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Introduction
Proteins are three dimensional indispensable complex
macromolecules of organisms which play essential role in every
aspect of biological functions. Notably, all the proteins must be folded
precisely to perform such diverse cellular functions. Three dimensional
structures are primarily determined by amino acid sequence of
polypeptide chain and several other associated factors [1]. However,
there are many circumstances when newly synthesized or denatured
proteins are not folded correctly and in such cases they exhibit strong
tendency to aggregate [2]. Heat shock proteins or chaperones play
a vital role in folding/re-folding of protein, and therefore, prevent
aggregation and accumulation of abnormally folded proteins [3].
In this context it is important to note that chaperones have limited
protein folding and re-folding capacity which become increasingly
noticeable during stress or disease conditions. Protein aggregates has
toxic effects when accumulated above a threshold level [2]. In addition
to stresses, mutations play determinative role in protein aggregation
and dramatically alter solubility, stability, and aggregation tendency of
proteins [4]. Nervous systems are especially sensitive to such changes
and accumulation of protein aggregates may lead to progressive
impairment and loss of neuronal cells as observed in protein folding
diseases such as Huntington’s diseases (HD), Alzheimer’s disease (AD),
Parkinson’s disease (PD) etc. [5].

Protein Aggregation and Cellular Toxicity
Interestingly, when Alois Alzheimer first observed that post-mortem
brains of a severely demented patients contained proteinaceous amyloid
plaques, he was puzzled whether accumulation of these proteinaceous
substances caused or resulted from neurodegeneration. Even more than
a century later, this question is being vigorously investigated but not
conclusively answered. Moreover, molecular mechanisms of protein
aggregations and pathogenesis of neurodegenerative diseases are not
fully understood. However, possibility that protein aggregation could
be the root cause of neurodegeneration gained attention with the report
which demonstrates that a gene encoding a precursor of the amyloid-β
protein (Aβ) is linked to autosomal dominant familial form of AD
[6]. Aβ is a 4-kDa peptide which comprises the least soluble, fibrillar
component of AD amyloid plaques [7]. It was postulated that protein
aggregation above threshold level triggers the cascade of events that
result in neurodegeneration and manifestation of disease phenotypes
[8]. This “amyloid hypothesis” has become apparent in view of the
fact that most neurodegenerative diseases could be characterized by
accumulation of protein aggregates, albeit of varying composition [9].
In this context it is also interesting to note that protein aggregation
appears to be a complex multi-step process with several potential
intermediate species, including oligomeric and protofibrillar forms
[10]. It is not clear whether particular molecular species i.e. monomers,
oligomers, protofibrils or any specific forms of fibrils is responsible for
toxicity.
Interestingly, several studies propose that formation of protein
inclusion bodies as found in HD could be separated from cellular
toxicity, and might be correlated with a cellular protective response
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[11]. How could this apparent contradiction be resolved or justified that
the process of protein aggregation might be linked with neurotoxicity,
but that the inclusion bodies may be protective? There are however
increasing but still indirect evidences which suggest that inclusion
bodies might represent an end-stage manifestation of a multistep
protein aggregation process [11,12]. It has been proposed that early
events before the formation of inclusion bodies might cause toxicity.
Possible factors may include abnormal monomers of the disease
proteins or small assemblies of abnormal aggregates termed as
oligomers or protofibrils. In this context it is also interesting to note
that presence of inclusion bodies sometime poorly correlates with other
cellular markers of neurodegeneration [13]. This lack of correlation is
most apparent in cases of polyglutamine disorders. For instance, in
HD, inclusion bodies are present in the cells of the striatum which
undergoes massive degeneration, but are more abundant in the cerebral
cortex, which undergoes only moderate degeneration [14]. Expression
of proteins that contain expanded polyglutamine stretches in neuronal
cell culture model leads to robust cell death, making this a decent model
to investigate the toxic effect of mutant poly(Q) protein. Initial studies
suggest that inclusion bodies have little correlation with neuronal
toxicity, although the circumstances might not have been representative
of in vivo condition [15]. It has been proposed that the inherent tendency
of proteins to form aggregates has made it necessary for cells to develop
several defence strategies against misfolded or abnormal proteins.
Some of such defence strategies include folding machinery mediated
by molecular chaperones, proteasomal system and autophagy [11,16].
It has also been proposed that when abnormal and aggregated proteins
cannot be refolded or degraded by proteasomal machinery or chaperone
mediated autophagy; cells sequester the aggregates by microtubulemediated transport system and collect them at a single cytoplasmic
site through an alternative line of defence. Such phenomenon leads
to formation of large inclusion bodies which are easily visible by light
microscope and known an aggresome. Interestingly, the Lewy bodies of
PD are strikingly similar to aggresomes [17].

