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Abstract

Tau is a microtubule-associated protein that functions in regulating cytoskeleton dynamics,
especially in neurons. Misfolded and aggregated forms of tau produce pathological structures in a
number of neurodegenerative diseases, including Alzheimer’s disease (AD) and tauopathy
dementias. These disorders can present with a sporadic, such as AD, or familial etiology, such as
in some cases of frontotemporal dementia with parkinsonism. Notably, the pathological features of
tau pathology in these diseases can be very distinct. For example, the tau pathology in corticobasal
degeneration is quite distinct from that of an AD patient. A wealth of evidence has emerged within
the last decade to suggest that the misfolded tau in tauopathies possesses prion-like features, and
that such features may explain the diverse features of tauopathies. The prion-like concept for
tauopathies arose initially from the observation that the progressive accumulation of tau pathology
as the symptoms of AD progress seemed to follow anatomically linked pathways. Subsequent
studies in cell and animal models revealed that misfolded tau can propagate from cell-to-cell, and
region-to-region in the brain through direct neuroanatomical connections. Studies in these cell and
mouse models have demonstrated that experimentally propagated forms of misfolded tau can exist
as conformationally distinct “strains” with unique biochemical, morphological and
neuropathological characteristics. This review discusses the clinical, pathological, and genetic
diversity of tauopathies; and the discoveries underlying the emerging view that the unique features
of clinically distinct tauopathies may be a reflection of the “strain” of misfolded tau that
propagates in each disease.
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Tauopathies are a spectrum of neurodegenerative diseases characterized by the brain
accumulation of cellular proteinaceous inclusions predominantly comprised of tau protein
(1-3). The most common of these disorders is Alzheimer’s disease (AD) where tau
predominantly aggregates and accumulates in neurons as somatodendritic neurofibrillary
tangles (NFTs) and neuropil threads, as well as in dystrophic neurites associated with
extracellular deposits of amyloid-p peptides (Figure 1) (1-3). These tau aggregates (4—7) are
comprised of structurally variable 8-20 nm twisted double-helical ribbons, referred to as
paired helical filaments (8, 9) and less abundant 15 nm wide straight filaments (10, 11).
Population based autopsy studies have suggested that tau pathological inclusions appear to
spread in a predictable pattern that has been characterized by six Braak stages (I-V1) (12,
13). More recent data indicates that aberrant changes in tau (i.e. phosphorylation at specific
epitopes) can occur in the locus ceruleus in a significant percent of young adults in their
20’s, and much earlier than the appearance of brain amyloid- deposition (14). This early
presentation of abnormal tau is reminiscent of the recently recognized occurrence of tau
inclusions in the brains of cognitively normal individuals known as primary-aged tauopathy
(15); however, it remains to be established if these accumulations of tau represent an early
stage of AD or unrelated biological occurrences (16-18).

Tauopathies also include many other types of dementias, such as corticobasal degeneration
(CBD), progressive supranuclear palsy (PSP), tangle-only dementia and Pick’s disease that
occurs without a necessity for amyloid-p deposition (3). In some of these diseases, the type
and distribution of tau pathological inclusion can be a defining feature. In CBD, tau
inclusions are observed in the form of neuronal cytoplasmic inclusions and neuropil threads,
as well as astrocytic plaques and oligodendrocytic coiled bodies (19-21). Tau pathology in
PSP includes neuropil threads and classical flame-shaped NFTs or globose NFTs, but these
structures are most prevalent in the basal ganglia, subthalamus and brainstem whereas in AD
they are most abundant in the hippocampus and neocortex (19, 20). Furthermore, tau
inclusions in PSP are prominent in glial cells as tufted astrocytes, thorn-shaped astrocytes,
and oligodendroglial coiled bodies (19-21). Collectively, these observations illustrate the
diversity in tau pathology that occurs in human diseases.

