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Abstract

Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder amongst
older adults. Features of this disease include accumulation of amyloid-g (AB) plaques,
neurofibrillary tau tangles (NFT), neuroinflammation, and neurodegeneration. These result in a
progressive decline in memory and executive function in patients. Anxiety-related behaviours are
disparaging comorbidities of AD, but how they arise in patients remains elusive. Protein-tyrosine
phosphatase 1B (PTP1B) has been associated with AS pathology and with anxiety in separate
paradigms, but whether PTP1B is involved in anxiety-related behaviours in AD mouse models is
unknown. The objective of this project was to compare anxiety-related behaviours between the
hAPP-J20 (AB pathology) and PS19 (Tau pathology) mouse models of AD and determine
whether PTP1B is involved in these behaviours. Another major objective of this project was to
investigate the role of PTP1B in tau pathology in the PS19 mouse model in anxiety-related brain
regions, since this has not been previously examined. Using key anxiety-testing paradigms such
as the elevated plus maze (EPM) and the open field test (OF), an age-based dimorphism in the
onset of an inappropriately lowered anxiety response in the J20 and PS19 mouse models was
identified. Furthermore, it was shown that this abnormal anti-anxiety baseline phenotype could
be normalized with selective PTP1B inhibition by the drug trodusquemine and by genetic
neuronal ablation. Finally, in PS19 mice at 8 months of age, it was shown that PTP1B blockade
has the therapeutic effect of relieving neurotoxic phospho-tau burden and neuroinflammation.
Together, these findings suggest that unleashed PTP1B may serve as a potential therapeutic

target, with a possible role in AD-associated anxiety-related behaviours and AD pathology.
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1. Introduction

1.1  Alzheimer’s Disease

1.1.1 Overview

With over 40 million patients worldwide, Alzheimer’s disease (AD) is the most common age-
related neurodegenerative disorder amongst older adults’3. AD is the most prevalent subset of both young
onset (<65 years) and late onset (>65 years) dementia?. Clinically, the disease is defined as a progressive
decline in cognitive and executive function which causes a disruption in daily life*. Impairments in
specific cognitive domains, especially those related to memory, are a hallmark feature of AD*. Thereby,
patients with AD display a loss of episodic memory and lose their ability to recall everyday events, which
imposes devastating effects on the livelihoods of these patients 2. Loss of memory is coupled with

linguistic, visual, and executive problems, as well as a constellation of neuropsychiatric symptoms 3.

Both environmental and genetic risk factors have been identified in the future development of
AD. Because AD develops over a long preclinical period of several decades, numerous lifestyle-related
factors have been associated with disease prognosis, such as diabetes, obesity, physical and mental
inactivity, depression, smoking, low educational attainment, diet and cardiovascular health status®’. Only
about 5% of AD cases are entirely caused by genetic and hereditary factors, rightly named familial AD?2.
Familial AD usually involves autosomal dominant mutations in APP (amyloid precursor protein), PSEN1
(Presenilin 1), or PSEN2 (Presenilin 2) genes®. These genes are involved in amyloid-f (AB) peptide
metabolism, which is a key branch of AD pathology®. APOE4 (apolipoprotein E4) is another major
genetic risk factor for AD, particularly sporadic AD, and is a gene involved in Ag clearance in the brain,
degeneration of blood vessels, leakage of the blood brain barrier, and neurodegeneration independent of
AP®. Lifetime risk of AD is 50% higher for APOE4 homozygotes and 20-30% higher for APOE3
(apolipoprotein E3) and APOE4 heterozygotes®. Excluding these genes, more than 20 other genetic loci

have been associated with increased AD risk in genome-wide association studies®. These novel genes are



key players in pathways implicated in the immune system, inflammatory responses, cholesterol and lipid
metabolism and endosomal-vesicle recycling °. Although the large majority of AD cases are sporadic or

non-hereditary, many of these genes may still influence sporadic AD onset®.

More than these genetic and environmental predispositions, it is the pathophysiology of AD
which is the greatest indicator of disease. Two hallmark biomarkers have repeatedly been implicated as
pathognomonic of AD: AB plaques and neurofibrillary tau tangles (NFT), which can begin to form 2-3
decades prior to the onset of disease symptoms®. Other critical disease pathologies include
neuroinflammation, neurodegeneration, synapse loss and vascular damage®®. Studies have suggested that,
of these pathologies, synapse loss and neurodegeneration most strongly correlates with dementia. This is
because AB plague accumulation does not correlate with cognitive impairments in patients, and tau
tangles do correlate with cognitive decline and with neuron and synapse loss, but mutations in tau cause

frontotemporal dementia, not AD*-26,
1.1.2 Amyloid-beta Plaque Pathology and the hAPP-J20 Mouse Model

Amyloid-beta (AB) plaques are aggregates of Af peptides which deposit extracellularly between
neurons and hinder neuronal function'’. These neurotoxic peptides are produced from the defective
endoproteolysis of the parental APP by groups of enzymes called a-, 8-, and y-secretases. In the
amyloidogenic pathway, which leads to disease, APP is cleaved by S-secretease, resulting in the
formation of SAPPS and the 99-amino acid C-terminal fragment of APP called, C99*. C99, which is
released intracellularly, is further cleaved by y-secretase in complex with presenlin 1 and 2 proteins,
releasing an intact AB peptide into the extracellular domain®. Among the Ag peptide products, AB 4 is the
predominant hydrophilic form'®. A4, AB4s and longer peptides are highly self-aggregating and are the
main constituents of Ap plaques®®. Imbalance in the production and clearance of Ap peptides may occur
due to mutations in the APP, PSEN1, and PSEN2 genes, as many studies of familial AD have strongly
suggested*. Cross-sectional studies of post-mortem human brain have shown that senile plaque

