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Introduction
Since the 19th century, cell death has been appreciated but until the 20th century no experimental
investigation had taken place. 1 It was later suggested that programmed cell death (PCD) has been a vital
mechanism in the survival of multicellular organisms.2 Cell death is an ongoing process in the human body
before and after birth. In humans, both physiological and pathological PCD occur to maintain homeostasis. It
plays an important role in protecting the body from infections to diseases such as cancer. Cell death is often
described as a double edged sword with regards to its beneficial and harmful characteristics. Uncontrolled cell
death has been an explanation for many neurodegenerative diseases such as Alzheimer’s and Parkinson’s. In

contrast inhibition of cell death has often been the cause of developing cancer. This essay will outline plus
examine the mechanisms of the different cell deaths which occur in the body before and after birth,
discussing the pathway of diseases caused by both excessive and insufficient cell death.
Cell death before birth
PCD is an important mechanism in the formation of limbs during the embryonic development period.
Apoptosis is responsible for the death of extra cells which are produced to ensure that there is no shortage
during organ and limb development. The cells which make up the extra tissues are broken down in the
interdigital regions. This is controlled by signaling proteins. Inhibition of transferring growth factors could
lead to anomalies in the limb development and is the explanation for conditions referred to as syndactyly and
polydactyly.3 Polydactyly (see figure 1) limb defect emerges from the lack of apoptosis and formation of extra
fingers or toes during embryogenesis.3 On the other hand osseous syndactyly is a condition where there is
excessive cell death resulting in failure of the digital rays to separate consequently leading to the formation of
joined finger or toes (see figure 2) 3. PCD is important in the development of limbs in embryos but it is
essential that apoptosis is controlled to benefit the body rather than contributing to disease. This process
continues in the body after birth.
Types of Cell Death
Necrosis is a pathological cell death which follows a different mechanism from the PCD (which has evolved to
benefit the body). Therefore it is described as a passive and non-hereditary PCD.6 This death mechanism is
distinct from the PCD in several ways; from the structural features (necrotic cells are enlarged in comparison
to the normal apoptotic cells) the timing of the pathways (occurs over a period of several hours).7 There are
many different conditions which can initiate cell death by necrosis. One trigger is the change in the
permeability of the ion channels in the cell surface membrane. This leads to the activation of lysosome
rupture thus resulting in DNA fragmentation and consequently cell death. It has been suggested that
necrotic cell death is a major component in the damage to the nervous system during neurodegeneration.8
Necrosis is a form of cell death which frequently contributes to disease in the human body.
In comparison apoptosis is an evolutionary mechanism for the selective removal of damaged, ageing and
unnecessary cells in the body therefore this complex PCD system has many different mechanisms.9 This essay
will look at the mitochondrial mediated pathway as the mitochondria is vital to the survival of multicellular
organisms. The active central role of mitochondria in PCD had not been evident until the mid 1990s.1 They
are thought to be the primary organelles in regulating the apoptotic pathways by responding to stress stimuli
including different forms of radiation, environmental factors, genes and DNA damage. These signals to the
mitochondria are interpreted by multiple cytosolic or intraorganellar molecules which eventually give rise to
adjustments in the outer mitochondrial membrane.1 One of these adjustments could be change in the
permeability of the membrane to proteins which would otherwise be present between the inner and the
outer mitochondrial membrane.10 These proteins escape the mitochondria and initiate apoptosis by
activating caspase-3. 1 This is described as the intrinsic pathway (see figure3)1. The mitochondria can also
follow the extrinsic pathway which is initiated by death ligands (see figure3)1. Here death ligands generate
signals which can either directly engage the mitochondria through a series of events activating the effector
(caspase-3) or promote the cleavage of non-caspase substrates stimulating changes in the outer
mitochondrial membrane. This causes the release of apoptogenic factors.1 Apoptosis also has physiological
mechanisms and is not possible for the cell to carry out these it will initiate type II PCD (autophagy) as an
alternative .1 Overall necrotic and apoptotic cell deaths are relatively different (see figure 3).9
Autophagy is another form of PCD which is induced by stress situations. In this cell death pathway
autophagosomes deliver intercellular proteins and organelles to lysosomes for destruction.6 One of the
common stress stimuli which can induce autophagy is oxidative stress which results in myocardial infarction.
Here autophagy is not a contributor to ischaemic cardiac diseases but is an adaptive response demonstrating

