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Tauopathies are a group of neurodegenerative diseases characterised by hyperphosphorylation
and aggregation of Tau. Six Tau isoforms are expressed in the mature human central nervous
system (CNS), due to alternative splicing of exon 2, 3 and 10. Ex- and inclusion of exon
10 results in Tau isoforms differing in the presence of three repeat (3R) or four repeat (4R)
microtubules binding domains (MBDs), respectively. Physiologically, 3R and 4R isoforms are
expressed equally, while 3R /4R ratio alterations are prone to result in an excess of 4R Tau. The
well established intronic point mutation IVS10+16 ¢ > t, associated with several tauopathies,
inherits an increase in 4R Tau expression. A major limitation in understanding the molecular
mechanisms connecting Tau to neurodegeneration has been the availability of disease models as
alternative splicing is species-specific.

The novel Exon Specific Isoform Expression Reporter System (EXSISERS) was adapted to
generate microtubule associated protein Tauw (MAPT )EXSISERS human induced pluripotent stem
cell (hiPSC) models with application of isoform modulation studies in a high throughput
screening (HTS) manner. Longitudinal isoform monitoring was possible using the EXSISERS
over the time course of hiPSC derived neuron differentiation, with higher sensitivity than
commonly used methods for protein expression investigation. Morphological investigation
showed greater neuron complexity upon higher 3R /4R Tau imbalance, shifting to increased
4R Tau expression. Pharmacological HTS in MAPTEXSISERS LipSC derived small molecule



neuronal precursor cells (smNPCs) identified several histone deacetylase (HDAC) inhibitors and
a fatty acid binding protein (FABP) inhibitor, BMS-309403, modulating 4R Tau expression.
HDAC inhibition (HDACi) was shown to alternate the alternative splicing of MAPT, shifting the
alternative splicing process towards exon 10 inclusion, whereby, BMS-309403 showed inhibition
of MAPT exon 10 including mRNA translation exclusively in physiological and pathological
conditions. Alterations in spliceosome recruitment were observed under pathological conditions
based on the intronic point mutation IVS10+16 ¢ > t.

In this work I present the successful generation and application of hiPSC based disease models
for isoform studies using the EXSISERS, building the basis of further use of the model for
disease related investigation in a human genetic background. We show evidence implicating
Class I and IV HDAC involvement in MAPT alternative splicing under physiological conditions.
Furthermore, a novel regulation of MAPT exon 10 mRNA translation was shown indicating a
FABP involvement in translational regulation.



Zusammenfassung

Tauopathien sind eine Gruppe neurodegenerativer Erkrankungen, die durch eine Hyperphospho-
rylierung und Aggregation des Mikrotubuli assoziierten Proteins Tau gekennzeichnet sind. Im
reifen menschlichen Zentralnervensystem (CNS) werden sechs Tau-Isoformen exprimiert, die
durch alternatives Spleifen von Exon 2, 3 und 10 entstehen. Die Ex- und Inklusion von Exon 10
fiihrt zu Tau-Isoformen, die sich durch das Vorhandensein von Mikrotubuli-Bindungsdoménen
(MBDs) mit drei Repeats (3R) bzw. vier Repeats (4R) unterscheiden. Physiologisch gesehen
werden die 3R- und 4R-Isoformen gleichermafen exprimiert, wihrend Veranderungen des 3R /4R-
Verhiltnisses zu einem Uberschuss an 4R-Tau fithren konnen. Die gut etablierte intronische
Punktmutation IVS10+16 ¢ > t, die mit mehreren Tauopathien in Verbindung gebracht wird,
fiihrt zu einer erhohten Expression von 4R-Tau. Eine grofe Einschrankung beim Verstédndnis
der molekularen Mechanismen, die Tau mit Neurodegeneration verbinden, ist die Verfiigbarkeit
von Krankheitsmodellen, da alternatives Spleifien artspezifisch ist.

Das neuartige Exon Specific Isoform Expression Reporter System (EXSISERS) wurde angepasst,
um MAPTEXSISERS_Modelle menschlicher induzierter pluripotenter Stammzellen (hiPSC) fiir
Isoform-Modulationsstudien in einem Hochdurchsatz-Screening (HTS) zu generieren. Mit Hilfe
des EXSISERS war es moglich, die Isoformen im Zeitverlauf der Differenzierung von hiPSC
abgeleiteten Neuronen zu verfolgen, und zwar mit einer hoheren Empfindlichkeit als bei den
iiblicherweise verwendeten Methoden zur Untersuchung der Proteinexpression. Morphologische
Untersuchungen zeigten eine groflere Komplexitédt der Neuronen bei einem hoéheren Ungle-
ichgewicht zwischen 3R und 4R Tau, das sich zu einer erhéhten 4R Tau-Expression verschiebt.
Pharmakologisches HTS in MAPTFXSISERS LipSC-abgeleiteten neuronalen Vorlduferzellen
(smNPCs) identifizierte mehrere Histon-Deacetylase (HDAC)-Inhibitoren und einen Fettsiure-
bindenden Protein (FABP)-Inhibitor, BMS-309403, welche 4R-Tau-Expression modulieren. Es
wurde gezeigt, dass HDAC-Inhibition (HDACI) das alternative Spleifsen von MAPT verandert
und den alternativen Spleifsprozess in Richtung Exon 10-Inklusion verschiebt, wobei BMS-
309403 unter physiologischen und athologischen Bedingungen ausschlieflich die Translation von
MAPT Exon 10 einschlieflich der mRNA hemmt. Unter pathologischen Bedingungen wurden
Veranderungen bei der Rekrutierung von Spleifsosomen beobachtet, die auf der intronischen
Punktmutation IVS10+16 ¢ > t beruhen. In dieser Arbeit stelle ich die erfolgreiche Generierung
und Anwendung von hiPSC-basierten Krankheitsmodellen fiir Isoformstudien unter Verwendung
des EXSISERS vor und schaffen damit die Grundlage fiir die weitere Nutzung des Modells
fiir krankheitsbezogene Untersuchungen mit menschlichem genetischem Hintergrund. Ich zeige
Hinweise fiir eine Beteiligung von HDACs der Klassen [ und IV am alternativen MAPT Spleifsen
unter physiologischen Bedingungen auf. Dariiber hinaus wurde eine neuartige Regulation
der MAPT Exon 10 mRNA-Translation gezeigt, die auf eine Beteiligung von FABP an der
Translationsregulation hinweist.
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1 Introduction

Neurodegenerative diseases affect millions of people worldwide [2]|. Being a very heterogeneous
group of disorders, neurodegenerative diseases are characterised by the progressive degeneration
of the central nervous system (CNS) or peripheral nervous system (PNS) in structure and
function. Onset of disease are causes upon the functional loss of neurons and ultimately neuronal
death. To this day, the process of neuronal death is irreversible, declaring neurodegenerative
diseases as incurable, emphasising the importance of understanding the underlying mechanisms
to develop novel therapy strategies. A hallmark of neurodegenerative diseases is the misfolding,
aggregation and accumulation of proteins, leading to cellular dysregulation, loss of synaptic
connections and brain damage. Notwithstanding their large differences in clinical manifestation
and prevalence, neurodegenerative diseases have similar attributes, including their progressive
and chronic nature, increased prevalence with age, brain area specific destruction of neurons,
damages in the synaptic connection network and brain mass loss [3]. The protein aggregates
involved in the development of neurodegenerative diseases are distinct and exhibit no similarities
in sequence, size, structure, expression level or function, however the protein folding process,
its intermediates, end-products and main features are similar [4]. In the pathological state, all
undergo misfolding by forming S-sheet-rich structures, ranging from small oligomers to large
fibrillar aggregates [3, 4]. Protein misfolding, oligomerisation and accumulation in the brain
trigger pathological responses resulting in disease [3—5|. Most commonly implicated proteins
are a-synuclein in Parkinson’s Disease (PD), multiple system atrophy and dementia with Lewy
bodies, TAR DNA-binding protein 43 in amyotrophic lateral sclerosis (ALS) and frontotemporal
dementia (FTD), prion proteins in Prion diseases, amyloid 8 (AS) in Alzheimer’s Disease (AD)
and Tau in AD and FTD, corticobasal degeneration (CBD), progressive supranuclear palsy
(PSP), argyrophilic grain disease, and chronic traumatic encephalopathy [6].

1.1 Alzheimer’'s Disease

AD is the most common neurodegenerative dementia. Several risk factors as increasing age,
genetic factors, head injuries, vascular disease, infections and environmental factors contribute
to the onset of AD. From the early stages axonopathy and white matter alterations are observed,
with progression the axonal damage is correlated with cognitive dysfunction and Tau pathology
[7-9]. While the pathophysiology is not yet fully understood, several genes and pathways
are implicated in AD pathology, including the AS cascade, Tau, inflammation, as much as
cholinergic and oxidative stress [10]. With this, AD is characterised by its pathological changes
of deposition of extracellular A5 plaques, formation of intracellular neurofibrillary tangles
(NFTs) and synaptic loss [11-13]. The A cascade, the proteolytic enzymes [-secretase and
~-secretase mediate the deposition of AS from the transmembrane protein amyloid precursor
protein (APP) [14-16]. Whereby, S-secretase is the rate-limiting step in the APP cleaving
process, hence, interest of regulation. Post-translational acetylation of S-secretase, as much
as for Tau, contribute to the stability of the enzyme [17]. Ubiquitination on the other hand
promotes the degradation of S-secretase by lysosomes, a process impaired in AD [18, 19]. Several
amino acid fragments of cleaved APP form the final forms AB40 and A(42, for simplification in
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the following referred to as AS. A8 monomers, can accumulate, forming AS plaques, whereby
accumulation preferentially occurs in brain regions of high metabolic demand [20, 21|. The
disposition of AS triggers neuroinflammation and oxidative damage [16, 22, 23]. The deposition
and subsequent spread of Tau arises secondarily to the A5 pathology. While AS accumulation
already occurs 10-20 years prior to clinical AD onset, Tau pathology correlates strongly with
neurodegeneration and cognitive impairment [24]. Moreover, NFTs composed of acetylated and
hyperphosphorylated Tau can accumulate in neuralperikaryal cytoplasm, axons, and dendrites,
resulting in a loss of cytoskeletal microtubules and tubulin-associated proteins [25, 26]. Synaptic
loss in the neocortex and limbic system are associated with memory impairment already observed
in early stages of AD. Defects including axonal transport, mitochondrial damage and oxidative
stress contribute to the synaptic loss as much as accumulation of Tau and AfS at the synaptic
sites. All combined, those processes inevitably lead to the loss of dendritic spines, pre-synaptic
terminals and axonal dystrophy [13].

1.2 Microtubule associated protein Tau

In neurons, the stable dynamics of microtubule bundles are pivotal for axon outgrowth, guidance,
branching and regeneration [27, 28]. The specific organisation is determined by several micro-
tubule associated proteins (MAPs), controlling assembly, dynamics, bundling and interaction
with organelles [29-31|. The human MAPT gene, located on the g-arm of chromosome 17 at
band position 17q21.1, encodes for the protein microtubule associated protein Tau, a protein
of the MAP family, highly conserved and exclusively found in higher eukaryotes. Tau was
first described by Weinberg et al. [32], identifying Tau as essential for microtubules formation.
Since then, Tau has been a major focus of research, expanding its physiological role from the
initial microtubules dynamics regulation to synaptic function regulation, axonal extension,
microtubules transport and mitogen-activated protein kinase activation. In addition to its many
physiological roles, Tau has a pivotal role in a group of neurodegenerative diseases, known as
tauopathies.

The human MAPT gene comprises 16 exons. Whereby, exons 1, 4, 5, 7, 9, 11, 12 and 13 are
constitutively expressed in the CNS and PNS, the remaining exons are subject of alternative
splicing. Exon 1 as part of the promoter, is transcribed, but not translated, exon 14 builds
part of the 3’-untranslated region (UTR) and exon 4A and 8 are present in the mRNA of
peripheral tissue, but never in the human brain (Figure 1.1a) [33, 34]. MAPT mRNA expressing
exon 6 is present in the CNS and PNS but with low abundance. Due to alternative splicing
of exon 2, 3 and 10, six Tau isoforms are expressed in the mature human CNS (Figure 1.1a)
[35]. Isoforms comprising exon 2, exon 2 and 3 or neither are referred to as 1N, 2N and ON
isoforms, respectively. Exon 9, 10, 11 and 12 span the microtubules binding repeats of Tau.
Whereby, exon 10 is subject of alternative splicing in the CNS. Ex- and inclusion of exon 10
result in Tau isoforms differing in the presence of three (three repeat (3R)) or four (four repeat
(4R)) microtubules binding domains (MBDs), respectively [35-40]. Hence, the 2N4R isoform
being the longest isoform expressed in the mature human brain. Moreover, the Tau protein is
subdivided into four regions: (1) an acidic part in the N-terminal part, encoded by exon 1-5;
(2) a proline-rich region, encoded by exon 7 and parts of exon 9; (3) the MBDs, four repeats
(R1-R4), encoded by exon 9-12, mediating Tau binding to the microtubules and (4) a C-terminal
part, encoded by exon 13 [41, 42]. Next to the alternative splicing events, determining the Tau
isoform expression, a 900 kilo base pairs (kbp) inversion on chromosome 17q21 including MAPT
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Figure 1.1: Physiological and pathological Tau. (a) MAPT is located on chromosome 17, due to alternative
splicing of exon 2, 3 (N, bright grey) and 10 (R, red), six Tau isoforms are expressed in the mature human brain,
with either three microtubules binding domains (MBDs) (three repeat (3R)) or four MBDs (four repeat (4R)).
Exons 4A, 6, 8 and 14 are not present in MAPT mRNA transcripts in the human brain. (b) Existing isoform
equilibrium of 3R and 4R MAPT isoforms is disturbed due to aberrant splicing resulting an imbalance in 3R to
4R Tau isoform expression. Imbalance leads to development of tauopathies. Modified, based on [35, 43, 44].

stands out, resulting in two haplotypes, H1 (direct orientation) and H2 (indirect orientation) [45,
46]. H1 is the risk haplotype based on its connection to familial and sporadic neurodegenerative
disorders as PSP, AD, CBD, PD and FTD [47-52|. The H1 haplotype shows considerable
diversity. Sub-haplotype Hlc is largely responsible for the association of H1 to sporadic
tauopathies by promoting an increase in total MAPT transcript expression, but especially exon
10 including transcripts [52-54]. To the contrary, haplotype H2 is associated with a lower risk
for AD and other neurodegenerative diseases [55, 56].

1.2.1 Alternative splicing of MAPT

Constitutive splicing refers to the process of intron removal and subsequent exon ligation.
Alternative splicing on the other hand, is a process, diverting from this process by skipping
certain exons resulting in a variety of mature mRNAs. It is a central genetic regulation
mechanism, occurring in over 95% of multi-exon genes of higher eukaryotes, leading to a variety
of mRNAs and subsequently protein diversity [57-59]. A dynamic and flexible multi-protein
complex, the spliceosome, mediates the complex process. Multiple interacting components, as
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Figure 1.2: MAPT exon 10 stem loop. The 3’-end of exon 10 in combination with the 5’-end of intron 10
form a highly self-complimentary stem loop. Pathogenic mutations in the exon and intron with their corresponding
amino acid changes are shown. Boundary between exon 10 and intron 10 is indicated by upper and lower case
letters. Mutations known to increase exon 10 inclusion are shown in red, mutations known to exclude exon 10 in
black. The intron splicing silencer (ISS) and intron splicing enhancer (ISE) important for alternative splicing
regulation are shown in green. Modified, based on [44]

cis-acting elements and trans-acting factors are involved. Whereby, spliceosome assembly to
the cis-acting element is an essential part of the splicing process. Depending on their influence
on the splicing process, cis-acting elements are classified as splicing enhancers, silencers, or
modulators, located in the intron or exon of a gene. Regulation and the resulting distinct
splicing patterns are dependent on the cellular environment, e.g. tissue, developmental state or
differentiation-specific cues [60-62|. The basic alternative splice patterns include exon skipping,
accounting for 40% of all alternative splicing events, and alternative 5- and 3’ splice sites,
a process selected in pre-mRNA transcripts to produce different mRNA transcripts [63, 64].
Alternative exons share similar splice donors and acceptors, weaker in their binding affinity
to the spliceosome than consensus exons [65]. Splicing factors play another major part in the
process of alternative splicing. Serine (Ser) and arginin (Arg)-rich (SR) proteins usually enhance
the recognition of the alternatively spliced exon, while, heterogeneous nuclear ribonucleoproteins
(hnRNPs) facilitate the exclusion of the exon. Combination of multiple alternatively spliced
regions can give rise to several unique mRNA transcripts from a single gene [66]. The specific
mRNA transcripts may have individual regulatory properties, as stability, localisation and
transcriptional efficiency. When translated into distinct protein isoforms, these show diverge
structure and functions throughout their different isoforms [64, 67].

Disruption of this delicate mechanism is associated with several diseases, including tauopathies
[58, 59, 68]. Focusing on the in- and exclusion of exon 10, several factors are involved influencing
the ratio between 3R and 4R Tau in the brain. Tau exon 10, in particular, is flanked by
an unusually large intron 9 and weak 5’- and 3’- splice sites. Many SR proteins possess a
specific affinity to the MAPT cis-acting elements, regulating the alternative splicing of exon 10
(thoroughly discussed in [35]). In addition, the 3’-end of exon 10 in combination with the 5-end
of intron 10 form a highly self-complimentary stem loop, which inhibits the U1l small nuclear

10
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RNA (snRNA) binding. Ul being a part of a small nuclear ribonucleoprotein (RNP) (snRNP),
functioning as a catalyser for intron removal [69]. The stem loop itself bears several splicing
elements, including an intron splicing silencer (ISS) and intron splicing enhancer (ISE) (Fig.
1.2). Several splice factors and hnRNPs are known to bind to these sequences, either promoting
or prohibiting MAPT exon 10 inclusion. hnRNPE2 and hnRNPE3 are known to bind to the
ISE to enhance MAPT exon 10 inclusion |70, 71]. Disruption of the stem loop, e.g. by intronic
mutations, enhances binding of the snRNP leading to higher levels of exon 10 inclusion [72]. One
intronic point mutation, well known for its impact on exon 10 splicing, is IVS10+16 ¢ > t, 16 base
pairs (bps) downstream of exon 10 [44, 73]. This mutation not only disrupts the stem loop,
but with its location also alters the ISS [74]. Thus, specific mutations in specific cis-elements
may alter the splicing pattern, promoting or suppressing the inclusion of exon 10, whereby;,
mutations within the stem loop tend to promote the inclusion [69]. Regulation of the alternative
splicing process is further complicated by altered expression and activity of splicing factors
based on modifications at a transcriptional, post-transcriptional and post-translational level.
Various kinases, including protein kinase A (PKA), dual specificity tyrosine phosphorylation
regulated kinase 1A (DYRK1A) and glykogensynthasekinase-3 8 (GSK30), regulate the activity
of splicing factors through phosphorylation, also relevant in exon 10 alternative splicing [74-79].
The process of MAPT alternative splicing plays a crucial role in the physiology of Tau, allowing
for diverse regulatory properties. Disruption of the splicing pattern of MAPT exon 10, as
mutations in the stem loop downstream of exon 10, are prone to result in pathological Tau,
emphasising the need to decipher the alternative splice machinery.

1.2.2 Post-translational modifications of Tau

Post-translational modifications are essential processes to diversify the protein function and
coordinate the dynamic signalling network of eukaryotes. As a highly reversible event, post-
translational modifications are particular reliable for rapid massages in the cell. Therefore,
they play a role in gene expression, signal transduction, protein-protein interaction, cell-cell
interaction and communication between the intra- and extracellular environment [80].

The post-translational modifications of Tau have been extensively studied in the context of
pathological impact, but contribute just as much to the function of Tau in a physiological state.
Phosphorylation of Tau is the most studied post-translational modification of Tau. Whereby,
protein phosphorylation refers to the addition of a phosphate group by esterification at three
amino acids: Ser, threonine (Thr) or tyrosine (Tyr). The Tau amino acid sequence comprises 85
putative phosphorylation sites, 53% Ser, 41% Thr and 6% Tyr [81-83|. Among those, 31 different
phosphorylation sites influencing the physiological function [84-88| and 16 sites associated with
the physiological and pathological condition [89], have been reported. Physiological functions
influenced by site specific Tau phosphorylation being among others microtubules binding and
subcellular localisation. For example, phosphorylation of Sers, located in the conserved con-
sensus K259Q), K290Q, K321Q, K353Q (KXGS) motif of the MBDs, decrease Tau binding to
microtubules [90], subsequently, leading to the destabilisation of the neuronal cytoskeleton,
while phosphorylation of Ser/Thr motifs proximal to the microtubules binding domains prohibit
neuritic outgrowth [91]. Next to the most common and extensively studied phosphorylation of
Tau, other post-translational modifications of Tau include methylation, acetylation, sumoyla-
tion, nitration, glycolysation, glycation, prolyl-isomerisation and ubiquitination, influencing the
function and stability of Tau. Whereby, methylation regulates Tau metabolism and directly
competes with ubiquitination and acetylation. Tau acetylation may control the ubiquitination
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and subsequently indirectly degradation of Tau [92]. Moreover, by acetylation the charges of
the microtubules binding domain are neutralised, interfering with microtubules binding and
subsequent Tau dysfunction (93, 94]. The impaired microtubule binding capacity generates an
increase in cytosolic Tau, which is considered to be an initiating step in NFT formation [92,
93]. Sumoylation stimulates Tau phosphorylation and inhibits its degradation by proteasomes.
Nitration decreases the binding strength of Tau to microtubules and modulates its propensity to
aggregate. Similarly, glycation favours polymerisation and aggregation of Tau, while preventing
its degradation. Glycolysation reduces the degradation rate of Tau as much as the propensity
of aggregation. Besides all other post-translational modifications, prolyl-isomerisation favours
the dephosphorylation of Tau, while restoring its ability to bind the microtubules (extensively
reviewed in [95]).

Post-translational regulation influences the function of Tau greatly. Disruption by hyperphos-
phorylation on the other hand results in pathological Tau.

1.3 Pathological Tau - Tauopathy

Pathological Tau has been observed in a wide range of neurodegenerative diseases and is the
defining factor of a heterogeneous class of diseases, tauopathies. Despite intense investigation the
pathology of Tau-mediated neurodegeneration is still elusive. Loss of function, gain of function
and mislocalisation of Tau have all been implicated to cause the Tau-mediated neurodegenerative
diseases [96-98]. Tauopathies, characterised as sporadic or familial neurodegenerative diseases
involve hyperphosphorylation and aggregation of Tau protein in NFTs. They were first recognised
by Alois Alzheimer describing the case study of Auguste Dete, connecting Tau to the pathology
of AD [99-102]. Subsequent studies identified Tau as the primary pathological feature of
several other neurodegenerative diseases, among others frontotemporal lobar degeneration
(FTLD) and Pick’s Disease (PiD), emphasising the necessity to understand physiological and
pathological Tau. Based on the general pathology, tauopathies can be distinguished as primary
and secondary tauopathies. PSP, PiD and FTLD-Tau (FTLD-Tau) are primary tauopathies,
where Tau is the first lesion of disease onset. AD and Down syndrome show association
with other pathologies and therefore are classified as secondary tauopathies [103]. While the
most well-described role of physiological Tau is its entity to bind and stabilise microtubules,
particularly microtubules of neuronal axons [104], pathological Tau implies several different traits,
including aberrant post-translational modifications [105], truncation [106], and aggregation
into oligomers and larger insoluble filaments [104]. Hereby, pathological Tau forms common
hallmarks of tauopathy: (1) hyperphosphorylation of Tau [96], (2) re-distribution of Tau from
the axonal to the somatodendritic compartments of neurons [97| and (3) aggregation of Tau
into fibrils, NFTs, in neurons and glial cells. Despite comparable hallmarks, tauopathies differ
in respect to changes in the isoform pattern, phosphorylation and filament formation, as well as
in cellular Tau distribution. Physiologically, 3R and 4R isoforms are expressed equally, while
3R/4R ratio alterations are prone to result in an access of either 3R or 4R Tau (Fig. 1.1b).
Based on their predominant isoform patterns, tauopathies can be clustered into four different
classes: Class I, 3R and 4R; Class II, predominantly 4R; Class III, predominantly 3R and
Class IV, with a short ON3R isoform. The most prominent Class II tauopathy is AD. AD is
characterised not only by the presence of AS plaques, but also by NFTs of hyperphosphorylated
Tau. Aberrant phosphorylation prohibits Tau binding to microtubules and its promotion of
microtubule assembly, leading to self-aggregation into NFTs [98, 107, 108]. Whereby, 4R Tau is
generally more likely to be hyperphosphorylated [36, 37, 109].
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The aberrant alternative splicing of MAPT and the aggregation hyperphosphorylated Tau in
NFTs are the drivers of tauopathy pathology. Thus, understanding Tau pathology will pave the
way for therapeutical approaches.

1.4 Therapeutic potential for tauopathies

Identification and understanding of pathological mechanisms of human diseases is necessary for
discovery of novel therapeutic approaches. Animal models, and mainly mouse models, build a
valuable tool in in vivo studies, enabling the investigation of diseases progression in distinct
developmental stages. But often substantial species differences prohibit the recapitulation of
the full human disease phenotype. Based on the high involvement of Tau in development
of neurodegenerative diseases, it comes of no surprise, that Tau is the therapeutic focus to
treat tauopathies. Nevertheless, targeting of Tau for therapy modifying approaches have been
challenging, resulting in no approved and established pharmacologic treatment options. Available
therapeutics strategies are limited and focus on the symptomatology, as delaying the underlying
process of neuronal loss is not possible. Hence, the need to understand processes underlying the
neuronal death and risk factors, already aberrantly expressed before any clinical symptoms, is
urgent. Several converging pathological mechanisms have emerged, including oxidative stress,
immuno-inflammation and alteration in the metabolic pathway, e.g. lipid metabolism. Disease
related research investigating the therapeutic potential are mainly focused on AD. Therefore,
the following subsections will give an overview over the findings made in the process, as a
foundation for future research focusing on Tau pathology.

1.4.1 Fatty acid signalling regulation for neurodegenerative disease therapy

In the brain, lipids have multiple structural, developmental, signalling and metabolic functions.
Fatty acids function as energy source and signals for metabolic regulation. Their mode of action
is either through enzymatic and transcriptional networks to modulate gene expression or growth
and survival pathways as inflammatory and metabolic response [110, 111]. Therefore, fatty acid
trafficking is a very complex and dynamic process, relying on complex processing, shuttling,
lipid availability and removal to keep a delicate balance between the different lipid species at the
target compartments and to regulate their contribution to signalling targets. As of today, three
protein families are known to sense the presence and type of fatty acids, in the extracellular
matrix, cytosol or the nuclear matrix. At the plasma membrane, fatty acids activate G-protein
coupled free fatty acid receptors (FFARs) [112]. In the cytosol, fatty acids can be bound by fatty
acid binding proteins (FABPs), targeting specific subcellular structures or metabolic pathways
[113]. Peroxisome proliferator-activated receptors (PPARs) regulate fatty acid signalling in the
nucleus. They can be stored as triglycerides, degraded by B-oxidation or used in phospholipids’
synthesis, being the main components of biological membranes.

1.4.1.1 Fatty acid binding proteins

Fatty acids have a low solubility, making it difficult to diffuse through the aqueous medium of
the cytosol. Hence, to circumvent the problem, FABP, as intracellular lipid chaperones, bind
free fatty acids for efficient navigation through the cytosol, to coordinate the lipid response in
the cell, linking them to metabolic and inflammatory pathways [114, 115]. FABPs are 15kDa
small intracellular soluble proteins, reversely binding fatty acids and other hydrophobic ligands.
Upon binding, FABPs traffic their ligands to different intercellular compartments, such as

13



1 Introduction

mitochondria, peroxisome, endoplasmic reticulum or the nucleus.

As small intracellular proteins, FABPs can enter the nucleus under certain conditions, targeting
fatty acids to a specific group of nuclear receptors (NRs), PPARs, in the nuclear lumen.
Whereby, those transcription factors control the expression of FABPs, upon fatty acids or
other hydrophobic agonists activation [116-118]. In the physiological CNS, brain lipids play a
crucial role, embodying a range of functions: formation and remodelling of cellular membranes;
regulation of synaptic functions, modulation of intracellular signalling and reporter-ligand
interactions [119, 120]. Polyunsaturated fatty acids (PUFA), as w-3 and w-6, build essential
fatty acids in the mammalian brain [121]. By inclusion of PUFASs in the membrane phospholipids,
the fluidity as much as the permeability of cell membranes is modulated, contributing to the
dynamics of the bilayer and neurite growth [122]. Moreover, PUFAs regulate the formation
of lipid rafts, playing a huge role in neurotransmission, ion channel formation and synaptic
plasticity [123]. There are three FABP isoforms, with relevant expression in the brain: FABP3,
FABP5 and FABP7. FABP3 preferably binds w-3 PUFA, FABP5 binds saturated fatty acids
and FABPT has a preference in binding w-3 fatty acids [124]|. Their specific role of FABPs to
transport PUFAs may link their function as lipid transporters to the regulation of membrane
composition and fluidity. FABP7 shows high expression in the neuronal stem cells of astrocytes,
while expression decreases over the time of development, suggesting a role in the migration and
differentiation of nerve cells [125, 126]. FABP5 is the most ubiquitously expressed FABP. While
highly expressed during the midterm embryonic stages, expression decreases progressively after
birth. In the adult brain, FABP5 shows only moderate expression in neurons and astrocytes
[127]. Expression is induced in the adult brain upon necessity of stress or pathological condition
adaptation [128, 129]. FABP3 on the other hand is not expressed in embryonic stages, but in
neurons of the mature brain [127]. FABP3 consolidates and maintains the differentiated status of
neurons, through the utilisation of PUFAs [130]. Interestingly, FABP3 shows elevated expression
in patients of neurodegenerative diseases, including AD and PD [129, 131, 132]. Interestingly,
Harari et al., 2014 [133], demonstrated similar ratio dependency between FABP3/A 342 akin to
p-Tau/AB42 [133, 134]. Despite the known interference of FABP3 in lipid composition, fluidity
and function of the cell membrane in relation to AB and a-synuclein pathology alterations in
neurodegenerative diseases, the functional interactions between FABP3 and Tau is yet elusive

[135].

1.4.1.2 PPARI as an AD therapy approach

Association between neurodegenerative diseases and type II NRs, have been established. NRs,
including Retinoid X receptor o (RXR) and PPARs, belong to a superfamily of ligand-activated
transcription factors, known to regulate a wide range of genes [136].

PPARs in their crucial biological role as governors of gene expression, responsible for lipid
metabolism, energy balance and anti-inflammation dictate the scientific interest in those receptors
as pharmacological targets. PPARs, as nuclear hormone receptors, serve as ligand-activated
transcription factors, with three isoforms showing structural homology: PPAR«, PPARS/§ and
PPAR~ [137, 138]. Once activated in the cytoplasm, PPARs build heterodimers with the RXR.
Subsequently, in the nucleus consensus DNA sequences are bound by the PPAR-RXR-complex
to regulate transcription. Specific ligand binding results in a conformational change in the
PPAR to promote either co-repressor release or co-activator recruitment [139-141]. Fatty acids,
oligosaccharides, polyphenols, and numerous synthetic ligands target the PPARs to mediate their
binding and transport. Moreover, they are involved in several molecular processes, including
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peroxisomal regulation, mitochondrial S-oxidation, thermogenesis and lipoprotein metabolism
[142]. Within their ubiquitous mRNA and protein expression in the CNS, PPARs are suggested
to play a role in the regulation of neuronal and glial metabolism and energy balance. Different
brain disorders, ranging from neurological to neuropsychological and neurodegenerative diseases
share general etiopathogenic factors, such as altered cellular metabolism, modification in synaptic
activity and concurrent inflammatory processes. Remarkably, PPARs showed a direct regulation
of a sum of target genes involved in these processes within the periphery and the CNS, including
fatty acid binding protein 4 (FABP4) [143|. Moreover, PPAR pathways have also been identified
as risk factors in various neurodegenerative diseases, as AD, multiple sclerosis (MS) and PD
[144-147]. While, PPAR« and PPARS/6 show reduction in expression in the association with
AD, PPARy selectively increases with the progression of disease.