protein and function

Tau refers to microtubule (MT) associated proteins (22, 23) expressed from the MAPT gene
located on chromosome 17q21-22 (24, 25). In human adult brain, 6 major tau isoforms
ranging between 352 —441 amino acids in length are produced as a result of alternative RNA
splicing of exons 2, 3 and 10 (Figure 2) (26, 27). The incorporation or exclusion of exon 2,
or exons 2 and 3 (exon 3 is only ever included in tandem with exon 2), yields protein
variants with 0 (ON), 29 (1N) or 58 (2N) amino acid inserts in the amino-terminal region.
Similarly, exon 10 can be alternatively spliced to yield products containing either three (3R)
or four (4R) tandem MT binding repeats of 31 or 32 amino acids. In normal adult human
brain, 3R and 4R tau isoforms are present at approximately equal amounts while 2N tau-
isoforms are significantly less abundant relative to the ON or 1N isoforms (28, 29). In the
CNS, tau is preferentially found in neurons (30, 31), but it can also be detected at lower
levels in oligodendrocytes and astrocytes (31-33). Precisely how the diversity in tau
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isoforms and patterns of expression combine to produce the many clinical and pathological
manifestations of tauopathy is an area of intense interest.

Although multiple functions have been attributed to tau (1), its function in binding and
promoting MT assembly, nucleation and bundling has been the most extensively studied (22,
34-39). Consistent with its interaction with MTs, it can influence the function of other MT-
interacting proteins such as dynein and kinesin to regulate trafficking of organelles and
axonal cargo transport (40-42). Surprisingly, at least in mice, tau is not essential for MT
function as genetically engineered null mice are viable and do not present with an overt
phenotype (43). The loss of tau in this model may be compensated or shadowed by the
increased expression of other MT-binding proteins such as MAP1A (43, 44).

Tau interacts with MT via the carboxyl-terminal region containing the three or four MT-
binding repeats (3R, 4R) (45-47). Each individual repeat can bind to MTs, although with
lower affinities than when combined in the full-length protein, as each repeat contributes to
the overall MT affinity (48, 49). Furthermore, MT binding is more complex than a simple
linear array of binding sites, (35, 38, 49) as tau also has a proline-rich region upstream of the
repeat region that strongly influences MT binding and assembly (35, 50). Nevertheless, 4R
tau has a greater MT polymerization and binding capacity than 3R-tau (28, 46). While the
amino-terminal inserts do not significantly contribute to the MT binding affinity of tau, they
can influence bundling (46). It is also well established that tau phosphorylation can reduce
its ability to bind and modulate MT assembly (34, 37, 51-53). The prevailing view in the
field is that the loss of MT binding by tau may contribute to the formation of pathologic
features in tauopathies.

Tau amyloid aggregation

Recent experimental data (discussed in detailed below) suggest that tau aggregation could
propagate throughout the nervous system by a prion-like transmission mechanism (54, 55),
but the biological changes involved in the initial aggregation events (i.e. seed formation),
elongation and regulation of tau aggregation remain highly debated. Native tau is highly
soluble and “natively unfolded” (56, 57), but it has a tendency to form a global hairpin fold
(58) that is not permissive for aggregation. Purified human tau is largely refractory to
aggregation, although under some conditions it can self-aggregate into amyloid fibrils (59).
In vitro tau filament assembly can be greatly facilitated by the presence of long polyanionic
molecules such as sulfated glycosaminoglycans, poly-glutamate and nucleic acids (60-62)
that likely suppress local intra- or inter- molecular positive charge repulsion. Tau fibril
polymerization also can be facilitated 7 vitro by fatty acids, such as arachidonic acid (63,
64). The aggregation of tau is thought to require conformational changes in tau monomers as
well as the formation of stable oligomeric complexes that can act as nucleation units. As
such, /n vitro, the addition of a small amount of preformed amyloid tau assemblies
accelerates the formation of tau amyloid fibrils through the recruitment of permissive tau
monomers that polymerize onto preformed seeds (65). Similarly, under conditions that
promote the cellular entry of preformed tau amyloid seeds, endogenous cellular tau in
cultured HEK?293 cells can be readily recruited into fibrillar aggregates with properties
reminiscent of inclusions in human brain (66, 67). Collectively, these studies demonstrate
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that tau has the capacity for seeded aggregation that is clearly a property associated with
prion-like proteins.