its role in aiding health .6 Although autophagy is viewed as a survival assisting mechanism, just like apoptosis
excessive autophagy leads to undesirable cell death. It can be induced by both extracellular and intercellular
signals.6 Due to its stress stimuli response, prolonged exposure to the signals will result in the development
of diseases. One of the common branches of diseases caused by excessive cell death are the
neurodegenerative diseases.
Figure 3. The Mitochondrial Death Pathway; Schematic representation comparing components of the intrinsic
and extrinsic apoptotic pathways in C.elegans and mammals.
Neurodegenerative diseases
Neurodegeneration is the central mechanism causing disease in the nervous system responsible for a range
of diseases from a small stroke to chronic Parkinson’s and Alzheimer’s.8 Continued research into cell suicide
has revealed greatly on the origins of neurodegenerative diseases suggesting the predominant cause as
excessive PCD; a result of mutations in the regulatory gene expressions resulting in the degeneration of
healthy cells 1. Repetitive observations of the accumulation of autolysosomes during autophagy in the
development of Alzheimer’s has questioned the involvement of autophagy in such senarios.8 Thus autophagy
has been excessively induced in cells to identify autolysosomal maturation and substrate proteolysis as the
disease initiation steps. This defect causes an accumulation of organelles and transport failure giving rise to
symptoms such as memory lapses, difficulty in performing spatial tasks etc. Similar observations have been
seen in other neurodegenerative diseases.11
Parkinson’s is a neurodegenerative movement disorder with common symptoms such as tremor, slow
movement and rigidity.12 Neurodegeneration in Parkinson’s has been implicated with the degeneration of
the mitochondria by autophagy. The protective pathway responsible for defence against mitochondrial
damage and dysfunction is disrupted thus resulting in the accumulation of protein complexes which initiate
miatophagy.11 There are also implications of oxidative stress and selective dopamine neurone
degeneration.11 Excess dopamine can cause oxidative damage initiating the mechanism for cell death.
Hyperactivity of cell death mechanisms bring about these degenerative diseases; however some diseases are
initiated by insufficient cell death.
Insufficient cell death
Cancers are characterised by their unregulated growth and spread of cells throughout the body.13 In normal
cells transcription factors control cell death and growth promotion.14A mutation in the PCD regulation gene
results in resistance to multiple cell death mechanisms with uncontrolled cell cycle thus a tumour forms using
the nutrients which are available for the growth of healthy cells.15 16 Oncogenic transformation however is
not just escape from apoptosis, it is the balance between mitosis and apoptosis that is critical. Interestingly
regions in oncogenes which increase susceptibility to apoptosis are similar to those which promote
proliferation.17 Thus the role of active p-53 in apoptosis is important as increased p-53 is required to trigger
cell death and cells normally express low levels.17 Consequently there is insufficient cell death resulting in the
formation of a tumor.
Therapeutic implications
The vital role of cell death in health and disease discussed in the essay and many more have promoted
research into curing these diseases by manipulating PCD. Experiments have observed the impact of inhibiting
cell death with apoptosis inhibitors. 4’Methoxyflavore a neuroprotective agent which inhibits neuronal cell
death is a drug with the potential to manage neurodegenerative diseases.18 Researchers have observed the
impact of drugs such as Nilotinib which can aid the function of lysosomes by helping the transportation of
the damaged organelles and accumulated proteins as potential rug for Parkinson’s.19 On the other hand, the
therapeutic potential of cell death in cancer has examined inducing cell death in cancer cells through various

