DNA damage but the stimuli like radiations 

and tissue-specific [thymocytes]. Other stimuli which 

can activate p53 to promote apoptosis, includes
 

hypoxia and mitogenic oncogenes. It has also been 

reported that several
 

upstream and downstream 

components of the p53 pathway [e.g.
 
Mdm-2, ARF and 

Bax] are found mutated in human tumors [11]. The 

studies involving transgenic and knockout mice 

provide evidence that p53 loss accelerates the 

tumorgenesis in areas other than lymphoid 

compartments, like retina, lens and choroid plexus. The 

blc-2 transgenes also shows a similar activity by 

accelerating SV40 large T-antigen induced mammary 

tumorgenesis [14,15]. During cancer development 

apoptosis is triggered by many factors. The 

extracellular factors include- hypoxia, radiation, stress, 

growth and survival factors etc. the intracellular factors 

include- DNA damage, telomere malfunction and anti 

apoptotic signals e.g. Depletion of IGF1. The 

identification of apoptotic triggers provides a through 

insight of the mechanism involving tumorgenesis [16]. 

THERAPEUTIC OPPERTUNITIES 

Apoptosis dysregulation in many cancers is the major 

hindrance towards the destruction of tumors. Drugs and 

agents which can restore the normal apoptotic signaling 

pathways have the potential for effectively treating 

cancers caused due to  aberrations of the apoptotic 

pathways to stay alive. The tumor suppressor protein 

p53 is one of many proteins that contribute to the 

activation of the apoptotic intrinsic signaling pathway 

[17]. Inactivation of p53 pathway [upstream activators 

and/or downstream effectors], due to mutation or any 

other cause is known to cause half of all human cancers 

diagnosed [18]. Owing to the important role of p53 in 

the intrinsic apoptotic pathway, such a mutation can 

render tumor cells resistant to conventional radio- and 

chemotherapy [19]. Also, it is seen that conventional 

radiotherapy and chemotherapeutics induce apoptosis 

only as a secondary effect of the damage they cause to 

vital cellular components and thus this cannot 

discriminate between malignant or normal cell types 

[20].  

There is a constant increase in apoptotic 

targets  which are being used for cancer drug 

discovery, these mainly include the tumour-necrosis 

factor [TNF]-related apoptosis-inducing ligand 

[TRAIL] receptors, the BCL2 family of anti-apoptotic 

proteins, inhibitor of apoptosis [IAP] proteins and 

MDM2 [21]. These areas, though not being explored, 

have a potential to treat any tumorgenesis. 

Furthermore, the establishment of the fact that 

apoptotic mechanism is disturbed in cancer has opened 

up new areas of research and development process in 

cancer medicine. 
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