Aggregated tau isolated from AD brains consists of all six brain tau isoforms (68) that are
heavily phosphorylated at more than 40 different Ser and Thr residues (69-71). Numerous
kinases and phosphatases can modulate tau phosphorylation at these sites 77 vivo and/or in
vitrobut it is still unclear which enzymes are responsible for the elevated phosphorylation
state of AD aggregated tau (70, 72). Since elevated tau phosphorylation is a prominent
distinction between tau pathological inclusions and normal tau, it is reasonable to
hypothesize that phosphorylation might be involved in the polymerization of tau to form
amyloid fibrils; however, there is no conclusive evidence to support this model, and non-
phosphorylated, recombinant tau has the capacity to assemble into filaments /n vitro (59—
62). In addition, fetal tau can be as highly phosphorylated as AD aggregated tau (73),
although it has been suggested that some phosphorylation sites in AD tau may be unique
(74). Soluble tau in normal tissue can be rapidly dephosphorylated following harvesting,
which can lead to under-representation of many phosphorylation sites (75). Whether
aggregated tau is less prone to dephosphorylation is unclear. Nevertheless, pathological
findings indicate that hyperphosphorylation of tau, at least at some residues, occurs early in
tau inclusion formation (76, 77). Even without directly affecting tau aggregation, elevated
phosphorylated tau can increase the pool of MT-free tau (34, 37, 53, 78), which becomes
available for aggregate formation. Indeed, the ability of aggregated tau isolated from human
brains to promote MT polymerization is impaired and this loss of function can be at least
partially recovered by dephosphorylation (79). It can also be argued that the increased
phosphorylation of tau in pathological inclusions is simply due to an imbalance in the levels
of phosphorylation/dephosphorylation compared to soluble tau, such that aggregated tau is
protected from dephosphorylation or preferentially phosphorylated after aggregation (70).
Additionally, the effect of tau phosphorylation on its ability to be seeded is still unknown
(80, 81). Despite the unresolved issues for the role of tau phosphorylation in influencing its
aggregation, the enormous number of permutations in the phosphorylated forms of tau forms
can yield many variants that could contribute to the diversity of pathological and clinical
features in tauopathies.

Aggregated tau in human pathological inclusions is also modified by many other post
translational modifications, including tyrosine phosphorylation (71), ubiquitination (82),
glycation (83, 84), glycosylation (85), nitration (86) and acetylation (87). Tau also can be
proteolytically cleaved at several sites (eg. Glu391 and Asp421) associated with inclusion
formation (88). The role of these modifications in aggregate formation is still largely
debated. For example, ubiquitination likely occurs after aggregation, probably as an attempt
by the cellular machinery to degrade the inclusion (77, 89). Glycation is a non-enzymatic
addition of reduced carbohydrates, and the presence of this modification is likely to result
from the slow turnover of aggregated tau; however, increasing evidence points to the
importance of lysine acetylation in modulating tau aggregation (87). Prolyl-isomerization is
also likely involved in tau aggregation and spread of pathology (90). Collectively, all these
modifications can yield a large spectrum of tau structural variants that can recruit
endogenous tau for elongation, thus yielding a diverse array of unique structural entities.
Furthermore, differential tau isoforms resulting from altered splicing are likely to result in
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varied aggregate conformers as each isoform displays different aggregation propensities
(92).

MAPT mutations and dementia

Frontotemporal dementias (FTDs) are a distinct class of neurodegenerative disorders
characterized by the selective atrophy of the frontal and temporal lobes, and early changes in
behavioral conduct, language difficulties, and cognitive disturbance (92). Several families
were described with autosomal dominant hereditary neurodegenerative disorders
characteristic of FTD behavioral changes and in some cases with parkinsonism that could be
genetically linked to chromosome 17; these were termed FTD and parkinsonism linked to
chromosome 17 (FTDP-17) (93, 94). For most of these initial kindreds, autosomal dominant
mutations in the tau gene (MAPT) were shown to be causal of disease (95-97), which is now
referred to as FTPD-17t. Some of these kindreds were later found to be unrelated to tau
mutations and instead were found to be linked to mutations in the granulin (GRN) gene
(FTDP-17 GRN), which is in close proximity to MAPT (98, 99). More than 50 different
mutations in MAPT causal of FTDP-17t have been identified (95, 100) and this is irrefutable
evidence for a pathogenic role of tau in neurodegeneration. Most, if not all, FTDP-17t
families lack amyloid B-deposition and show tau deposits in neurons, with some also having
glial pathology (97, 100-107).