Conclusion and Future Prospects
Importantly, irrespective of the nature of the toxic species, it is
more crucial to determine the molecular mechanisms of cellular
toxicity. Although several hypotheses have been proposed, however,
protein aggregate mediated impairment of cellular defence systems
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and reduction in global transcriptional efficiency appears to be the
leading cause of neurotoxicity. Therefore, detection of the onset of the
neurodegenerative-disease process before full phenotypic manifestation
is a critical aspect of disease management. If the pre-symptomatic
neurodegenerative disease could be established and treated, the
occurrence of symptomatic disease could be greatly reduced. Since
majority of the neurodegenerative diseases are genetically complex (HD
is the exception), pre-symptomatic diagnosis requires identification of
peripheral markers for neurodegeneration that reacts earlier and is
more reliable than the traditional symptoms, or that the progression of
protein aggregation is observable and measurable in brain. Once early
protein aggregation has been detected, the patient could be treated
with disease-modifying drugs to reduce the amount of aggregates in
target tissues. Therefore, it is essential to gain a better understanding
of the exact molecular composition, reactivity and molecular structure
of abnormally folded monomers, oligomers and protein aggregates.
Since most of the information on protein aggregation is based on
data obtained in vitro, an important task for future studies would be
to dissect these pathways in vivo. In addition, it is crucial to upsurge
our understanding of the initiating events which lead to formation of
the abnormal protein conformation and aggregation. Characterization
of such initial events could be extremely important to design novel
therapeutic strategies. Subsequent identification of molecule(s) which
reduces protein aggregation i.e. reducing production of the aggregating
protein or by stimulating the aggregate clearance pathway could
greatly help in management of neurodegenerative disorders. Taken
together, it is difficult to establish a precise relationship between protein
aggregation and neurodegeneration until we develop a better and
holistic understanding of the underlying signalling events and discover/
verify some potent modifier molecules.

3. Sarkar S, Singh MD, Yadav R, Arunkumar KP, Pittman GW, et al. (2011) Heat
shock proteins: Molecules with assorted functions. Front Biol 6: 312-327.

Acknowledgements

16. Li X1, Li H, Li XJ (2008) Intracellular degradation of misfolded proteins in
polyglutamine neurodegenerative diseases. Brain Res Rev 59: 245-252.

Research programmes in laboratory is supported by grants from the
Department of Biotechnology (DBT), Government of India, New Delhi; Department
of Science and Technology (DST), Government of India, New Delhi, and Delhi
University R & D fund.

17. Olanow CW, Perl DP, DeMartino GN, McNaught KS (2004) Lewy-body
formation is an aggresome-related process: a hypothesis. Lancet Neurol 3:
496-503.

4. Lee J, Ozcan U (2014) Unfolded protein response signaling and metabolic
diseases. J Biol Chem 289: 1203-1211.
5. Valastyan JS, Lindquist S (2014) Mechanisms of protein-folding diseases at a
glance. Dis Model Mech 7: 9-14.
6. Goate A (2006) Segregation of a missense mutation in the amyloid beta-protein
precursor gene with familial Alzheimer's disease. J Alzheimers Dis 9: 341-347.
7. Masters CL, Simms G, Weinman NA, Multhaup G, McDonald BL, et al. (1985)
Amyloid plaque core protein in Alzheimer disease and Down syndrome. Proc
Natl Acad Sci U S A 82: 4245-4249.
8. Hardy J, Selkoe DJ (2002) The amyloid hypothesis of Alzheimer's disease:
progress and problems on the road to therapeutics. Science 297: 353-356.
9. Lansbury PT, Lashuel HA (2006) A century-old debate on protein aggregation
and neurodegeneration enters the clinic. Nature 443: 774-779.
10. Pedersen JT, Heegaard NH (2013) Analysis of protein aggregation in
neurodegenerative disease. Anal Chem 85: 4215-4227.
11. Ross CA, Poirier MA (2005) What is the role of protein aggregation in
neurodegeneration? Nat Rev Mol Cell Biol 6: 891-898.
12. Layfield R, Cavey JR, Lowe J (2003) Role of ubiquitin-mediated proteolysis in
the pathogenesis of neurodegenerative disorders. Ageing Res Rev 2: 343-356.
13. Terry RD, Masliah E, Salmon DP, Butters N, DeTeresa R, et al. (1991) Physical
basis of cognitive alterations in Alzheimer's disease: synapse loss is the major
correlate of cognitive impairment. Ann Neurol 30: 572-580.
14. Gutekunst CA, Li SH, Yi H, Mulroy JS, Kuemmerle S, et al. (1999) Nuclear and
neuropil aggregates in Huntington's disease: relationship to neuropathology. J
Neurosci 19: 2522-2534.
15. Saudou F, Finkbeiner S, Devys D, Greenberg ME (1998) Huntingtin acts in the
nucleus to induce apoptosis but death does not correlate with the formation of
intranuclear inclusions. Cell 95: 55-66.

References
1. Rodrigues JV, Henriques BJ, Lucas TG, Gomes CM (2012) Cofactors and
metabolites as protein folding helpers in metabolic diseases. Curr Top Med
Chem 12: 2546-2559.
2. Chhangani D, Mishra A (2013) Protein quality control system in
neurodegeneration: a healing company hard to beat but failure is fatal. Mol
Neurobiol 48: 141-156.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:
•
•
•

User friendly/feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
Digital articles to share and explore

Special features:

Citation: Surajit S (2014) Protein Aggregation in Neurodegenerative Disorders:
A Cause or Consequence? Adv Tech Biol Med 2: e105. doi: 10.4172/
atbm.1000e105

Adv Tech Biol Med
ISSN: ATBM, an open access journal

•
•
•
•
•
•
•
•

350 Open Access Journals
35,000 editorial team
21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission/

Volume 2 • Issue 1 • 1000e105