Even though, PPARa and PPAR~y endogenous and synthetic ligands have been thoroughly
characterised to treat diabetes and cardiovascular disease, the effect on the CNS and subsequent
impact on neuropathological treatment relevance has only emerged recently [148]. Evidence
showing dysregulation of PPAR~y in several different neurodegenerative diseases, classifying
two categories of neurodegenerative diseases. ALS, PD, Huntington’s disease (HD), MS and
Friedreich’s ataxia, with downregulated PPAR~y, AD, bipolar disorder and schizophrenia on
the other hand, classified as neurodegenerative diseases with upregulated PPAR~y [149-151].
Furthermore, PPARa and PPAR/3/4 expression are significantly reduced in AD, suggesting a
contribution of an aberrant PPAR system to AD progression [152]. Despite an elevated PPAR~y
expression in AD patients, numerous PPAR~ antagonists have been used in humans and animal
model to treat AD with induced beneficial effects [144, 153-157|. For example, a pilot phase
IT clinical trial with the PPAR~y antagonist rosiglitazone improved clinical outcomes based on
better delayed recall, selective attention and stable plasma levels of AB-42 peptide [144].

1.4.2 Epigenetic regulation for neurodegenerative disease therapy

Epigenetic modification can serve as a marker of chromatin identification, whereby, heterochro-
matin is characterised by low acetylation levels, euchromatin on the other hand show a high level
of acetylation [158]. Histones are a critical component of the nucleosome. By post-translational
modification of the histones, chromatin structure and gene expression can be regulated [159].
Tightly coiled by DNA, histones form nucleosomes, contributing to the compact packaging of
the eukaryote genome [160]. The highly compact structures of the histone-DNA, chromatin,
are highly dynamic. Hence, histone acetylation is a highly regulated process, mediated by the
balance between histone acetyltransferases (HATSs) and histone deacetylases (HDACs) activity.
Besides their action of histone modulation, HATs and HDACs as epigenetic modifiers are
direct or indirect regulators of neuronal-specific, immune-specific, and other tissue-specific gene
expression in the CNS [161].

1.4.2.1 Histone deacetylases

Human HDACs can be clustered into two families based on their conserved deacetylase domain
and their dependence on specific cofactors: the deacetylase family and sirtuin proteins. The
deacetylase family is subdivided into Class I (HDACI, 2, 3 and 8), Class Ila (HDAC4, 5, 7, 9),
ITb (HDACSG, 10) and Class IV (HDAC11), based on their sequence similarity to the primary
deacetylase in yeast. The sirtuin proteins are classified within Class I, characterised by the
need of nicotinamide adenine dinucleotide (NAD) for their catalytic function. Class I HDACs are
ubiquitously expressed and predominantly located in the nucleus. Next to their high activity in
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histone deacetylation, Class I HDACs act as catalytic subunits to suppress target genes. Target
gene repression is mediated by building a complex with their cognate corepressor, regulated by
inositol phosphate [162]. Moreover, Class I HDACs show deacetylation activity on non-histone
proteins as AMP-activated protein kinase (AMPK), cohesin subunit structural maintenance of
chromosomes 3 (SMC3) and transcriptional regulators to regulate their activity [163]. Whereby,
the cohesin complex as a chromosome-associated multi-subunit protein complex is required for
efficient DNA repair and regulation of gene expression in proliferating and post-mitotic cells [164,
165]. HDAC1 and HDAC?2 build a complex with nucleosome remodeling and deacetylase complex
(NuRD), transcriptional regulatory protein SIN3 transcriptional regulator family member A
(SIN3A), corepressor of REST (CoREST) and mitotic deacetylase complex (MiDAC) [166].
HDACS3 interacts with two closely related co-repressors: retinoid and thyroid receptors (SMRT)
and nuclear receptor corepressor (NCoR). HDAC3 is inactive in its solitary state, but upon
SMRT /NCoR binding HDAC3 becomes enzymatically active [167, 168|. In its physiologically
active state, HDAC3 regulates the metabolism by increasing fatty acid oxidation. Additionally,
HDACS3 actively impacts fatty acid synthesis and oxidation by deacetylation in the enhancer
region of uncoupling protein 1 (Ucpl) and PPAR~y [169].

Few indications emerged connecting histone modification to alternative splicing, seemingly two
unrelated processes [170-174]. Treatment of Henrietta Lacks (HeLa) cells with a pan-HDAC
inhibitor showed changes in over 700 genes alternative splicing pattern, with no impact on
the phosphorylation state of SRs splice factors (SRSFs). MAPT showed an decrease in exon
10 inclusion upon pan-HDAC inhibition (HDACi) [170]|. Khan et al. [171], showed protein-
protein interaction of HDAC1 and hypophosphorylated HDAC2 with several SRSF, involved
in alternative splicing. HDACI, or knock down (KD) of SRSF1 showed clear involvement in
alternative splicing. Human hnRNP F and hnRNP H increased in their stability upon HDACi
by pan-HDAC inhibitor Trichostatin A (TSA), indicating a protein stabilisation control of
HDACSs through the acetylation/ubiquitination pathway [172].

1.4.2.2 HDACi as an AD therapy approach

HDACGCi was mainly in focus as anticancer agents and remain to be with clinically proven
activity for epigenetic modifications. In 2008, Hahnen et al. [175] brought attention to the
potential of HDACi as neurodegenerative disease therapy approach. Identification of two
major neuroprotective mechanisms, including the transcriptional activation of disease modifying
genes and the rectification of destabilization in histone acetylation homeostasis, emphasised
the potential of HDACI for neurodegenerative disease treatment [175|. Histone acetylation
homeostasis is greatly impaired in neurodegenerative diseases, shifting to hypoacetylation [176—
178]. In this context, HDAC], transforming hypo- to hyperacetylation, results in neuroprotection
[179-182]. Besides hyperacetylation, HDACi may also involve activation of the kinase pathway
by extrinsic signals, suppression of pro-apoptotic factors or microglial-mediated inflammation in
the process of neuroprotection [179, 180, 183|.

Hundreds of failed clinical trials with AD patients demonstrate the necessity to explore new
avenues to develop treatments away from the one-target—one-disease approach. Impairment of
HDAC function has been implicated in the pathology of AD. Over the last few decades several
compounds were designed to reduce the formation of AS plaques or increase clearance efficiency.
Among the diverse targets for the yet often unknown cause of neurodegenerative diseases
epigenetic remodelling has emerged as a therapeutic approach. Especially, HDAC inhibitors
have shown a beneficial impact on cognitive ability of impaired AD mouse models, exhibiting
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neuroprotective properties, while rescuing learning and memory abilities [184-191]. For example,
treatment with TSA rescued fear memory and learning behaviours, also showing a clearance
of ApB plaques and soluble A3 oligomers, attributing the improvement of AS pathology to the
phagocytosis of AS by microglia and endocytosis and transport by microvascular endothelial
cells [186, 191|. Age-dependent memory loss was improved by treatment with the pan-HDAC
inhibitor suberoylanilide hydroxamic acid (SAHA) [184]. Both effects mediated through increased
histone H4 acetylation. Furthermore, A degrading enzyme neprilysin (NEP) expression was
significantly increased upon HDACi by TSA, also implicating a direct regulation of NEP by
APP [192]. Microglia activation improved, in combination with degressive A3 deposition and
attenuated inflammation upon Class I HDAC inhibition [193]. Pan-HDACi by M344 reduced A3
accumulation and the phosphorylation of Tau Ser3?®, as much as decreased the gene expression
of B-site amyloid precursor protein-cleaving enzyme-1 (BACE), encoding for [-secretase and
apolipoprotein € 4 (APOEe4). On the other hand, gene expression of several other genes, relevant
in AD progression were increased, including, but not restricted to brain-derived neurotrophic
factor (BDNF), REST and a disintegrin and metalloproteinase 10 (ADAM10) [185]. Similar
effects were shown in accumulating studies of several different other HDAC inhibitors [187, 189,
194-196]. Several studies also indicated Tau as a substrate of HDACs. Tau acetylation was
increased upon selective HDACG6 inhibition as much as pan-HDACi enhances Tau aggregation
[92, 197, 198].

AD therapy approaches relying on HDACi show a positive influence on AS pathology. The
impact of HDACi on MAPT alternative splicing and Tau aggregation on the other hand is
loosely investigated. Sparse data indicate a contradictory effect by HDACi enhancing Tau
pathology, emphasising the need to push the limits to establish a disease model resembling
human physiology and Tau pathology.

1.5 Challenges in tauopathy research

For the last decades extensive effort was put into deciphering the molecular mechanisms
underlying physiological and pathological Tau. Despite great progress, investigation of Tau still
faces several limitations, including applicable animal models with pronounced Tau pathology or
species-specific alternative splicing machineries. Hence, emphasising the need for more accurate
disease modelling to tackle the challenges of decoding of the molecular mechanisms of Tau.

1.5.1 Animal disease models

A major limitation in understanding the molecular mechanisms connecting Tau to neurodegen-
eration has been the availability of disease models exhibiting key features of disease. Several
rodent models have been generated, but failed to reliably recapitulate Tau tangles and neuronal
loss as much as some key aspects of physiological Tau important for neuronal health [199,
200|. Despite the humanisation of the entire murine MAPT gene in a MAPT knock-in (KI)
mouse model expressing all six Tau isoforms, this model is limited in its application. As this
mouse model exhibits a relatively high 3R Tau expression, the MAPT KI mouse may only be
applicable for pathological Tau investigations in context of Class III tauopathies [201, 202].
However, advancement of imaging, genomic and genetic technologies has more and more shown
human-specific aspects of neural development, genetics, pathology and disease mechanisms.
Fundamental differences between humans and common animal models raise questions about the
information of disease development which was primarily gained from animal models. Notably,
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alternative splicing, a crucial key feature of Tau biology, is species-specific and experimental
animal models do not recapitulate patterns observed in the adult human CNS. Murine Tau
(mtau) is spliced only into the 4R isoforms in the murine adult brain, setting limits to the animal
models not able to be circumvented by generation of transgenic animal models, expressing
human Tau [203, 204]. In addition, failed translation of treatments into clinical trials strengthens
the need in human based research for therapy development. Tau dysfunction and aggregation is
known to occur decades prior to clinical symptom onset of common tauopathies. To prevent
substantial cell loss already present at the stage of clinical symptom manifestation, therapeutic
strategies addressing pre-symptomatic stages may be most successful [205]. Dissecting the earlier
stages of tauopathy on a molecular level will be a great addition to understand the pathology
and potentially identify targets for tauopathy therapy.

1.5.2 hiPSCs as a disease model

The achievement of reprogramming adult human fibroblasts into pluripotent cells elevated the
stem cell research, opening up opportunities hitherto restrained by ethical factors and feasibility.
In 2007, Yamanaka and co-workers successfully reprogrammed fibroblasts into pluripotent cells,
so called induced pluripotent stem cells by retroviral delivery of four factors: octamer binding
transcription factor 4 (Oct3/4), sex determining region Y-box 2 (SOX2), c-MYC and kruppel-like
factor 4 (KLF4), termed Oct3/4-SOX2-KLF4-c-Myc (OSKM) factors [206, 207]. Fast forward
to today human induced pluripotent stem cells (hiPSCs) are the preferred option for human
disease modelling, circumventing the ethical concerns associated with human embryonic stem
cells (ESCs). Whereby, hiPSCs and ESCs show great similarity by both expressing human
pluripotent markers and ESCs specific surface markers as much as holding the potential to
differentiate in all three germ layers [207, 208|. Even though, hiPSCs may exhibit a residual
epigenetic memory of the parental cells, similar observations were made in human ESCs, strong
arming the use of patient-derived hiPSCs for disease modelling [209-211].

Prior to the successful reprogramming of patient derived fibroblasts into hiPSCs, knowledge of
diseases was gained by primary cultures of patients derived cells. Those gave great access to
study individual therapeutic approaches of treatment as much as the aetiology of human diseases.
Hard to access materials, e.g. brain cells or heart cells, restrict this method to be applicable to
a variety of different diseases. Patient derived hiPSCs lifted these limitations by opening up a
way of precision medicine design by easily accessible cell types as a source for disease modelling
of genetic cause. Disease modelling starts of with patient-derived hiPSCs carrying the disease
causing aberration/mutation, which in the following will be differentiated into the affected cell
type to identify disease aetiology and uncover pathological processes during development. In the
beginning, hiPSCs unaffected by disease were used as study controls. Similar to other cell lines,
hiPSCs exhibit line-to-line differences making distinguishing between line-to-line variation and
disease-relevant phenotype difficult to interpret. Site-specific genome editing by, e.g. clustered
regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated protein 9 (Cas9),
allow the correction of disease relevant mutations in patient derived hiPSCs, with identical
genomic background except for the mutation of interest, circumventing the issue of line-to-line
variation. This approach enables confident interpretation of obtained data excluding line-to-line
effects as much as potential relevance of other single nucleotide polymorphisms (SNPs) in disease
pathology. Several groups demonstrated the value of hiPSCs for tauopathy studies. However,
one major challenge remains. In vitro recapitulation of Tau pathology is hard, due to the
relative immaturity of hiPSC derived neurons. Numerous studies showed predominantly fetal
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ON3R Tau isoform expression in disease unrelated hiPSC derived cortical neurons. Despite a
shift in alternative splicing to 4R and 3R isoform expression, the shortest Tau isoform remains
predominantly expressed [212-219]. Common knowledge in working with hiPSCs and derivatives
for Tau studies is the necessity of long-term culturing. 365 days of neuron culture is needed for
a start in 4R Tau isoform expression. Extensive culture time allows for the detection of ON3R,
ON4R, IN3R and 1N4R, with remaining predominant fetal ON3R expression [215, 220]. Despite
the detection of all adult Tau isoforms on a post-transcriptional level in hiPSC derived cortical
neurons, detection of those on a protein level was not reported [221], making studying exon 10
related alternative splicing challenging. Hence, hiPSC derived neurons have been investigated
under pathological conditions by introduction of different intronic and exonic Tau mutations
associated with tauopathy. Pathogenic intronic point mutation IVS10-+16 ¢ > t shows inclusion
of exon 10 in hiPSC of healthy donors, directly linking the mutation with alternative splicing
alteration associated with tauopathy [218, 220]. Furthermore, introduction of MAPT IVS10+16
¢ > t showed hyperphosphorylation, similar to patient derived hiPSCs exhibiting the MAPT
IVS10+16 ¢ > t mutation [218|.

Thus, increasing the maturity of hiPSC derived neuron cultures for physiological Tau studies,
more sensitive methods for isoform detection and pathological recapitulation of tauopathy
pathology remain a challenge and need further investigation.

1.6 Alternative splicing monitoring

Different spliced isoforms not only contribute to an essential resource of protein diversity,
but their imbalance can also be a reason of disease development. Besides disease association,
alternatively spliced isoforms comprise distinct biological functions, emphasising the need to
explore a way of accurate quantification of certain splice isoforms, in healthy and disease state.
Several analyses for alternative splicing investigation are established, but have their limits.
Measurement of mRNA by endpoint labelling, as quantitative real-time PCR (qRT-PCR),
single-molecule fluorescent in situ hybridization (smFISH) and RNA sequencing, neglect post-
transcriptional, co- and post-translational modifications [222-224]. Translational arrest, riboso-
mal frame-shift regulation and locally translated mRNA will be undetected by these methods,
therefore mRNA based analyses may be misleading [225-228]. Alternative splice isoform analyses
on protein level as single time point immunochemistry, like immunoblot chemistry or immunoflu-
orescence stainings are highly reliant on protein and isoform specific antibodies. Also, detection
of low expressed proteins may be restrained by the sensitivity of the method autonomous of
isoform specific antibodies. Mimicry of the endogenous environment is usually accomplished
by minigenes. As the whole splicing process is a very delicate mechanism, minigenes may
overexpress partial intron/exon regions, as much as truncate or excluding other relevant regions
for representation of the physiological splicing events [229, 230]. Indications have been made,
that transient overexpression of minigenes competitively bind splice factors oppressing the en-
dogenous binding resulting in altered splicing of collateral genes, disrupting overall physiological
splicing [231].

1.6.1 Exon Specific Isoform Expression Reporter System

We recently published a novel method for alternative spliced isoform analysis, the Exon Specific
Isoform Expression Reporter System (EXSISERS) [1]. With its non-invasive, scarless post-
translational excision of an exon present reporter domain, the EXSISERS circumvents named

19



1 Introduction

\
\
k Nucleus Cytosol
3
<
ady \ TRANSLATION

ERENSERIBTON mature mRNA: |soform 1 ‘ protein: isoform 1
A\
/ \ )
pre-mRNA ey mature mRNA: Isoform 2
it exem protein: isoform 2
WT cells
unchanged endogenous
protein sequence & structure
Knock-In via
CRISPR/Cas9
TRANSLATION
NUCLEAR +
EXPORT EXSISERS EXCISION
T T —
— Y
protein: isoform 2 + reporter 2
Oy ey
. . - A
o . G /)/
> EXSISERS 2 é\j
protein: isoform 2 + reporter

EXSISERS cells + reporter 2

Figure 1.3: Exon Specific Isoform Expression Reporter System. Schematic description of mRNA
processing and subcellular trafficking in mammalian cells. After transcription of the pre-mRNA, alternative
spicing in the nucleus can lead to different mature mRNA variants by inclusion or exclusion of an alternatively
spliced exon (red). Via nuclear transport, the mature mRNAs are transported into the cytosol, the place of
translation. The different mature mRNAs lead to different protein isoforms (wild type (WT) cells). Clustered
regularly interspaced short palindromic repeats (CRISPR)/clustered regularly interspaced short palindromic
repeats (CRISPR)-associated protein 9 (Cas9) based knock-in (KI) approach of the Exon Specific Isoform
Expression Reporter System (EXSISERS) into the alternatively splices exon, enables the detection of different
splicing events, whereby, reporter 1 (yellow) KI in the alternatively spliced exon (EXSISERS 1) is specific
for the isoform of interest, reporter 2 (green) KI (EXSISERS 2) represents an universal exon (bright grey).
Post-translational intein-mediated, scarless self-excision of the exon-specific reporters from the protein of interest,
allows reporter based detection of isoforms 1 and 2 with unchanged endogenous protein sequence and structure
(EXSISERS cells).
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limits of established methods. Inclusion of a luciferase reporter in an alternative spliced exon of
interest (EOI) and a second luciferase reporter in an universally expressed exon, present in any
protein isoform, enables non-invasive quantification of exon usage on a protein level without
disruption of the endogenous protein sequence nor structure (Fig. 1.3). The reporters are
co-translated and rapidly released by a protein splicing event, mediated by inteins, preserving
the original isoform ratios. The EXSISERS takes advantage of the distinct substrates of the
nano luciferase (NLuc) and firefly luciferase (FLuc), building the reporter for the EOI and the
universally expressed exon, respectively. Bioluminescence in itself has been greatly used due to
its high sensitivity, broad dynamic range and operational simplicity. Using the 19 kDa small
luciferase subunit of Oplophorus gracilirostris improved the field of biotechnological usage of
luciferases greatly by higher expression in mammalian cells [232]. By extensive modulation
of this subunit a new system was created, known as NLuc [233|. NLuc utilises furimazine
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to furimamide in an ATP independent reaction. High-intensity bioluminescence is produced,
centred at 470 nm. Photinus pyralis FLuc has also been greatly studied. As a 62 kDa luciferase,
FLuc catalyses D-luciferin oxidation ATP dependent to oxyluciferin, while producing high
emission centred at 560 nm.

1.6.2 Protein Splicing

Inteins as a parasitic element present in all kingdoms of life, are usually integrated within essential
protein coding gene sequences, not disrupting protein production, due to post-translational
traceless excision (234, 235]. Hereby, the inteins carry out an unique process of self-excising
out from a larger precursor peptide by cleavage of two peptide bonds and subsequent ligation
of the downstream and upstream located polypeptide sequences (exteins) by forming two new
peptide bonds, a mechanism known as protein splicing. Intein-mediated protein splicing is a
spontaneous process, independent of any external factors or energy sources. Requirement of
intein self-excision is exclusively the folding of the intein domains (reviewed in [236]). Less than
5% of all inteins are split inteins. Split inteins are transcribed and translated as two separate
polypeptides, the N-intein and the C-intein. Both of these inteins are fused to an extein, the
N-extein and C-extein, respectively. Post-translation, the split inteins assemble spontaneously
and non-covalently into the canonical intein structure for trans protein splicing. Protein splicing
or trans splicing found many uses including segmental isotope labelling of proteins for nuclear
magnetic resonance (NMR) studies, gene editing procedures using split genes, protein two-hybrid
methods to identify protein-protein interactions and sub-cellular protein location, side specific
labelling and modification [237-241].

1.7 Objective

MAPT alternative splicing and the Tau isoforms are well studied, but an efficient therapy
tackling the aggregation of Tau is still unexplored and restrained by the lack of human based
disease models. In wvitro hiPSC models based alternative splicing investigations are so far
restricted by laborious and vulnerable neuronal long-term cultures.

This work is sought to

(1) close the gap of missing human based models for MAPT exon 10 alternative splicing
investigation in a biotechnological approach, by introducing the novel EXSISERS in
hiPSCs;

(2) establish a model to investigate the MAPT exon 10 alternative splicing pattern in diverse
sets of cell types under physiological and pathological conditions, circumventing vulnerable
neuronal long-term culture; and

(3) investigate the MAPT exon 10 alternative splicing modulation in a pharmacological HTS
platform to further decipher the mechanisms involved.

In the long run, this work aims to build the bases to help highlight targets for early pharmaco-
logical interference in Tau pathology.
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2 Results

2.1 MAPTEXSISERS LiPSC model

In order to establish an hiPSC based MAPT alternative splicing model, I exploited the novel
EXSISERS by generating a MAPTEXSISERS 1iPSC model. Focusing on the regulation of the
alternatively spliced exon 10, I adapted the novel EXSISERS to report on the 4R isoforms and
total Tau expression (Fig. 2.1).

An experimental EXSISERS was introduced in the alternative spliced exon 10, for 4R isoform
monitoring. A control EXSISERS was included in the universally expressed exon 11 for total
Tau expression monitoring (Fig. 2.1a). In general, the EXSISERS cassettes are comprised of:

gpd1 OLLAS F3

gp41 NrdJ NrdJ

MAPT y
EXSISERS 7
start codon LN
£ Isoforms FLuc  NLuc
[[R4 ] MR
Tre | we
] oy
ral wor
] I
Te] oo
b gpat OLLAS F3 FLAG LoxP

intein mediated excision of luciferases
on a protein level

Figure 2.1: Scheme and mechanism of MAPTEXSISERS | (3) Schematic description of the CRISPR,/Cas9
mediated knock-in (KI) of the experimental Exon Specific Isoform Expression Reporter System (EXSISERS)
(nano luciferase (NLuc), yellow) and control EXSISERS (firefly luciferase (FLuc), green) cassettes for Tau 4R
isoform monitoring. KI of the experimental EXSISERS into MAPT exon 10 (red), enabling detection of the
inclusion and exclusion of exon 10 by NLuc (yellow). Total Tau is monitored by control EXSISERS (FLuc,
green) KI in MAPT exon 11, an universal exon (light grey). The cassettes are introduced into exon 10 (10.1,
10.2), or exon 11 (11.1, 11.2) upstream of Ser for efficient intein mediated excision of the luciferase on a protein
level. N- and C-terminal split inteins (N-Int, C-Int) mediated excision of the NLuc (gp41 split-inteins) and FLuc
(NrdJ split-inteins) is increased by flanking a-helices (AP6, P5, AP4, P3). (b) Post-translational intein-mediated
scarless self-excision of the exon-specific reporters from the protein of interest allows reporter based detection of
the 4R Tau isoforms (NLuc, yellow) and Total Tau (FLuc, green) with unchanged endogenous protein sequence
and structure. Modified, based on [1].
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Figure 2.2: CRISPR/Cas9 mediated genome editing in hiPSCs. (a) Knock-in (KI) strategy to establish
a CRISPR/Cas9 mediated MAPTPXSISERS 1ipSC model. (b) EXSISERS ¢ targeting of MAPT exon 11.
Donor vector (firefly luciferase (FLuc) donor, green) and sgRNA (sgRNA Ex11, grey)-SpCas9 (blue) expression
vector were co-delivered. KI was selected by puromycin and confirmed by gDNA based PCR, distinguishing
between KI (+) and wild type (WT) (-) by size. (¢) The puromycin resistance (PuroR) cassette (light blue)
was excised by transient Cre recombinase (Cre) (light green) expression. (d) MAPT exon 10 was targeted for
EXSISERSN™"¢ KI (nano luciferase (NLuc) donor, yellow). The CRISPR/Cas9 system is co-delivered by a sg-
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Figure 2.2 (continued): RNA (sgRNA Ex10, red)-SpCas9 (blue) expression vector. Successful KI is confirmed
by gDNA PCR after antibiotic selection, distinguishing between KI and WT by size. (e) Excision of the PuroR in
the EXSISERSN¢ cassette by transient flippase (FLP) (brown) expression. Cells were subsequently clonalised
by single cell expansion and successful PuroR excision checked by gDNA PCR, distinguishing between excised (-)
and remaining (+) PuroR by size and sequenced by Sanger sequencing.

a N-terminal split-intein (N-Int), a-helices, a luciferase-reporter, an epitope tag and a C-terminal
split-intein (C-Int). The experimental EXSISERS cassette, include gp41 split-inteins, F.coli
OmpF linker and mouse langerin fusion sequence (OLLAS) as an epitope tag and NLuc as
a reporter for 4R Tau isoform expression. In case of the control EXSISERS cassette, NrdJ
split-inteins, FLAG as an epitope tag and FLuc as a reporter for total Tau expression are
included (Fig. 2.1a). Using split-inteins of different origin ensured precise protein-splicing of the
EXSISERS cassettes, eliminating cross-splicing between the two cassettes (Fig. 2.1b). Intein
mediated protein-splicing efficiency was enhanced by a-helices adjacent to the split inteins,
enabling a faster excision by bringing the two splice-inteins in close proximity to each other.
Using NLuc and FLuc as reporters enables an assessment of the 4R isoforms and total Tau
expression within the same sample at the same time.

2.1.1 Gene targeting in hiPSC

HiPSC with their multiple possibilities of differentiation into several distinct cell types bring
research closer to identifying key factors in disease regulation. To apply our novel EXSISERS for
precise MAPT alternative splicing studies in a pharmacological manner, I tackled the obstacle
of gene targeting several hiPSC lines without losing their pluripotency, establishing a targeting
pipeline (Fig. 2.2a). Several recovery phases interposed the four precise gene targeting steps to
keep the hiPSC identity. In general, introduction of the experimental and control EXSISERS,
including a puromycin resistance (PuroR) cassette for positive selection, was mediated using
the established CRISPR/Cas9 system. Donor vectors carrying the respective EXSISERS with
flanking asymmetric homology arms for exon 10 and exon 11 were co-delivered into the parental
hiPSC line with a vector carrying the CRISPR/Cas9 system (Fig. 2.2b, d). Selection was applied
after a three day recovery phase, ensuring a steady pluripotency of the targeted hiPSCs. Entering
a second recovery phase, colonies were manually picked under sterile conditions, expanded and
genotyped for successful KI of the referring EXSISERS. MAPTEXSISERSEx1L:FLuc_PuroR 5 q
MA pTEXSISERSEx10:NLuc_PuroRExIL:FLuc 1 hgjtive cells were targeted for PuroR excision. In case
of MAPTEXSISERSExIL:FLuc_PuroR the PuroR cassette, flanked by LoxP sites, was mediated
by Cre recombinase (Cre) transiently expressed upon plasmid delivery in a second targeting
step. Targeted EXSISERSMAPTEx1L:FLuc_PuroR 1)ipS(Cs were expanded and clonalised. Clones
were verified for successful excision of the PuroR cassette by negative selection. Excision
of the selection cassette of MAPTFXSISERSEx10:NLuc_PuroRExIL:FLuc - flanked by flippase (FLP)
recognition target (FRT) sites, was mediated by FLP delivery. Successful excision of the PuroR
cassette from the MAPTEXSISERSExI0:NLuc_PuroRExIL:FLuc hipSC was verified by genotyping
and Sanger sequencing.

Establishing this pipeline turned out to be successful, nevertheless, I met several issues in the
process. Generally, one colony was considered to be emerged from one single cell. Therefore,
clonalisation between every targeting step was performed by manual colony picking under sterile
conditions. Five parental hiPSC lines were targeted for generation of a MAPTEXSISERS 1ipSC
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2.1 MAPTEXSISERS 1ipSC model

Table 2.1: hiPSC MAPTEXSISERS KT statistics. Selectional pressure was applied for knock-in (KT)
targeting steps of exon 10 nano luciferase (NLuc) (Ex10 NLuc) and exon 11 firefly luciferase (FLuc) (Ex11 FLuc)
(grey), by included puromycin resistance (PuroR) cassette. Resistance cassette was excised by either flippase
(FLP) or Cre recombinase (Cre).

Cell line Editing Clones hom het WT hom targeted
[#] [#] [#] [#] [7] [7%]

Ex10 NLuc

uilk 2 [3.5 kbp| 49 16 0 0 32.65 32.65
FLP
[-2.3 kbp] 3 3 0 0 100.00 100.00
Ex11 FLuc
[4.7 kbp] 23 15 3 5 65.22 78.26
Cre
[-2.3 kbp] 30 3 0 0 10.00 10.00
IVS10+16 Ex10

vuna_3 NLuc [3.5 kbp] 21 2 14 5 9.52 76.19
FLP
[-2.3 kbp] 53 3 0 0 5.66 5.66
Ex11 FLuc
[4.7 kbp] 15 3 11 1 20.00 93.33
Cre
[-2.3 kbp] 34 1 0 0 2.94 2.94
Ex10 NLuc

vuna_3 [3.5 kbp] 20 3 14 5 15.00 85.00
FLP
[-2.3 kbp] 24 0 0 0 0.00 0.00
Ex11 FLuc
[4.7 kbp] 4 1 1 2 25.00 50.00
Cre
[-2.3 kbp] 44 0 0 0 0.00 0.00

model. These cell lines showed different targeting efficiencies in KI efficiency undergoing
the targeting pipeline (Tab. 2.1). In this process, the parental hiPSCs HPSI0913i-diku_ 1,
HPSI1013i-yemz 1, and HPSI1113i-qolg 1 did not yield any EXSISERS KI, either by toxicity
of the DNA delivery or inefficient editing efficiency. We did not consider pursuing establish-
ing the EXSISERS in those parental hiPSCs further, based on the cell line dependent DNA
delivery toxicity. Issues with the targeting of HPSI0514i-vuna_ 3 were revealed by checking
the intein-mediated excision of the control and experimental EXSISERS by immunoblotting,
observing an abolished Tau expression (data not shown). Despite successful KI of the control
and experimental EXSISERS in HPSI0514i-vuna_ 3, genome DNA PCR spanning the whole
locus identified a unsuccessful excision of the eukaryotic translation elongation factor 1 o (EF1la)
promoter regulated PuroR cassettes from both loci. Repeated targeting with Cre and FLP was
not successful, respectively. Hence, one step of the pipeline seemed to cause a false positive.
Initially, successful PuroR was verified by negative selection. However, targeting of HPSI0514i-
vuna_ 3 did not give any indication of remaining PuroR cassette, as negative selection worked
as expected. Moreover, remaining selection cassette is suspected to lower the KI efficiency
of the experimental EXSISERS. Yet, targeting the EXSISERSMAPTEx1L:FLuc_PuroR ¢oneg for
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EXSISERSMAPTEx10:NLuc_PuroR KT vielded a targeting efficiency of 85%, with a homozygous KI
in 15% of cases (Tab. 2.1). We concluded, that potential silencing of the EFla promoter may
cause observed results. The pipeline was adjusted accordingly to account for potential silencing
of the EFla promoter resulting in false positive indications of PuroR excision. Therefore,
negative selection as PuroR excision verification was replaced by genotyping expanding to a
locus spanning PCR of the respective clones and limited dilution substituted for manual colony
picking for clonalisation after PuroR excision targeting. Considering the changes, I established
a new pipeline (Fig. 2.2).

