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tcartsbA:  Tau is a copious protein in both central and peripheral nervous systems. In the 

brain it is found predominantly in nerve cells, where it is concentrated in axons. Tau is a 

microtubule associated protein (MAP). The physiological function of tau is the assemblage 

and maintenance of the structural stability of microtubules. However, in pathological state, 

tau becomes abnormally hyperphosphorylated, which ultimately causes the microtubules to 

disassemble, and the free tau molecules aggregate into paired helical filaments. Enormous 

evidence suggests that tau hyperphosphorylation results from disturbance of cellular 

signaling, mainly through imbalance in the activities of different protein of kinases and 

phosphatases. Inspite of significant recent advances in our understanding of tau-mediated 

neurodegeneration, which substantiate the notion that tau may act as a common mediator of 

neurodegeneration, the mechanisms leading to abnormal tau phosphorylation  remains 

elusive. 
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Introduction 

    The etiology and pathogenesis of many neurodegenerative diseases are mostly vague and 

shrouded in mystery, so also is Alzheimer’s disease (AD). AD is a progressive, 

neurodegenerative disorder that mostly affects elderly people and is considered to be 

responsible for about 65% of all dementia in older people. The most common early symptom 

is difficulty in remembering recent events (short-term memory loss). As the disease advances, 

symptoms can include problems with language, disorientation (including easily getting lost), 

mood swings, loss of motivation, not managing self care, and behavioural issues. As a 

person's condition declines, they often withdraw from family and society. Gradually, bodily 

functions are lost, ultimately leading to death. About 46.8 million people worldwide are now 

suffering from AD, and disease prevalence is expected to affect 131.5 million by 2050. The 

annual incidence worldwide is estimated at 4.6 million cases which is the equivalent of one 

new case every seven seconds. It is a disorder whose syndromes, hypotheses and theories are 

multifactorial with debilitating effects and recalcitrant pharmacological management. The 

significance of AD is further compounded as the number of identified cases is estimated to 

double or triple in 2050 
[1]

.  

    AD is an intractable disorder and currently there is no cure for it and much of the available 

treatments have only been able to delay the progression of the disease. In 2015, there were 

approximately 29.8 million people worldwide with AD. It most often begins in people over 

65 years of age, although 4% to 5% of cases are early-onset Alzheimer's which begin before 

this. It affects about 6% of people 65 years and older. In 2015, dementia resulted in about 1.9 

million deaths. It was first described by, and later named after, German psychiatrist and 

pathologist Alois Alzheimer in 1906. In developed countries, AD is one of the most 

financially costly diseases.  This review is aimed to summarize our current understanding of 

the role of tau in AD.  

Molecular biology and physiological functions of TAU protein 

    The primary function of the MAP tau, which is particularly abundant in the axons of 

neurons, is to stabilize MTs. There are six major isoforms of tau expressed in the adult human 

brain, all of which are derived from a single gene by alternative splicing. From a structural 

stand-point, tau is characterized by the presence of a MT-binding domain, which is composed 

of repeats of a highly conserved tubulin binding motif 
[2]

 and which comprises the carboxy 

terminal (C-terminal) half of the protein, followed by a basic proline-rich region and an 
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acidic amino-terminal (N-terminal) region, which is normally referred to as the ‘projection 

domain’. The six tau isoforms differ from each other in the number of tubulin-binding repeats 

(either three or four, hence the isoforms are normally referred to as 3r and 4r tau isoforms, 

respectively) and in the presence or absence of either one or two 29 amino-acid-long inserts 

at the N-terminal portion of the protein, which is not instrumental for MT-binding 
[3]

.  

 Although the six isoforms appear to be broadly functionally similar, each is likely to have 

precise, and to some extent distinctive, physiological roles. The various isoforms appear to be 

differentially expressed during development, however, the 3r and 4r tau isoforms are 

expressed in a one-to-one ratio in most regions of the adult brain, and deviations from this 

ratio are characteristic of neurodegenerative FTD tauopathies 
[4]

. Several lines of 

investigation substantiate a model whereby the tubulin-binding repeats bind to specific 

pockets in β-tubulin at the inner surface of the MTs, whereas the positively charged 

proline-rich regions are tightly bound to the negatively charged MT-surface, and the 

negatively charged projection domain branches away from the MT-surface, possibly owing to 

electrostatic repulsion 
[5,6]

. Interestingly, it was found that the MT-binding domain of tau, and 

several MT-stabilizing drugs, including paclitaxel, epothilone and discodermolide, seem to 

share, either completely or in part, the same binding pockets in the β-tubulin 
[7,8]

.  

 Although the occupation of these pockets by tau, other MAPs or MT-stabilizing drugs is 

thought to be sufficient to maintain the tubulin conformations that promote the polymerized 

state, MAPs, unlike MT-stabilizing agents, may also contribute to MT-stabilization in other 

ways. It is believed that the β-tubulin pockets of adjacent protofilaments may be occupied by 

the different repeats of the same MT-binding domain of tau, thereby causing the crosslinking 

of three or four dimmers 
[9]

. In addition interactions of the proline-rich region of tau with the 

surface of the MTs are likely to further contribute to MT stabilization. Interestingly, although 

the primary function of the MT-binding domain of  tau is the stabilization of MTs, various 

lines of investigation have indicated that it may also engage with other structures and 

enzymes, including rNA12 and presenilin 1 (PS1) 
[10]

. Similarly, numerous possible binding 

partners have been proposed for both the proline-rich and the projection domains (the SH3 

domains of src-family tyrosine kinases such as FYN5, and the plasma membrane 
[11, 12]

 

respectively).  

