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Tauopathies are a group of neurodegenerative diseases characterized by the hyperphosphorylation and deposition
of tau proteins in the brain. In Alzheimer’s disease, and other related tauopathies, the pattern of tau deposition
follows a stereotypical progression between anatomically connected brain regions. Increasing evidence suggests
that tau behaves in a “prion-like” manner, and that seeding and spreading of pathological tau drive progressive

neurodegeneration.
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| 1. Introduction

Tauopathies are a group of over 25 different neurodegenerative diseases (NDs), including, among others,
Alzheimer’s disease (AD), primary age-related tauopathy (PART), progressive supranuclear palsy (PSP), chronic
traumatic encephalopathy (CTE), Pick’s disease (PiD), corticobasal degeneration (CBD), or globular glial tauopathy
(GGT) WIEEl They are all characterized by the progressive accumulation of the microtubule (MT)-associated
protein tau (MAPT) into insoluble aggregates. In parallel to tau aggregation, patients suffer from neuron loss and
increased cognitive decline. Although considerable efforts have been made to overcome the pathophysiological

aspects of tauopathies, there are currently no effective therapies for affected individuals.

Tau is an MT-binding protein that plays a fundamental role in modulating neuronal MTs dynamics in the axons of
neurons ¥, Moreover, it is also present in oligodendrocytes and astrocytes, although with lower expression levels
B8 |mportantly, under pathological conditions, tau dissociates from MTs and aggregates into highly insoluble,
abnormally phosphorylated forms [IE Indeed, tau aggregates are the main histopathological hallmark shared by
all tauopathies. However, the primary cell types affected (neurons or glial cells), the regional distribution of the
aggregates, and the morphology of these aggregates vary by disease & (e.g., storm-like, diffuse plaques, etc.). In
AD, for example, tau aggregates form paired helical filaments (PHFs) and straight filaments, which contribute to the
formation of neurofibrillary tangles (NFTs) 9. In addition, tau aggregates from different tauopathies are
biochemically distinct, as they differ in their extent of protease resistance, resulting in unique Western blot banding

patterns 11112 or different structures revealed in recent studies using cryo-electron microscopy (cryo-EM) 131,

To date, the relationship between tau aggregates and pathogenicity remains unclear. Thus, tau aggregates could
either be a co-occurrence of another unidentified underlying disease or a direct cause of neurodegeneration. The
latter is supported by the fact that mutations in the MAPT gene on chromosome 17 4l cause inherited

frontotemporal dementia with parkinsonism linked to chromosome 17 (FTDP-17) (2181 implying a causal link

https://encyclopedia.pub/entry/28723 1/10



The “Prion-like” Nature of Tau and Its Strains | Encyclopedia.pub

between tau malfunction and neurodegeneration. In the case of sporadic human tauopathies, the gradual
appearance of tau aggregates positively correlates with neurodegeneration €. Moreover, the presence of
insoluble tau aggregates during the course of the disease is not limited to specific brain areas but appears to
spread throughout the brain. For example, in patients with AD, histopathological tau lesions progress in a
predictable, stereotyped, and hierarchical pattern along neuroanatomically connected brain regions (which has
been described in neuropathological studies 2181 and more recently confirmed via positron emission tomography
(PET) 12, However, the specific molecular and cellular mechanisms underlying the progression of tau pathology
are still unclear. Since 2009 [29[21] there has been increasing evidence pointing to the belief that tau can spread
between cells in a “prion-like” manner. The “prion-like” hypothesis states that seeded aggregation and cell-to-cell
spread of pathological tau are two fundamental pathological aspects of human tauopathies (see 22l as a recent

example).

| 2. Tau Structure and Processing

In the healthy adult human brain, there are six tau isoforms ranging from 352 to 441 amino acids in length. These
isoforms are the products of alternative mRNA splicing of exons 2, 3, and 10 23124 Exon 10 inclusion results in the
production of tau isoforms with four repeats (4R), whereas its exclusion produces isoforms with three repeats (3R).
The adult human brain expresses both 3R and 4R tau at equivalent ratios 23], While tau aggregates in the brains of
AD patients maintain this proportion, other tauopathies favor one isoform over the other. Thus, human tauopathies
can be classified as 3R, 4R, or 3R/4R (e.g., PiD, GGT, and AD, respectively), determined by the isoforms present
in the aggregates 28],