In the scope of this thesis two MAPT EXSISERS hiPSC models were successfully gener-
ated, in the following referred to as MAPTEXSISERS and M4 prTVSI0+HIGEXSISERS = KT of
EXSISERSMAPTEx1L:FLuc_PuroR iy pr4 pTEXSISERS [ad 4 targeting efficiency of 78.26% (ho-
mozygous KI: 65.22%), while PuroR cassette excision from the control EXSISERS resulted
in an efficiency of 10%. Experimental EXSISERS KI yielded a targeting efficiency of 32.65%
homozygous KI, while excision of the PuroR cassette yielded a 100% targeting efficiency
(HPSI0614i-uilk 2, Tab. 2.1). For MAPTTVSI0+I6EXSISERS “officiency targeting exon 11 was
93.33%, 20% accounting for a homozygous KI. The IVS10+16 ¢ > t point mutation to generate
the MAPTTVSI0+16EXSISERS 1ipSC model was introduced in the third targeting step of the
pipeline. Hereby, the donor vector carrying the experimental EXSISERS included the point
mutation in its 3’-homology arm, introducing not only the EXSISERS but also the mutation of
interest by homology directed repair (HDR). This KI showed a targeting efficiency of 76.19%,
whereby, 9.52% account for a homozygous KI (HPSI0514i-vuna_ 3, Tab. 2.1). PuroR excision
showed a 5.66% efficiency in all tested clones. Final verification of successful generation of
MAPTEXSISERS hiPSCs was performed by Sanger sequencing (App. Fig. A.1b, ¢, e). Subse-
quently, generated MAPT EXSISERS hiPSC cell models underwent quality control, checking for
pluripotency, the capacity to differentiate into all three germ layers and a undisturbed karyotype.
Pluripotency and a normal karyotype was observed for both cell lines (App. Fig. A.3, App. Fig.
A.2).

2.1.2 Longitudinal Tau monitoring

Technical evaluation of the MAPTFXSISERS gystem was published recently [1]. Human embryonic
kidney cells (HEK293T) show very low endogenous MAPT expression. EXSISERS mediated
alternative splicing monitoring upon CRISPR, activation in HEK293T was shown. Verifying the
general applicability of the system for alternative splicing studies. We used our generated hiPSC
MAPTEXSISERS and pMAPTTVSI0FIGEXSISERS 1)6dels to establish MAPT alternative splicing
monitoring on an endogenous level. Although, expression of 4R Tau expression is minor in
hiPSC, the fetal ON3R isoform shall already be detectable in hiPSC. To draw on the full potential
of our hiPSC based EXSISERS models, I foremost adapted the bioluminescence measurement
protocol. Bioluminescence measurements were adapted for stable isoform assessment. Inclusion
time was increased compared to HEK293T cells to be able to detect a reliable FLuc (total Tau)
expression. Surprisingly, the sensitivity of the luciferase mediated EXSISERS system allowed
detection of NLuc signal (4R Tau expression) already in hiPSC state. 4R isoforms previously
thought to be unexpressed in hiPSC (Fig. 2.3a). Based on the requirements in hiPSCs and
subsequent hiPSC derivates, I assessed the correlation between the two luciferase reporters
under the newly set measurement conditions. Based on simplicity, luciferase correlation was
assessed by transient expression of NLuc and FLuc from the same plasmid, in HEK293T cells.
Subsequent bioluminescence measurements under newly set conditions indicated a brighter
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Figure 2.3: Longitudinal 4R isoform monitoring. (a) Total Tau (relative FLuc RLUs) and 4R Tau (relative
NLuc RLUs) expression in MAPTEXSISERS (Jight green, yellow) and MAPTTVSIOTI6EXSISERS (1) green, orange)
hiPSC derived neurons over a time period of 81 days of differentiation relative to d0 of MAPTEXSISERS (1)
Longitudinal 4R /Total Tau ratio for EXSISERS based Tau isoform expression in MAPTEXSISERS (grey) and
MAPTYVSI0HIGEXSISERS (10q) hiPSC derived neurons over a time period of 81 days of differentiation. (c)
Representative immunoblots of pan-Tau, 3R and S-actin as housekeeping gene in MAPTEXSISERS hipSC derived
neurons. Bioluminescence was measured every 10 days. Data represent the mean + SD of three independent
experiments. Statistical significance of selected ANOVA Bonferroni MCT results are shown, p-values: * < 0.1,
** <0.01, ¥ < 0.001, ¥*¥*¥* < 0.0001, respectively (detailed statistical results are provided in Supp. Tab. A.1).

NLuc signal compared to FLuc, concluding that 57 FLuc molecules are needed to match the
brightness of one NLuc molecule (App. Fig. A.4).

To demonstrate non-invasive monitoring of MAPT exon 10 under endogenous Tau expression, I
differentiated MAPTEXSISERS and MApTTVSI0HI6EXSISERS 1)ipS(C into hiPSC derived neurons
while monitoring the 4R Tau and total Tau expression through NLuc and FLuc over a period
of three months (Fig. 2.3). Neural differentiation was initiated by differentiating the hiPSCs
(d0) to hiPSC derived smNPCs, following the adherent smNPC differentiation protocol. On day
21, cells show characteristics of smNPC (App. Fig. A.5). MAPTEXSISERS ghowed a graduate
increase in the fractional of 4R Tau expression (Fig. 2.3a, b). 4R Tau expression reached a
plateau at d51 of differentiation, which remained similar from that day forward (relative NLuc
RLU 2528.76 + 194.8, Fig. 2.3a). Total Tau, on the contrary, increased in expression over the
complete time course of three month in MAPTEXSISERS 1ipSC derived neurons (Fig. 2.3a).
Intriguingly, MAPTVSI0+16EXSISERS hipSC derived neurons showed an elevated 4R /Total Tau
ratio already in the undifferentiated hiPSCs compared to MAPTEXSISERS (yelative NLuc RLU
14.38 £+ 0.98, Fig. 2.3b). Elevated 4R Tau isoform expression stably detected by bioluminescence
measurement was not detected by immunoblotting (Fig. 2.3c, App. Fig. A.6). Subsequently,
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Figure 2.4: Longitudinal MAPT expression. (a) mRNA expression of MAPT excluding exon 10 (cor-
responding to the 3R isoforms) mRNA in MAPTEXSISERS (light blue) and MAPT'VSIOTIGEXSISERS ((qar)
blue) hiPSC derived neurons relative to total MAPT mRNA (Total Tau) expression. (b) mRNA expres-
sion of MAPT including exon 10 mRNA (corresponding to the 4R isoforms) in MAPT®*SSERS (vellow) and
MAPTSIOTI6EXSISERS (orange) relative to total MAPT mRNA (Total Tau) expression. Data represent the
mean + SD of three independent experiments. Statistical significance of selected ANOVA Bonferroni MCT
results are shown, p-values: * < 0.1, ** < 0.01, *** < 0.001, **** < 0.0001, respectively (detailed statistical
results are provided in Supp. Tab. A.1).

the isoform expression increased non-monotonically, with peaks at day 51 and day 81 of neuron
differentiation. Relative NLuc RLUs clearly show a steady increase of 4R Tau expression up to
day 51 of neuron differentiation (relative NLuc RLU 11488.01 + 352.38, Fig. 2.3a). In contrast,
total Tau expression increased only slightly over the time course of 51 days of differentiation
(Fig. 2.3a). Overall, total Tau expression was significantly lower in MAPTTVS10+16EXSISERS
compared to MAPTEXSISERS 4R Tau and total Tau expression were significantly reduced after
that in MAPTTVSIOHIGEXSISERS 1)ipSC derived neurons older than 51 days, falling under the
expression level observed in MAPTEXSISERS hipSC derived neurons (Fig. 2.3a).

Successful monitoring of MAPT alternative splicing by the EXSISERS made us confident
in using our two hiPSC models for further alternative splicing studies. Nevertheless, our
system detects alternative splicing processes on a protein level. Reporter based detection is
allowing the distinction between the 4R Tau isoforms, by NLuc and the overall total Tau
expression, by FLuc. Total Tau expression is therefore including all isoforms expressed at the
time point of measurement. Thus, EXSISERS do not report on the 3R Tau expression by a
reporter. To enable the analysis of 3R to 4R Tau expression in our longitudinal monitoring, I
sought to investigate the MAPTEXSISERS gnd M4 pTIVSI0HIGEXSISERS hipSC derived neurons
on an mRNA level. Specific probes targeting the exon junctions for MAPT exon 10 in- and
exclusion allowed us to distinguish 3R and 4R Tau corresponding RNA expression over the
time course of the differentiation. Expression of the mRNA corresponding to the 3R isoform
was increased in the MAPTEXSISERS hetween day 0-41 of differentiation (relative MAPT exon
10 excluding mRNA expression 1.48 £ 0.08, p-value: **** < 0.0001, two-way analysis of
variance (ANOVA) with Bonferroni multiple comparison test (MCT), Fig. 2.4a). In contrast,
MAPTTIVSI0HIGEXSISERS o} gwed an overall lower MAPT exon 10 excluding mRNA expression
compared to MAPTEXSISERS (Fig 2 4a). MAPT exon 10 including mRNA expression elevated
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over time of differentiation in MAPTEXSISERS yp to day 41. Expression decreased after that

until day 101, showing the highest expression of MAPT exon 10 including mRNA (relative
MAPT exon 10 including mRNA expression 3.17 + 0.48, Fig. 2.4b). Contrary to MAPT exon
10 excluding mRNA, mRNA corresponding to the 4R isoforms showed significant increase in
MAPTVSI0FI6EXSISERS 1)ipS(C derived neurons, with highest expression on day 41 (relative
MAPT exon 10 including mRNA expression 7.71 4+ 0.86, p-value: **** < 0.0001, two-way
ANOVA with Bonferroni MCT, Fig. 2.4b). A lower but steady elevated expression was
observed at later time points of differentiation (Fig. 2.4b). Notably, 4R/Total Tau expression
on posttranscriptional and posttranslational level was matching in both MAPTEXSISERS 554
MAPTSIOHIGERSISERS (Rig 2 3h, Fig. 2.4b).

We showed successful non-invasive monitoring of 4R Tau isoform expression over several weeks
of neuron differentiation by the EXSISERS, allowing specific 4R Tau detection starting from
the hiPSC state not possible by commonly used methods.

2.2 Increased neuron complexity in MAP T'VS10+16EXSISERS

Coinciding with application of our generated EXSISERS cell models for MAPT alternative
splicing investigation, I sought to investigate our two EXSISERS cell models, one with the 4R
Tau isoforms increasing intronic point mutation IVS10+16 ¢ > t, based on neuron complexity.
Sholl analysis of MAPTEXSISERS and MAPTTVSI0+16EXSISERS 1P derived neurons showed
an highly significant difference in neuritic tree complexity of the two cell models. We observed
a greater number of intersections in the Sholl analysis of 41 days old MAPTTVS10+16EXSISERS
hiPSC derived neurons compared to MAPTEXSISERS 1iPSC derived neurons (p-value: **** <
0.0001, Kolmogorov-Smirnov-Test, Fig. 2.5a). While the total length between the parental cell
lines HPSI0614i-uilk 2 (MAPTEXSISERS) and HPSI0514i-vuna 3 (MAPTTVSI0+16EXSISERS)
was indifferent, total length of the neuritic tree between both EXSISERS cell models was
significantly different (Fig. 2.5b, ¢). MAPTTVSI0+I6EXSISERS o} qwed significantly greater total
length (two-tailed p-value: **** < (0.0001, unpaired parametric t-test, Fig. 2.5b). To exclude any
KT and genotype effect, considering the different parental cell lines of both EXSISERS cell models,
I also investigated the parental cell lines concerning their neuritic tree complexity (App. Fig.
A.7). hiPSC derived neurons of the parental cell line HPSI0514i-vuna_ 3 showed higher efficiency
in neuron differentiation compared to neurons derived from the parental cell line HPSI0614i-
uilk 2 and MAPTEXSISERS Tnterestingly, comparing HPSI0514i-vuna_ 3 derived neurons with
MAPTTVSIOFIGEXSISERS o} gwed a significant increase in neuron differentiation efficiency by
the EXSISERS KI (App. Fig. A.7a). Number of intersections in the Sholl analysis of day 41
old neurons was significantly increased in HPSI0514i-vuna_ 3 compared to HPSI0614i-uilk 2
(p-value: **** < (0.0001, Kolmogorov-Smirnov-Test, App. Fig. A.7b). Comparison of parental
HPSI0614i-uilk 2 hiPSC derived neurons with MAPTEXSISERS = yr4 pTEXSISERS o} gwed an
overall shorter neuritic tree total length (p-value: ** < 0.01, Kolmogorov-Smirnov-Test, App. Fig.
A.7¢). Complexity was slightly increased in the parental neurons compared to the EXSISERS
KI neurons (p-value: * < 0.05, Kolmogorov-Smirnov-Test, App. Fig. A.7c), greater difference in
total length and complexity of the neuritic tree was apparent by comparing the hiPSC derived
neurons of the parental cell line HPSI0514i-vuna_ 3 and MAPTVSI0FI6EXSISERS =~ Tota] neuritic
tree length was three times longer in MAPTTVSIOHIGEXSISERS ¢ompared to HPSIO514i-vuna_ 3
hiPSC derived neurons (p-value: **** < 0.0001, Kolmogorov-Smirnov-Test, App. Fig. A.7e).
Results were similar when comparing both based on their complexity.
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Figure 2.5: Maturation effect in hiPSC MA PT'VS10+16EXSISERS {erived neurons. (a) Sholl analysis
of the number of intersections with respect of their distance from the soma of 41 day old MAPTEXSSERS (hright
grey) and MAPT!VSIOTIGEXSISERS (164) hiPSC derived neurons. Intersections of Sholl analysis were counted at a
2pm interval. (b) Total neuritic length of parental HPSI0614i-uilk 2 (dark grey) and HPSI0514i-vuna_ 3 (blue)
and EXSISERS KI MAPTEXSISERS (hyight grey) and MAPTTYSIOTIOEXSISERS (164) hiPSC derived neurons. (c)
Exemplary fluorescence images of MAPTEXSISERS and MAPTEXSISERS ransiently expressing GFP (green) and
immunofluorescently stained for the neuronal marker NeuN (red) and DAPI (blue). Data show the mean +
SEM of 40 measured neurons per cell line. Selected statistical tests (Kolmogorov-Smirnov-Test (a), unpaired
two-tailed t-test (b)) are shown: p-value: * < 0.05, ** < 0.01, *** < 0.001, **** < 0.0001 (detailed statistical
results are provided in Supp. Tab. A.5 and Supp. Tab. A.6.)

Complexity was significantly greater in MAPTTVSIOHIEXSISERS (1, yalye: **5% < 0.0001,
Kolmogorov-Smirnov-Test, App. Fig. A.7f).

Increased neuron complexity was observed in MAP hiPSC derived neurons
with increased 4R Tau expression, compared to parental cells and the EXSISERS KI counterpart
MAPTEXSISERS )

TIVSlO+ 16EXSISERS

2.3 MAPTEXSISERS £or pharmacological HTS

Stoilov et al., 2008 [242] previously investigated MAPT alternative splicing modulators using
minigenes. In this context the DYRK1A/GSK3/4 inhibitor 5-Iodotubercidin (5-ITU) was
identified as a compound with 4R Tau upregulating properties. To test, whether our system
not only is applicable for pharmacological HTS for MAPT alternative splicing modulation, but
also to evaluate whether our system has a cell type independent responsiveness, I differentiated
the MAPTEXSISERS into hiPSC derived small molecule neuronal precursor cells (smNPCs) and
forebrain organoids (FBOs). Both were treated with increasing concentration of 5-ITU (Fig.
2.6a). Cell viability upon 5-ITU treatment of different concentration, over the time course of 72 h,
was assessed to confirm a Tau dependent upregulation of the relative values. Treatment with
concentrations lower than 1M had no significant impact on cell viability in MAPTEXSISERS
and MAPTTVSIOHIGEXSISERS 1hipSC derived smNPCs. 5-ITU treatment with concentrations
of 1uM or 10 uM showed a reduction of cell viability in both hiPSC derived smNPC lines up
to 50% (Fig. 2.6b). In case of hiPSC derived smNPCs, a treatment with 1puM 5-ITU over
the time course of 48 h showed a significant increase in the 4R/Total Tau ratio compared to
vehicle control (2.93 4 0.78, p-value: **** < (0.0001, two-way ANOVA with Bonferroni MCT).
Treatment over a period of 72h increased the 4R/Total Tau ratio even more (3.40 + 0.89,
p-value: **** < (0.0001, two-way ANOVA with Bonferroni MCT, Fig. 2.6¢, d). Unravelling the
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Figure 2.6: Cell type independent EXSISERS response. (a) Scheme of compound treatment of
human induced pluripotent stem cell (hiPSC) derived small molecule neuronal precursor cells (smNPCs)
and forebrain organoids (FBOs). (b) Linear-log-plot of cell viability of hiPSC MAPTE*SISERS (grey) and
MAPT'VSIOTIGEXSISERS (164) derived smNPCs upon exposure to increasing concentrations of 5-Iodotubercidin
(5-ITU) over 72h. (c) 4R/Total Tau ratio of relative nano luciferase (NLuc) (4R Tau) and firefly luciferase
(FLuc) (Total Tau) RLUs normalised to vehicle, as a function of increasing DYRK1A /GSK3/ inhibitor 5-ITU
concentration after 24h, 48h and 72h in MAPTEXSISERS KipSC derived smNPCs. (d) 4R/Total Tau ratio, Total
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Figure 2.6 (continued): Tau and 4R of the RLUs of NLuc and FLuc normalised to vehicle, as a function of
increased 5-ITU concentration after 72h in MAPT®XSISERS hipSC derived smNPCs. (e) 4R/Total Tau ratio of
the RLUs of NLuc and FLuc normalised to vehicle, as a function of increased 5-ITU concentration after 72 h
(light grey) and 10 days (dark grey) in MAPTEXSISERS 1ipSC derived FBOs (f) 4R/ Total Tau (dark grey), Total
Tau (green) and 4R Tau (yellow) of the RLUs of NLuc (4R Tau) and FLuc (Total Tau) normalised to vehicle, as
a function of increased 5-ITU concentration after 10 days in MAPTEXSISERS hipSC derived FBOs. All values
are normalised to the vehicle control after 24 h. Data are the mean 4 SD of three biological and technical replica.
(d) Selected ANOVA analysis results of Bonferroni MCT are shown: p-value: * < 0.05, ** < 0.01, *** < 0.001,
*HKEK < 0.0001 (full statistical results are provided in Supp. Tab. A.2 and Supp. Tab. A.4).

4R /Total Tau ratio illustrates that the ratio increase is rather by total Tau decrease than 4R
Tau increase (Fig. 2.6d).

HiPSC derived FBOs were treated with increasing concentrations of 5-ITU over a time period
of 72h or 10 days. 5-ITU treatment over 72 h showed no impact on Tau expression (Fig. 2.6e).
Similar Tau regulation upon 5-ITU treatment was observed in hiPSC derived FBOs compared
to smNPCs, when treated with 0.25, 0.5 or 1 nM 5-ITU over a time course of 10 days (Fig. 2.6e,
f). Whereby, 0.5 uM 5-ITU treatment showed the greatest increase in 4R/Total Tau ratio with
2.28 £ 0.10 fold normalised to vehicle control (p-value: **** < 0.0001, two-way ANOVA with
Bonferroni MCT, Fig. 2.6e). Coinciding with the effect of 5-ITU on total Tau expression in
hiPSC derived smNPCs, total Tau expression was rather reduced by 5-1TU in hiPSC derived
FBOs than 4R Tau increased (Fig 2.6f).

Despite a cell type independent reliable detection of 4R/Total Tau ratio modulation by 5-1TU
in hiPSC derived smNPCs and FBOs, I decided based on the obtained reliable signal of MAPT
alternative splicing modulation in hiPSC derived smNPCs, on those, for further conduction
of pharmacological HT'Ss. HiPSC derived smNPCs are more cost efficient and convenient to
handle and therefore qualify as a suitable cell type to perform pharmacological HTSs, with the
possibility of time-point quantification of isoform expression.
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2.3 MAPTEXSISERS for pharmacological HTS

2.3.1 FDA approved compound screen

Confident in the parameters for MAPT alternative splicing modulator studies in MAPTEFXSISERS

hiPSC derived smNPCs, I exploited this system by conducting a primary library screen of 1,230
FDA approved compounds in an HT'S manner. Prior to the screen, I assessed the stability of our
system by calculating the Z’-factor (Equation 5.6). We established 5-ITU as a positive control,
previously shown as a compound with 4R Tau upregulating properties, and dimethyl sulfoxide
(DMSO) as a vehicle control. We exposed MAPTEXSISERS 1ipSC derived smNPCs to 5-1TU in
concentrations of 0.5 uM, 1M and 10 M for either 24h, 48h or 72 h, prior to bioluminescence
measurements (App. Fig. A.10). 4R isoform expression was significantly increased upon 1 pM
5-1TU exposure over 48h and 72h. Whereby, the Z’-factor, with acceptance criteria for an
excellent assay being > 0.5, was Z’-factor (48h) = 0.26 and Z’-factor (72h) = 0.87 for 1 pM
5-ITU treatment (App. Fig. A.10). Hence, setting the conditions for the primary FDA approved
compound screen, exposing MAPTEXSISERS 1iPSC derived smNPCs to the Prestwick Library
in a concentration of 1M over a time course of 72h (Fig. 2.7, App. Fig. A.11). Out of
1,230 FDA approved compounds, I identified 25 potential hits in the primary screen, sought
to be verified in MAPTEXSISERS LiPSC derived smNPCs (App. Fig. A.8). As a first step,
all potential hits were analysed by reproduction of the primary screen conditions (App. Fig.
A.9). Two, Digoxin and Digitoxigenin showed a reduction of 4R and total Tau expression,
further investigated in a response curve (Fig. 2.8). Treatment of MAPTFXSISERS 1ipSC derived
smNPCs with increasing Digoxin concentration showed a peak of 4R, isoform expression at the
lowest concentration tested (normalised NLuc RLU 1.27 £+ 0.05, Fig. 2.8a). Higher Digoxin
concentrations resulted in a declining 4R and total Tau expression, coinciding with a decreasing
cell viability with increasing Digoxin concentration (Fig. 2.8¢). Cell viability
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Figure 2.7: Primary Prestwick Library screen. (a) Scatter plot of 4R Tau (absolute nano luciferase (NLuc)
RLUs) and Total Tau (absolute firefly luciferase (FLuc) RLUs) values of screened Prestwick Library, comprised
of 1,280 FDA approved compounds (grey), screened in MAPTEXSISERS 1ipSC derived smNPCs. SmNPCs were
exposed to the library for 72h prior to bioluminescence imaging. 5-ITU (red), a DYRK1A/GSK3g3 inhibitor,
served as a positive control for 4R Tau upregulation, DMSO as vehicle (blue). The linear regression of the vehicle
is shown by a black line.
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Figure 2.8: Prestwick Library validation - 4R Tau modulation. Dose response curves as linear log-
plots of relative NLuc (4R Tau) and FLuc (Total Tau) RLUs shown as 4R/Total Tau ratio (grey), Total
Tau (green) and 4R Tau (yellow) as a function of increased (a) Digoxin and (b) Digitoxigen concentration in
MAPTPXSISERS 1ipSC derived smNPCs after 72 h of compound treatment normalised to vehicle. (c) Cell viability
as relative calcein-orange-red signal as a function of increased 5-ITU (red), Digoxin (blue) and Digitoxigenin
(grey) concentration in MAPTEXSISERS hipSC derived smNPCs after 72h of compound exposure, normalised to
vehicle. The black dashed line indicates the vehicle control, all values are normalised to. Data are the mean +
SD of three technical and biological replica.

was already reduced by 43% compared to vehicle control at a concentration of 1M (relative
calcein-orange-red signal 0.57 #+ 0.06, Fig. 2.8d). Treatment of MAPTEXSISERS hipSC derived
smNPCs with increasing Digitoxigenin concentration showed a peak of 4R Tau expression
at a concentration of 0.156 pM (normalised NLuc RLU 1.62 + 0.05, Fig. 2.8b) with a cell
viability decrease by 23% (relative calcein-orange-red signal 0.77 £ 0.02, Fig. 2.8¢c). Despite the
fact, that I was able to find two out of 25 potential MAPT alternative splicing modulators, 1
discovered a discrepancy between the primary screen results and our hit verification attempt.
Treatment of MAPTEXSISERS 1ipSC derived smNPCs with Digoxin and Digitoxigenin showed a
4R Tau downregulation in the initial screening results, but 4R Tau upregulation in the following
verification steps (Fig. 2.7, Fig. 2.8). Non of the other potential hits showed any producible
MAPT alternative splicing modulation. Hence, I explored whether primary screening data was
reproducible using the initial library. To reproduce our primary screening data, I selectively
re-screened 320 compounds, including Digoxin and Digitoxigenin (App. Fig. A.12). Comparing
the 4R and total Tau values of the initial screen and the rerun of the selected 320 compounds
stroke with a clear difference in MAPT alternative splicing modulators. Contrary to the initial
screen, Digoxin and Digitoxigenin showed an upregulation of 4R Tau upon treatment over a time
course of 72h (App. Fig. A.12b). Furthermore, initially identified potential hits, some contained
within the retested 320 compounds, were not renominated as potential MAPT alternative
splicing modulators. We concluded, that the EXSISERS bares the hypothesised potential for
HTS to identify pharmacological isoform modulators, but also recognise the further need of
investigation to nominate those.
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2.3 MAPTEXSISERS for pharmacological HTS

2.3.2 Broad Repurposing Library screen

Considering the potential of the MAPTEXSISERS for 4R modulation factor screening, I sought to
expand the screening platform for potential identification of pharmacological MAPT alternative
splicing modulators. Therefore, I used the Broad Repurposing Library, comprised of 5,040
compounds in MAPTEXSISERS hipSC derived smNPCs, with a final concentration of 1 pM and
a 72h incubation time, prior to bioluminescence mediated 4R Tau and total Tau expression
assessment. The total of all compounds was measured in four consecutively days, every screening
day entailing a quarter of the total library (Fig. 2.9). We included the DYRK1A/GSK33
inhibitor 5-1TU in the same concentration as a control for 4R Tau isoform upregulation on every
plate. 1% (v/v) DMSO as vehicle control was also included on every plate to account for any
plate effect. Plotting of respective absolute FLuc (Total Tau) and NLuc (4R Tau) RLUs showed
a clear cluster of the vehicle control over mostly all plates. Clustering of the vehicle control
excludes a plate and batch effect. 5-ITU showed expected 4R isoform upregulation by increased
absolute NLuc RLUs. Exceptions in the overall similar clustering of 5-I'TU and vehicle control
were attributed to three plates of different screening days, showing double in absolute NLuc and
FLuc RLUs (Fig. 2.9). Considering the 4R/Total Tau ratio an internal control of cell density in
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Figure 2.9: Broad Repurposing Library screen. Scatter plot of absolute NLuc RLUs (4R) and FLuc RLUs
(Total Tau). The Broad Repurposing Library, comprised of 5,040 compounds, was screened in MAPTEXSISERS
hiPSC derived smNPCs, with a final concentration of 1 pM and a 72 h incubation time, prior to bioluminescence
mediated 4R and Total Tau assessment (grey). The DYRK1A/GSK3p inhibitor 5-ITU was included in the
screen as a positive control (red), DMSO as a vehicle control (blue). Linear regression of the vehicle is shown by
a black line.
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Figure 2.10: Broad Repurposing Library screen. Bar chart of the 11 nominated primary screening hits
normalised to the mean of all vehicle controls. 4R/Total Tau ratio (grey), Total Tau (green) and 4R (yellow) of
relative NLuc (4R Tau) and FLuc (Total Tau) RLUs of the Broad Repurposing Library. 5-ITU values are the
mean of all values of the positive control in the initial Broad Repurposing Library screen. The black dashed line
indicates the vehicle control all values are normalised to.

each well, the ratios of the absolute values were comparable. Higher cell density rather than
a plate effect may be cause of the elevated NLuc and FLuc RLUs. Additionally, I looked at
the overall mean of all library compound treated wells, noticing no differences between plates.
Hence, the three plates were not considered to be neglected nor excluded from analysis. Under
the consideration of the Signal Window (SW) (Equation 5.2), the coefficient of variation (Cy)
(Equation 5.3), the Hit threshold (HT) (Equation 5.4), the %Activity (Equation 5.5) and the
absolute NLuc and FLuc RLUs (Fig. 2.9a, App. Table A.7), I nominated 11 compounds for
further investigation. TSA, SAHA and Mocetinostat showed a clear downregulation of total
Tau expression (normalised FLuc RLUs 0.33, 0.37 and 0.45, respectively), with elevated 4R Tau
expression relative to vehicle control (normalised NLuc RLUs 1.49, 1.44 and 2.25, respectively),
resulting in an elevation of the 4R/Total Tau ratio (Fig. 2.10). Chidamide, Panobinostat and
Indatraline HCI showed an elevation in total Tau expression with normalised FLuc RLUs of
1.41, 1.51 and 2.61 relative to vehicle control, respectively. Furthermore, all three showed a
clear increase in 4R Tau expression with normalised NLuc RLUs of 3.02, 2.87 and 1.55 relative
to vehicle control, respectively (Fig. 2.10). Noticeably, Indatraline HCI showed the greatest
increase in total Tau expression, with only slight increase of 4R Tau expression compared to TSA,
SAHA, Mocetinostat, Chidamide and Panobinostat, resulting in a decrease of the 4R/Total Tau
ratio to 0.59 normalised to vehicle control. We nominated five compounds, indicating a specific
4R downregulation: CHIR99021 (normalised NLuc RLU 0.29), PT-2385 (normalised NLuc RLU
0.08), Nazartinib (normalised NLuc RLU 0.07), Eptapirone (normalised NLuc RLU 0.02) and
BMS-309403 (normalised NLuc RLU 0.04). Treatment with CHIR99021 showed a decrease in
Total Tau expression compared to vehicle control, with normalised FLuc RLU of 0.73. PT-2385,
Nazartinib and BMS-309403 treatment showed no change in total Tau expression compared to
vehicle control (normalised FLuc RLUs 1.08, 1.11 and 0.90, respectively). In case of Eptapirone,
total Tau expression was elevated with normalised FLuc RLU of 1.54. Targets of the positively
tested compounds are listed in Tab. 2.2. Their chemical structure in App. Fig. A.13. Positive
hits with 4R Tau upregulation properties cluster as HDAC inhibitors. All are pan-HDAC inhib-
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2.4 4R Tau expression elevation by HDACi

Table 2.2: Targets of nominated primary screening hits. Nominated primary hit targets, also successively
verified for their 4R Tau isoform modulation potential. Cluster of pan-HDAC inhibitors for 4R Tau isoform
upregulation (>), combined with either decreasing (<) or steady (=) Total Tau expression relative to vehicle.

Compound Isoform regulation Target
4R Tau Total Tau

TSA > 4R < Total Tau pan-HDAC inhibitor
SAHA > 4R = Total Tau pan-HDAC inhibitor
Mocetinostat > 4R < Total Tau HDAC (Class I/IV) inhibitor
Panobinostat > 4R < Total Tau pan-HDAC inhibitor
BMS-309403 < 4R = Total Tau FABPS3, 4, 5 inhibitor
5-ITU > 4R < Total Tau DYRKI1A/GSK3p inhibitor

itors, except for Mocetinostat, with Class I/TV HDAC! specificity.

Conducted HTS to investigate MAPT exon 10 alternative splicing modulation identified several
HDAC inhibitors involved in the process of 4R Tau upregulation. Selective 4R Tau downregula-
tion was contributed to the FABP inhibitor BMS-309403.

2.4 4R Tau expression elevation by HDACi

For verification of nominated hits, I screened selected compounds again under resembling
screening conditions. Hence, MAPTEXSISERS 1iPSC derived smNPCs were treated with 1M
compound over the time course of 72h. Nominated compounds TSA, SAHA, Mocetinostat
and Panobinostat for 4R Tau upregulation properties showed a significant increase in 4R, Tau
expression relative to vehicle control, as indicated by the initial screening results (App. Fig.
A.14). Noticeably, increase in 4R Tau expression was even greater compared to the initial screen,
for TSA (normalised NLuc RLU 1.89 £ 0.43), SAHA (normalised NLuc RLU 3.26 + 0.49) and
Mocetinostat (normalised NLuc RLU 2.68 & 0.20). Panobinostat showed similar increase in 4R
Tau expression (normalised NLuc RLU 1.46 £ 0.13), combined with a decrease in total Tau
expression (normalised FLuc RLU 0.19 + 0.02), not seen in the initial screen (Fig. 2.10, App.
Fig. A.14). Indatraline, nominated for its potential to increase overall Tau expression, did not
show any regulation in Tau upon resembling compound screen (normalised NLuc RLU 0.90 +
0.04, normalised FLuc RLU 0.90 + 0.02, Fig. A.14). Hence, Indatraline was not included in
any further characterisation.