Most of the mutations identified in the MAPT locus are within exon 9-13 or in the introns
surrounding exon 10 (1-3, 95, 100) with the only exceptions being the R5H and R5L amino
acid mutations (108, 109). Within the coding MAPT exons, missense, deletion and silent
mutations are associated with FTDP-17¢#(1-3, 95, 100). In the majority of the intronic
mutations, the exonic silent mutations, and even some of the missense exonic mutations, the
primary defect caused by the mutation is to alter RNA processing to enhance the inclusion
of exon 10 in the mature mRNA (1-3, 29, 95, 100). Alteration in the splicing of exon 10
results in an imbalance in the normal ratio of 3R/4R tau isoforms, which is normally ~1:1 in
adult human brain (29). The mechanism by which changes in the 3R/4R-tau ratio lead to
neuronal and, in some cases, glial dysfunction and death is still nebulous. Interestingly, the
presence of exon 10 in tau mRNA is developmentally regulated with the expression of
isoforms containing exon 10 being under-represented during early development (27). 4R-tau
and 3R-tau may bind distinct sites on MTs (49) and the over-production of one group of tau
isoforms may result in an increased pool of MT-unbound tau that may polymerize into
filaments over time. It is also possible that a specific ratio of tau isoforms is required for the
normal maintenance and function of MTs. Although speculative, the possibility that specific
isoforms might have other, undetermined functions should not be overlooked.

The role for an imbalance in tau splicing isoforms in neurodegeneration is supported by the
accumulation of predominant tau isoforms in specific neurodegenerative diseases. In both
PSP and CBD, tau inclusions are predominantly comprised of 4R-tau isoforms (110).
Conversely, in Pick’s disease, another FTD disease which is characterized by the presence of
round-shaped neuronal inclusions composed of 10-20 nm diameter filamentous tau
inclusions (Pick bodies), the aggregates are predominantly assembled from 3R-tau isoforms
(111-113). The reason for the preferential aggregation of specific tau isoforms in these
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diseases is unknown, but a possible explanation is that cells expressing specific forms of tau
are more vulnerable. For example, the expression of tau isoforms can be cell-type specific as
shown for 3R-tau in the granule cell layer of the dentate gyrus (4). Alternatively, the splicing
of tau could be subtly imbalanced in these diseases, or other factors could initiate an isoform
specific induction and spread of tau pathology (see discussion below).

Many tau missense mutations causal of FTDP-17t have been shown to impair the ability of
tau to bind to or promote MTs polymerization (1-3, 100, 114), perhaps providing a greater
pool of MT-free tau that can be recruited to aggregate. In addition, reduced association with
MT binding can reduce axonal transport, resulting in perikaryal accumulation. Some
missense tau mutations such as P301L, V337M, and R406W can also potentiate tau
aggregation (115, 116). Consistent with the location of these mutations within tau,
aggregated tau from cases with mutations such as V337M or R406W that affect all isoforms
are predominantly comprised of all six tau isoforms, while inclusions in patients with the
P301L mutation, which is only present in 4R-tau isoforms, are predominantly comprised of
4R tau (29, 117). In addition, /n vitro studies indicate that P301L tau preferentially
aggregates with itself and not wild-type tau akin to the property of a misfolded conformer-
specific templated misfolding (118, 119).

Propagation of tau pathology

As mentioned above, during AD progression, pathological inclusions of tau appear to spread
in a predictable pattern throughout the brain along known neuroanatomical connections (12),
similar to those observed for the infectious prion protein (120). To further study the
spreading phenomenon of tau, many studies have undertaken both in vitro and in vivo
approaches to identify which mechanisms are at play. Although tau is predominantly an
intracellular protein, a small amount can be detected in the CNS interstitial fluid (121) and
cerebrospinal fluid (122). Many non-mutually exclusive mechanisms including synaptic
secretion, direct unconventional plasma membrane translocation and exosome release may
be sources of extracellular tau (123, 124). In disease settings, cellular damage and demise
could account for extracellular tau that could be taken up endocytosis (directly or via
receptor). Tau transfer between cells cold also occur by exosome uptake or direct cellular
transfer can occur via nanotubes (123, 124)(Figure 3). Interestingly, neuronal activity can
promote tau cellular release (125) likely promoting the intraneuronal spread of tau (126).