pathways. Targeting mitochondria to induce PCD as well as targeting apoptosis inhibitors involved in the
development of cancer have been looked at as important therapeutic strategies.1 Arsenic trioxide (ATO) a
chemotherapy drug used in the treatment of acute promyelocytic leukaemia is effective in speeding up death
of leukemic cells.20 Tumour Necrosis Factor (TNF) is a protein which induces necrotic cell death of tumour
cells and is also one of the existing means of treating cancer.21 Research has identified p53 (a TNF) as a
major suppressor of tumour formation.22
Conclusion
Research has established that the evolved mechanism of PCD in humans has played an important role in
health and disease. Different mechanisms of cell death have been identified focusing mainly on Apoptosis
(the most understood and common forms of PCD), Autophagy and Necrosis. The absence of the
inflammatory response in apoptosis is an advantage over necrosis.23 The significance of regulated PCD in the
prevention of emerging ailments ranging from neurodegenerative diseases to cancer has been emphasised
several times. This knowledge has been used in therapeutic research to try and develop cures for these
disorders. To date no such drug has been created which has the primary function to manipulate PCD
mechanisms in neurodegenerative diseases therefore the therapy of these diseases confronts significant
challenges.24 However in cancer treatment, such approach have been used. The discovery in the role of PCD
in aging, disease, growth and several others has introduced many opportunities to potentially cure terminal
diseases. Could the future be relieved of ‘incurable’ diseases?
References
1. Khosravi-Far R, White E. Advances in Experimental Medicine and Biology: Programmed cell death in cancer
progression and therapy; 615. Springer 2008.
2. Ameisen, JC. The Origin and Evolution of Programmed Cell Death, 2009. eLS. Accessed on 25th November.
3. Moore K L, Persaud T V N. Before we are born: Essentials of embryology and birth defects 6th edition.
Saunders 2003.
4. Genome.gov. Polydactyly Study: General Information. 2015. http://www.genome.gov/27529688. Accessed
11 Dec 2015.
5. Schwabe GC, Mundlos S. Genetics of congenital hand anomalies. Handchir Mikrochir Plast Chir. 2004.
36:85-97.
6. Melino G, Vaux D. Cell Death. USA: John Wiley & Sons, 2010. Accessed 25 October 2015.
7. Booth C, Potten CS, Wilson JW. Apoptosis Genes. Kluwer Academic Publishers 1998.
8. Kowall N W, Budson A E. Handbook of Alzheimer’s Disease and Other Dementias. USA: Wiley-Blackwell,
2011. Accessed 7 November 2015.
9. Jacobson M, McCarthy N. Apoptosis the molecular biology of programmed cell death. Oxford: Oxford
University Press, 2002.
10. Potten C, Wilson J. Apoptosis. Cambridge:Cambridge University Press 2004.
11. Yue Z. Autophagy of the Nervous System: Cellular Self-Digestion in Neuros and Neurological Diseases.
Singapore, SGP: World Scientific Publishing Co, 2012. Accessed 7 November 2015.
12. Carranza M, Snyder MR, Shaw JD, Zesiewicz TA. Parkinson’s Disease : A Guide to Medical Treatment. SEEd
2013. Accessed 30 November 2015.
13. Gabriel JA. Biology for cancer 2nd edition. USA Wiley 2008. Accessed 28th November 2015.
14. Shaulian E, Karin M. AP-1 as a regulator of cell life and death. Nature Cell Biology 2002; 4, 131-136.
Accessed 30th November 2015.
15. Carlo M. Croce M.D Oncogenes and Cancer. New England Journal of Medicine 2008; 358:502-511
Accessed 30th November 2015.
16. Brown P. Cancer cells ignore death order. New Scientist 1994; 1935. web 28th November 2015
17. Bowen I, Bowen S, Jones A. Mitosis and apoptosis. London: : Chapman & Hall 1998.
18. Fatokun A, Liu J, Dawson V et al. Identification through high-throughput screening of 4′-methoxyflavone
and 3′,4′-dimethoxyflavone as novel neuroprotective inhibitors of parthanatos. British Journal of