For further characterisation of the compound with 4R Tau upregulating properties I conducted
bioluminescence measurements and cell viability assays to evaluate the response optimum of
each individual compound (Fig. 2.11). Greatest 4R Tau upregulation by TSA was shown
upon a treatment of a concentration of 0.1 nM (normalised NLuc RLU 2.54 + 0.07, p-value: **
< 0.01, one-way ANOVA with Bonferroni MCT). Total Tau expression was slightly elevated
compared to vehicle control upon 0.01 ptM TSA exposure (normalised FLuc RLU 1.57 + 0.06,
p-value: ** < 0.01, one-way ANOVA with Bonferroni MCT, Fig. 2.11a), but was lower than
the vehicle control upon treatment with higher concentrations. 4R Tau expression increased
with increasing SAHA concentration, whereby, 4R Tau expression was significantly increased
upon 0.2 pM SAHA exposure (normalised NLuc RLU 2.29 + 0.06, p-value: ** < 0.01, one-way
ANOVA with Bonferroni MCT, Fig. 2.11b). Total Tau expression was significantly increased
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Figure 2.11: MAPT alternative splicing modulators. Dose response as a linear-log plot of (a) TSA,
(b) SAHA, (c) Panobinostat and (d) Mocetinostat in MAPTEXSISERS 1ipSC derived smNPCs. (a-d) Relative
4R /Total Tau ratio (grey), Total Tau (relative FLuc RLUs, green) and 4R Tau (relative NLuc RLUs, yellow) as a
function of increasing compound concentration. (a-d, f) Data show the mean + SD of a representing experiment
of three independent experiments with three technical replica. Selected ANOVA analysis results of Bonferroni
MCT are shown. (e) Modulation of the MAPT alternative splicing and isoform pattern on a post-transcriptional
level in MAPTEXSISERS 1)ipSC derived smNPCs upon 0.1 pM TSA, 0.8 pM SAHA, 0.01 pM Panobinostat or
0.4 nM Mocetinostat exposure over 72h. MAPT excluding exon 10 (3R, light blue) and including exon 10 (4R,
yellow) mRNA expression. Selected unpaired t-test analysis results of Bonferroni MCT are shown. (f) Cell
viability as normalised calcein-orange-red signal after Panobinostat (pink), TSA (blue), 5-ITU (red), Mocetinostat
(green) and SAHA (orange) treatment as a function of increasing compound concentration. The black dashed
line indicates the vehicle control. Data is normalised to each vehicle control. p-value: * < 0.05, ** < 0.01, *** <
0.001, **** < 0.0001 (detailed statistical results are provided in Supp. Tab. A.4 and Supp. Tab. A.6).
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Figure 2.12: 4R Tau regulation corresponding to qRT-PCR data. (a) Bar chart of 4R (relative NLuc
RLUs) and Total Tau (relative FLuc RLUs) shown as 4R/Total Tau ratio (bright grey), Total Tau (bright green)
and 4R Tau (yellow) as a function of 0.1 pM TSA, 0.8 uM SAHA, 0.01 pM Panobinostat or 0.4 pM Mocetinostat
exposure over the time course of 72h normalised to vehicle control in MAPTEXSISERS 1iPSC derived smNPCs.
Bar chart of 4R (relative NLuc RLUs) and Total Tau (relative FLuc RLUs) shown as 4R/Total Tau ratio
(light grey, dark grey), Total Tau (light green, dark green) and 4R Tau (yellow, orange) as a function of 1 pM
BMS-309403 over 72h normalised to vehicle control in (b) MAPTEXSISERS and (¢) MAPTTVSI0+16EXSISERS
hiPSC derived smNPCs. The black dashed line indicates the vehicle control all values are normalised to.

upon 0.21uM SAHA exposure with a normalised FLuc RLU of 1.39 4+ 0.08 (p-value: * < 0.05,
one-way ANOVA with Bonferroni MCT, Fig. 2.11b). Total Tau exposure significantly decreased
compared to vehicle control upon 0.8 pM or higher SAHA exposure (normalised FLuc RLU 0.64
+ 0.13, p-value: ** < 0.01, one-way ANOVA with Bonferroni MCT, Fig. 2.11b), coinciding
with decreasing cell viability upon higher SAHA exposure (Fig. 2.11f). 4R Tau expression
was significantly increased by 0.01 ptM Panobinostat exposure (normalised NLuc RLU 2.82
+ 0.10, p-value: * < 0.05, one-way ANOVA with Bonferroni MCT, Fig. 2.11c). Total Tau
expression was significantly increased upon 0.001 M Panobinostat exposure (normalised FLuc
RLU 1.69 £ 0.08, p-value: ** < 0.01, one-way ANOVA with Bonferroni MCT, Fig. 2.11¢), but
decreased with concentrations higher than 0.01 pM. Mocetinostat exposure of 0.4 pM over a time
course of 72h showed an significant increase in 4R Tau expression in MAPTEXSISERS LipgC
derived smNPCs (normalised NLuc RLU 6.02 + 0.40, p-value: * < 0.05, one-way ANOVA with
Bonferroni MCT, Fig. 2.11d). Total Tau expression was significantly lower than vehicle control
upon Mocetinostat concentrations greater than 0.8 pM (normalised FLuc RLU 0.65 4+ 0.07,
p-value: ** < 0.01, one-way ANOVA with Bonferroni MCT, Fig. 2.11d).

On an mRNA level I was able to show an significant upregulation of MAPT mRNA including
exon 10, reflecting the 4R Tau isoforms, upon treatment with specific concentrations of compound
(Fig. 2.11e). The greatest increase in MAPT mRNA including exon 10, was detected upon
0.8 uM Mocetinostat (relative MAPT exon 10 including mRNA expression 2.76 + 0.56, two-
tailed p-value: * < 0.05, unpaired t-test, Fig. 2.11e). Bioluminescence data corresponding to
the post-transcriptional level are shown in Fig. 2.12a, emblematising the alternative splicing
modulation by all compounds in MAPTFXSISERS hipSC derived smNPCs.

Cell viability of MAPTFXSISERS 1ipSC derived smNPCs was reduced by Panobinostat treatment
of a concentration of 0.01 pM and greater (relative calcein-orange-red signal 0.31 + 0.05, Fig.
2.11f). TSA showed reduction of cell viability to under 50% of the vehicle control upon treatment
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Figure 2.13: Neuronal MAPT alternative splicing modulation by HDACIi. Bar chart of 4R (relative
NLuc RLUSs) and Total Tau (relative FLuc RLUs) shown as 4R/Total Tau ratio (light grey, dark grey), Total Tau
(light green, dark green) and 4R Tau (yellow, orange) as a function of 0.1 pM of HDAC inhibitor Mocetinostat or
SAHA or DYRK1A/GSK38 inhibitor 5-ITU exposure over the time course of differentiation in (a) MAPTEXSISERS
and (b) MAPTTVSIOHIGEXSISERS 1ipgC derived neurons (d41). Post-transcriptional MAPT alternative splicing
modulation with mRNA corresponding to (c) 3R Tau (light blue, dark blue) and (d) 4R Tau (yellow, orange) in
MAPTEXSISERS and MAPTTVSIOFI6EXSISERS ) oyrons (d41) upon compound exposure relative to vehicle. The
black dashed line indicates the vehicle control, all values are normalised to. Data show the mean £ SD of three
technical replica (detailed statistical results are provided in Supp. Tab. A.3 and Supp. Tab. A.6).

with concentrations of 0.1 pM and greater (relative calcein-orange-red signal 0.40 + 0.09, Fig.
2.11f). All other compounds showed a 50% reduction of cell viability with 1M treatment.

Promising alternative splicing modulation effects shown in hiPSC derived smNPCs raise the
question, whether modulation shows an cell type independent regulation. Hence, I differentiated
MAPTFEXSISERS anq MAPTTVSI0HI6EXSISERS jht6 peurons, while concurrently treating the cells
with respective compounds. Treatment of MAPTEXSISERS peyrons with HDAC inhibitors
Mocetinostat (normalised NLuc RLU 1.81 + 0.16, two-tailed p-value: *** < 0.001, unpaired
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t-test) and SAHA (normalised NLuc RLU 2.10 £ 0.19, two-tailed p-value: *** < 0.001, unpaired
t-test) showed a significant increase in 4R Tau isoforms at day 41 of differentiation on a post-
translational level (Fig. 2.13a). Treatment of MAPTTVSI0+16EXSISERS hipSC derived neurons
with HDAC inhibitor Mocetinostat or SAHA showed no comparable 4R Tau isoform increase
(Fig. 2.13b). Contrary to the regulation of 4R Tau isoform expression, MAPTTVS10+16EXSISERS
showed a comparable increase in 4R corresponding mRNA compared to MAPTEXSISERS ypon
Mocetinostat treatment (Fig. 2.13d). No significant increase in exon 10 including mRNA
was observed upon SAHA nor 5-ITU treatment coinciding with post-translational results of
Tau regulation in MAPTTSI0+HI6EXSISERS (Rje 9 13b, d). On the other hand, treatment of
MAPTEXSISERS with Mocetinostat (relative MAPT exon 10 including mRNA expression 1.63
+ 0.26, p-value: *** < 0.001, two-way ANOVA with Bonferroni MCT) or 5-ITU (relative
MAPT exon 10 including mRNA expression 1.85 4+ 0.10, p-value: **** < 0.0001, two-way
ANOVA with Bonferroni MCT) resulted in a matching increase in 4R responding mRNA on a
post-transcriptional level compared to the post-translational level. mRNA corresponding to 3R
Tau isoforms did not show any significant regulation upon any compound treatment in both cell
lines (Fig. 2.13c).
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2.5 4R Tau expression decreased by FABPI

Nominated 4R Tau downregulating compounds of initial screening results of the Repurposing
Library were also sought to be verified by screening these selected compounds again under
resembling screening condition (Fig. 2.10, App. Fig. A.14). We were able to show 4R Tau
expression decrease upon BMS-909403 treatment. Even though, 4R Tau downregulation was
less pronounced than indicated by the initial screening data, 4R Tau was significantly decreased
(normalised NLuc RLU 0.37 £ 0.01, p-value: ** < 0.01, one-way ANOVA with Bonferroni
MCT, App. Fig. A.14). Following up, to analyse 4R Tau regulation further, I conducted a
dose response of BMS-309403 in MAPTEXSISERS and A pTTVSI0+16EXSISERS 1)ipSC derived
smNPCs (Fig. 2.14). 4R Tau was reduced compared to vehicle control in MAPTEXSISERS ypon
BMS-309403 exposure of 0.1 pM and higher, with the most significant decrease at a compound
exposure of 1 uM (normalised NLuc RLU 0.37 £ 0.01, p-value: ** < 0.01, one-way ANOVA
with Bonferroni MCT, Fig. 2.14a). Total Tau expression was not significantly changed upon
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Figure 2.14: 4R Tau isoform downregulation. Dose response as a linear-log plot of BMS-309403 in (a)
MAPTEXSISERS and (b) MAPTYVSIOHIGEXSISERS 1ipSC derived smNPCs. Relative NLuc (4R) and FLuc (Total
Tau) RLUs shown as 4R/Total Tau (grey, black), Total Tau (light green, dark green) and 4R (yellow, orange) as
a function of increasing compound concentration. Data is normalised to each vehicle control. (c) Cell viability as
normalised calcein-orange-red signal of MAPTEXSISERS (grey) and MAPTIVSIOHIGEXSISERS (164) as a function
of increasing BMS-309403. Post-transcriptional (d) 3R Tau corresponding (light blue, dark blue) and (e) 4R
Tau corresponding (yellow, orange) MAPT mRNA regulation upon 1 nM BMS-309403 treatment over 72h. The
black dashed line indicates the vehicle control, all values are normalised to. Data show the mean £ SD of three
biological and technical replica. Selected ANOVA analysis results of Bonferroni MCT are shown: p-value: * <
0.05, ** < 0.01, *** < 0.001, **** < 0.0001 (detailed statistical results are provided in Tab. A.4 and Supp. Tab.
A.6).
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Figure 2.15: Neuronal MAPT alternative splicing modulation by FABPi. Bioluminescence measure-
ment of 4R Tau (relative NLuc RLUs) and Total Tau (relative FLuc RLUs) for 4R/ Total Tau ratio (bright grey,
dark grey), Total Tau (light green, dark green) and 4R Tau (yellow, orange) as a function of 1 uM of FABP
inhibitor BMS-309403 exposure of (a) MAPTFXSISERS and (b) MApTIVSIOTIGEXSISERS 1ipg(y derived neurons
(d41). Post-transcriptional MAPT alternative splicing modulation with mRNA corresponding to (c¢) 3R Tau and
(d) 4R Tau in MAPTEXSISERS (1mint green, yellow) and MAPTYVSIOHIGEXSISERS (qark green, orange) neurons
d41 upon BMS-309403 exposure relative to vehicle control. The black dashed line indicates the vehicle control,
all values are normalised to. Data show the mean + SD of three technical replica. (detailed statistical results are
provided in Supp. Tab. A.3 and Supp. Tab. A.6).

BMS-309403 treatment of any concentration. Similar regulation of 4R Tau was shown in
MA PTTVSI0HIEEXSISERS 1hipSC derived smNPCs (Fig. 2.14b). Greatest reduction of 4R Tau
was shown upon 1M BMS-309403 with normalised NLuc RLU 0.49 + 0.07. Total Tau was
slightly increased upon 1M BMS-309403 (normalised FLuc RLU 1.35 + 0.09). No significant
impact on cell viability was detected by any BMS-309403 concentration in both MAPTEFXSISERS
and MAPTTVSI0FI6EXSISERS 1ip3C derived smNPCs (Fig. 2.14c). As the EXSISERS detects
changes in isoform expression on a post-translational level, I sought to investigate the alterna-
tive splicing modulation also on mRNA level. MAPT mRNA corresponding to the 4R Tau
isoforms was significantly reduced by 0.77 #+ 0.05 fold in MAPTTVSI0+16EXSISERS 1561 FABP
inhibitor BMS-309403 treatment, but had no impact on MAPT alternative splicing pattern
in MAPTEXSISERS (two-tailed p-value: * < 0.05, unpaired t-test, Fig. 2.14d, e). Correspond-
ing bioluminescence data specific for the 1 pM BMS-309403 treatment investigated on the
post-transcriptional level are shown in Fig. 2.12b, ¢, emblematising an effect of BMS-309403
treatment on the Tau protein expression in MAPTEXSISERS anq A pTTVSI0HIGEXSISERS [ipgC
derived smNPCs.

To evaluate the differences between the two cell models further, I analysed 41 days old hiPSC de-
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rived neurons treated with BMS-309403 over the time course of 20 days. FABPi by BMS-309403
showed slight upregulation of the total Tau expression on a mRNA level in MAPTFXSISERS
hiPSC derived neurons, the effect was significantly greater in MAPTTVSI0+IGEXSISERS (15,
malised FLuc RLU 2.36 £+ 0.22, two-tailed p-value: *** < 0.001, unpaired t-test, Fig. 2.15¢c).
4R Tau was slightly increased on a post-translational level upon BMS-309403 exposure in
MAPTIVSIOHIGEXSISERS 1yt unchanged in MAPTEXSISERS 471 day old hiPSC derived neurons
(Fig. 2.15a, c). FABP inhibitor BMS-309403 showed no impact on MAPT mRNA excluding
exon 10 in MAPTEXSISERS 'hut slight increase in MAPTTVSI0OHIGEXSISERS 41 days old hiPSC
derived neurons (Fig. 2.15b). MAPT mRNA including exon 10 on the other hand, showed a
significant increase in expression in BMS-309403 treated MAPTTVSI0+I6EXSISERS 1ipgC derived
neurons (5.91 + 1.14, p-value: **** < 0.0001, two-way ANOVA witch Bonferroni MCT, Fig.
2.15d).

BMS-309403 specifically decreases 4R, Tau expression of physiological and pathological Tau.
Modulation of MAPT mRNA including exon 10 upon BMS-309403 treatment was observed in
MAPTIVSlO+16EXSISERS but not in MAPTEXSISERS.

2.6 Bioinformatic pathway analysis

The physical and functional associations of TSA, SAHA, Mocetinostat, Panobinostat and
BMS-309403 with Tau were assessed using the STITCH and Pathway Studio data base. With
our obtained EXSISERS results as basis, I sought to conduct bioinformatic literature mining to
propose possible pathways involved in MAPT alternative splicing and Tau isoform regulation.
Bioinformatic analyses were conducted in collaboration with Dietrich Triimbach. We propose
two different protein groups possibly involved in the MAPT alternative splicing and, or Tau
isoform regulation: HDACs and FABPs (Fig. 2.16). Unbiased bioinformatic analysis identified
two clusters of interaction, coinciding with the 4R Tau modulation properties. TSA, SAHA,
Mocetinostat and Panobinostat as regulators impact the MAPT alternative splicing process,
as much as 4R Tau isoform regulation. This indicates a possible involvement of HDAC in
the process. Other proteins show direct interaction by some of the compounds identified to
increase 4R Tau expression. Non of those show interaction with all compounds. Nevertheless,
especially HDACS3 is apparent to interact with all identified compounds with 4R Tau upregulating
properties. This hints towards a connection of HDAC3 in the process of alternative splicing
modulation of MAPT in a physiological and pathological manner. HDAC6 as the only HDAC
has documentation of interacting with Tau. Our EXSISERS based bioinformatic analysis suggest
undocumented connections in need to be further investigated.

The second cluster identified by the unbiased bioinformatic pathway analysis is comprised of
FABP4, FABP5 and PPAR~y. FABP4 and FABP5 are indicated to be inhibited by BMS-309403.
The 4R Tau downregulating properties of BMS-309403 in a physiological and pathological state
suggest a so far not documented involvement of FABPs in the process of 4R Tau modulation.
Connections specifically to MAPT and Tau were not detected, emphasising the novelty of gained
knowledge.

Unbiased data mining gives reason to believe, that HDACs and FABPs are connected in the
process of MAPT alternative splicing.
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Figure 2.16: Pathway analysis. The pathways involved in MAPT alternative spicing and 4R Tau isoform regulation were deducted by in silico literature
mining. Network consolidation was performed by verification of all connections in the published literature. The compounds identified to modulate 4R Tau

isoform expression are shown in green. The histone deacetylase (HDAC) cluster is shown in blue, the fatty acid binding protein (FABP) cluster in yellow.

Shown interactions are combined from analysis conducted using the STITCH and Pathway Studio data base, original data sets are show in Supp. Fig. A.19 and
Supp. Fig. A.20. The original bioinformatic analysis was performed by Dietrich Triimbach.

45



3 Discussion

3 Discussion

Alterations in MAPT exon 10 splicing are prone to result in an excess of 4R Tau. This
excess, a result of increased MAPT exon 10 inclusion, defines Tau as a pathological feature
of several neurodegenerative diseases, tauopathies as FTLD and AD. The high occurrence of
aberrant MAPT exon 10 alternative splicing associated to tauopathies emphasises the necessity
to understand not only the pathological but also the physiological mechanisms of MAPT
alternative splicing. Nevertheless, deciphering the alternative splicing mechanisms encountered
several limits, with a discrepancy in splicing mechanisms involved between rodents and humans
as much as vulnerable isoform detection in hiPSCs. Prior work struggled to implement disease
models with pronounced Tau pathology and species-specific alternative splicing machineries,
with a lot of preclinical work not able to be translated into clinical significant results.

In this work, I closed the gap of insufficient MAPT exon 10 alternative splicing models by
generating the MAPTEXSISERS anq pMAPTTVSIOHIGEXSISERS 1ipSC as human based models.
The hiPSC based models allowed the monitoring of MAPT exon 10 based alternative splicing
modulation in a HT'S manner and longitudinal monitoring. With this cell models in place, 1
was able to decipher the complexity of MAPT exon 10 alternative splicing and translational
regulation of the mature MAPT mRNA further. These results indicate a recruitment of a
different spliceosome machinery in the pathological Tau environment, an involvement of HDACs
in MAPT alternative splicing processes in a physiological state as much as an involvement of
FABPs in the translational regulation of mature MAPT mRNA.

3.1 Longitudinal Tau isoform monitoring

A recurring problem is the lack of animal models exhibiting neuropathological profiles matching
pathological changes found in the human brain. Further accompanied by the different splice
mechanisms in place in rodents, compared to humans. We took advantage of the latest develop-
ment of biotechnology for alternative splicing monitoring combined with the benefits of hiPSC
research.

Adaptation of the highly sensitive EXSISERS to study the alternative splicing of exon 10 of
MAPT by applying the CRISPR/Cas9 system to generate a MAPTFXSISERS for physiological
Tau studies and MAPTIVSI0HI6EXSISERS f tauopathy associated pathological Tau was suc-
cessful. With generation of the two EXSISERS hiPSC models, I was able to show a successful
introduction and monitoring of Tau isoforms, already in immature hiPSCs and smNPCs, but
also showed a longitudinally monitored Tau isoform expression in neuron cultures up to day
100. A clear difference of the tauopathy associated IVS10+16 ¢ > t point mutation was shown
with expected 4R Tau upregulation, when introduced in an hiPSC line with a healthy genetic
background also reflected by the EXSISERS. Hence, adaptation of the EXSISERS as a human
based disease modelling strategy was proven. Furthermore, while detection of isoform resembling
mRNA was reported to be able to detect in healthy hiPSCs and derivates, detection on a
post-translational level was unreliable and methods so far too insensitive to pick up the low
levels of isoform expression in the immature hiPSC and derived neurons [221]. Similar results
were shown in our longitudinal studies, post-transcriptional detection of 3R and 4R isoform
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resembling mRNA did not match the immunoblotting results, showing mainly the fetal ON3R
isoform, but relative to non 4R Tau isoform expression. EXSISERS allowed detection of the
post-translational expression of the 4R Tau isoforms and total Tau by luminescence showed
matching longitudinal regulation, proving the improvement of isoform studies by EXSISERS.
Also giving reason for a adaptive system responding according to the endogenous expression
pattern in hiPSCs and derivates.

3.2 Early 4R Tau dependent maturation in neurons

Development of the MAPTEXSISERS 44 pp4 pTTVSI0+16EXSISERS 1) dels allowed us to investi-
gate physiological and pathological Tau in not only an alternative splicing setting, but also on a
morphological level. By investigation of the neuron complexity I identified a significant difference
between 41 days old MAPTEXSISERS ;nq A4 pTIVSI0+I6EXSISERS 174 pIVS10+16EXSISERS
exhibiting the tauopathy associated point mutation IVS10+16 ¢ > t showed a complexer neu-
ritic tree compared to MAPTEXSISERS and parental cell line, with no difference in total length
between the two parental cell lines. Suggesting a maturity effect by increased 4R Tau expression.
During neurogenesis, neurons emerge from stem cells, differentiating to neuronal precursors, to
immature neurons, with little to no dendritic trees [243]. In the process of maturation, neurons
develop a more and more complex dendritic tree, with higher degree of branches. Furthermore,
with increasing maturity, proliferation decreases, eventually entering a state of post mitotic cell
state [243]. 4R Tau was shown to suppress proliferation, promoting neuronal differentiation, fur-
ther strengthening the maturity phenotype detected in MAPTIVSI0+I6EXSISERS 1ipSC derived
neurons [244-246|. Further indication of 4R Tau based maturation in a hiPSC derived neuron
setting, was given, when investigating neuronal excitability of patient hiPSC derived neurons
bearing the tauopathy associated intronic IVS10+16 ¢ > t point mutation [247]. Neuronal
excitability being an indicator of neuron maturity. Investigation of our cell model has advantage
over the patient derived neurons, as our system shows clear IVS10-+16 ¢ > t mutation associated
maturation effect, on an otherwise genetically unobtrusive background.

The decrease in total length detected in MAPTEXSISERS compared to both parental lines may
be caused by the extensive experimental interventions involved in the EXSISERS KI pipeline.
Parental lines investigated in this context were not isogenic hiPSCs controls, as the process of
passing through the KI pipeline is laborious and extraordinarily expensive, which is not possible
to circumvent based on technical limitations. Due to this, the difference between EXSISERS KI
cell line MAPTEXSISERS and the parental cell line HPSI0614i-uilk 2 is rather cause of the KI
pipeline than a general KI effect. Small difference in overall neuron differentiation efficiency and
complexity between these two cell lines strengthen this observation. MAPT!TVS10+16EXSISERS
compared to the parental cell line HPSI0514i-vuna 3 showed greater differences in total length
and overall complexity. Considering the pipeline having a decreasing effect on total length,
increase observed in MAPTTVSI0+16EXSISERS 5 1yt likely result of the intronic IVS10+16 ¢ >
t point mutation. MAPTTVS10+16EXSISERS showing an increase in maturity when compared to
either MAPTEXSISERS 414 the parental cell lines.

Hence, complexity, and subsequent maturity is based on an increased 4R Tau isoform expression,
present in the MAPTIVSI0HI6EXSISERS = olsarved on post-transcriptional and post-translational
level.
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3.3 MAPTEXSISERS for HTS

Pharmacological screening of ~1,500 FDA approved compounds in MAPTEXSISERS LipSC
derived smNPCs showed applicability of the EXSISERS in stem cell derivates for HTS on a
technical basis. Detection of the already published 4R isoform increasing compounds Digoxin
and Digitoxigenin was possible. Nevertheless, the contradictory results from primary screen
to verification, as much as partial rerun of the library screen, indicated a malfunction of the
library screen in general. Absolute NLuc and FLuc RLUs of the screen were 10-fold lower than
the absolute RLUs measured in the Broad Repurposing Library screen of over 5,000 compounds.
Additionally, differences in NLuc and FLuc brightness were not reflected in the measured absolute
RLUs screening the small library, also hinting towards a malfunction. Screening of the Broad
Repurposing Library on the other hand, using the same conditions and reporter cell line, showed
expected relation between absolute NLuc and FLuc values reflecting the different brightnesses of
the two luciferases, indicating a working screen on a technical site. Furthermore, a magnificent
increase in all absolute RLUs neglecting hit nomination below the noise threshold was shown.
Applicability of the EXSISERS on a hiPSC background was also strengthened by positive
verification of mostly all nominated primary screening hits. Targets of nominated primary
screening hits with 4R Tau increasing properties cluster all as HDAC inhibitors, validated the
screening results further. Nominated primary hits for 4R Tau isoform downregulation were
more diverse in their targets, not following a specific pattern. Diversity in targets of primary
4R Tau isoform depressing hits and subsequent failed validation of all but one hit, may also be
result of detection limitations. Strong downregulation of 4R Tau is necessary to have a lasting
impact on the sensitive luciferase system. Discrepancy between the primary screen of the Broad
Repurposing Library and subsequent verification assessment may also be based on a timing issue.
Downregulation of 4R Tau and luciferase stability is time dependent, hence, downregulation
is harder to detect confidently. Thus, EXSISERS and luciferase systems are more precise in
nomination of upregulating modulators, modulators depressing the EOI resulting in a referring
protein isoform are to be screened with intense care, to verify and isolate the hits.

3.4 HDAC mediated MAPT exon 10 alternative splicing

HDAC:S in a tight regulation with HATs are epigenetic modifiers directly or indirectly mediating
neuronal-specific, immune-specific and tissue-specific gene expressions, so far known to be
mediated mainly by histone acetylation [161]. SAHA, TSA and Panobinostat are known pan-
HDAC inhibitors and Mocetinostat a Class I and IV HDAC inhibitor. Within my work, I observed
greater MAPT exon 10 inclusion in MAPTEXSISERS 1iPSC derived smNPCs and neurons upon
SAHA, TSA, Panobinostat or Mocetinostat mediated HDACi. Robust dose response fitting of
the detected drugs is pivotal for the definition of accurate drug vulnerabilities. We identified a
novel alternative splicing pathway, not described before. Pharmacological screening identified
a HDAC dependent 4R Tau regulation, able to be verified in MAPTEXSISERS ¢ NPCs and
41 days old neurons. Considering the target documentation of the verified HDAC inhibitors,
alternative splicing may involve one or more of the Class I and/or IV HDACs.

Bioinformatic analysis showed connection of all compounds with HDACi properties to Class
I HDAC, HDACS3, also showing interaction with Tau. With its predominant location in the
nucleus and the observed effect by Mocetinostat HDAC3 shows great indication of connection to
the physiological MAPT exon 10 alternative splicing process. Further investigations are crucial
for a clear identification. All other HDACs identified in the bioinformatic pathway analysis
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showed no connection to all compounds nor Tau. Possibility is given, that I identified a novel
pathway, with no previous literature recognition. Hence, a further investigation identifying the
precise pathway, connecting MAPT alternative splicing and HDACs, is indispensable.

3.4.1 Alteration in spliceosome recruitment in tauopathies

Post-transcriptional and post-translational expression of the mRNA or protein correspond-
ing to the 4R Tau isoforms in MAPTFXSISERS hiPpSC derived smNPCs showed a reciprocal
regulation on both levels, manifesting the hypothesis of HDAC related alternative splicing
regulation of MAPT exon 10. Cell viability reduction by increasing concentration of any HDAC
inhibitor may be attributed to the non-selective inhibition of HDAC activity, also impairing other
cell relevant processes. TSA previously reported to inhibit cell proliferation, cell cycle arrest
and subsequent cell apoptosis, greatly diminishing cell viability with increasing concentration,
indicates high stress upon HDACi [248-250|. Elevated total Tau expression in 41 days old
MAPTEXSISERS hipSC derived neurons compared to smNPCs may be based on the overall
difference in maturity. Over the time course of differentiation Tau is ascending, a pattern
also detected in both EXSISERS models when differentiated into neurons over a timespan of
100 days. Similar modulation of MAPT alternative splicing and Tau isoform modulation by
the HDAC inhibitors was shown in 41 day old MAPTFXSISERS 1)iPSC derived neurons, with
physiological Tau expression pattern. Thus, indicating a clear alternative splicing modulation in
a direct or indirect manner by Class I and IV HDACI, indifferent in both maturity stages. Only
exception in pattern similarity between post-transcriptional and post-translational regulation by
HDACi was shown by treatment with the pan-HDAC inhibitor SAHA. Despite visible increase
in 4R Tau expression based on NLuc read out, no elevation in exon 10 including MAPT mRNA
was shown. Different regulation of the well studied HDAC inhibitor may be excluded, due to
shown alternative splicing modulation by HDACi. Indifferent expression of exon 10 including
MAPT mRNA may rather be a result of a technical error. Regardless of presented results
by samples obtained in the same differentiation, samples were harvested from two different
wells to obtain enough sample material for further experimental evaluation. Technical errors
may have occurred treating the cells, used for post-transcriptional modulation by SAHA me-
diated HDACIi. Impact of SAHA on NLuc modulating the substrate catalysation is not to be
considered possible. For that to be true, SAHA is necessary to substitute as a substrate of
NLuc, competitively binding NLuc instead of furimazine. Considering the chemical structure
of furimazine and SAHA, SAHA does not qualify as substrate substitute to block furimazine
binding. Similarity in chemical structure between the HDAC inhibitors investigated, specifically
comparing TSA and SAHA, underline the technical error. Blockage of furimazine binding to
NLuc would be similar by TSA and SAHA. Furthermore, SAHA catalysation would not result
in light emission, detectable in conducted bioluminescence measurement. Strengthening the
technical issue reasoning, absent exon 10 inclusion coincides with absent NLuc expression, hence,
no bioluminescence measurement. Furthermore, SAHA mediated HDACi in MA P TEXSISERS
hiPSC derived smNPCs showed alternative splicing modulation reciprocally translated in protein
isoform expression, similar to patterns observed for all other HDAC inhibitors investigated in
hiPSC derived smNPCs and neurons.

Contrary to MAPTEXSISERS 1ipPSC derived neurons, MAPTTVSIOHI6EXSISERS ¢} wed no mod-
ulation of 4R Tau by HDACi. Post-translational indifference by any of the HDAC inhibitor
treatments in MAPTTVSI0+16EXSISERS 1)ipSC derived neurons may be caused by recruitment
of different splicing factors usually involved in physiological MAPT expression. Hence, due to
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the destabilisation of the stem loop by the point mutation, a different splice machinery may
be in place. Indication on a different splice machinery in place gives the loss of the strong ISS
placed in the stem loop, destabilised by the intronic point mutation IVS104+16 ¢ > t. The
ISS interferes with the pairing of snRNA U1, weakening exon 10 inclusion under physiological
conditions. By IVS10+16 ¢ > t, the ISS is disrupted, increasing MAPT exon 10 inclusion with
stronger snRNA Ul binding [74].