Tau is a highly soluble and intrinsically disordered protein that lacks a well-defined secondary structure 7.
Therefore, depending on interactions with different binding partners, it can adopt various conformations 22,
Despite this, tau can be divided into four functional domains: (a) the N-terminal domain, also known as the
projection domain; (b) the proline-rich mid-domain, with different phosphorylation residues; (c) the MT-binding
domain (MTBD) or repeat domain (RD), which consists of three (R1, R3, and R4) or four (R1-R4) MTs-binding

repeats, due to the absence or presence of exon 10, respectively, and (d) the C-terminal region (Figure 1).
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Figure 1. Schematic representation of tau isoforms. In the adult human brain, tau is found as six major isoforms

(352-441 amino acids) resulting from alternative mRNA splicing. The N-terminal domain consists of either 0, 1, or 2
inserts encoded by exons 2 and 3 (ON, 1N, or 2N). The proline-rich domain is followed by the repeat domain (RD)
also known as the microtubule-binding domain (MTBD). Here, inclusion of exon 10 produces tau isoforms with four
repeats (4R), whereas its exclusion produces isoforms with three repeats (3R). The RD is followed by the C-

terminal domain.

The physiological functions of tau are predominantly regulated by several post-translational modifications (PTMs)
[28][29] Phosphorylation and dephosphorylation regulate the affinity of tau for MTs under physiological conditions
(29 Despite this, hyperphosphorylated tau aggregates are a well-known histopathological marker (21
Nevertheless, it remains to be validated whether abnormal phosphorylation is indeed the cause of tau aggregation,

as there are conflicting reports on this topic (see (32](33] oy review).

| 3. The “Prion-like” Nature of Tau and Its Strains

As previously mentioned, the progressive accumulation of tau results in dysfunction in brain regions affected by tau
pathology B4l In the early 1990s, Braak and Braak conducted a cross-sectional neuropathological study of the
brains of AD-deceased patients 22 and established that the development of tau pathology occurs in a hierarchical
fashion. Their work showed that the progression of NFTs does not occur randomly in the brain. Instead, tau lesions
first accumulate in the locus coeruleus, from where they tend to spread to the transentorhinal region of the
temporal lobe, followed by the allocortex and neocortex (first in associational areas and later in the primary sensory
cortex and the primary motor cortex) 35] Interestingly, some cellular types appear to be more vulnerable to tau
aggregation than other cells [24]36]371[38] - Taken together, these findings could be interpreted in the context of

pathological tau spreading in the brain through trans-cellular propagation.
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The idea that tau spreads through cell-to-cell transmission is commonly referred to as the “prion-like” hypothesis.
Since 2009, there has been an increasing body of evidence supporting the notion that tauopathies and prion
diseases (PrDs) share some common pathological mechanisms [BI2A21IE39 |ndeed, not only tauopathies but also
other NDs with amyloid deposition—also called “neural proteinopathies” (e.g., synucleinopathies)—are now
referred to as “prion-like” diseases because they all seem to have replication and propagation processes akin to
those observed in PrDs. According to the “protein-only” hypothesis, PrDs are a group of NDs caused exclusively by
an infectious protein or prion known as the proteinase K-resistant prion protein (PrPS¢) B9 which is the
pathological form of the cellular prion protein (PrPC) B9 Importantly, PrPS¢ forms insoluble amyloid aggregates that
spread across brain regions by cell-to-cell transmission. Nonetheless, “prion-like” diseases are not currently
considered bona fide prions 414243l hecause, unlike prions, there is no conclusive evidence of interindividual
transmissibility (see [#4]). Therefore, such terminology has been used to specify these proteins that have similar
replication and propagation processes as PrDs but are not infectious. Nevertheless, the fact that PrDs and “prion-
like” diseases may share some pathological mechanisms could have significant implications for the development of

novel treatments.