Pharmacology 2013; 169: 1263-1278. accessed 30th November 2015
19. Hamzelou J. People with Parkinson’s walk again. 2015 ; 3044. Accessed 30th November 2015.
20. Arsenic trioxide (Trisenox A. Arsenic trioxide (Trisenox, ATO) | Cancer Research UK. Cancerresearchuk.org.
2015. http://www.cancerresearchuk.org/about-cancer/cancers-in-general/treatment/cancer-drugs/arsenic?
script=true. Accessed 30 Nov 2015.
21. Rossard TP. Cell Biology Research Progress: Tumor Necrosis Factor. New York, USA. Nova, 2009. Accessed
28th November 2015.
22. Zhang B, Rotelli M, Dixon M, Calvi BR. Cell Death and Differentiation (2015) 22, 2058–2067. Web 28th
November 2015
23. Ruffolo R, Walsh F. Apoptosis in health and disease. Amsterdam:Harwood Academic 2000.
24. Kawamata H, Manfredi G. Neurodegeneration: Methods and Protocols; 793. Humana Press 2011. Accessed
30th November 2015.
About Essay Sauce
EssaySauce.com is a completely free resource to help students research their academic work and learn from
great essays!
View all posts by Essay Sauce
...(download the rest of the essay above)

About this essay:
This essay was submitted to us by a student in order to help you with your studies.
If you use part of this page in your own work, you need to provide a citation, as follows:
Essay Sauce, Cell death in health and disease. Available from:
<https://www.essaysauce.com/health-essays/cell-death-in-health-and-disease-2/> [Accessed 2807-19].

Review this essay:
Please note that the above text is only a preview of this essay. The full essay has 2073 words and can be
downloaded free in PDF format, using the link above.
Name *
Email
Rating *     

Comments (optional)

Submit

Latest reviews:
Health essays
Cryovolcanoes

Search for student essays:
Search …

About EssaySauce, the student essay site:
EssaySauce.com is a free resource for students, providing thousands of example essays to help them
complete their college and university coursework. Students can use our free essays as examples to write
their own.

Latest student essays:
Sociotechnical debate in information systems
Cell death in health and disease
HISTORICAL OVERVIEW OF INSURGENCY IN NIGERIA
THE UNITED NATIONS
Tectonic plate boundaries
THE WESSEX FORMATION
Teaching in catholic schools vs educate together schools
Green synthesis of nanoparticles
Tight junctions
EXPERIMENTAL SETUP OF LP EGR SYSTEM FOR NOx and PM EMISSION

Categories:
Computer science essays
Criminology essays
Economics essays

Education essays
Engineering essays
English language essays
English literature essays
Environmental studies essays
Finance essays
Geography essays
Health essays
History essays
Hospitality and tourism essays
Human rights essays
Information technology essays
International Relations
Law essays
Leadership essays
Linguistics essays
Literature essays
Management essays
Marketing essays
Media essays
Medicine essays
Miscellaneous essays
Music Essays
Philosophy essays
Photography and arts essays
Politics essays
Project management essays
Psychology essays
Religious studies and Theology essays
Science essays
Social work essays
Sociology essays
Zoology essays

Q: Is EssaySauce.com free?
Yes! EssaySauce.com is a completely free resource for students. You can view our terms of use here.

Why use Essay Sauce?

The brightest students know that the best way to learn is by example! EssaySauce.com has thousands of
great essay examples for students to use as inspiration when writing their own essays.

Is Essay Sauce completely free?
Yes! EssaySauce.com is a completely free resource for students. You can view our terms of use here.

Help! I found my essay!
All of our essays are donated in exchange for a free plagiarism scan on one of our partner sites. However,
despite displaying clear terms on our sites, sometimes users scan work that is not their own and this can
result in content being uploaded that should not have been. Find out what to do if this happens here.

©2019 Essay Sauce / Terms of use / Content policy / Privacy policy