Indifferent response by compound treatment may also be based on a general higher expression
of 4R Tau and therefore a saturation in 4R Tau expression in MAPTTVSI0+16EXSISERS 1);pgC
derived neurons. Plateau in 4R Tau corresponding mRNA was also detected in the longitudinal
monitoring of Tau isoform expression in MAPTTVSI0+16EXSISERS otrengthening the hypothesis
of plateau reached, with no further impact on expression by exon 10 alternative splicing modu-
lating compounds.

Several protein-protein interactions were observed between HDACs and SRSF in connection of
splice factor deacetylation [174]. MAPT exon 10 inclusion in MAPTEXSISERS hipSC derived
smNPCs and neurons may be affiliated with the acetylation of splice factors involved in MAPT
exon 10 inclusion. Furthermore, acetylation was shown to stabilise hnRNPs. HnRNPE2 and
hnRNPE3 are already indicated to take part in the regulation of MAPT exon 10 inclusion
[70, 71]. Hence, stabilisation of hnRNPE2 and hnRNPE3 by acetylation may cause increase in
MAPT exon 10 inclusion in MAPTEXSISERS hiPSC derived smNPCs and neurons. Alternative
splicing modulation of MAPT exon 10 by hnRNPE3 is mediated by binding to the 5’-ccc-3’
sequence located in the ISE downstream of exon 10. Steric competitive binding of hnRNPE3
to the ISE may also be cause of undetected changes in MAPT exon 10 alternative splicing
modulation in MAPTTVSIOHI6EXSISERS 1)ipg(r derived neurons. Competitive binding may only
occur with an intact ISS. MAPT exon 10 inclusion upon HDACi may occur due to a advantage
of hnRNPs promoting exon 10 inclusion by protein stabilisation in comparison to hnRNPs and
splice factors binding to the ISS. Thus, stabilisation of hnRNPE2 and hnRNPE3 by acetylation
upon HDACi may contribute to the increased MAPT exon 10 inclusion under physiological
conditions, but may also explain ineffective splice modulation by HDACi in a pathological state.
Moreover, in FTLD-Tau pathology context, interaction of hnRNPE2 with exon 10 was shown,
also strengthening the hypothesis of higher binding of hnRNPE2 and hnRNPE3 to the ISE in
case of disturbed ISS [72].

3.4.2 HDACi as neurodegenerative disease treatment

Previously reported interest in the investigation of HDACi in context of neurodegenerative
disease therapy and specifically AD, affirms given relevance of HDAC in tauopathy pathology.
Focus being mainly the clearance of A plaques in AD pathology, without investigating Tau
pathology, despite Tau dysfunction and aggregation occurring decades prior to clinical symptom
onset. Moreover, isolated investigation of only A8 or Tau in a therapeutic context moving
into clinical trials is not advisable, considering the significant crosstalk between AS and Tau
[251, 252]. Recent investigation implemented A/ involvement in Tau uptake in neurons, with a
more severe pathology as a result [253]. Several lines of evidence support the direct interaction
between AS and Tau, even though the molecular mechanism of crosstalk is still mostly elusive.
We present further reason for investigation, for successful implementation of pharmacological
therapy opportunities for AD and other tauopathies. Investigation of TSA and SAHA showed
beneficial effect by HDACi in AD models, with AS clearance and memory improvement, but
failed in transition from mouse model to human clinical trial [184, 191]. We show an involvement
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3.5 FABPS5i mediated MAPT translational initiation regulation

of Class I and/or Class IV HDACs in the context of MAPT exon 10 alternative splicing.
Contradictory to reported beneficial effect, recommanding HDACI as a potential therapeutic
target for AD and other neurodegenerative diseases with Tau pathology, I showed increase in 4R
Tau isoforms upon HDACi. Selective alternative splicing modulation in favour of MAPT exon
10 inclusion and subsequent 4R, Tau isoform increase is to be viewed critically in the context of
tauopathy development. For one, alternative splicing modulation shifting to a 4R Tau isoform
increase contributes to the already pathological state of Tau imbalance, increasing rather than
decreasing the difference in expression for Class I and II tauopathies. HDACi may only be
considered as therapy for Class III tauopathies with increased 3R Tau expression, counteracting
the imbalance by shifting alternative splicing into favouring MAPT exon 10 inclusion. With
the pathological hallmark of hyperphosphorylation in mind, 4R Tau has a higher tendency of
hyperphosphorylation and subsequent accumulation in NFTs [36, 37, 109]. By alteration of
the alternative splicing machinery in place, responsible for MAPT exon 10 in- or exclusion in
favour of inclusion of exon 10, hyperphosphorylation may also be an issue, rather implementing
than rescuing tauopathy pathology. Hence, when considering HDACi as a therapeutic approach
for AD and other tauopathies, alternative splicing and potential alterations in spliceosome
recruitment for MAPT exon 10 splicing shall be considered and not neglected in in vivo studies
leading to clinical trials.

3.5 FABP5i mediated MAPT translational initiation regulation

Several severe tauopathies are characterised by the dysregulation of MAPT alternative splicing
in favour of inclusion of exon 10 resulting in an imbalance between 3R and 4R Tau. Hence,
understanding the regulation of MAPT from its gene expression up to its post-translational
modulation is crucial to find a target for potential therapy.

Post-transcriptional regulation of MAPT mRNA was mainly investigated in context of mi-
croRNA interference in Tau expression [254, 255]. By identification of BMS-309403 as a 4R Tau
isoform modulator, I shed some new light on a different translational regulation pathway.
Post-transcriptional MAPT regulation in hiPSC derived smNPCs upon BMS-309403 showed
a clear difference between the two investigated cell models. MAPTEXSISERS ghowed no post-
transcriptional regulation upon BMS-309403 treatment. Yet, MAPT exon 10 including mRNA
was decreased in MAPTTVSIOHIGEXSISERS 1)ipSC derived smNPCs upon treatment. Interest-
ingly, while I detected a different post-transcriptional expression of MAPT exon 10 including
mRNA, post-translational regulation was similar in both cell models. 4R Tau isoforms showed
a dose-dependent downregulation without significantly impacting the total Tau expression.
Corresponding to the detected differences in alternative splicing regulation upon HDACI in
MAPTSI0+16EXSISERS 1ipSC derived neurons, BMS-309403 also indicates a recruitment of a
different spliceosome. Alternative splicing may be altered by BMS-309403 due to its action as
FABP inhibitor. BMS-309403 targets FABP3, 4, 5, but based on the expression pattern in the
brain, FABP3 and FABP5 and their downstream targets may be considered to influence Tau
modulation upon BMS-309403 mediated FABPi. PPAR~y was shown to link the transcriptional
and alternative splicing regulation by interaction with a splicing factor [256]. Thus, increased
MAPT exon 10 including mRNA may be due repressed interaction of PPAR~y with certain
splicing factors upon BMS-309403 treatment. Possible interaction partners of splicing factors
involved in the exclusion of MAPT exon 10 may be SRSF3, SRSF4, SRSF6, SRSF7 and SRSF11
[35]. The specific interaction, including other factors involved in the altered spliceosome interact-
ing with PPARy require further investigation. General involvement of PPARs in the alternative
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splicing process of Tau may be unlikely, reason being an unchanged MAPT alternative splice
pattern upon BMS-309403 in MAPTEXSISERS 1hiPSC derived smNPCs.
Discrepancy in the post-transcriptional but not on post-translational level in MAP
and MAPTTVSI0HIGEXSISERS 1ipSC derived smNPCs by BMS-309403 manifests a modulation
of BMS-309403 on a translational regulation level. Several indications of FABPs and PPARs
in context of translational initiation were made. PPARS3/J was shown to regulate the human
sirtuin-1 (SIRT1) gene known for its capacity to deacetylate AMPK. By deacetylation, AMPK
activity increases [257]. Activation of AMPK showed decreased activation of several protein
kinases in the mammalian target of the mTOR/Akt pathway as evidenced by reduced phospho-
rylation of PKB and eukaryotic initiation factor eukaryotic initiation factor 4E (eIF4E)-binding
protein [258].

FABP5 may also regulate mRNA translational independent of the PPAR pathway. FABP5 KD
showed an PPAR independent pathway, including an increase in phosphorylated AMPK [259].
Increased phosphorylation and therefore, activated AMPK may be the regulating pathway in
which, translational initiation of MAPT is altered upon BMS-309403 treatment. This suggests
that higher amount of phosphorylated AMPK inhibits the mTOR/Akt pathway mediated
translational initiation by inhibiting mTOR Complex 1 (mTORC1). Inhibition is mediated by
phosphorylation of raptor upstream of the eIF4E complex formation for translational initiation
[259, 260|. Recent data investigating the regulation of hypoxia-inducible factor-1 @ connected
FABPS5 to translational regulation [261]. Strengthening the hypothesis of a novel signalling
pathway involving FABP5 in the regulation of translational regulation independent of PPARs.
Differences in observed post-transcriptional and post-translational regulation of the alternative
splicing and isoform expression may therefore be connected to an inhibition of the mTOR/Akt
pathway mediated translational initiation and elongation.

BMS-309403 treatment of hiPSC derived neurons showed an upregulation of MAPT exon 10
including mRNA in MAPTTVSI0HI6EXSISERS ¢ 116 indication of 4R Tau corresponding mRNA
in MAPTEXSISERS = A trend towards increasing MAPT exon 10 excluding mRNA was shown
upon BMS-309403 treatment in MAPTTVSI0OHI6EXSISERS 1y qoing so, on a protein level total
Tau was increased but 4R Tau expression remained similar to the vehicle control. No modulation
of alternative splicing nor protein expression in comparison to the vehicle control was shown in
MAPTFEXSISERS " Eyen though, a slight trend towards increased total Tau may be apparent. Co-
inciding with the results in hiPSC derived smNPCs, neurons bearing the intronic IVS104+16 ¢ > t
point mutation show no correlation between the mRNA levels and protein levels of the respective
isoforms. Contradictory to the post-transcriptional regulation in MAPTTVSI0+I6EXSISERS 1hipgC
derived smNPCs, regulation of MAPT exon 10 including mRNA in neurons was upregulated.
Differences may be attributed to an effect of BMS-309403 on differentiation in itself, potentially
affecting MAPTTVSI0HIGEXSISERS 1y5re significantly than MAPTEXSISERS — Complexity and
hence, increased maturity of the MAPTTVSI0+16EXSISERS 1ipS( derived neurons in itself were
also shown by Sholl analysis. BMS-309403 possibly enhances the observed maturity further.
Impact of BMS-309403 on mRNA translational regulation was evident in smNPCs and neurons.
HiPSCs and derived neurons remain rather immature in their epigenetic profile. The epigenetic
imprint is lost during the reprogramming process. MAPTTVSIOHIGEXSISERS 1o hearing the
IVS10+16 ¢ > t point mutation already show a greater maturity compared to MAPTEXSISERS
This difference makes them potentially more sensitive to the impact of BMS-309403 on differ-
entiation. This might be due to already shifted cell homeostasis. Hypothesis of BMS-309403
affecting the differentiation state of hiPSC derived neurons is strengthened by the observation
of increased total Tau expression with also elevated 4R Tau isoform expression, considering the

TEXSISERS
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3.5 FABPS5i mediated MAPT translational initiation regulation

relation between BMS-309403 and vehicle in MAPTTVSI0TIGEXSISERS hipSC derived smNPCs
and neurons. The effect was not as evident in MAPTEXSISERS LipSC derived neurons, only
showing a trend towards increased total Tau expression upon BMS-309403 treatment.

Hence, indifferent post-transcriptional level upon BMS-309403 in MAPTEXSISERS 1hiPSC de-
rived smNPCs and neurons strengthens the evidence of hypothesised alteration in spliceosome
recruitment in MAPTTVSI0HI6EXSISERS *while suggesting a PPAR involvement in alternative
splicing in pathogenic Tau. Furthermore, BMS-309403 showed impact on the mRNA translation
regulation in both cell lines in favour of reduced 4R Tau isoform expression, indicating FABP5
as possible mediator of MAPT translational regulation in physiological and pathological state.
Although the detailed molecular mechanism of FABP contribution to the translational regulation
of Tau remains an open question, investigation of the alternative splicing on a post-translational
level using the EXSISERS helped to give indication on translational regulation of MAPT. This
gives a basis to decipher the aberrant regulation of pathological Tau further. With our system I
was able to show a novel level of regulation involved in pathological MAPT not possible to show
with the methods commonly used for protein detection. Previous HTSs investigating the MAPT
alternative splicing modulation, on the basis of minigenes, were able to detect Digitoxigenin
and Digoxin. Minigene investigations also showed 4R Tau upregulation, but were restricted to
the alternative splicing modulator identification [242]. This expanse the advantages of using the
EXSISERS over minigenes as a reporter based model to decipher the regulation of MAPT and
Tau regulation in a physical and pathological state.
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4 Conclusion and Outlook

With adaptation of the EXSISERS system for hiPSC application, I sought to establish a human
cell model for MAPT exon 10 alternative splice modulation. Using the cell model for HT'S
helped to identify underlying process in place regulating the isoform expression in a physiological
and pathological state. I established a pipeline for CRISPR/Cas9 mediated KI of the EXSISERS
for alternative splicing modulation investigation in a HTS manner. In this context, I adapted
the pipeline to fit the requirements of hiPSCs and MAPT studies. Pipeline adjustments were
made, to conquer cell line specific silencing effects of the EFla promoter driving the PuroR
cassette. Two EXSISERS hiPSC lines were generated one representing the physiological state,
the other bearing the tauopathy associated intronic point mutation IVS10+16 ¢ > t.
Adaptation of the EXSISERS into hiPSC was verified by longitudinal isoform monitoring
under physiological and pathological Tau conditions represented by our two EXSISERS hiPSC
models. 1 observed direct correlation between mRNA and protein levels, with increased 4R Tau
expression corresponding with the pathological state. Observed morphological differences in
neuron complexity in hiPSC derived neurons were identified in neurons bearing the tauopathy
associated intronic point mutation IVS10+416 ¢ > t, causing a 4R Tau mediated maturity effect.
Modulation of MAPT exon 10 alternative splicing or translational regulation under the focus
of complexity regulation may be an aspect of future work. Analysis may give indication on
the potential of pharmacological modulating the morphology with beneficial effects for further
therapeutic applications.

By HTS I identified several HDAC inhibitors and BMS-309403 as modulators of 4R Tau expres-
sion. HDACi modulated MAPT exon 10 alternative splicing under physiological conditions,
not detected under pathological conditions. An alteration in spliceosome recruitment between
the physiological and pathological condition was indicated to be causative. We hypothesise an
involvement of HDACs in physiological MAPT alternative splicing, abolished under pathological
conditions. More investigations shall be conducted to decipher the specific Class I or Class
IV HDACSs involved. Identification of the specific process may not only serve as a gain of
knowledge in physiological MAPT exon 10 alternative splicing, but also give prospective on
potential therapeutic targets to modulate alternative splicing benefiting the tauopathy pathology.
Further investigation in the specificity of the HDACi shall be focus of future work. Furthermore,
identification of the specific HDACs involved in the process demand the development of HDAC
specific inhibitors. While bioinformatic analysis suggested involvement of HDAC3 in the process
of MAPT exon 10 alternative splicing processes. The use of pan-HDAC inhibitors influences a
great deal of processes, not only the pathway of interest. Considering the many functions of
HDACS this may be rather detrimental than beneficial.

Difference in spliceosome recruitment was manifested in context of BMS-309403 treatment.
Downregulation of MAPT exon 10 including mRNA upon BMS-309403 treatment was shown
under pathological conditions in hiPSC derived smNPCs. Increase in MAPT exon 10 including
mRNA was shown in hiPSC derived neurons bearing the tauopathy associated intronic point
mutation IVS10+16 ¢ > t. An effect of BMS-309403 on the neuron differentiation is not to
be excluded. By exploiting the advantages of the EXSISERS in hiPSC derived smNPCs I
identified a novel pathway regulating the physiological and pathological 4R Tau expression
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specifically. BMS-309403 treatment showed an inhibitory effect on translational regulation,
hinting towards a PPAR independent FABP pathway of translational regulation. In depth
investigation to decode the underlying process of translational regulation needs to be conducted
in future work. Transcriptome and proteome analysis will give rise to more information on
target specificity and impact on overall cell homeostasis, crucial to be identified before moving
forward with BMS-309403 as a potential pharmacologic therapy approach for 4R tauopathies. In
this context, investigating the BMS-309403 inhibitory effects on MAPT translational regulation
in patient derived hiPSCs and derivatives showing 4R tauopathy pathology may be considered
to investigate the specificity and applicability of BMS-309403 as a pharmacological tauopathy
treatment.

In conclusion, I successfully established hiPSC EXSISERS reporter lines to investigate physiolog-
ical and pathological Tau in a HT'S manner. The use of the EXSISERS enabled the identification
of further components involved in the MAPT exon 10 alternative splicing process up to this
point elusive. Involvement of HDACs in the alternative splicing process of MAPT exon 10
including mRNA was identified under physiological conditions, while indicating an alteration
in spliceosome recruitment in pathological conditions. BMS-309403 was shown to exclusively
interfere with MAPT exon 10 including mRNA translation. Therefore, this work presents novel
indications in MAPT exon 10 alternative splicing and translational regulation.
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5 Material and Methods

5.1 Materials

5.1.1 Chemicals

Table 5.1: Chemicals

Chemicals Catalogue No. Supplier

5-ITU 1100 Sigma-Aldrich

B-ME (cell culture suitable) 31350010 Thermo Fisher Scientific
Accutase A6964 Sigma-Aldrich

Acedic Acid ‘W200603 Sigma-Aldrich
Acetopromazine maleate salt AT7111 Sigma-Aldrich

Agar 05040 Sigma-Aldrich

Agarose 870055 Biozym, Germany
Alcuronium chloride A0325200 Sigma-Aldrich

Alfacalcidol
Alfuzosin HC1

MCE-HY-10003
S1409

Alprenolol hydrochloride S5802
Amoxicillin S3015
Azaguanine-8 S4194
BMS-309403 HY-101903
bovine serum albumin (BSA) AT906
Bradford Reagent B6916
Budesonide SC-202980
Buflomedil HCI 52607
Chidamide HY-13592
Collagenase type IV 17104-019
DAPI-Solution 62248
Digitoxigenin D9404
Digoxin S4290

DMSO, >=99.5% (DMSO) D5879-100ML
Dorsomorphin dihydrochloride 3093/10
Doxycycline Hydrochloride D3447-500MG
DPBS, w/o Ca?T, w/o Mg?* 14190169
Ethanol (EtOH) absol. P.A 2,5L M983 Merck 1009832500
Ethidium bromid (EtBr) 2218.2
Ethylenediamintetraacetic acid (EDTA) EDS-1KG
Eptapirone (F-11440) HY-19946
Fomepizole 222569

Biozol Diagnostics
Selleckchem Chemicals
Selleckchem Chemicals
Selleckchem Chemicals
Selleckchem Chemicals
MedChemExpress
Sigma-Aldrich
Sigma-Aldrich

Santa Cruz

Selleckchem Chemicals
MedChemExpress
Thermo Fisher Scientific
Thermo Fisher Scientific
Sigma-Aldrich
Selleckchem Chemicals
Sigma-Aldrich

Tocris Bioscience
Sigma-Aldrich

Thermo Fisher Scientific
Merck Millipore

Carl Roth GmbH
Sigma-Aldrich
MedChemExpress
Sigma-Aldrich
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5.1 Materials

Chemicals

Catalogue No.

Supplier

Formalin, 10%
Gatifloxacin
Indatraline HCI
ITSA-1

Lacidipine

Methanol (MtOH)
Metergoline

Meticrane
Metronidazole

Milk powder
Mocetinostat
Moclobemide
Nazartinib

Nystatine

PLB

Purmorphamin (PMA)
Sodium chlorid (NaCl)
Pancuronium bromide
Panobinostat
Pentylenetetrazole
Pivmecillinam HCl
Propafenone HCI
PT-2385

RGFP966

Salbutamol
Salbutamol Sulfate
Santacruzamate A
Sibutramine HCI
Spiramycin
Temozolomide
Testosterone propionate
TSA

Tris hydroxymethyl-aminoethan (Tris)
Triton X-100
Tubastatin A

Tween 20

Yeast extract

Ziprasidone HC1

F5554
S1340

1588
HY-100508
S1994
1.06009.2500
0590
M6902
Cay9002409
70166-500G
HY-12164
M3071
HY-12872
S1934
E1941

4551

D6750
P1918
HY-10224
P6500
85473
$2500
HY-12867
HY-13909
Cay21003
S2507
HY-N0931
AMO-M5958
S4082
T2577
T1875
A8183
93352
T9284
HY-13271A
P1379
Y1625
S1444

Sigma-Aldrich
Selleckchem Chemicals
Tocris Bioscience
MedChemExpress
Selleckchem Chemicals
Merck Millipore
Tocris Bioscience
Sigma-Aldrich
Cayman Chemicals
Sigma-Aldrich
MedChemExpress
Sigma-Aldrich
MedChemExpress
Sellckchem Chemicals
Promega

R&D Systems
Sigma-Aldrich
Sigma-Aldrich
MedChemExpress
Sigma-Aldrich
Selleckchem Chemicals
Selleckchem Chemicals
MedChemExpress
MedChemExpress
Cayman Chemicals
Selleckchem Chemicals
MedChemExpress
Biozol Diagnostics
Selleckchem Chemicals
Sigma-Aldrich
Sigma-Aldrich
APExBio
Sigma-Aldrich
Sigma-Aldrich
MedChemExpress
Sigma-Aldrich
Sigma-Aldrich

Selleckchem Chemicals
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5 Material and Methods

5.1.2 Cell culture media, supplements and small molecules

Table 5.2: Cell Culture Media, Supplements and Small Molecules

Media Catalogue No. Supplier

Advanced DMEM 12491023 Thermo Fisher Scientific
Ascorbic acid 2-phosphate A8960-5G Sigma-Aldrich

B-27" Supplement (50X), minus vitamin A 12587010 Thermo Fisher Scientific
B-27" Supplement (50X) 11530536 Thermo Fisher Scientific
CloneR"™ Supplement (10x) 05888 STEMCELL Technologies
CHIR99021 4423/10 Tocris Bioscience
Cryostor® cell cryopreservation media CS10 C2874-100ML Sigma-Aldrich

Essential 8" Flex (E8" Flex) A2858501 Thermo Fisher Scientific
GlutaMAX"™ Supplement 13462629 Sigma-Aldrich

Human BDNF, research grade 130-093-811 Miltenyi Biotec GmbH
Human FGF8b, premium grade 130-095-740 Miltenyi Biotec GmbH
Human GDNF, research grade 130-096-291 Miltenyi Biotec GmbH
Insulin Solution, Human recombinant 19278-5ML Sigma-Aldrich
jetOPTIMUS® DNA Tranfection Reagent 117 Polyplus transfection
KnockOut Serum Replacement 10828028 Thermo Fisher Scientific
DMEM/F12 GlutaMAX" 10565018 Thermo Fisher Scientific
DMEM/F12, HEPES 11330032 Thermo Fisher Scientific
N-2 Supplement (100X) 17502048 Thermo Fisher Scientific
Neurobasal™ Medium 21103049 Thermo Fisher Scientific
MEM non essential amino acids, 100mL 11140035 Thermo Fisher Scientific
NT-3, recombinant human 4500310 PeproTech

Opti-MEM -1 31985-047 Thermo Fisher Scientific
Penicillin Streptomycin 15140122 Thermo Fisher Scientific
STEMdiff" Trilineage Differentiation Kit 05230 STEMCELL Technologies
StemMACS™ LDN193189 130-103-925 Miltenyi Biotec GmbH
StemMACS™ Passaging Solution XF 130-104-688 Miltenyi Biotec GmbH
StemMACS™ SB431542 130-106-275 Miltenyi Biotec GmbH
Thiazovivin 42022010MG Merck Millipore
Y-27632.dihydrochloride ALX-270-333-M005 Enzo Life Sciences
X-tremeGENE HP DNA  Transfection 6366236001 Sigma-Aldrich

Reagent
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5.1.3 Coating

Table 5.3: Cell Culture Coatings

5.1 Materials

Coating

Catalogue No.

Supplier

Geltrex" LDEV-Free, hESC-Qualified, Reduced A1413302
Growth Factor Basement Membrane Matrix

Thermo Fisher Scientific

Laminin from Engelbreth-holm-swarm murin L2020-1MG Sigma-Aldrich
Matrigel™, growth factor reduced 354230 Corning
Poly-L-Ornithine hydrobromide (P/O) P3655 Sigma-Aldrich
Mol WT*300 00-70000
5.1.4 Cell lines
Table 5.4: List of cell lines
Cell line Catalogue No. Supplier
HPSI0514i-vuna_ 3 77650602 HipSci
HPSI0614i-uilk 2 77650606 HipSci
HPSI0913i-diku_ 1 77650088 HipSci
HPSI1013i-yemz_ 1 77650060 HipSci
HPSI1113i-golg 1 77650145 HipSci
5.1.5 Antibodies
Table 5.5: Primary Antibodies
Primary Antibody Dilution Catalogue No. Supplier
B-Actin 1:10,000 (WB) GTX26276 GeneTex
3R Tau (8E6/C11) 1:1000 (WB) 05-803 Sigma-Aldrich
4R Tau (1E1/A4) 1:200 (WB) 05-804 Sigma-Aldrich
ATS8 Phospho-Tau 1:250 (ICC) MN1020 Thermo Fisher Scientific
(Ser202, Thr205)
AT100 Phospho-Tau 1:250 (ICC) MN1060 Thermo Fisher Scientific
(Thr212, Ser214)
AT180 Phospho-Tau 1:250 (ICC) MN1040 Thermo Fisher Scientific
(Thr231)
CRISPR-Cas9 (6G12) 1:1000 (WB) NBP2-52398 R&D Systems
HA tag 1:1000 (WB) H3663 Sigma-Aldrich
M2 anti-FLAG 1:1000 (WB) F3165 Sigma-Aldrich
MAP2 1:1000 (ICC) AB5622 Millipore
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Primary Antibody Dilution Catalogue No. Supplier
MC1 1:50 (ICC) gift by Amir Tayaranian
Marvian
NANOG 1:200 (ICC) AF1997 R&D Systems
NCAM 1:500 (ICC) ab204446 Abcam
Nestin (10C2) 1:250 (ICC) MA1110 Thermo Fisher Scientific
NeuN 1:1000 (ICC) ab104224 abcam
NLuc (965853) (ICC) MAB100261SP R&D Systems
Oct3/4 (C30A3) 1:400 (ICC) 28408 Cell Signaling
OLLAS (L6) 1:1000 (WB) MA5-16125 Thermo Fisher Scientific
Pan Tau (PC1C6) 1:200 (WB) MAB3420 Merck
Pax6 1:200 (ICC) Ab78545 Abcam
Sox1 1:500 (ICC) Ab8TTT75 Abcam
SOX2 1:500 (ICC) Sc17320 Santa Cruz
SOX17 1:500 (ICC) AF1924 R&D Sysrems
TBXT 1:500 (ICC) ab209665 Abcam
TUBB3 1:500 (ICC) T50762000UL Sigma-Aldrich
Table 5.6: Secondary Antibodies
Secondary Conjugate Dilution Catalogue Supplier
Antibody No.
Donkey-anti- Alexa 594 1:500 (ICC) A21203 Thermo Fisher
mouse Scientific
Donkey-anti-goat Alexa 488 1:500 (ICC) A11055 Thermo Fisher
Scientific
Donkey-anti- Alexa 594 1:500 (ICC) Thermo Fisher
rabbit Scientific
Goat-anti-mouse HRP 1:10000 (WB) 115-035-146 Dianova
Goat-anti-rabbit HRP 1:10000 (WB) 111-035-003 Dianova
Goat-anti-rabbit Alexa 488 1:500 (ICC) A11008 Thermo Fisher
Scientific
5.1.6 Equipment
Table 5.7: List of Equipment
Instrument Supplier

Centro LB 960 Plate Reader
ELx405 Select Deep Well Washer

EnVision 2105 multimode plate reader

Berthold Technologies
BioTek

Perkin Elmer
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Instrument Supplier

EVOS™ FL Auto Cell Imaging System Invitrogen"

Fusion FX7/SL advanced imaging system Vilber Lourmat
Gel-Documentation System E.A.S.Y. Win32 Herolab, Germany
Milli-Q Integral Water Purification System Merck Millipore
MultiFlo FX Multimode-Dispenser BioTek

Mr. Frosty™ Freezing Container Thermo Fisher Scientific
NanoDrop Spectrophotometer ND-1000 Peqlab, Germany

ZEISS Axiovert 200 Zeiss, Germany

ZEISS Axio Imager.M2 Zeiss, Germany

5.1.7 Software

Table 5.8: List of Software

Software Supplier

Adobe Tllustrator® Adobe

Genenious Prime 2021.2.2 Biomatters

GraphPad Prism 6 Graphpad Software, Inc.
ImageJ NIH

Neurolucida MBF Bioscience

R R Core Team

Stereo Investigator MBE Bioscience

5.1.8 Commercial kits

Table 5.9: List of Commercial Kits

Kit Catalogue No. Supplier
Alexa Flour 555 Conjugation Kit ab269820 Abcam
(Fast)-Lightning Link

CellTrace™ Calcein Red-Orange AM C34851 Invitrogen™
LongAmp Taq 2X Master Mix MO0287 NEB
Luna Universal One-Step RT-qPCR Kit E3005 NEB
Luna Universal Probe One-Step RT-qPCR Kit E3006 NEB
Nano-Glo Dual-Luciferase Reporter Assay N1620 Promega
NEBuilder HiFi DNA Assembly Master Mix E2621 NEB
Monarch DNA Gel Extraction Kit T1020 NEB
Monarch PCR & DNA Cleanup Kit T1030 NEB
MycoAlert™ Mycoplasma Detection Kit LT07-218 Lonza
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Kit Catalogue No. Supplier
P2 Primary Cell 4D-Nucleofector X Kit V4XP-2024 Lonza
P3 Primary Cell 4D-Nucleofector X Kit V4XP-3024 Lonza
Pierce BCA Protein Assay 23225 Thermo Fisher Scientific
Primary Cell Optimization V4XP-9096 Lonza
4D-Nucleofector X Kit
Q5 High-Fidelity 2X Master Mix M0492 NEB
QIAamp DNA Mini Kit 51306 Qiagen
QIAprep Spin Maxiprep Kit 12163 Qiagen
QIAprep Spin Miniprep Kit 27104 Qiagen
QIAquick Gel Extraction Kit 28706 Qiagen
QuikChange Site-Directed Mutagenesis Kit 200523 Agilent Technologies
SuperSignal West Femto 34095 Thermo Fisher Scientific
Chemilumineszenz-Substrat
Wizard SV Genomic DNA Purification System A2360 Promega
5.1.9 Consumables
Table 5.10: List of Consumables
Description Catalogue No. Supplier
10x Tris/Glycine Buffer 1610771 Bio-Rad
Assay Plate, 96 well, black with clear flat bottom 3603 costar
Aqua-Poly /Mount 18606 Polysciences
Cell scraper 83.1830 Sarstedt
Clear Flat Bottom Ultra-Low Attachment 3471 costar
Multiple Well Plates
Criterion XT 4-12% Bis-Tris Gels 3450124 Bio-Rad
GeneRuler 100bp DNA Ladder SM0243 Thermo Fisher Scientific
GeneRuler 1kb DNA Ladder SMO0311 Thermo Fisher Scientific
Immobilon-P PVDF Membrane IPVHO00010 Merck Millipore
Masterblock, 96 well, 2 mL 780271 Greiner Bio One
Multi-well plate, 6 well 353046 Falcon
Multi-well plate, 48 well 353078 Falcon
Multi-well plate, 24 well 353047 Falcon
Multi-well plate, 96 well 9407473 Nunc
Protein Marker VI (10-245) A8889 PanReac AppliChem
SpectraTM Multicolor High Range Protein Ladder 26626 Thermo Fisher Scientific
Whatman® cellulose chromatography papers WHA3030672 Sigma-Aldrich
XT MOPS Running Buffer 1610788 Bio-Rad
XT Reduction Agent 1610792 Bio-Rad
XT Sample Buffer 1610791 Bio-Rad

62



5.1.10 Solutions and buffers

Table 5.11: Composition of Solutions and Buffers

5.1 Materials

Instrument

Supplier

1x TBS-T

Blocking Buffer (ICC)

Blocking Buffer (WB)

Blotting Buffer (WB)

LB-Agar Plates

LB medium

Running Buffer (WB)

TAE Buffer

100 mL 10x Tris buffered saline (TBS)
1 mL Tween20
Add to 1L with HoO

DPBS
1% FBS
0.5% Triton X-100

5% (w/v) skim milk powder
1x TBS-T buffer

200 mL Tris/Glycin (TG) Buffer (10x)
400 mL MtOH
Add H20 to 2L

10g Tryptone
5g Yeast extract
10 g NaCl

15g Agar

Add H2O to 1L

10g Tryptone
5g Yeast extract
10g NaCl

Add H20 to 1L
Adjust to pH 7.0

50mL XT MOPS Buffer (20x)
Add with H2O to 1L

40 mM Tris
20 mM acetic acid
1mM EDTA

5.1.11 Enzymes

Table 5.12: List of Enzymes

Enzyme Catalogue No. Supplier
A Protein Phosphatase P0753 NEB
BbsI-HF R3539 NEB
Dpnl RO176 NEB
EcoRI-HF R3101 NEB
EcoRV-HF R3195 NEB
NotI-HF R3189 NEB
Pacl R0547 NEB
T4 DNA Ligase MO0202 NEB
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5.1.12 DNA vectors

Table 5.13: List of DNA Vectors

DNA Vector Supplier

pBS_EXSISERS pA PTEx10:NLuc available at IDG

pBS_EXSISERS pA PTIVS10+16Ex10:NLuc available at IDG

pBS_EXSISERS MAPTEx11:FLuc available at IDG

pmaxGFP™ Lonza

pMB_ Cas9_ MAPT grNA:Ex10 available at IDG

pMB_ Cas9_ MAPTgRNA:Ex11 available at IDG

pCAG_ Cre_ c-Myc NLS available at IDG, generated by Dong-Juinn Jeffery Truong

pCAG _iFLP available at IDG, generated by Dong-Juinn Jeffery Truong
5.2 Methods

5.2.1 Molecular methods
5.2.1.1 Restriction enzyme digest

Vectors for either subsequent T4 Ligation (5.2.1.3) or Gibson cloning (5.2.1.4) were linearised
by restriction enzyme digest (RD). All used enzymes are listed in Table 5.12. In short, vectors
were digested in a single enzyme or double enzyme reaction. Appropriate buffer, incubation
temperature and heat inactivation temperature was individually adjusted as indicated by the
manufacturer.