 

Pathological aggregation of TAU protein in AD 

     Under pathological conditions, the equilibrium of tau binding to the MTs is perturbed, 

resulting in an abnormal increase in the levels of the free (unbound) tau fraction. It is likely 
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that the resultant higher cytosolic concentrations of tau increase the chances of pathogenic 

conformational changes that in turn lead to the aggregation and fibrillization of tau. Important 

progress has been made in recent years in understanding tau misfolding and fibril formation. 

The path from normal tau bound to the MTs to large aggregate structures such as NFTs is 

thought to be a multi-step phenomenon which begins with the detachment of tau from the 

MTs. 

On abnormal disengagement of tau from the MTs, which can be triggered by numerous 

causes (including increased rate of phosphorylation and/or decreased rate of 

dephosphorylation), the cytosolic concentration of unbound tau would rise. This is likely to 

be a crucial step, one which may render tau considerably more likely to undergo misfolding 

and may, as a result, make it more prone to aggregation. Next, small nonfibrillary tau 

deposits (normally referred to as ‘pretangles’) are formed, and these, unlike NFTs, cannot be 

detected by β-sheet specific dyes 
[13,14]

. This indicates that pretangles do not contain β-sheets, 

and that a structural rearrangement involving the formation of the characteristic pleated 

β-sheet must occur during the transition from pre-tangles to PHFs. Finally, PHFs further 

self-assemble to form NFTs. 

TAU Mediated neurodegeneration 

    AD and related neurodegenerative disorders that are collectively referred to as tauopathies 

[15,16]
 tau no longer binds to the MTs; instead it becomes sequestered into NFTs in neurons, 

and into glial tangles in astrocytes or oligodendroglia. In AD at least, the largest burden of tau 

pathology (~95% of total tau by morphometic analyses) is found in neuronal processes 

known as neuropil threads or dystrophic neuritis 
[17]

.In broad terms, the pathological 

consequences of these events could result from a loss of normal tau function combined with 

gains of pathological functions of hyperphosphorylated tau, the filaments formed thereof, and 

the aggregation of these filaments to form glial and neuronal tangles in dystrophic neurites. 

The loss of tau’s normal MT-stabilizing function would invariably lead to a pathological 

disturbance in the normal structural and regulatory functions of the cytoskeleton, which 

would compromise axonal transport and thus contribute to synaptic dysfunction and 

neurodegeneration. Indeed, the importance of the loss of the MT-stabilizing function of tau in 

neurodegeneration was recently validated by proof-of-concept studies carried out in vivo, 

which demonstrated that the MT-stabilizing drug paclitaxel can ameliorate the 

neurodegenerative phenotype of transgenic mouse models of AD-like tau amyloid 

pathologies. However, the discovery that the total level of NFTs correlates with the degree of 
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cognitive impairment 
[18,19]

 provided the initial circumstantial evidence to suggest that toxic 

gains-of-function by NFTs might play an important part in the progression of the disease.  

Indeed, pioneering studies that used immunohistochemical techniques to determine the level 

of both NFTs and SPs in different brain regions of AD patients, as well as non-demented 

elderly individuals, demonstrated that the number of NFTs, but not the numbers of SPs, 

correlates with the degree of cognitive impairment. It is possible that the toxic effects of 

NFTs may partly arise from the relatively large size of the fibrillary material that accumulates 

inside the neurons, as this material may pose a direct physical disruption to cellular functions 

such as axonal transport. Furthermore, NFTs may also contribute to the disease progression 

by effectively sequestering more tau and other proteins, and thereby reinforcing and 

amplifying the loss of normal tau function. 

 

Conclusion and future directions 

    Despite significant recent advances in our understanding of tau-mediated 

neurodegeneration, which substantiate the notion that tau may act as a common mediator of 

neurodegeneration for various upstream pathological events, a detailed picture of causes and 

effects has not yet emerged. Thus, although it is increasingly clear that the disengagement of 

tau from MTs is likely to comprise a cardinal step that sets the stage for tau-mediated 

neurodegeneration, the links between this and other upstream events such as Aβ-mediated 

toxicity and oxidative stress remain less clear. Likewise, although tau-mediated 

neurodegeneration probably results from the combination of losses of function and toxic 

gains-of-function, the specific roles played by the various forms of misfolded and aggregated 

tau are not fully understood. It should be noted, however, that the onset and progression of 

the disease may not necessarily be best represented by an unequivocal linear sequence of 

causes and effects, where one single ‘root’ cause is responsible for the entire cascade of 

events with the recognition that amplification mechanisms exist that could effectively 

short-circuit cause and effect and thereby exacerbate each others’ detrimental effects, it is 

plausible that disease progression may lie in the ability to set in motions such self-sustaining 

cycles. Thus, continuing efforts should be made to further characterize the precise 

mechanism(s) by which different pathological events may influence and amplify each other 

with a wide range of animal models that partially recapitulate the key phenotypic features of 

AD and related tauopathies already. 

 Further insight into the mechanistic roles of the different species of tau aggregates in 

neurodegenerative disease relies on the discovery of a wider set of molecular tools. These 
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tools must be capable of selectively modulating and/or imaging putative pathogenic and 

pathological steps. To this end, functional genomics and drug discovery efforts aimed at 

some of these targets will be instrumental. For example, agents that are capable of slowing 

down, blocking or reversing protein tau aggregation in vitro66–74 have been identified; 

however, issues such as lack of selectivity and/or toxicity have limited their use in vivo. In 

addition, several agents that could compensate for the loss of tau function, such as paclitaxel 

and other MT-stabilizing agents that have been part of the medical armamentarium for 

several years, are hampered by limited CNS uptake and toxicities. Drug discovery and lead 

optimization efforts that could succeed in making these and other agents available for in vivo 

testing will greatly facilitate further understanding of the tau pathway, as well as of the 

pathogenic significance of specific events, whose exact relation with tau malfunction is less 

defined. 
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