In experimental animal studies, it has been shown that misfolded tau has the capacity to
propagate along neuroanatomical pathways. The model systems used to demonstrate
propagation are copied from what has been used in the study of prion disease. Several
studies have revealed that the direct brain injections of samples containing recombinant tau
aggregated /n vitro can accelerate the onset of tau pathology in transgenic mice that over-
express human tau (127, 128). Similarly, aggregated tau derived from tissue preparations of
transgenic mice or humans can seed tau pathology (54, 129-131). In both cases, the induced
tau inclusions occur in anatomically connected brain regions, suggesting neuroanatomical
transport or induction of tau pathology along these routes. Most of these studies have used
mice that express human P301S tau; however, there are examples of “transmission” to mice
expressing wild-type human tau (129). Some studies indicate that not all tau transgenic mice
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are highly permissive to prion-like induction of tau pathology (132). Others have reported
that cerebral injection of human tauopathy brain lysates can induce local tau pathology, or
pathology that spreads along connected brain regions, in wild-type nontransgenic mice (129,
133). The induction of endogenous mouse tau aggregation in these latter studies strongly
supported the prion-like nature involved in tauopathies (129, 133).

In addition to these exogenously induced models of tau spread, transgenic mouse models
were created to try to restrict the expression of the tau transgene to the entorhinal cortex and
then follow brain propagation (134, 135). These studies supported the notion that tau
pathology could initially develop in one brain region, and then spread to distant,
neuroanatomically connected neuronal populations, where human tau was not expressed;
however, these mouse models use complex vector systems and whether these systems are as
tightly regulated as originally thought has been called into question (136).

Some of the proposed mechanisms of tau cell-to-cell transmission involves secretion and
uptake of the misfolded protein (Figure 3), thereby creating an extracellular pool of tau that
could theoretically be targeted by immune therapies to prevent the spread of pathology.
Indeed, active and passive immunization approaches have been carried out in tau transgenic
mouse models with varying degrees of success (137-141). Together, these data support a
prion-like spread of tau pathology by both a local cell-to-cell and distant axonal spread of
inclusions. Whether such spread is a key feature of human disease is unknown and difficult
to prove or disprove. The proof may emerge as immunotherapies developed in these model
systems move into the clinic. Clearly, the timing of such therapies may be critical to success,
and the bioavailability of antibodies to human CNS could limit efficacy, but if these model
systems are replicating pathogenic events in humans then antibodies that are highly
efficacious in these models should show significant efficacy in humans.

Existence of tau strains

A puzzling characteristics of prions was the observation that when passaging inocula
containing the infectious prion protein, PrPSC, distinct and reproducible incubation periods
and neuropathological features would appear (142, 143). Seeing as the PrPSC protein
contained no nucleic acid, it was hypothesized and later revealed, that the tertiary structure
of PrPSC could exist in multiple conformations and that these different conformations were
capable of encoding strain-specific information (144-146). Among the human prion diseases
there exists a wide variability in the clinical presentation of the disease, including
progressive dementia, cerebellar ataxia, pyramidal signs, chorea, myoclonus, extrapyramidal
features, pseudobulbar signs, seizures, and amyotrophic features (147). These differences are
hypothesized to occur strictly based upon the conformation of the prion protein and although
specific conformational changes have not been attributed to each distinct clinical feature, a
number of studies have revealed biochemical differences in the infectious prion agents that
give rise to certain forms of Creutzfeldt-Jakob Disease (CJD) (146, 148, 149). These
findings set a precedent for the idea that distinct clinical features observed for a given
neurodegenerative disease could be due to conformational variability, or strains, of a toxic
protein.
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As mentioned above, tauopathies comprise a group of neurodegenerative disorders that have
diverse clinical features, tau deposition patterns, and cellular pathologies. There is now
evidence to suggest that distinct conformations with strain-like properties govern these
differences. Some of the first evidence came about by utilizing HEK293 cells stably
expressing a tau reporter composed of a truncated form of 4R2N tau with both the P301L/
V337M mutations and fused to a fluorescent reporter (150). Although unable to form
inclusions on its own or following exposure to fibrils composed of proteins from other
neurodegenerative proteins, upon exposure to tau fibrils, the truncated tau-YFP formed
inclusions that revealed stable inheritance upon further passaging (150). Through successive
passaging, the authors were able to establish 20 cell line clones that stably propagated
morphologically distinct tau inclusions. These tau inclusion morphologies were
characterized in a follow up study (151) in which the 20 clones were grouped into diffuse,
large aggresome-like, nuclear, thread-like, and disordered inclusions, and those that changed
from aggregate to diffuse over time, termed, mosaic. To determine whether tau inclusions
were capable of templating their distinct pathology to naive cells in a manner similar to
prions, cells expressing the truncated tau-YFP were exposed to lysates from some of the
clones. These studies revealed that the lysates were capable of inducing the same inclusion
morphology of its associated progenitor, suggesting a process of templated conformational
conversion for tau, strikingly similar to that characterized for prion strains. Moreover, these
clones displayed distinct biochemical features, seeding activity, and toxicity (as measured by
the growth clonal cell lines). Together, this data strongly supports the potential for tau to
exist as distinct conformational strains.