5.2.1.2 Oligo annealing

Cloning of targeting vectors carrying the sgRNA and prime editing guide RNA (pegRNA),
respectively, was performed by oligo annealing and subsequent T4 Ligation, as described in
detail in the following and 5.2.1.3. Protospacer sequences for respective sgRNAs were ordered as
forward and reverse oligos, whereby, the forward (5’-3’) oligo presented the sgRNA protospacer
sequence. Oligos had a 100% homology, except for Bbsl restriction site overhangs, as listed
in 5.26. Annealing of the homologous oligos was initiated by incubation at 96°C for 10 min.
10 uL of each oligo and 80 pL of TE buffer were set into one reaction. Subsequently the reaction
was slowly cooled down by turning off the heat block, ensuring proper annealing of the oligos.
Annealed oligos were either subsequently used for T4 Ligation (5.2.1.3) or stored at -20 °C for
later use.

5.2.1.3 T4 Ligation

T4 Ligation was performed, following the provided protocol by NEB. In case of sgRNA cloning,
increase in ligation efficiency was achieved by redigestion of the ligation reaction with Bbsl.
Hence, 1 pL of Bbsl-HF was directly added to the ligation reaction and incubated for 10 min
at 37 °C. Undigested vector still carrying the Bbsl restriction recognition site are therefore
linearised and can not be transformed into chemically competent E.coli, leaving only correctly
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ligated vectors for transformation. Bbsl restriction digest was stopped by heat inactivation of
the enzyme at 65 °C for 10 min.

5.2.1.4 Gibson assembly

Gibson Assembly for cloning of donor plasmids for hiPSC genetargeting, was performed using
the DNA HiFi Assembly Kit, following the manufacturers protocol. In short, vector backbones
were linearised by restriction digest, as described in 5.2.1.1 and subsequent purification of
respective fragment by gel extraction. Gel-extraction was performed after gel electrophoresis, as
described in 5.2.1.5. Inserts were were amplified by PCR with primers presenting the respective
overhang for successful Gibson cloning. Reactions were incubated indifferently at 50 °C for 1h
in a thermocycler. Subsequently, Gibson reaction was transformed into chemically competent
cells, as described in 5.2.7.4.

5.2.1.5 DNA Gel Electrophoresis

DNA of PCR fragments and RD products were separated by size and visualisation by EtBr
under UV light. In general, gels were run at 120 Volt (V) for 45 min. Pictures were taken using
the ... documentation system. In case of gel extraction, appropriate fragments were cut out
of the gel under UV light and purified using the Monarch Gel Extraction Kit following the
manufacturers protocol.

5.2.1.6 Preperation of genomic DNA

Genomic DNA of hiPSCs and derivates was purified using the QIAamp DNA Mini Kit, following
the Blood or Body Fluid Spin Protocol. All genomic DNA was diluted in nuclease free HoO
and stored at 4 °C.

5.2.1.7 Preperation of RNA

RNA was isolated from hiPSCs and derivates growing in a monolayer to 70%-80% confluency
in a multi well 6 well plate format using the RNeasy Mini Kit, following the manufacturers
protocol. RNA was subsequently used for qRT-PCR as discribed in 5.2.1.8

5.2.1.8 qRT-PCR

qRT-PCRs were conducted using either the Luna Universal Probe One-Step RT-qPCR Kit or
the Luna Universal One-Step RT-qPCR Kit, depending on the probe and primers used. Primers
used for SYBR" Green based qRT-PCR are listed in 5.14, following the manufacturers protocol
of the Luna Universal One Step RT qPCR Kit. TagMan' Probes used in combination with the
Luna Universal Probe One Step RT qPCR Kit are listed in 5.15. Expressionlevels of target genes
were normalised to stable expressed housekeeping genes, by determination of the best keeper,
based on [262|. All qRT-PCRs were performed using the QuantStudio” 7 Flex Real-Time PCR
System.
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Table 5.14: Primer Sequences for snNPCs Characterisation by qRT-PCR

Name Sequence 5’-3°

cMYC FW TCAAGAGGCGAACACACAAC
cMYC_ RV GGCCTTTTCATTGTTTTCCA
GPBP1_FW ATCATTCGGTCTTCAACCTTCC
GPBP1_RV ATCCTCAGTTAAGGGAGCACA
KLF4 FW GCCACCCACACTTGTGATTA-
KLF4 RV CGTCCCAGTCACAGTGGTAA
LIN28 FW CATCTCCATGATAAACCGAGAGG
LIN28 RV GTTACCCGTATTGACTCAAGGC
NANOG_FW AAGGTCCCGGTCAAGAAACAG
NANOG RV CTTCTGCGTCACACCATTGC
OCT4_FW AGTGAGAGGCAACCTGGAGA
OCT4_RV GCCGGTTACAGAACCACACT
POU5SF1_FW GTGTTCAGCCAAAAGACCATCT
POU5F1_RV GGCCTGCATGAGGGTTTCT
PSMC1_FW CACACTCAGTGCCGGTTAAAA
PSMC1_ RV GTAGACACGATGGCATGATTGT
RPL22 FW CACGAAGGAGGAGTGACTGG
RPL22 RV TGTGGCACACCACTGACATT
SOX2 FW AGTCTCCAAGCGACGAAAAA
SOX2 RV GCAAGAAGCCTCTCCTTGAA
TBP_ FW AAAGAACGCTGTACTCAGTGTG
TBP_ RV CCCCGGTTGAGGGCTTTTA
UBQLN1 FW TGCAGGTCTGAGTAGCTTGG
UBQLN1_ RV AACTGTCTCATCAGGTCAGGAT

Table 5.15: TagMan" Probes for qRT-PCR

Name

Target

Hs00902192 _m1
Hs00902312_m1
Hs00902194 m1
Hs99999903 m1
Hs04260367 _gH
Hs02758991 gl

Hs01086177_m1
Hs02339439 gl

Hs01115513_m1
Hs00187320 m1

MAPT exon 9-11 junction
MAPT exon 9-10 junction
MAPT exon 12-13 junction
[B-actin

POUSF1

GAPDH

FABP4

FABP5

PPAR~y

HDAC3
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5.2.1.9 Preparation of protein

Protein was isolated from either cells growing in a monolayer to 70%-80% confluency in a
multi-well 6 well plate format or from a pool of 2-4 forebrain organoids collected in a 1.5 mL
tube. Isolation was performed using 1x PLB, diluted in DPBS. Media was aspirated and
cells and forebrain organoids washed once with DPBS prior to adding appropriate volumes of
1x PLB to the well and the 1.5 mL tube, respectively. Cell and forebrain organoid were lysed by
incubation in 1x PLB for 10 min at room temperature (RT). Subsequently, the cell lysate was
transferred to a pre-cooled 1.5 mL tube. Lysates were centrifugated at 10,000 x rcf, for 4 min.
The supernatant was transferred to a new pre-cooled 1.5 mL tube and either stored at -20 °C or
subsequently used for WB (5.2.1.11) or Luciferase assay (5.2.1.12).

5.2.1.10 Bradford protein assay

The protein concentration was assessed by Bradford protein assay. A BSA standard curve with
known concentrations served as a reference to determine the cell lysates protein concentration.
The assessment was performed in a multi-well 96 well plate format, working in duplicates for
standards and samples. The BSA standards were prepared in 1x PLB. For sample concentration
determination, samples were diluted 1:5 in HoO to ensure sample concentration detection within
the standard curve range. 5 pL of each standard concentration and sample was added to a well,
respectively. 250 pL. of Bradford reagent was added to each well used and gently mixed prior
to incubation for 5-45 min at RT. Subsequently, absorbance was measured at a wavelength of
595 nm.

5.2.1.11 Immunoblotting

WBs were performed to detect specific proteins of interest and analyse their expression levels.
Protein of cells grown in a multi-well 6 well plate formate was prepared using 1x PLB, as
described in 5.2.1.9. The cell lysates were separated by sodium dodecyl sulfate (SDS)-PAGE.
A 4-12% gradient SDS polyacrylamide gel was used for sufficient separation of the proteins.
Gels were run in 1x XT MOPS Running Buffer for 2h at 150V at RT. Proteins were then
transferred to a PVDF membrane in TG Buffer at 15V at 4 °C, overnight and subsequently
blocked with 5% (w/v) milk powder dissolved in 5 x TBS-T. After blocking, the membranes
were exposed to the respective primary antibody listed in Table 5.5 and incubated overnight at
4 °C, agitating. Membranes were then washed three times while shaken in 5 x TBS-T for 5 min.
An incubation in the secondary antibody conjugated with HRP for 1h at RT, shaking, followed.
Respective dilutions of secondary antibody were made up in 5% (w/v) milk powder dissolved in
5 x TBS-T. The SuperSignal" West Pico Chemiluminescent Substrate Kit was used according
the manufacturer’s protocol to visualize the proteins on a Fusion FX7/SL advanced imaging
system. Membranes were washed in 5 x TBS-T prior to stripping. Membrane incubation in
stripping buffer for 15 min at RT, gently shaking, was followed by a short washing step with
5 x TBS-T. Subsequently, membrane was blocked with 5% (w/v) milk powder dissolved in
5 x TBS-T, shortly washed with 5x TBS-T and exposed to the next primary antibody, overnight
at 4 °C, agitating. For development of membrane, the steps were followed as described above. For
a following quantitative analysis, the membranes were again washed three times with 5 x TBS-T
for 10 min and incubated in the housekeeping protein antibody overnight at 4 °C, agitating. The
development of the membrane was carried out as previously mentioned, the following day.

67



5 Material and Methods

All antibodies used to detect the proteins of interest are listed in Table 5.5 and 5.6 . Dilutions
were made in 5% (w/v) milk powder dissolved in 5 x TBS-T.

5.2.1.12 Dual luciferase assay

Dual Luciferase assays were conducted using the Nano-Glo Dual Reporter Assay System. Cells
used for assays were either seeded in a multi-well 6 well plate or black with clear flat bottom
96 well plate formate. Protein of cells grown in a multi-well 6 well format was prepared using
1x PLB, as described in 5.2.1.9. 30 pL of protein lysate per well were transferred to a black
with clear flat bottom 96 well plate for measurement. All measurements based on 1x PLB were
conducted in three technical replica per biological replicate. Equal amount of ONE-Glo" EX
reagent was added to the protein lysate. Subsequently, the plate was agitated to ensure sufficient
mixing. Samples were incubated for 10 min at RT, prior to FLuc measurement. Measurement
was conducted with an integration time of 1sec and 5sec, respectively. FLuc activity was
stopped and NLuc substrate was supplied by adding 30 pL. NanoDLR " Stop & Glo reagent to the
wells. For sufficient FLuc quenching, plate was agitated to ensure proper buffer mixing. Plates
were incubated for 10 min at RT, prior to NLuc measurement. Measurement was conducted
with an integration time of 1sec and 5 sec, respectively. For HTS, cells were directly grown in
a black with clear flat bottom 96 well plate. Cells were lysed directly in the well with 30 pL
ONE-Glo" EX reagent, after aspirating the media leaving only 30 pL media in each well. From
this step forward, HTS plates were handled equally to 1x PLB samples, following the steps as
described above.

5.2.1.13 Cell viability

The cell viability of cells upon compound treatment was assessed using the CellTrace” Calcein
Red-Orange acetoxymethyl (AM) dye. Cells were seeded on a clear multi-well 96 well plate
format, 24 h prior to compound treatment. A 1:100 dilution in appropriate media was made of
Calcein Orange-Red AM dye and subsequently added in a ratio of 1:10 (end concentration of
0.25nM) to the cells, 72h post compound treatment. Cells were incubated for 30 min, 37 °C
and invariant 5% COs saturation. Afterwards, media was aspirated and DPBS added to the
wells prior to measurement. Fluorescence measurement was conducted with an excitation of
577 nm, an emission of 620 nm and a cut-off of 590 nm.

5.2.2 Tissue culture methods
Cell culture work was performed under a Type A2 Biological Safety Cabinet. Growing cells
were invariantly incubated at 37 °C and invariant 5% COs saturation.

5.2.2.1 hiPSCs and derivates

All hiPSCs used in this thesis were kindly donated by Prof Dr Giinther Heuting, German Center
for Neurodegenerative Diseases, Munich, in collaboration with the high throughput (HIT) Tau
Consortium.
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5.2.2.1.1 Thawing of hiPSCs and derivates

HiPSCs were brought into culture from cryopreservation by thawing the cell in a 37 °C water
bath, cell containing CryoStore CS media was transferred drop wise to a 15mL falcon tube,
containing 2mL of E8" Flex media, supplemented with 10 pM Rho-associated coiled-coil
containing protein kinase (ROCK) inhibitor Y-27632-dihydrochloride. Cells were pelleted by
centrifugation, 200 x rcf, 5min at RT. Supernatant was aspirated and cells resuspended in
2mL fresh E8" Flex media, supplemented with 10 pM ROCK inhibitor Y-27632-dihydrochloride.
Subsequently, cells were seeded into a multi-well 6-well plate, coated with 1% (v/v) Geltrex
and incubated at 37 °C and constant 5% COq saturation overnight. Cells were released from
ROCK inhibitor Y-27632-dihydrochloride 24 h after thawing by aspirating the media, washing
cells once with DPBS and newly added E8" Flex media. Thawing smNPCs followed the same
procedure, changes were made using smNPC maintenance media for cultivation. Composition
of smNPC maintenance media is listed in Table 5.19.

5.2.2.1.2 Maintenance of hiPSCs and derivates

HiPSCs were primarily cultured in 6-well multi-well plate format, coated with 1% (v/v) Geltrex' .
Plates were coated at least 1h prior to use by adding 1 mL 1:100 diluted Geltrex" coating and
0.5mL DMEM /F12, GlutaMAX" supplement to each well of a multi-well 6-well plate. Dilutions
were made in DMEM/ F12-GlutaMAX" supplement. Plates for coating were incubated at 37 °C
with invariant 5% CO, saturation. Geltrex volume was adjusted accordingly, depending on
the culture plate format used.

HiPSCs were subcultivated at 70%-80% confluency, whereby, colony size was always morpholog-
ically assessed under the microscope, prohibiting colony merging. For subcultivation, media was
aspirated from the wells and cells were washed once with RT' DPBS. Cells were detached from
the surface by adding 1 mL Passaging Solution XF to each well and subsequent incubation at RT
for 5min. Afterwards, Passaging Solution was aspirated and 1 mL E8" Flex media was added.
Cells were harvested in cell clumps, by gently pipetting the media up and down. Subsequently,
cells were transferred to a 15 mL falcon containing 2mL E8" Flex media. Seeding of cells for
expansion and maintenance was done by adding 4-8 drops of cell containing media to a well of
a 6 well multi-well plate. Split ratio was adjusted according to the proliferation rate of each
cell line, to ensure proper colony growth without merging nor too small colony size, decreasing
cell survival and favouring random differentiation. Cells were left to grow in the 37 °C COg
incubator with invariant 5% COs saturation. Medium was changed every other day, or after
three days in case of performed double feeds.

SmNPCs were cultured primarily in a multi-well 6-well plate format, either coated with
1% (v/v) Geltrex" or 15 pg/mL P/O and 10 ng/mL Laminin, depending on the smNPC differ-
entiation. Cells were supplied with N2B27 media (Table 5.18) or smNPC maintenance media,
composition listed in Table 5.19. Whereby, cells were subcultivated at a 70%-80% confluency.
Media was aspirated and cells were washed once with DPBS prior to adding 1 mL. Accutase
solution to the wells to detach the cells from the surface. Accutase was incubated for 10 min at
37 °C. Accutase reaction was terminated by transfer of detached cells to a 15 mL falcon, contain-
ing 6 mL DMEM /F-12, GlutaMAX". Subsequently, smNPCs were sedimented by centrifugation,
5min, 200 x rcf. Cell pellet was resuspended in 2 mL appropriate media and cells counted using
a Neubauer improved, precision disposable plastic haemocytometer C-chip”. Appropriate cell
numbers were seeded, according to the multi-well plate format used for maintenance, and cells
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were left to grow in a 37 °C COg incubator with invariant 5% COs saturation.

5.2.2.1.3 Cryopreservation of hiPSCs and derivatives

HiPSCs and smNPCs were preserved in liquid nitrogen. When cells were grown to 70%-80%
confluency, media was aspirated and cells washed once with DPBS. To detach cells, 1 mL of
Passaging Solution XF and Accutase Solution were added, respectively. HiPSCs were incubated
for 5min, at RT, before aspirating the Passaging Solution XF and adding 1 mL E8" Flex to
the wells. HiPSCs were gently broken down to small cell clumps by pipetting up and down
and subsequently transferred to a 15mL falcon, containing 2mL E8" Flex media. SmNPCs
were detached by accutase incubation for 10 min at 37 °C. Accutase reaction was stopped by
transferring the cells to a 15 mL falcon containing 6 mL. DMEM /F-12, GlutaMAX". Cells
were sedimented by centrifugation, 200 x rcf for 5min. Cell pellets of hiPSCs and smNPCs,
respectively, were resuspended in CryoStore CS Media and 1 mL of resuspended cells subsequently
transferred to a sterile cryogenic storage vial. Freezing container, Mr. Frosty, was used for
slowly freezing down cells to -80 °C overnight. The vials were transferred to liquid nitrogen for
long-time storage.

5.2.2.1.4 Germlayer differentiation of hiPSCs

Pluripotency of the EXSISERS hiPSC reporter lines was verified by differentiation of the reporter
and parental cell line in all three germ layers. Trilineage differentiation was conducted using
the StemDiff Trilineage Differentiation Kit, following the manufacturer’s protocol. Verification

of germ layer specific marker expression was performed by fixation of the cells and subsequent
ICC, as described in 5.2.2.3.

5.2.2.1.5 smNPC differentiation by EB formation

SmNPC differentiation by EB formation was performed based on Reinhardt et al. [263], in
short: hiPSC colonies were lifted from 1% (v/v) Geltrex" coated plates using Collagenase type
IV. Colonies were transferred into a suspension plate containing the first smNPC initiation
media (Table 5.16).

Table 5.16: Composition of EB based first smNPC initiation media

Media/Supplement Final Concentration
Knock-Out Serum (KSR) 1x

CHIR99021 3uM

Dorsomorphine 1pM

PMA 0.5pM

SB431542 10pM

Thiazovivin 2uM

Two days after, formed EBs were transferred into a new well of a multi-well 6-well plate
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containing the second smNPC initiation media, composed of N2B27 Basis Media (Table 5.17),
supplemented with 1M, 10 pM SB431542, 3pM CHIR99021 and 0.5 pM PMA.

Table 5.17: Composition of N2B27 basis media. Media basis for smNPC initiation media via EB formation
and smNPC maintenance of smNPCs derived from hiPSC via EB formation.

Media/Supplement Final Concentration
DMEM/F-12, GlutaMAX"™ Supplement 1:1

N-2 Supplement 1x

Minimum Essential Medium (MEM) non essential amino acids 1x

Insulin 5ug/mL

B-ME 100 pM

Neurobasal” Medium 1:1

B27" Supplement (50x), minus vitamin A 1x

GlutaMAX"™ Supplement 1x
Penicillin/Streptomycin 1x

On day four of smNPC initiation, EBs were transferred into new N2B27 basis media, sup-
plemented with 3pM CHIR99021 and 0.5uM PMA and 50 mM ascorbic acid. Plating of
formed EBs onto 1% (v/v) Geltrex" coated multi-well 6 well plates was performed on day 6 of
differentiation. EBs were broken down by pipetting up and down and subsequently seeded onto
the wells, containing N2B27 media (Table 5.18).

Table 5.18: Composition of N2B27 media for smnNPC maintenance of smNPCs derived via an EB stadium

Media/Supplement Final Concentration
DMEM/F-12, GlutaMAX" Supplement 1:1

N-2 Supplement 1x
MEM non essential amino acids 1x
Insulin 5pg/mL
B-ME 100 pM
Neurobasal™ Medium 1:1
B27" Supplement (50x), minus vitamin A 1x
GlutaMAX" Supplement 1x
Penicillin/Streptomycin 1x
CHIR99021 3pM
PMA 0.5pM
Ascorbic acid 50 mM

smNPCs were either frozen down for later use, following the protocol described in 5.2.2.1.3 or
expanded and maintained, as described in 5.2.2.1.2. Media was changed any other day.
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5.2.2.1.6 adherent smNPC differentiation

HiPSCs were plated on appropriate multi-well plates, coated with 1% (v/v) Geltrex", 24h
prior to neural initiation. For neural initiation, E8" Flex medium was aspirated and 2mL
smNPC maintenance media (Table 5.19) was added to the cells, supplemented with additional
100 ng/pL FGE8b. Cells were incubated at 37 °C and invariant 5% COg saturation, and media
was changed every day. On day 14 of neural initiation the neuroepithelial sheed was replated to
an appropriate multi-well plate, coated with 15 pg/mL P/O and 10 pg/mL Laminin. Replating
was performed using a cell scraper. Media was changed the following day to remove dead cells.
Subsequently, media was changed every day until day 21 of smNPC differentiation. On day 21
of differentiation, cells were either frozen down for later use, following the protocol described in
5.2.2.1.3, or reseeded on 15 pg/mL P/O and 10 pg/mL Laminin coated plates for maintenance,
as described in 5.2.2.1.2.

Table 5.19: Composition of smNPC maintenance media.

Media/Supplement Final Concentration
DMEM/F-12, GlutaMAX" Supplement 1:1

N-2 Supplement 1x
MEM non essential amino acids 1x
Insulin 5pg/mL
B-ME 100 pM
Neurobasal™ Medium 1:1
B27" Supplement (50x) 1x
GlutaMAX" Supplement 1x
Penicillin/Streptomycin 1x

LDN 100 nM
SB431542 10 pM

5.2.2.1.7 hiPSC derived neurons

HiPSCs were differentiated into smNPCs, following the protocol described in 5.2.2.1.6. Sub-
sequently, smNPCs were plated on multi-well 6 well plates, coated with 15png/mL P/O and
10 pg/mL Laminin, 24 h prior to neuron differentiation initiation. Media was aspirated and
cells washed once with DPBS. Cells were detached by accutase incubation for 10 min at 37 °C.
Accutase reaction was stopped by transferring the cells into a 15 mL falcon, containing 6 mL
DMEM/F-12, GlutaMAX". Cells were sedimented by centrifugation, 200 x rcf for 5 min, and
cell pellets resuspended in 2 mL smNPC maintenance media (Table 5.19) supplemented with
100 tM ROCK-inhibitor Y-27632 dihydrochloride and subsequently counted using a Neubauer
improved, precision disposable plastic haemocytometer C-chip . Appropriate cell densities were
seeded on plates, coated with 15 pg/mL P/O and 10 png/mL Laminin, and cultured in smNPC
maintenance media, supplemented with 100 pM ROCK-inhibitor Y-27632 dihydrochloride for
24 h at 37 °C and invariant 5% COs saturation. The following day, media was aspirated and
neuron differentiation initiated by adding neuronal induction media. Media was changed any
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other day. Long-term cultures of over 100 days were maintained in neuronal induction media.
In case of detachment of neuronal network, cells were reseeded onto new 15 pg/mL P/O and
10 pg/mL Laminin coated plates. Neuronal network was dissociated into single cells by accutase.
Hereby, cells were carefully washed once with DPBS and cells incubated with accutase for 15 min
at 37 °C and invariant 5% COs saturation. Accutase reaction was stopped by transferring the
cell solution to a 15mL falcon, containing 3 mLi neuronal induction media, supplemented with
100 pM ROCK-inhibitor Y-27632 dihydrochloride. Cells were released from ROCK-inhibitor
Y-27632 dihydrochloride by a media change 24 h after reseeding.

Table 5.20: Composition of neuronal induction media.

Media/Supplement Final Concentration
DMEM/F-12, GlutaMAX"™ Supplement 1:1

N-2 Supplement 1x

MEM non essential amino acids 1x
Insulin 5pg/mL
B-ME 100 pM
Neurobasal™ Medium 1:1

B27" Supplement 1x
GlutaMAX" Supplement 1x
Penicillin/Streptomycin 1x

BDNF 20ng/mL
Ascorbic acid 200 pM

5.2.2.1.8 FBO differentiation

FBO differentiation was performed as described by Qian et al. [264]. In short, hiPSCs were
cultivated to reach a colony size of 1 um, prior to starting forebrain (FB) organoid differentiation.
Once colony size was reached, colonies were detached from the surface by collagenase type IV
treatment, lifting the whole colony to enable EB formation. Lifted colonies are transferred
to a 15mL conical tube and allowed to settle to the bottom of the tube. Supernatant was
aspirated from the top of the tube, without disturbing the colonies. Settled colonies were gently
washed with 5mL E8" Flex media. Supernatant was once again aspirated prior to adding the
first culture media for forebrain organoid initiation to the tube (Table 5.21). Colonies were
subsequently transferred to a multi-well 6 well plate. From this stage onwards, plates were
indifferently incubated on a orbital shaker at 37 °C and invariant 5% COs saturation, to prohibit
aggregation of EBs and FBOs , respectively. After 24 h media was changed, as following: Plates
were gently swirled to allow EBs to gather in the centre of the well. The EBs were settled on
the bottom of the wells, by tilting the plate. Media was gently aspirated, without disturbing
the EBs. Fresh media was added by pipetting the media slowly into the well. On day 3 and 4
of FBO initiation, FB first culture media was refreshed.
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Table 5.21: Composition of FB first culture media.

Media/Supplement Final Concentration

DMEM/F12, HEPES

KSR 20%
GlutaMAX"™ Supplement 1x
MEM non essential amino acids 1x
B-ME 100 pM
Penicillin/Streptomycin 1x
Dorsomophin 2uM
A-83 2 pM

On day 5 and 6, a partial media change with FB second culture media (Table 5.22) was made.
EBs were embedded in Matrigel on day 7. Therefore, Matrigel” was gently thawed on ice and
EBs transferred to a 15 mL conical tube. Supernatant of settled EBs was aspirated and replaced
with 1 mL FB second culture media. 20-30 EBs were transferred to a microcentrifuge tube and
mixed with Geltrex" by pipetting up and down multiple times. Using a cut tip, the mixture was
spread onto the centre of an ultra-low-attachment six well plate to embed the EBs. Matrigel”
should fully envelop the EBs, yet, ensuring separation of the EBs, to avoid fusion. Ma‘crigelTM
"Cookies’ were incubated at 37 °C for at least 30 min to solidify. Subsequently, 3 mL FB second
culture media was gently added. ’Cookies’ were not incubated on an orbital shaker until from
this day onwards until day 14. Media was changed every other day. On day 14, growing FBOs
were dissociated from MatrigelTM by pipetting the 'Cookie’ up and down with a 5 mL pipette.

Table 5.22: Composition of FB organoid second culture media.

Media/Supplement Final Concentration

DMEM/F-12,HEPES

N-2 Supplement 1x
GlutaMAX™ Supplement 1x
MEM non essential amino acids 1x
Penicillin/Streptomycin 1x
CHIR99021 1M
SB431542 1M

From day 14 onwards, organoids were cultured in FB third culture media (Table 5.23) and
media changed every other day. From day 35 onwards, to generate an extracellular matrix,
Geltrex " at a dilution of 1:100 was added to the FB third culture media.
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Table 5.23: Composition of FB organoid third culture media.

5.2 Methods

Media/Supplement

Final Concentration

DMEM/F-12, HEPES

N-2 Supplement

B27" Supplement
GlutaMAXEM Sypplement
MEM non essential amino acids
B-ME

Penicillin /Streptomycin

Insulin

1x

1x

1x

1x

100 pM

1x
2.5pg/mL

Neuronal maturation of FBOs was initated at day 70 of differentiation, by replacing FB third
culture media with FB fourth culture media. Media was changed every other day.

Table 5.24: Composition of FB organoid fourth culture media.

Media/Supplement

Final Concentration

DMEM/F-12, HEPES

B27" Supplement

GlutaMAX"™ Supplement

MEM non essential amino acids
Penicillin/Streptomycin

Ascorbic acid

cyclic adenosine monophosphate (cAMP)

GDNF
BDNF

1x

1x

1x

1x
0.2uM
0.5uM
20ng/mL
20ng/mL

5.2.2.1.9 Mycoplasma testing

HiPSC were tested frequently for mycoplasma contamination and after initial thawing in our
laboratory using the MycoAlert” mycoplasma detection kit, as described by the manufacturer.

Values were determined with a Centro LB 960 plate reader.

5.2.2.1.10 Karyotyping of hiPSC

Karyotyping of MAPTEXSISERS and pMApTTVSI0HI6EXSISERS 1)ipS(Cs was performed in collabo-
ration with the Klinikum rechts der Isar, Munich. Cells were checked for karyotype abnormalities

based on G-banding.
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5.2.2.2 Cell counting

Determination of cell number was performed using a Neubauer improved, precision disposable
plastic haemocytometer C-chip”. 10pL of cell suspension of known volume was transferred
to the C-chip" and cells counted for at least two of four outer squares (top-left, top-right,
bottom-left, bottom-right). Cell number was calculated as follows:

Total Number of Cells 10,000  Cell Number
Number of Counted Squares mL

5.2.2.3 Immunocytochemistry

HiPSC pluripotency, germ layer identity, smNPC identity and hiPSC derived cortical neuron
identity were verified by immunocytochemistry.Cells were either grown on glass slides in a
multi-well 24 well plate format, or in a multi-well 96 well plate format for subsequent ICC. Cells
were pre-fixated with 10% formaline, by adding 50% (v/v) 10% formaline directly to the culture
media. Cells were incubated for 10 min at 37 °C and 5% CO;. Subsequently, formaline-media
mixture was aspirated from the cells and 10% formaline was added and cells incubated for 30 min
at 37 °C and 5% COs. Afterwards, cells were washed three times with DPBS and either stored
at 4 °C, in DPBS, or subsequently stained with the appropriate antibodies. For improvement
of antibody penetration, cells were incubated in 0.5% Triton X-100, 1% (v/v) FBS diluted in
DPBS for 10 min at RT. The primary antibody was added to cells in 0.5% (v/v) Triton X-100,
1% FBS diluted in DPBS and incubated for 2h at RT or overnight at 4 °C. Afterwards, cells
were washed three times with DPBS prior to appropriate secondary antibody incubation for 1 h
at RT. Nuclei were visualised by 47, 6-Diamidin-2-phenylindol (DAPI). Imaging was performed
using epifluorescence microscopy with corresponding filter sets. Primary Antibodies are listed
in Table 5.5, secondary antibodies in Table 5.6.