The “prion-like” hypothesis proposes that, initially, only a small number of neurons initiate the process of tau
aggregation. In these cells, tau misfolds and recruits its endogenous counterparts, templating the misfolding state
via a process similar to the growth of crystals 3, known as nucleation-dependent polymerization. Replication of
the misfolding state is a defining feature of “prion-like” behavior referred to as “seeding,” and the term “seed”
describes the minimal unit needed to template the misfolding state of tau. Once the seed is formed, it begins the
process of self-seeded fibrillization, in which tau monomers are progressively recruited and added to the growing
fibril. Mature tau aggregates (or fibrils) exhibit amyloid properties (e.g., cross- structure, Thioflavin-positive
staining, resistance to detergents). Large tau aggregates can then be fragmented, creating new fibrils or seeds,
thereby amplifying the pathology. At this point, competent seeds can be released and propagated to adjacent or
synaptically connected healthy cells B3, The stable propagation of tau aggregates is another characteristic of the

prion paradigm behavior and is termed “spreading.”

Both seeding and trans-cellular spreading of proteopathic tau seeds have been proposed as the pathological
mechanism to explain the stereotyped progression of neurodegenerative tauopathies. Therefore, since tau is an
intracellular protein, cell-to-cell spreading implies, in a broad sense, a four-step process (Figure 2): (1) one cell
harboring intracellular tau aggregates (termed donor neuron), (2) release of competent tau seeds from the donor
cell into the extracellular space, (3) internalization by a neighboring healthy cell (termed receptor neuron or glia),

and (4) once inside, recruitment of their endogenous counterparts initiating further seeding.
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Figure 2. Schematic diagram of cell-to-cell progression of tau pathology. j The formation of tau aggregates begins
in a donor neuron (pink) when a misfolded seed-competent tau (red) templates its misfolded state to its
endogenous monomeric counterpart (blue), through a process known as seeding. Ultimately, the seeding process
produces tau aggregates with amyloid properties. In parallel, tau seeds travel along the axon to the synaptic
terminal of the donor neuron. k Once there, tau is released or transferred from the donor neuron to the receptor
neuron (greenish-blue). Although not depicted here, glial cells could also internalize misfolded tau seeds. | Next,
the receptor neuron internalizes seeded-competent tau. This diagram depicts only one of the several proposed
mechanisms related to trans-cellular spreading, in which free tau seeds are released from the axon terminal and
are internalized by the receptor neuron through direct membrane fusion. However, numerous studies have
proposed a variety of cellular pathways involved in the progression of pathological tau, as reviewed by in steps k
and | (481271281 The exact nature of the pathological tau involved in the cell-to-cell transfer process is also unknown,
and different groups have proposed a variety of candidates B2BUBL m |nside the receptor neuron, pathogenic tau
can recruit endogenous cellular tau and seed further tau aggregation. Overall, this process ensures the

progression of the pathology.

It is generally accepted that prion “strains” are the underlying cause of the heterogeneity observed among PrDs.
Prion strains are amyloids with different morphologies, known as “conformational variants” or “polymorphs.” They
can be classified based on defined incubation times in affected organisms, unique brain lesion profiles of
aggregate distribution, and horizontally stable dissemination. Consistent with the “prion-like” hypothesis, current
experimental evidence strongly indicates the existence of tau strains 2. For instance, as previously stated, human
tauopathies differ in the tau isoforms present in their inclusions (3R, 4R, 3R/4R @]) and are characterized by
unique trypsin digestion patterns. In addition, inoculating sarkosyl-insoluble tau fractions from different sources
(transgenic murine models or human tauopathies) into rodent models triggers the formation of tau aggregates.
Such aggregates sometimes fully recapitulate some pathological features of their human counterparts 24
however, this is not always the case B2, More recently, cryo-EM studies have revealed that each tauopathy has

aggregates with unique disease-specific structures B8, Taken together, it seems plausible that cell-specific
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amyloidogenic processes produce different tau strains, which may account for the heterogeneity of human

tauopathies (e.g., see 258l for reviews).
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