The authors then went on to test the potential for these tau “strains” to induce distinct
pathologies when injecting lysates from several of their tau cellular clones into the
hippocampus of transgenic mice expressing the P301S human tau (150, 151). Although
some lysates induced inclusions /n vivo that were not morphologically similar to those that
were observed /n vitro, a subset of the lysates tested produced inclusions in mice that were
morphologically and biochemically similar to what was produced in the cells, supporting the
idea that distinct strains of misfolded tau could produce distinct pathologies. Central to the
prion strain hypothesis is the stability of a given strain’s phenotypic and biochemical
properties over multiple passages in mice. Not only did the authors demonstrate the in vivo
stability of these tau strains, but they demonstrated that when brain lysates or
immunopurified tau from these animals were added to tau-YFP expressing HEK293 cells, it
induced an inclusion phenotype indistinguishable from the original strain injected into the
mice. Taking their findings a step further, they sought to determine whether homogenates
prepared from the brains of patients from a range of tauopathies, including AD, argyrophilic
grain disease, CBD, Pick’s disease, and PSP would give rise to distinct pathologies upon
exposure to their tau-YFP cell culture model (150). Indeed, each of these disorders induced a
diverse pattern of tau phenotypes suggesting that different conformations of tau are
responsible for the variable characteristics observed among tauopathies.

Further supporting the prion-like nature of tau and the existence of tau strains, there also
appears to be a barrier preventing some strains of tau from seeding or inducing the
aggregation of other tau variants. In transgenic mice that express 4R human tau, extracts
containing aggregates of 4R tau induce pathology, whereas those containing 3R tau
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inclusions do not (54, 129, 152). Therefore, it is possible to envision a type of “species
barrier” in which seeding only occurs when there is structural similarity between the seed
and the template. To this point, other studies have indicated the effect of the seed and
template on the degree and extent of seeding (67, 153). As discussed above, 3R and 4R tau
isoforms are typically equally expressed in adult human brain, but in some tauopathies only
one of these groups of isoforms preferentially forms inclusions (Figure 3). This specificity in
isoform aggregation in an environment, in which all isoforms are present, further supports
the notion that the molecular specificity of the seed and template can be critical determinants
in the permissiveness of polymer elongation driving tau inclusion formation. It may be
possible to block these template interactions with antibodies or small molecules, but the
diversity in tau strains could be a harbinger of a difficult road to effective therapies.
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Figure 1.
Representative images of (A) neurofibrillary tangles, (B) neuropil threads and (C) dystrophic

neurites within a senile plaque in the hippocampus of patients with Alzheimer’s disease
stained with anti-phospho tau antibody AT8. Bar = 50 uM.
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Figure 2.

Representative diagram of the 6 tau isoforms expressed in human adult brain due to
alternative RNA splicing generated from the MAPT gene. Above is an alignment (not drawn
to scale) corresponding to the MAPT exons that yield these various tau isoforms. Only the
exons that be retained for expression in human brain are depicted and these are colored
matched the protein regions. The amino acids are numbered according to the longest of these
isoforms (441 amino acid in length). The amino-terminal inserts are identified as N1 and N2.
The microtubule-binding repeats are depicted as R1-R4.
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(A) Cartoon depicting the proposed mechanisms for the spread of tau inclusion including:
tunneling nanotubes (1), endocytosis (2), plasma membrane translocation (3), receptor-
mediated endocytosis (4), and exosome release and fusion (5). (B) Distinct conformations of
tau strains seed aggregate formation of conformationally similar templates when
exogenously administered to the CNS containing both 3R and 4R tau isoforms. All of the
indicated strains could contain 0, 1, or 2 N-terminal repeats, as these regions have not been
demonstrated to affect tau strain properties.
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