FBOs were fixated by 10% paraformaldehyd (PFA). FBO were incubated in PFA for 30 min at
RT prior to aspirating the PFA and washing the FBO once with DPBS. FBOs were subsequently
transferred into 30% sucrose and incubated overnight at 4 °C. The next day, FBOs were embedded
for subsequent cryo-sectioning. Sections of FBOs were used for subsequent ICC.

5.2.3 Generation of MAPTEXSISERS LipSC Lines
5.2.3.1 Vectorpreperation of MAPTEXSISERS

Donorvectors for MA PTEXSISERSEx10:NLuc_ PuroR and MA PTEXSISERSEx11:FLuc_ PuroR cassettes,
including respective homology-arms (HAs), were prepared by Gibson Assembly, following the
protocol described in detail in 5.2.1.4. pBS vectors presenting only the EXSISERSNuc_PuroR
and EXSISERSFLuc_PuroR cassettes, respectively, were kindly gifted by Dong-Jiunn Jeffery
Truong. Cassettes and backbone were linearised by RD with BbsI-HF and HAs added. Prior
to cloning, regions of interest were confirmed by Sanger sequencing, to ensure 100% homology
between the endogenous locus and designed HAs for each cell line. After successful sequencing,
asymmetric HAs were amplified by PCR from target genomic DNA (gDNA) of subjected cell
lines, including Gibson overhangs for either the pBS backbone or the respective cassette. Wherby;,
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the HAs of the MAPTEXSISERSEx10:NLuc_PuroR qonor were 1.5kbp (5'HA) and 3kbp (3'HA) in
size. In case of the MAPTEXSISERSExILFLuc_PuroR q4n0r the 5-HA was 1.5kbp and the 3™-HA
3.0kbp long. Respective primer sequences used for fragment amplification are listed in Table
9.25.

The MAPTEXSISERSEx10:NLuc_PuroR js composed of an N- and C-terminal part of gp41-intein,
flanking the whole cassette, two « helices (AP6 and P5) flanking the intein parts on the inside
of the cassette, an OLLAS-tag, the NLuc of Oplophorus Gracilirostris, two FRT F3 sites,
flanking an EFla promoter driven PuroR cassette, for positive clone selection in hiPSCs. The
MAPTEXSISERSEx1L:FLuc_PuroR asqette is comprised of an N- and C-terminal part of Nrdj-intein,
the FLuc of Photinus Pyralis, a FLAG-tag and two Lox5171 sites flanking a PuroR. cassette,
driven by an EFla promoter.

Table 5.25: EXSISERS Primer Sequences for Gibson Assembly. Primer Sequences for donor vector cloning of
MAPTEXSISERSEXIO:NLquPuroR and MAPTEXSISERSEXI1:FLuciPuroR

Name

Sequence 5’-3°

Properties

HsMAPT10_5'HA-
1.5kbp FW

HsMAPT10_ 5'HA-
1.5kbp RV

HsMAPT10_3'HA-
3.0kbp FW

HsMAPT10 3'HA-
3.0kbp RV

HsMAPT10 IVS
3'HA-3.0kbp_ FW

HsMAPT10 IVS

GTGGTTTCCACCCAGCATTCTCAA

GCACCTGGGTCTTAAGGTCCAGGCAGCCAC
ACTTGGACTGGACGTTG

CGCCAACGATATCCTGACCCACAACTCAAAG
GATAATATCAAACACGTCCCGGG

CACGCTGTAGGGACTCCACAG

CACCTGTTCTACGCCAACGATATCCTGACCC
ACAACTCAAAGGATAATATCAAACACGTCCC
GGGAGG

GAGCCTCGGGTGCCCAGTC

Exon 10 5-HA

Exon 10 5’-HA

Exon 10 3-HA

Exon 10 3-HA

Exon 10 IVS10+16
3-HA

Exon 10 IVS10+16

3'HA-3.0kbp_ RV 3-HA
HsMAPT11_5'HA- GGCGAATTGGAGCTGAAGACCTCACGAGTTA  Exon 11 5-HA
1.5kbp FW CCTCACC

HsMAPT11_5'HA- GATCTCGCTGCTGCCCACGAGACACTTGGAG  Exon 11 5-HA
1.5kbp_RV GTCACCTTGCTC

HsMAPT11_3'HA- GCCAACGACATCCTGGTGCACAACTGTGGC — Exon 11 3-HA
3.0kbp FW TCATTAGGCAACATCC

HsMAPT11_3'HA- GAACAAAAGCTGCGGTACGAAGACGCAGAAG  Exon 11 3-HA
3.0kbp_RV AAGGGTCCCTCTC

MAPT IVS10+16 ¢ > t mutation introduction to the MAPTEXSISERSIVSI0+16Ex10:NLuc_PuroR
donor was generated by double digest of the MAPTFXSISERSEx10:NLuc_PuroR qon 01 with EcoRV-
HF and Sall-HF (see Table 5.12 for more details on the enzymes). Primer presenting the point
mutation were used for fragment amplification, to exchange the cut out fragment with the
mutation presenting one via Gibson Assembly.

The respective sgRNAs (listed in Table 5.26) targeting either MAPT®*10 or MAPT®™! were
expressed under the U6 promoter (RNA Polymerase (Pol) III), encoded on the same pMB
backbone as the Cas9, which was expressed under the regulation of the hybrid chicken S-actin
promoter (CBA) promoter (CBh). Oligos for sgRNAs introduction into the plasmid were design
with overhangs matching the Bbsl-HF restriction site. Oligos were annealed by oligo annealing,
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described in 5.2.1.2 and subsequently cloned into the pMB backbone downstream of the U6
promoter by T4 ligation, described in detail in 5.2.1.3.

Table 5.26: sgRNA for MAPTEXSISERS genetargeting

Name Sequence 5’-3° Properties

gHsMAPT-CdEx10-1 FW CACCGCCAGTCCAAGTGTGGCTCAA MAPT Ex10 Targeting
gHsMAPT-CdEx10_ RV AAACTTGAGCCACACTTGGACTGGC MAPT Ex10 Targeting
gHsMAPT-CdEx11 FW CACCGTTGCCTAATGAGCCACACT MAPT Ex11 Targeting
gHsMAPT-CdEx11 RV AAACAGTGTGGCTCATTAGGCAAC MAPT Ex11 Targeting

5.2.3.2 Genome targeting MAPTEXSISERS of hiPSC

The MAPT EXSISERS was introduced in the hiPSC lines HPSI0514i-vuna 3 and HPSI0614i-
uilk 2. Generation of the EXSISERS hiPSC lines was conducted in four major gene-targeting
steps: 1. KI of MAPTEXSISERSExILFLuc_PuroR =9 = oxcision of PuroRFXSISERSEXIL by Cyre,
3. KI of MAPTEXSISERSExI0:NLuc_PuroR ynq 4. excision of PuroREXSISERSEXI0 by prp,
Whereby, all targeting was conducted by delivering respective vector DNA to the cells by
nucleofection, described in detail in 5.2.7.3. In case of MAPTEXSISERSEx11:FLuc_PuroR 5y
MA PTEXSISERSEx10:NLuc_PuroR KTg targeted hiPSCs were left to recover for 72h after nucleo-
fection, prior to applying selectional pressure by adding 1pg puromycin to the cells. Selectional
pressure was lifted after 72h, entering a second recovery phase. HiPSC colonies were left to
grow to reach a appropriate size for picking. One colony was defined to be emerged from one
single cell. Single colonies were picked under a light microscope, placed under a Type A2
Biological Safety Cabinet. Whereby, colonies were gently scraping off of the surface with a
200 nL pipette tip, without disturbing the colony and transferred to a well of a multi-well 24 well
plate, containing 500 pL E8" Flex media, supplemented with 100 pM ROCK-inhibitor Y-27632
dihydrochloride. Picked colonies were expanded to an multi-well 6 well format, genotyped
and cryopreserved prior to respective excise of the PuroR cassette from the locus. Excision
of the MAPTEXSISERSEXlleLuC_PuroR and MApTEXSISERSEXIO:NLuC_PuroR PuroR cassette was
accomplished by Cre and FLP, respectively. After nucleofection for PuroR excision, cells were
left to recover until reaching a confluency of 70%-80% prior to clonolising them by limited
dilution. Hereby, cells were washed once with DPBS, pior to adding 1 mL accutase solution to
the wells to detach the cells from the surface and incubated for 10 min at 37 °C. The reaction
was stopped by transferring the single cell solution to a 15 mL falcon, containing 2mL E8" Flex
media, supplemented with 1x CloneR Supplement. Subsequently, hiPSCs were sedimented by
centrifugation, 5 min, 200 x rcf. Cell pellet was resuspended in 2 mL E8" Flex media, supple-
mented with 1x CloneR Supplement and cells counted using a Neubauer improved, precision
disposable plastic haemocytometer C-chip". Limited dilutions were prepared, in a concentration
of 0.8 cells/well. Single cells were seeded in multi-well 96 well plates, containing E8" Flex media,
supplemented with 1x CloneR Supplement and subsequently incubated at 37 °C and invariant
5% COg saturation. Media was renewed 72h after seeding. After further 72h of incubation,
media was changed to E8" Flex media, without any supplement. Colonies emerged from only
one cell were expanded and maintained as described in 5.2.2.1.2. When reached a sufficient cell
number, single clones were genotyped.
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5.2.3.3 Genotyping of MAPTEXSISERS hipSC lines

Clones of the hiPSC MAPTEXSISERS yeporter line, generated as described in 5.2.3.2, were con-
tinuously genotyped after ever targeting step. Cells were expanded as single clones and gDNA
was isolated from cells grown in either a multi-well 6 well or 24 well plate format, as described in
5.2.1.6. In general, primers were designed to pick up WT and KI alleles in one PCR reaction. Se-
quences of the referred primers are listed in Table 5.27. In case of MAPTEXSISERSEx10:NLuc_PuroR.
genotyping was performed using three primers in one PCR reaction. One forward primer, binding
upstream of the 5’-HA of the cassette (HSMAPT Ex10 FW) and two reverse primers, binding in-
side of the 3'- HA (HsMAPT _Ex10_WT_RV) and inside of the MA PTEXSISERSEx10:NLuc_PuroR
insertion (HSMAPT Ex10 KI RV), respectively. A fragment size of 2086 bps indicates a WT
allele, a fragment size of 2700 bps a successful MAPTEXSISERSExI0:NLuc_PuroR KT Following
the excision of the selection cassette, single clones were genotyped by a PCR with primers
HsMAPT Ex10 Locus FW and HsMAPT Ex10 Locu

s RV, binding right outside of the 5’ and 3’-HA. A fragment size of 6.4 kbp indicates a successful
excision of the PuroR selection cassette, however a fragment size of 8.7 kbp indicates a remaining
PuroR selection cassette. A fragment size of 5.0 kbp indicates a WT allele.

Table 5.27: Genotyping of MAPTEXSISERS

Name Sequence 5°-3° Properties

HsMAPT Ex10 FW GTCTGAGGCTTGAGAATGAAC HsMAPT Exon 10 NLuc
HsMAPT_Ex10_WT_RV CTACATTCACCCAGAGGTC HsMAPT Exon 10 NLuc
HsMAPT_ Ex10_KI_ RV CGAAGTAGTCGATCATGTTTG HsMAPT Exon 10 NLuc
HsMAPT Ex10 Locus_FW CTACCAAGTATAGGTATACAGG HsMAPT Exon 10 Locus
HsMAPT Ex10 Locus RV CTAGAGCAAAGACCATCAGTA HsMAPT Exon 10 Locus
HsMAPTEx11_FW CATCCACTCCTCTCCTTTC HsMAPT Exon 11 FLuc
HsMAPTEx11_WT_RV CTTTCCAGCCCCTTCTGAAG HsMAPT Exon 11 FLuc
HsMAPTEx11_KI_RV GCTTGAAGTCGTACTCGTTG HsMAPT Exon 11 FLuc
HsMAPT _Ex11_Locus_ FW GACTGAGATCAGCTGGCAGC HsMAPT Exon 11 Locus
HsMAPT Ex11_ Locus_RV CTGCCGATGGTGAAGTGTCTC HsMAPT Exon 11 Locus

MAPTEXSISERSEx1L:FLuc_PuroR gopotyping was performed using primer HSMAPTEx11 FW,

HsMAPTEx11 KI RV and HsMAPTEx11 WT_ RV. Whereby, the forward primer was binding
outside of the 5-HA and the reverse primers, inside of the MAPTFXSISERSEx1L:FLuc_PuroR
cassette and the 3’-HA, respectively, picking up WT and KI alleles in the same reaction. A
fragment size of 2.6 kbp indicates a successful KI of the MAPTEXSISERSEx1L:FLuc_PuroR ¢qqette,
a fragment size of 1.7kbp indicates a W'T allele. Following the excision of the selection
cassette, single clones were genotyped by a PCR with primers HSMAPT Ex11 Locus FW
and HsSMAPT Ex11 Locus_ RV, binding right outside of the 5" and 3-HA. A fragment size of
5.0kbp indicates a successful excision of the PuroR selection cassette, however a fragment size
of 7.3 kbp indicates a remaining PuroR selection cassette. A fragment size of 2.6 kbp indicates a
WT allele.
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Table 5.28: PCR Mix for Q5 Hot Start Pol 2x Master Mix

Component Volume

Q5 Hot Start 2x Master Mix 12.5puLL
forward primer (10 pM) 1.25uL
reverse primer I (10 pM) 1.25 nL
(reverse primer II (10 pM) 1.25uL
DNA template 10ng
Nuclease free HoO add to 25 uL

Table 5.29: PCR Cycling for Q5 HotStart Pol MAPTEXSISERSEx10:NLue_PuroR (entyping

Step Temperature Duration Cycles
Initial denaturation 98 °C 3 min 1
Denaturation 98 °C 10sec

Annealling 59 °C 40sec 35
Elongation 72 °C 1 min 48 sec

Final Elongation 72 °C 2 min 1
Cooling 4°C o)

Table 5.30: PCR Cycling for Q5 HotStart Pol MAPTEXSISERSEx1L:FLuc_PuroR oy otyping

Step Temperature Duration Cycles
Initial denaturation 98 °C 3min 1
Denaturation 98 °C 10sec

Annealling 63 °C 40 sec 35
Elongation 72 °C 1min 50 sec

Final Elongation 72 °C 2 min 1
Cooling 4°C 0

Table 5.31: PCR Mix for LongAmp Hot Start Pol 2x Master Mix

Component Volume
LongAmp Hot Start 2x Master Mix 12.5 L
forward primer (10 pM) 1.25 L
reverse primer I (10 pM) 1.25uL
DNA template 100 ng
Nuclease free HoO add to 25 uL
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Table 5.32: PCR Cycling for MAPTEXSISERS - Genotyping of MAPT Exon 10 PuroR Excision

Step Temperature Duration Cycles
Initial denaturation 94 °C 3min 1
Denaturation 94 °C 10sec

Annealling 50 °C 40 sec 35
Elongation 65 °C 9min

Final Elongation 65 °C 10 min 1
Cooling 4°C 0 -

Table 5.33: PCR Cycling for MAPTEXSISERS  Genotyping of MAPT Exon 11 PuroR Excision

Step Temperature Duration Cycles
Initial denaturation 94 °C 3min 1
Denaturation 94 °C 10sec

Annealling 60 °C 40 sec 35
Elongation 65 °C 12 min

Final Elongation 65 °C 10 min 1
Cooling 4°C 9]

5.2.4 MAPT alternative splicing stimulation
5.2.4.1 MAPT alternative splicing modulation in hiPSC derived smNPCs

4R Tau isoform expression was stimulated by 5-ITU. Whereby, smNPCs were seeded either
on a multi-well 6 well plate or a black with clear flat bottom multi-well 96 well plate 24 h
prior to 5-ITU treatment. Cells were treated with 5-ITU over a period of 24 h, 48h and 72h,
with concentrations of 0.1 uM, 0.25uM, 0.5uM and 1 M. Protein was isolated for each of this
concentrations and time point for further isoform investigation. In case of multi-well 96 well
format seeded cells, cells were directly lysed in the plate and used for luciferase assay based
isoform analyses (see subsubsection 5.2.1.12 for details).

Pharmacological compound screen primary hits were tested in MAPTEXSISERS hipSC derived
smNPCs, seeded in a density of 35,000 cells/well of black with clear flat bottom multi-well
96 well plates, respectively, coated with 15n1g/mL P/O and 10 pg/mL Laminin 24 h prior to
compound exposure. For Prestwick Library hits, compound treatment was performed in a
titration manner, with the highest concentration being 10 tM and a dilution factor of 2. In case
of confirmed primary hits of the Broad Repurpose Library screen, by reproduction of the initial
test results (1 pM, 72h), a dose response was conducted. Compound concentration were 0.001,
0.01, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 pM. Cells were exposed to referring concentrations for 72 h
without any compound renewal prior to bioluminescence measurement (5.2.1.12). Compound
treatment for subsequent protein and RNA isolation, was performed using following concentra-
tions: 1M and 0.1 M TSA, 0.8 uM and 1M SAHA, 1 uM BMS-309403, 0.01 pM and 1 uM
Panobinostat, 0.4 pM and 1 pM Mocetinostat and 1 pM 5-ITU. Cells were incubated for 72 h
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prior to protein and RNA isolation, without any renewal of media. All compound concentations
were set up, not exceeding 1% (v/v) DMSO, also serving as vehicle control.

5.2.4.2 MAPT alternative splicing modulation in hiPSC derived neurons

hiPSC derived neurons (as described in 5.2.2.1.7) were cultivated with compounds starting
from day 21 of differentiation. Whereby, 1% (v/v) DMSO containing neuronal induction
media (Tab. 5.20) was always freshly supplemented with a set concentration of compound:
0.001 pM Panobinostat, 0.01 ptM Mocetinostat, 0.01 pM TSA, 0.01 pM SAHA, 1 pM BMS-309403
or 0.01 uM 5-ITU. Neurons were differentiated until day 37 of differentiation. Subsequently,
cells were seeded on 15 pg/mL P/O and 10 pg/mL Laminin coated glass slides at a density of
20.000 cells/well. Neurons were either transfected 3 days post seeding, as described in 5.2.7.2,
and fixated 24 h post transfection or fixated on day 41 of differentiation without transfection,
for ICC.

5.2.4.3 MAPT alternative splicing modulation in hiPSC derived FBOs

For FBOs, treatment was performed by transferring two FBOs at day 22 of differentiation into a
multi-well 24 well plate with 500 mL FBO third culture media (Table 5.23) and incubating them
at 37°C and 5% CO9 agitating. On day 24 of differentiation, FBOs were treated with 5-ITU in
a concentration of 0.25 uM, 0.5pM and 1M diluted in 1% (v/v) DMSO FBOs third culture
media for 72h and 10 days, working in three biological replicates. Whereby, partial media
change was performed, letting the FBOs sink to the bottom of the plate, aspirating 100 nL old
media and replacing it with either 5% (v/v) DMSO compound containing FBO third culture
media (day 1 of treatment), or 1% (v/v) DMSO compound containing FBO third culture media
(any other day). For bioluminescence measurement, FBOs were lysed by aspirating most of the
media, 60 pLL remaining, and adding equal amounts of ONE-Glo-Buffer to each well. 20 pL. of
the lysate were then transferred to a black with clear flat bottom multi-well 96 well plate in
technical triplicates for dual luciferase assay.

5.2.5 High throughput pharmacological compound screen

The high throughput pharmacological compound screens of the FDA approved compound
screen (Prestwick Library) and the Repurposing Library (Broad Library) were performed in
collaboration with the Assay Development and Environmental Health Platform, Institute for
Molecular Toxicology, Helmholtz Centre for Environmental Health, Munich.

For screening, hiPSC MAPTEXSISERS derived smNPCs, following the adherent smNPCs differ-
entiation protocol (5.2.2.1.6), were invariantly cultured in smNPC maintenance media (Table
5.19). The cells were seeded at a density of 45,000 cells/well of black with clear flat bottom
96 well plates, coated with 15 png/mL P/O and 10 pg/mL Laminin. Coating of plates and cell
seeding was performed using the ELx405 select deep well microplate washer and MultiFlo FX
Multimode-Dispenser. SmNPCs were seeded 24 h prior to compound transfer abstain from
ROCK-inhibitor Y-27632-dihydrochloride. Whereby, compounds were set in with a concentra-
tion of 1 pM and incubated with smNPCs for 72h prior to Dual Luciferase Assay to screen for
altered Tau protein expression, described in detail in 5.2.1.12. 1M 5-ITU and 1% (v/v) DMSO
were added to each plate as a positive and negative control, respectively. The Prestwick Library
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was screened in one day, the Broad Library screen was conducted in 4 consecutive days. The
assay quality was assessed by application of the SW and Cy and subsequently hits identified.
The SW, setting the range between control, as the lowest and control, as the highest signal, is

SW — (p — pin) — 3(op + on)
9p

: (5.2)

where p is the mean of control, and control,, and o the respective standard derivation. SW > 2
are recommended, SW > 1 are acceptable and SW < 1 not considered as a Hit [265]. The %Cy
was calculated to allow comparison of the ratio measurements of the Dual Luciferase Assay,
meeting the minimum quality requirements. Therefore, as a quality control for ratio based
screens, set in the HT'S Assay Validation guidelines [266], the %Cy was calculated, as follows:

%Cy =100+ 2 (5.3)

g

where p is the mean and o the respective standard derivation of either control,, (%Cy i) or
control, (%Cvmaz). To meet the quality requirements, the %Cy q, and %Cy iy have to be <
20% for each plate.

The Hit threshold was calculated for each plate, as follows:

Hit threshold > & — (3%0) (5.4)

whereby, X is the median and ¢ the standard derivation of all ratios of all cells treated with
compounds, excluding the negative and positive control.
The %Activity was calculated as described below,

100 * A,
% Activity = 220 *FAe (5.5)

Hp
where A is the NLuc/FLuc ratio of respective well treated with compound (c) and p, is the
mean of the positive control, located on the same plate as the compound.

5.2.5.1 Stability of screening system

The stability of potential screening system was tested by Tau expression stimulation with 5-ITU
prior to FDA approved chemical compound screen (5.2.5). DMSO was established as a negative
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control, whereby DMSO concentration never exceeded 1% (v/v) of the total media volume.
Calculation of the Z’-factor, as a measure of statistical effect size, was conducted, using the
following equation,

3(op + o)

7' — factor =1 —
|/‘p - .un|

where p is the mean of positive (p) and negative (n) control and o the respective standard
derivation. Acceptance criteria being Z’-factors > 0.5 indicate an excellent assay, a Z’-factor of
1 an ideal one. Z’-factors between 0 and 0.5 indicate a doable assay, and a Z’-factor < 0 too
much overlap between positive and negative control, considered unacceptable [265].

5.2.6 Neuritic tree quantification

hiPSCs were differentiated as described in 5.2.2.1.7. For transient GFP expression, hiPSC
derived neurons were transfected as described in 5.2.7.2. NeulN served as a marker to identify
GFP-NeuN positive cells. Neuritic trees were manually measured using the Meander Scan. All
measurements were conducted using a ZEISS Axio Imager.M2 stereomicroscope. Cell bodies
and neurites were distinguished. Sholl Analysis was conducted for every individual neuron
using the Neurolucida Explorer, whereby, the radius was set to 2 pm, with a line width of 1 pm.
Efficiency of hiPSC derived neuron differentiation was acquired using Stereo Investigator with a
ZEISS Axio Imager.M2 stereomicroscope, counting up to 25 grids of each cover slip of a size of
100 pm x 100 pm at a 45x magnification. NeulN and DAPI positive cells were counted within
the counting frame.

5.2.7 DNA delivery
5.2.7.1 HEK293T transfection

HEK293Ts were seeded in a multi-well 48 well or 96 well plate format 24 h prior to transfection.
DNA was diluted in RT Opti-MEM-I and appropriate amount of X-tremeGENE HP reagent
was added. DNA-transfection cocktail was incubated for 20 min at RT before added drop-wiseto
wells. For CRISPR/Cas9 approaches, cells were incubated for 48h or 72h, prior to DNA
isolation, protein preparation and subsequent analysis.

5.2.7.2 hiPSC derived neuron transfection

HiPSC derived neurons (day 37 of differentiation) were seeded in a density of 20,000 cells/well
on 15 pg/mL P/O and 10 pg/mL Laminin coated glass slides in a multi-well 24 well plate format,
4 days prior to transfection. JetOPTIMUS® DNA transfection reagent was used, following
the manufacturers protocol. A DNA amount of 0.25 pg of pmaxGFP " was transfected per well.
Media of transfected cells was changed 4 h post transfection. Cells were pre-fixated 24 h post
transfection by adding 20% (v/v) formalin, 10% to each well, still containing media. Cells were
incubated at 37 °C and invariant 5% COs. Subsequently, media was aspirated and formaline,
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10% was added and incubated for 30 min at RT. Cells were washed three times with DPBS prior
to dendritic tree quantification, described in 5.2.6.

5.2.7.3 Nucleofection

Nucleofection of hiPSCs was conducted using the 4D Nucleofector X Unit. Once cells reached
70%-80% confluence, medium was aspirated and cells washed once with RTDPBS. 1 mL accutase
solution was added to a 6 well and cells were incubated for 10 min at 37 °C and invariant
5% CO4 saturation. Accutase was stopped by transferring the single cell solution to a 15mL
falcon tube containing 3mL E8" Flex media, supplemented with 100 pM ROCK-inhibitor
Y-27632 dihydrochloride and counted using a Neubauer improved, precision disposable plastic
haemocytometer C-chip . 0.8-1 million single cells were pelleted by centrifugation, 200 x rcf,
5 min, per nucleofection reaction. The cell pellet was resuspended in either P2 or P3 Primary
Cell solution and supplement, following the manufacturers protocol of referring kit for a 100 pL.
cuvette. Cell solution was transferred to a 100 pL cuvette, provided with the kit, and DNA
was added to the cells. Vector DNA was diluted in DPBS, to a total volume of 24 nL.. For KI
approaches a total of 4 png of DNA was set in (3 g donor vector, 1pg Cas9 153 vector), in
case of Puromycin cassette excision 1pg vector DNA. Nucleofection was conducted using either
program CB-150 or CM-150. After run program, 1 mL RT E8" Flex media, supplemented with
100 pM ROCK-inhibitor Y-27632 dihydrochloride, was added to the 100 pLL cuvette and left
for recovery at 37 °C and invariant 5% COs saturation for 5min, prior to seeding cells in two
wells of a multi-well 6 well plate containing 2 mL E8" Flex media, supplemented with 100 pM
ROCK-inhibitor Y-27632 dihydrochloride. Cells were incubated at 37 °C and invariant 5% CO»
saturation for 24 h prior to a media change, releasing the cells from 100 pM ROCK-inhibitor
Y-27632 dihydrochloride.

5.2.7.4 Transformation of chemically competent cells

Chemically competent E.coli were gently thawed on ice. 50mL of cells were used per trans-
formation reaction and transferred to a clean prechilled 1.5 mL tube. DNA was added to the
chemically competent cells and mixed by gently flicking the tube twice. Cell-DNA mix was
incubated on ice for 30 min prior to performing a heat shock in a 42 °C water bath for 45 sec.
Chemically competent cells were transferred back to ice for 2min and 500 pL. super optimal
broth with catabolite repression (SOC) media was added. Cells were incubated at 37 °C for
45 min, shaking (350 x rpm). Transformation mix was plated to LB-Agar plates with Ampicilin
(Amp) for selection and incubated at 37 °C, overnight.

5.2.8 Data analysis
5.2.8.1 GraphPad Prism 8

Statistics of Western blots and dual luciferase assays were utilized by GraphPad Prism 8. The
respective statistical tests that were applied were either one-way ANOVA or two-way ANOVA
depending on the dataset analysed. All experiments were conducted in at least three biological
replica, if not otherwise indicated. As MCT, for further analyses, served Bonferroni tests for
statistically analysed data.
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5.2.8.2 Imagel

Quantification of the protein bands of WB, were performed by using ImageJ. Background
subtraction made sure, that the values measured were not biased by background noise. Measured
values of B-actin were subtracted from the values measured for the respective samples, to eliminate
loading faults. Further analyses were taken out by Microsoft Excel (Microsoft Corporation,

Redmond, USA).

5.2.8.3 Geneious

All vector designs for genome targeting approaches were done using Geneious. Sanger Sequencing
results for genome editing verification were analysed using Geneious.

5.2.8.4 Neurolucida

Measurement of the neuritic tree of hiPSC derived neurons was performed using the the
Neurolucida software in combination with Stereo Name. The automated scanning procedure
of the Meander Scan was used to track the neuritic trees, as described in .

5.2.8.5 Stereo Investigator

Neuron differentiation efficiency of hiPSC derived neurons was assessed by counting NeuN
and DAPI positive cells using the Stereo Investigator software in combination with the optical
fraction scan. The automated scanning procedure was set to a counting frame of 100 pm x
100 pm and a grid of 25 counting frames/cover slip.

5.2.8.6 STITCH

Bioinformatic predictions of protein and chemical interactions were predicted using the STITCH
database interaction networks of chemicals and proteins [267]. Adaptations and main work was
performed by Dietrich Triimbach. Data Mining included all interaction partners, showing more
than two predicted interactions.

