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Abstract

Tau protein is physiologically expressed in neurons, where it is involved in microtubule assembly and
stability. Tau functions are rigorously regulated by a series of modifications, e.g. phosphorylation and
dephosphorylation. When these mechanisms are dysregulated or other modifications occur, this leads to a
group of diseases defined as “tauopathies”, characterized by build-up of tau protein aggregates in neurons and
glial cells (neurofibrillary tangles, astrocytic plaques, tufted astrocytes). Tauopathies include, among others,
Alzheimer’s disease (AD), frontotemporal dementia (FTD) and diseases characterized by frontotemporal
lobar degeneration (FTLD) such as progressive supranuclear palsy (PSP) and corticobasal degeneration
(CBD). Among the many post-translational modifications that tau can undergo, proteolytic processing is
gaining increasing attention, as many studies have shown that cleavage of tau in brain is related to disease. It
has also been consistently observed that tau in cerebrospinal fluid (CSF) consists of a series of fragments,
with predominance of N-terminal and mid-region fragments compared to C-terminal ones. The aim of this
thesis was to identify and quantify specific tau fragments in CSF with novel targeted immunoassays, and
assess their potential as biomarkers for different tauopathies. We identified two major pools of tau consisting
of species cleaved at either amino acid (aa) 123 or 224, reflecting different mechanisms of tau processing in
AD. While cleavage generating tau N-123 is part of the physiological tau turnover, the generation of tau N-
224 was shown to have clinical relevance, being related to AD; N-224 tau showed significantly higher
concentrations in AD CSF compared to control and was related to worsening cognitive performance over
time. Also, in the primary tauopathies PSP and CBD, N-224 tau did not correlate to total tau (t-tau) content,
showing promise as a candidate biomarker for tauopathies other than AD. Based on previous reports of tau
cleavage by asparagine endopeptidase (AEP) at aa 368, we also developed a new immunoassay targeting tau
fragments cleaved C-terminally of aa 368 (tau 368). Our results demonstrate that, although tau 368 is
measurable in CSF and overall increased in AD, only a small portion of the total content of CSF tau ends at
368. Instead, most of tau 368 is retained in tangles, as shown by the decrease in the tau 368/t-tau ratio over
the course of disease and immunohistochemical staining of tangles. Of potential clinical relevance, we also
showed a strong negative association of the CSF tau 368/t-tau ratio and uptake of the tau PET tracer
[*®F]GTP1, supporting the hypothesis that the ratio reflects underlying tau pathology and entrapment of tau
368 in tangles. When applying the newly-developed immunoassays to CSF from a FTD cohort, we observed
that none of the measures showed a significant difference between the likely FTLD-TDP-43 and likely FTLD-
tau pathology groups. However, when normalised for t-tau, N-224 showed a significant difference between
FTLD-tau and FTLD associated to TAR DNA-binding protein 43 (FTLD-TDP-43), suggesting that, although
the novel measures do not have a superior diagnostic accuracy to the classic tau biomarkers, there are different
patterns in fragment concentrations between the pathological groups, and different profiles for each tauopathy.
Finally, since the N-224 fragment showed potential clinical relevance in the differential diagnosis of
tauopathies, we aimed to identify the enzyme responsible for cleavage at aa 224. By using a fluorescence
resonance energy transfer (FRET) peptide, containing a tau sequence which included aa 224, and high
resolution mass spectrometry, we identified the enzyme responsible for cleavage as calpain-2. We confirmed
the results in a gene knock-down SH-SY5Y cell model, where we measured a significant reduction in tau N-
224 in the cell media after knock-down of the calpain-2 gene. These findings suggest that the calpain-2
pathway should be investigated as a possible target in the treatment of tauopathies.
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