5.2.8.7 Pathway Studio

Bioinformatic prediction of pathways involved in the HDAC mediated alternative splicing
modulation were performed using the pathway finder database. Adaptations and main work
was performed by Dietrich Triimbach. Data Mining included all interaction partners, showing
more than two predicted interactions.
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Table A.1: List of Two-way ANOVA analyses: Time-Genotype

Figure Time Genotype
F (DFn, DFy) p-value F (FDn, FDy) p-value
Fig. 2.3 ¢ F (8,32) =7.156 p < 0.0001 F (1,4) = 47.93 p = 0.0023
Fig. 2.3d F (5,24) = 18.42 p < 0.0001 F (1,24) = 224.1 p < 0.0001
Fig. 2.3 f F (5,24) = 14.43 p < 0.0001 F (5,24) = 95.96 p < 0.0001

Table A.2: List of Two-way ANOVA analyses: Time-Concentration

Figure Time Concentration
F (DFn, DFy) p-value F (FDn, FDy) p-value
Fig. 2.6 ¢ F (2,20) = 18.98 p < 0.0001 F (4,10) = 23.84 p < 0.0001
Fig. 2.6 e F (1,16) = 531.3 p < 0.0001 F (3,16) = 34.25 p < 0.0001

Table A.3: List of Two-way ANOVA analyses: Genotype-Treatment

Figure Genotype Treatment
F (DF., DFy) p-value F (FDn, FDy) p-value
Fig. 2.14d F(1,8) = 0.7914 p = 0.3996 F(1,8) = 0.1865 p = 0.6773
Fig. 2.14 e F(1,8) = 4.355 p = 0.0704 F(1,8) = 4.125 p = 0.0767
Fig. 2.13 b F(1,16) = 9.175 p = 0.0080 F(3,16) = 2.015 p = 0.1525
Fig. 2.13 d F(1,16) = 23.47 p = 0.0002 F(3,16) = 22.72 p < 0.0001
Fig. 2.15 b F(1,8) = 0.0305 p = 0.8561 F(1,8) =0.5622 p = 0.4748
Fig. 2.15d F(1,8) = 82.70 p < 0.0001 F(1,8) = 33.00 p = 0.0004
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Table A.4: List of One-way ANOVA analyses

Figure Compound Isoform Concentration
F (DF., DFy) p-value
Fig. 2.11 a TSA 4R/Total Tau F(1.303,2.606)=474.3 p=0.0005
Total Tau F(1.923,3.847)="773.7 p<0.0001
4R F(1.469,2.938)=129.1 p=0.0015
Fig. 2.11 b SAHA 4R /Total Tau F(1.196,2.393)=376.6 p=0.0011
Total Tau F(1.921,3.841)=261.5 p<0.0001
4R F(1.377,2.753)=112.6 p=0.0024
Fig. 2.11 ¢ Panobinostat 4R /Total Tau F(1.165,2.330)=224.5 p=0.0022
Total Tau F(1.160,2.320)=995.9 p=0.0004
4R F(1.615,3.230)=96.17 p=0.0014
Fig. 2.11d Mocetinostat 4R /Total Tau F(1.563,3.126)=734.8 »<0.0001
Total Tau F(1.515,3.030)=1183 p<0.0001
4R F(1.630,3.260)=818.5 p<0.0001
Fig. 2.11 f Panobinostat F(1.515,3.029)="74.96 p=0.0028
TSA F(1.253,2.505)=19.55 p=0.0305
5-ITU F(1.882,3.764)=39.41 p=0.0031
SAHA F(1.856,3.712)=17.73 p=0.0129
Mocetinostat F(1.239,2.479)=4.241 p=0.1536
Fig. 2.14 a BMS-309403 4R/ Total Tau F(1.952,3.904)=369.7 p<0.0001
EXSISERS Total Tau F(1.332,2.663)=4.251 p=0.1457
4R F(1.846,3.692)=273.9 p=0.0001
Fig. 2.14 b BMS-309403 4R/Total Tau F(1.376,2.752)=31.95 p=0.0131
IVS10+16EXSISERS Total Tau F(1.425,2.850)=1.511 p=0.3362
4R F(1.765,3.530)=167.8 p = 0.0003
Fig. 2.14 ¢
EXSISERS BMS-309403 F(1.779,3.559)=0.6710 p=0.5498
IVS10+16EXSISERS  BMS-309403 F(1.142,2.283)=4.404 p=0.1571
Fig. A.15 a TSA 4R/ Total Tau F(1.883,3.767)=202.7 p=0.0002
Total Tau F(1.248,2.496)=213.8 p=0.0017
4R F(1.037,2.074)=44.66 p=0.0197
Fig. A.15b SAHA 4R /Total Tau F(1.168,2.337)=95.45 p=0.0060
Total Tau F(1.450,2.901)=76.74 p=0.0033
4R F(1.457,2.914)=133.1 p=0.0015
Fig. A.15¢ Panobinostat 4R /Total Tau F(1.129,2.259)=1190 p=0.0004
Total Tau F(1.980,3.961)=231,9 p<0.0001
4R F(1.421,2.841)=139.8 p=0.0015
Fig. A.15d Mocetinostat 4R /Total Tau F(1.203,2.407)=257.9 p=0.0016
Total Tau F(1.794,3.588)=165.9 p=0.0003
4R F(1.851,3.703)=95.22 p=0.0007
Fig. A.15 f Panobinostat F(1.586,3.172)=16.60 p=0.0218
TSA F(1.255,2.510)=53.53 p=0.0092
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Figure Compound Isoform Concentration
F (DF., DFy) p-value
5-ITU F(1.653,3.305)=18.65 p=0.0165
SAHA F(1.298,2.596)=6.864 p=0.0921
Mocetinostat F(1.188,2.376)=24.65 p=0.0264
Fig. A.16 a TSA 4R /Total Tau F(1.676,3.351)="719.9 p<0.0001
Total Tau F(1.251,2.502)=567.7 p=0.0005
4R F(1.302,2.603)=69.44 p=0.0058
Fig. A.16 b SAHA 4R/Total Tau F(1.419,2.838)=415.6 p=0.0003
Total Tau F(1.704,3.409)=85.46 p=0.0013
4R F(1.874,3.749)=209.9 p=0.0001
Fig. A.16 ¢ Panobinostat 4R /Total Tau F(1.497,2.995)=561.6 p=0.0001
Total Tau F(1.661,3.323)=265.4 p=0.0002
4R F(1.237,2.475)="71.45 p=0.0068
Fig. A.16 d Mocetinostat 4R /Total Tau F(1.643,3.286)=420,4 p=0.0001
Total Tau F(1.562,3.125)=1149 p<0.0001
4R F(1.321,2.642)=174.1 p=0.0017
Fig. A.16 Panobinostat F(1.129,2.258)=4.108 p=0.1677
TSA F(1.118,2.235)=44.75 p=0.0161
5-ITU F(1.882,3.764)=39.41 p=0.0031
SAHA F(1.740,3.480)=8.949 p=0.0435
Mocetinostat F(1.151,2.302)=17.84 p=0.0402
Fig. A.17 a CHIR99021 4R/Total Tau F(1.114,2.229)=17.10 p=0.0446
Total Tau F(1.480,2.960)=31.35 p=0.0108
4R F(1.511,3.021)=52.38 p=0.0048
Fig. A.17b CHIR99021 F(1.889,3.779)=21.56 p=0.0087
Fig. A.17 ¢ CHIR99021 4R /Total Tau F(1.324,2.648)=12.74 p=0.0450
Total Tau F(1.976,3.951)=15.24 p=0.0139
4R F(1.686,3.371)=13.96 p=0.0242
Fig. A.17d CHIR99021 F(1.198,2.395)=0.9574 p=0.4382
Fig. A17 e CHIR99021 4R/Total Tau F(1.828,3.656)=20.15 p=0.0109
Total Tau F(1.802,3.604)=22.84 p= 0.0093
4R F(1.982,3.963)=20.33 p=0.0083
Fig. A.17 f CHIR99021 F(1.188,2.376)=6.364 p = 0.1091
Fig. A.18 a BMS-309403 4R /Total Tau F(1.887,3.774)=369.0 p<0.0001
EXSISERS Total Tau F(1.373,2.745)=12.22 p=0.0443
4R F(1.894,3.787)=115.8 p=0.0004
Fig. A.18 b BMS-309403 4R/Total Tau F(1.128,2.256)=20.28 p=0.0365
IVS10+16EXSISERS Total Tau F(1.628,3.256)=0.4247 p=0.6498
4R F(1.454,2.908)=14.50 p=0.0320
Fig. A.18 ¢ BMS-309403 4R /Total Tau F(1.072,2.144)=19.60 p=0.0418
EXSISERS Total Tau F(1.925,3.851)=19.31 p=0.0100
4R F(1.117,2.234)=19.96 p=0.0379
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Figure Compound Isoform Concentration
F (DF., DFy) p-value
Fig. A.18 d BMS-309403 4R/Total Tau F(1.734,3.468)=38.76 p=0.0044
IVS10+16EXSISERS Total Tau F(1.593,3.186)=2.296 p=0.2361
4R F(1.338,2.677)=14.12 p=0.0390
Fig. A.18 e
EXSISERS BMS-309403 F(1.704,3.407)=9.742 p=0.0401
IVS10+16EXSISERS BMS-309403 F(1.895,3.790)=5.435 p=0.0776
Fig. A.18 f
EXSISERS BMS-309403 F(1.667,3.334)=11.30 p=0.0338
IVS10+16EXSISERS BMS-309403 F(1.827,3.653)=11.62 p=0.0267
Fig. A.7 a F(3,4)=18.44 p=0.0083
Table A.5: List of Kolmogorov-Smirnov-tests analyses
Figure p-value KSD
Fig. 2.5 a p < 0.0001 KSD = 0.7551
Fig. A7b p < 0.0001 KSD = 0.4561
Fig. A.7d p = 0.0168 KSD = 0.3415
Fig. A7 f p < 0.0001 KSD = 0.5850
Table A.6: List of unpaired two-tailed t-test analyses
Figure Compound Isoform p-value t df
Fig. 2.5 b p<0.0001 t=5.966 df=78
Fig. 2.11 e TSA
0.1 M 3R p=0.0599 t=2.603 df=4
0.1uM 4R p=0.0171 t=3.933 df=4
SAHA
0.8 pM 3R p=0.1692 t=1.675 df=4
0.8 pM 4R p=0.0012 t=8.186 df=4
1pM 3R p=0.0908 t=2.218 df=4
1M 4R p=0.0014 t=7.913 df=4
Panobinostat
0.01 pM 3R p=0.0186 t=3.830 df=4
0.01 pM 1R p=0.0025 t=6.737 df=4
Mocetinostat
0.4 pM 3R p=0.0090 t=4.746 df=4
0.4 pM 4R p=0.0063 t=>5.242 df=4
Fig. 2.14d
EXSISERS p=0.8054 t=0.2632 df=4
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Figure Compound Isoform p-value t df
IVS10+16EXSISERS p=0.3196 t=1.136 df=4
Fig. 2.14 e
EXSISERS p=0.7344 t=0.3638 df=4
IVS10+16EXSISERS p=0.0150 t=4.088 df=4
Fig. 2.13 a Mocetinostat 4R /Total Tau p<0.0001 t=27 df=4
Total Tau p=0.0375 t=3.064 df=4
4R p=0.0009 t=8.983 df=4
SAHA 4R/ Total Tau »=0.0353 t=3.126 df=4
Total Tau p=0.0002 t=13.15 df=4
4R »<0.0001 t=35.57 df=4
5-ITU 4R /Total Tau p=0.0384 t=3.039 df=4
Total Tau p=0.0001 t=14.35 df=4
4R p=0.0006 t=9.733 df=4
Fig. 2.13 ¢ Mocetinostat 4R /Total Tau p=0.3462 t=1.067 df=4
Total Tau p=0.0933 t=2.194 df=4
4R p=0.0205 t=3.720 df=4
SAHA 4R /Total Tau p=0.0785 t=2.351 df=4
Total Tau p=0.3276 t=1.114 df=4
4R p=0.2270 t=1.426 df=4
5-ITU 4R /Total Tau p=0.1069 t=2.073 df=4
Total Tau p=0.0023 t=6.902 df=4
4R p=0.1679 t=1.682 df=4
Fig. 2.15 a BMS-309403 4R/ Total Tau p=0.0368 t=3.082 df=4
Total Tau p=0.0125 t=4.134 df=4
df =
4R p=0.6563 t=0.4799 4
Fig. 2.15 ¢ BMS-309403 4R /Total Tau p=0.0001 t=15.50 df=4
Total Tau p=0.0005 t=10.27 df=4
4R p=0.0347 t=3.145 df=4
Fig. A7 c p=0.0010 t=3.405 df=78
Fig. A7 e p<0.0001 t=4.571 df=78

Table A.7: Selected Broad Repurposing Library analysis. Initial Broad Repurposing Library analysis
of all compounds tested in the hit verification process. Wherby, values of NLuc, FLuc, their ratio (NLuc/FLuc),
%Activity (calculated by equation 5.5) and HT (calculated by equation 5.4) are listed.

Compound NLuc FLuc NLuc/FLuc Y% Activity HT

BMS-309403 190 2908 0.06533 5.02 236.98
Chidamide 8430 2982 2.82696 222.62 282.20
CHIR99021 824 1538 0.53576 110.45 315.95
Eptapirone 67 3236 0.02070 1.57 282.20
Indatraline HCI 4334 5507 0.78700 67.56 196.29
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Compound NLuc FLuc NLuc/FLuc Y% Activity HT

Mocetinostat 6298 942 6.68577 464.79 237.26
Nazartinib 208 2346 0.08866 6.45 236.98
Panobinostat 8026 3182 2.52231 198.23 282.20
PT-2385 236 2275 0.10374 7.17 236.98
SAHA 4016 776 5,17526 404.10 315.04
TSA 4177 699 5.97568 415.46 237.26
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Figure A.1: Generation of MAPTEXSISERS LipSC Line. (a) Schematic description of the CRISPR,/Cas9
mediated KI of the EXSISERS into MAPT exon 10 (red, 10.1 and 10.2), with NLuc as a reporter for the Tau 4R
isoforms (yellow) and excision of the F3 sites (black) flanked selection cassette, PuroR (blue), by FLP. PuroR
selection cassette expression was regulated by the EFla promoter (cyan). Post-translational intein-mediated
excision of the MAPTEXSISERSEx10:NLuc 4 opabled by gp4l-inteins, N-terminus (N-Int) and C-terminus (C-Int)

of the KI cassette. a-helices (AP6 and P5, bright grey) enhance the intein-mediated reporter excision. The
OLLAS epitope tag was included in MAPTEXSISERSEx10:NLue () Volecular analysis of the homozygously tar-
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Figure A.1 (continued): geted hiPSC MAPTE*SSERS ¢lone to confirm excision of the F3 site flanked election
cassette. (¢) Molecular confirmation of introduction of the of the tauopathy associated point mutation IVS10-+16
¢>t in the hiPSC MAPTIVSI0HIGEXSISERS 1316 1y Sanger Sequencing. The red box indicates the position of
the transition from ¢>t. (d) Schema describing the CRISPR/Cas9 mediated KI of the EXSISERS into MAPT
exon 11 (grey, 11.1 and 11.2) with FLuc as a reporter for Total Tau (green) and excision of the LoxP sites
flanked selection cassette, PuroR, (blue) by Cre. PuroR selection cassette expression was regulated by the EFla
promoter (cyan). Post-translational intein-mediated self-excision of the MAPTEXSISERSEx11LFLuc 15 opabled by
NrdJ-inteins, N-terminus (N-Int) and C-terminus (C-Int) of the KI cassette. a-helices (AP6 and P5, bright grey)
enhance the intein-mediated reporter excision. The FLAG epitope tag was included in MAPTEXSISERSEx1L:FLuc
(e) Molecular analysis of the homozygously targeted hiPSC MA PTEXSISERS
LoxP site flanked selection cassette.

clone to confirm excision of the
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Figure A.2: Pluripotency of MAPTS10+16EXSISERS 1;pgC Line. (a) Normal genetically female
karyotype of the MAPT'VSI0+I6EXSISERS 1ipg( Jine. (b) Schematic description of pluripotency assessment.
HiPSCs were used for analyses of the karyotype, pluripotency marker expression and germ layer differentiation
after CRISPR/Cas9 mediated KI of the EXSISERS into the MAPT locus. Germ layer specificity was analysed

95



A. Appendix

Figure A.2 (continued): by marker expression. (¢) Immunofluorescence analysis of MAPTTVS10+16EXSISERS

hiPSC line staining positive for pluripotency associated markers OCT4A, NANOG and SOX2. (d) Differentiation
of the MAPT'VSI0+16EXSISERS 1)ipg(Y line into all three germ layers. Immunofluorescence analysis of endoderm
specific markers FOXA2 (green) and SOX17 (red), mesoderm specific markers TBXT (green) and NCAM (red)
and ectoderm specific markers paired box 6 (green) and Nestin (red).
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Figure A.3: Pluripotency of MAPTEXSISERS 1ipSC Line. (a) Normal genetically female karyotype of
the MAPTEXSISERS LipS( line. (b) Differentiation of the MAPTEXSISERS hipPSC line into all three germ layers.
Immunofluorescence analysis of endoderm specific markers FOXA2 (green) and SOX17 (green), mesoderm specific
markers TBXT (green) and NCAM (green) and ectoderm specific markers PAX6 (green) and Nestin (red). (c)
Immunofluorescence analysis of MAPTEXSISERS 1iPSC line staining positive for pluripotency associated markers
Oct3/4 (green), NANOG (red) and SOX2 (green).
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MAPTEXSISERS

MAPT!VS10+16EXSISERS

Figure A.5: Confirmation of smNPC identity. ICC of Pax6, Nestin and SOX2 to confirm hiPSC derived
smNPC identity of MAPTEXSISERS and MAPTTVSI0TIGEXSISERS fi]]owing the adherent smNPC protocol.
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Figure A.4: Bioluminescence assessment of NLuc and FLuc. Assessment of absolute RLU relation

between NLuc and FLuc under the set assay conditions in HEK293T cells. 56.97 FLuc are needed to match the
brightness of one NLuc protein.
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Figure A.6: Longitudinal Tau expression in MAPTTS10+16EXSISERS 1 o oitudinal Tau expression of
MAPTYSI0H1GEXSISERS 1ipS( derived neurons over a time course of 100 days. The Tau ladder gives indication

on the six Tau isoforms expressed in the mature human brain., blotting for pan-Tau and the 3R isoforms, GAPDH
served as a loading control.
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Figure A.7: Neuritic tree analysis. (a) Neuron differentiation efficiency and (b) Sholl analysis of hiPSC
derived neurons day 41 of differentiation) of the parental cell lines HPSI0614i-uilk 2 (dark grey) and HPSI0514i-
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Figure A.7 (continued): vuna_3 (bright blue). (c) Total tree length and (d) Sholl analysis of hiPSC derived
neurons HPSI0614i-uilk 2 (dark grey) and MAPT®XSSERS (hright grey). (e) Total tree length and (f) Sholl
analysis of HPSI0514i-vuna_ 3 (bright blue) and MAPT VSI0+HI6EXSISERS (1eq) Data show the mean + SEM
of 40 measured neurons per cell line. Selected statistical tests (unpaired two-tailed t-test (a,c,d), Kolmogorov-
Smirnov-Test (b, d, f)) are shown: p-value: * < 0.05, ** < 0.01, *** < 0.001, **** < 0.0001 (detailed statistical
results are provided in Table A.6 and A.5.
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Figure A.8: Prestwick Library - Potential Compounds of MAPT Alternative Splicing Modulation.
4R /Total Tau ratio (grey), Total Tau (green) and 4R (yellow) of the RLUs of NLuc and FLuc, normalised to
vehicle for all compounds selected for potential MAPT alternative splicing modulation identified in primary
Prestwick library screen, (a) by exon 10 exclusion, (b) by exon 10 inclusion, (c¢) general upregulation of Tau
expression. A threshold (dotted line) of < 60% 4R expression compared to the vehicle control was applied for
exon 10 exclusion, > 100% for exon 10 inclusion and overall upregulation > 100% of the vehicle control for 4R
and Total Tau for general upregulation.
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Figure A.9: Prestwick Library - Nominated Hit Verification. Out of 1280 compounds identified in the
primary screen 25 compounds were subject for further analysis. 4R/Total Tau ratio (grey), Total Tau (green)
and 4R (yellow) as a function of 1 pM of referring compound normalised to vehicle. Data are the mean £+ SD of
three technical and biological replica.
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Figure A.10: EXSISERS stability assessment. Stability assessment under screening conditions by upregu-
lation of the 4R Tau isoforms by DYRK1A /GSK34 inhibitor 5-Iodotubercidin (5-ITU). MAPTEXSISERS hipgC
derived smNPCs were exposed to 0.5, 1.0 and 10 pM 5-ITU over a time period of 24 h, 48 h and 72h. Selected
Z’-factors are listed (calculated as described by equation 5.6) with considerate 4R/Total Tau ratio of the RLUs
of nano luciferase (NLuc) and firefly luciferase (FLuc) normalised to vehicle.
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Figure A.11: Primary Prestwick Library Screen. Gene expression in MAPTEXSISERS 1ipSC derived
smNPCs used for Prestwick library screen. KLF/{, LIN28, c-MYC, NANOG, Oct3/4, POU5F1 and SOX2 being
markers for stemness, markers for early differentiation are FERD3L, FOXA1, GATA binding protein 6 and
SOX17. Values of target genes were normalised to the best keeper, calculated based on [262]. Data are the mean
+ SD of three technical replica.
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Figure A.12: Prestwick Library- FDAO02 Rerun. Out of the 1280 initially screened compounds, 320
compounds were reassessed under the same screening conditions in MAPTEXSISERS hipSC derived smNPCs. (a)
Scatter blot of absolute NLuc and FLuc RLUs for 4R and Total Tau expression of the (a) initial screen and
(b) repeated screen. Whereby, MAPTE*SISERS LipSC derived smNPCs were exposed to the library for 72h
prior to bioluminescence imaging. 5-ITU (red), a DYRK1A/GSK33 inhibitor, served as a positive control for
Tau 4R upregulation, DMSO as vehicle (blue). The linear regression of the vehicle is shown by a line (black).
Responding values of Digoxin and Digitoxigenin are shown in green.
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Figure A.13: Chemical structure of identified 4R Tau modulators. Chemical structure of 4R Tau
upregulating compound (a) TSA, (b) SAHA, (c¢) Mocetinostat, (d) Panobinostat. (e) Chemical structure of
the 4R Tau downregulating compound BMS-309403. (f) Chemical structure of the DYRK1A /GSK30 inhibitor
5-1TU, with 4R Tau upregulating properties.
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Figure A.14: Broad Repurposing Library Screen - 1 pM validation Bar chart of verification of nominated
primary hits normalised to vehicle. Shown are the 4R/Total Tau ratio (grey), Total Tau (green) and 4R (yellow)
of relative NLuc (4R Tau) and FLuc (Total Tau) RLUs. The black dashed line indicates the vehicle control, all
values are normalised to. Data are the mean + SD of three technical replica.
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Figure A.15: MAPT Alternative Splicing Modulators- Independent experiment 2. (a) Schematic
description of compound treatment in hiPSC derived smNPCs (b) Cell viability as relative calcein-orange-red signal
after TSA (orange), SAHA (blue), CHIR99021 (grey), 5-ITU (black), Mocetinostat (purple) and Panobinostat
(red) treatment as a function of increasing compound concentration normalised to vehicle. Dose response as a
linear-log plot of (c) TSA, (d) SAHA, (e) Panobinostat and (f) Mocetinostat in MAPTEXSISERSKipSC derived
smNPCs after compound treatment of 72h. (c-f) Relative NLuc and FLuc RLUs for 4R Tau (yellow), Total Tau
(green) and 4R /Total Tau (grey). Data is normalised to each vehicle control. (b-f) Data show the mean + SD
of a representing experiment of three biological replica (see 2.3 and A.16). Selected ANOVA analysis results
of Bonferroni MCT are shown: p-value: * < 0.05, ** < 0.01, *** < 0.001, **** < 0.0001 (detailed statistical

results are provided in Supp. Tab. A.4.

107



A. Appendix

| - = @)

Compound

72h —

patient derived hiPSC smNPC
fibroblast
C
10 ~ 4R/Total Tau
—o Total Tau o
5 87+ 4R At
3
s % J
o
£ 4
14 4
< ¥ -
0 : . T '
0 0.001 0.01 0.1 1
TSA [uM] (Log)
e
10 4R/Total Tau
—o Total Tau
5 8 4R
K
5 °
[}
£ 4
% )
2’ I,
0 ‘ — ‘ ‘
0 0.001 0.01 0.1 1

Panobinostat [uM] (Log)

Figure A.16: MAPT Alternative Splicing Modulators- Independent experiment 3.(a) Schematic
description of compound treatment in hiPSC derived smNPCs (b) Cell viability as relative calcein-orange-red signal
after TSA (orange), SAHA (blue), CHIR99021 (grey), 5-ITU (black), Mocetinostat (purple) and Panobinostat
(red) treatment as a function of increasing compound concentration normalised to vehicle. Dose response as a
linear-log plot of (c) TSA, (d) SAHA, (e) Panobinostat and (f) Mocetinostat in MAPTEXSISERShipSC derived
smNPCs after compound treatment of 72h. (c-f) Relative NLuc and FLuc RLUs for 4R Tau (yellow), Total Tau
(green) and 4R /Total Tau (grey). Data is normalised to each vehicle control. (b-f) Data show the mean + SD
of a representing experiment of three biological replica (see 2.3 and A.15). Selected one-way ANOVA analysis
results of Bonferroni MCT are shown: p-value: * < 0.05, ** < 0.01, *** < 0.001, **** < 0.0001 (detailed

statistical results are provided in Supp. Tab. A.4.
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Figure A.17: MAPT Alternative Splicing Modulators - CHIR99021. (a,c,e) Three independent ex-
periment of MAPT alternative splicing modulation by CHIR99021 MAPTEXSISERS 1ipSC derived smNPCs as
a function of increasing compound concentration, showing the relative 4R /Total Tau ratio (grey), Total Tau
(green) and 4R values (yellow) normalised to the vehicle control. (b,d,f) Three independent cell viability assays
in MAPTEXSISERS hipSC derived smNPCs as a function of increased CHIR99021 concentration. Data show the
mean £ SD of three technical replica. Selected ANOVA analysis results of Bonferroni MCT are shown: p-value:
* < 0.05, ** < 0.01, *** < 0.001, *** < 0.0001 (detailed statistical results are provided in Supp. Tab. A.4.
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Figure A.18: MAPT Alternative Splicing Modulators - BMS-309403. Second and third independent
experiment of MAPT alternative splicing modulation by BMS-309403 in (a+tc) MAPT®XSISERS gnd (b+d)
GEXSISERS a5 a function of increasing compound concentration, showing the 4R /Total Tau ratio
(grey, black), Total Tau (bright green, dark green) and 4R values (yellow, orange) normalised to the respec-
tive vehicle control. (e+f) Second and third independent cell viability assay in MAPTE*SSERS (grey) and
MAPT'VSIOHIGEXSISERS (164) as a function of increased BMS-309403 concentration. Data show the mean + SD
of three technical replica. Selected ANOVA analysis results of Bonferroni MCT are shown: p-value: * < 0.05, **
< 0.01, ¥* < 0.001, **** < 0.0001 (detailed statistical results are provided in Supp. Tab. A.4.
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Figure A.19: Pathway Studio Data Mining. The pathways involved in MAPT alternative spicing and 4R Tau isoform regulation were deducted by in
silico literature mining using the Pathway Studio database. The network was consolidated by verification of all connections in the published literature. The
bioinformatic analysis was performed by Dietrich Triimbach.
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Figure A.20: Stitch Data Mining. The pathways involved in MAPT alternative spicing and 4R Tau isoform
regulation were deducted by in silico literature mining using the Stitch database [267]. The network was
consolidated by verification of all connections in the published literature. The bioinformatic analysis was

performed by Dietrich Triimbach.
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B-ME [-mercaptoethanol

3R three repeat

4E-BP elF4E binding protein

4R four repeat

5-ITU 5-Iodotubercidin

FABPi FABP inhibition

FTLD-Tau FTLD-Tau

HDACI HDAC inhibition

PPARi PPAR inhibition

smNPC small molecule neuronal precursor cell
E.coli Escherichia coli

ApB amyloid 3

AD Alzheimer’s Disease

ADAMI10 a disintegrin and metalloproteinase 10
ADP adenosindiphosphat

Akt protein kinase B

Alpl alkaline phosphatase

ALS amyotrophic lateral sclerosis

AM acetoxymethyl

AMP adenosinmonophosphat

Amp Ampicilin

AMPK AMP-activated protein kinase
ANOVA analysis of variance

AP2 apetala 2

APA alternative polyadenylation
APOEe4 apolipoprotein € 4

APP amyloid precursor protein
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BDNF brain-derived neurotrophic factor
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bps base pairs

Br bromide
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BSA bovine serum albumin

Cy coefficient of variation
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Ca?t Calcium

CAG CMYV enhancer CBA promoter and rabbit -globin acceptor site
CaKMII Ca?t /calmodulin-dependent protein kinase 11
cAMP cyclic adenosine monophosphate

Cas9 CRISPR-associated protein 9

CBA chicken (-actin promoter

CBD corticobasal degeneration

CBh hybrid CBA promoter

Cdk cytokine

cDNA complimentary DNA

CK1 casein kinase 1

Cl chloride

CMV Cytomegalievirus

CN cortical neuron

CNS central nervous system

CoREST corepressor of REST

Cre Cre recombinase

CRISPR clustered regularly interspaced short palindromic repeats
d day

DAPI 4’ 6-Diamidin-2-phenylindol

DAT dopamin transporter

DMEM dulbecco’s modified eagle medium

DMSO dimethyl sulfoxide

DNA desoxyribonucleic acid

dNTP deoxy nucleotides

DPBS phosphate buffered saline Dulbecco

DS double split

DSB double strand break

DYRKI1A dual specificity tyrosine phosphorylation regulated kinase 1A
E8™ Flex Essential 8" Flex
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EDTA ethylenediamintetraacetic acid

EFla eukaryotic translation elongation factor 1 «
EGFR epidermal growth factor receptor

elF eukaryotic initiation factor

elF4E eukaryotic initiation factor 4E

EOI exon of interest

ESC embryonic stem cell

Esrrb estrogen-related receptor

EtBr ethidium bromid

EtOH ethanol

EXSISERS Exon Specific Isoform Expression Reporter System
FABP fatty acid binding protein

FABP4 fatty acid binding protein 4
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h
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free fatty acid receptor

fibroblast growth factor

full length

flippase

firefly luciferase

forkhead box protein Al

forkhead box protein A2

FLP recognition target
frontotemporal dementia
frontotemporal lobar degeneration
glycerinaldehyd-3-phosphat-dehydrogenase
GATA binding protein 6

GC-rich sequence DNA-binding factor
genomic DNA

glial cell-derived neurotrophic factor
green fluorescent protein
glykogensynthasekinase-3
guanosintriphosphat

hour

homology-arm

hemagglutinin epitope tag

histone acetyltransferase
hydrochloride

Huntington’s disease

histone deacetylase

homology directed repair

human embryonic kidney cells

Henrietta Lacks

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

heterozygous
high fidelity

human induced pluripotent stem cell

Human Induced Pluripotent Stem Cell Initiative

high throughput
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horseradish peroxidase
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kDa
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MAPK
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microtubule associated protein
mitogen-activated protein kinase
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microtubule affinity-regulating kinases
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multiple sclerosis
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NeuN
NFT
ng
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NLuc
nm

nM
NMR
NR
Nrfl
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OmpF
ONC
OSKM
p

P/O
pTau
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PAM
PAX6
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PD
pegRNA
PFA
PHF
PiD
PKA
PKB
PKC
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PMA
PNS
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nicotinamide adenine dinucleotide

sodium hydroxide

neural cell adhesion molecule
nuclear receptor corepressor
New England Biolabs GmbH
neprilysin

neuronal nuclear protein
neurofibrillary tangle

nano gramm
non-homologous end joining
nuclear localisation signal
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nuclear magnetic resonance
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nuclear respiratory factor 1
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nucleosome remodeling and deacetylase complex
octamer binding transcription factor 4
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Poly-L-Ornithine hydrobromide

phosphorylated Tau
poly(A)-binding protein
Protospacer adjacent motif
paired box 6

polymerase chain reaction
Parkinson’s Disease
prime editing guide RNA
paraformaldehyd

paired helical filament
Pick’s Disease

protein kinase A

protein kinase B

protein kinase C

passive lysis buffer
Purmorphamin

peripheral nervous system
Polymerase

POU Class 5 Homeobox 1
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PP protein phosphortase

PPAR peroxisome proliferator-activated receptor
PPAR« PPAR«

PPARS/S PPARS/S

PPAR~y PPAR~y

PPi diphosphat

PS1 prenesillin 1

PS2 prenesillin 2

PSP progressive supranuclear palsy

PTEN phosphatase and tensin homolog

PUFA polyunsaturated fatty acids

PuroR puromycin resistance

PVDF polyvinylidene difluoride

qRT-PCR quantitative real-time PCR

RAF rapidly growing fibrosarcoma

rcf relative centrifugal force

RD restriction enzyme digest

RE repressor element

REST RE1-silencing restriction factor

RLU relative light unit

RNA ribonucleic acid

RNP ribonucleoprotein

ROCK Rho-associated coiled-coil containing protein kinase
rpm rounds per minute

RT room temperature

RXR retinoid X receptor a

S6K S6 kinase

SAHA suberoylanilide hydroxamic acid

Sall4 Sal-like protein 4

SD standard diviation

SDS sodium dodecyl sulfate

sec second

SEM standard error of mean

Ser serine

SERT serotonin transporter

sgRNA single guide RNA

SIN3A SIN3 transcriptional regulator family member A
SIRT1 sirtuin-1

SMC3 structural maintenance of chromosomes 3
smFISH single-molecule fluorescent in situ hybridization
SMRT retinoid and thyroid receptors

SNP single nucleotide polymorphism

snRNA small nuclear RNA

snRNP small nuclear RNP
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SOC super optimal broth with catabolite repression

SOX17 sex determining region Y-box 17
SOX2 sex determining region Y-box 2
Sp Streptococcus pyogenes
SP1 specificity protein 1
SpCas9 Streptococcus pyogenes Cas9
SR Ser and Arg-rich
SRSF SR splice factor
SSEA1 stage-specific embryonic antigen 1
SW Signal Window
Taq Thermus Aquaticus
TAR transactive response
Tau tubulin associated unit
TBS Tris buffered saline
TBS-T Tris buffered saline-Tween 20
TBXT T-Box transcription factor T
TG Tris/Glycin
Thr threonine
Tris Tris hydroxymethyl-aminoethan
TSA Trichostatin A
TTBK Tau-tubulin kinase
TUBB3 B-Tubulin III
Tyr tyrosine
Ucpl uncoupling protein 1
UTR untranslated region
uv ultra violet
v volume
Volt
w weight
WB Western Blot
WT wild type
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