deposition occurs early in the disease process and proceeds slowly in a top-down fashion, starting from



the neocortex and progressing through the allocortex, diencephalon, striatum, basal forebrain cholinergic
nuclei, and finally into the brainstem and the cerebellum®®. The neurites surrounding these dense plaques
exhibit swollen, dystrophic morphologies and often contain aggregates of phospho-tau and other cellular
components which may have deposited due to disrupted cellular transport?®2!, Numerous studies have
shown that plaques also disrupt the trajectories of nearby axons and dendrites, which may impede
synaptic signal processing and transmission??-24, Severe gliosis and oxidative stress occurs around
plaques, which participate in further impeding synapse structure and function!®>2>2¢, More recently,
soluble AB oligomers have been assigned as a major culprit behind the pathological cascade in AD, more
so than AR plaques. These soluble AB species may arise in the form of dimers, trimers, dodecamers, and
larger oligomers of AB peptides ranging from 90-650 kDa in molecular weight?’. These oligomers have
been linked to causing acute synaptotoxicity and inducing neurodegenerative processes?®-*°, One study by
Shankar et al. showed that soluble A4, oligomers that were isolated directly post-mortem from the cortex
of AD patients dose-dependently decreased synaptic function and number, and impaired memory of
learned behaviour in rats®!. However, plaque cores isolated from the same AD brains and washed
extensively in vitro did not impair long term potentiation in synapses®. Other studies have shown that
injection of different soluble AgB oligomeric species into rodent brains leads to reversible impairment of
cognitive function and accumulation of biochemical damage within neurons, such as tau

hyperphosphorylation3234,

In this project, hAPP-J20 transgenic mice will be used as a model Ag pathology in AD. These
transgenic mice overexpress human APP with two mutations (Swedish and Indiana) linked to familial
AD. The transgene expression is driven by the platelet-derived growth factor §-chain (PDGFp)
promoter®, These mice show impairments in cognitive function, especially in spatial learning and
memory, by 3-4 months of age in the radial arm and Morris water mazes®*’. As early as 1 month, AS
puncta start to form in the hippocampus, one of the key brain regions involved in learning and memory?32.

By 8 months, widespread ApB plaques develop®. Secondary phenotypes such as neuron/synapse loss,



gliosis, and impairments in synaptic transmission are also evident by this age®%-3, These mice are
invaluable models of AD in that they exclusively present with A plaque formations without the presence

of tau tangles and, thereby, are popularly used to model Ag pathology.
1.1.2 Tau Pathology and the PS19 Mouse Model

The formation of neurofibrillary tangles of hyper-phosphorylated tau protein throughout various
brain regions is another hallmark feature of AD pathogenesis. Tau is a microtubule-associated protein
located mostly in the axons of neurons®. Under normal conditions, tau stabilizes microtubules and is
involved in axonal growth and intracellular transport of motor proteins*:. In tauopathies, including AD,
tau becomes abnormally hyper-phosphorylated at multiple sites and becomes detached from microtubules
to accumulate in the somatodendritic compartment in paired helical filaments (PHF) and straight
filaments*2. Tau is phosphorylated by several kinases, key among these is glycogen synthase kinase 38
(GSK3p), which is a constitutively active, proline-directed serine-threonine kinase*?#3, In addition to tau
phosphorylation, GSK3p is deeply involved in memory impairment, inflammatory responses, and
increased production of AB*2. Phospho-tau deposition begins in the entorhinal cortex and progresses
through the hippocampus, association cortices, and primary sensory areas**“>, NFT deposition positively
correlates with cognitive decline and neuronal loss in human AD brains. Since NFTs are intracellular
components, it could be expected that they would have less impact on surrounding brain regions,
however, significant gliosis has been observed in the vicinity of tangles that correlates with disease
progression 314 Hyper-phosphorylated tau tangles, in unison with Ag plaques, disrupt neuronal function

and plasticity and ultimately lead to cognitive impairment.

The P301S tau or PS19 mouse line used in this project has commonly served as an effective
model of tauopathies. These mice express human tau protein, driven by the mouse prion protein (Prnp)
promoter“®, Widespread tangle-like inclusions in the neocortex, amygdala, hippocampus, brainstem and
spinal cord first appear in these mice starting at around 6 months of age*’. Accumulation of tau and

associated neuronal loss is significantly apparent by 9-12 months*’. Prominent hippocampal and



entorhinal atrophy also aggravates at this age*’. Additional pathologies such as gliosis, synapse loss and
changes in synaptic transmission, particularly in the hippocampus, have also been observed*’.
Behaviourally, these mice display selective deficits in spatial learning and memory, as demonstrated in
the Morris water maze “¢. Additionally, motor deficits and a notable hunched-back posture has been

reported in these mice around 7-10 months of age*®.

Although the hAPP-J20 and PS19 mouse models have been thoroughly purposed for the study of
AD neuropathology and behavioural deficits related to cognitive impairment, the study of AD-related
neuropsychiatric symptoms in these mice has received less research focus. Alzheimer’s disease has been
deemed one of the greatest health challenges of the 21% century?, not only because of its complex
neurobiological pathologies and cognitive implications, but also because of associated neuropsychiatric
comorbidities. Despite long and expensive trials, no disease-modifying drug treatment for AD has yet
been approved, and neuropsychiatric symptoms have largely been treated in disassociation from the
disease*®%, This may be due to a lack in the understanding of underlying cellular mechanisms linking AD
pathology with these neuropsychiatric comorbidities. Since these symptoms pose a significant burden on
the livelihoods of AD patients, finding a molecular target for drug treatment which is common in both
AD pathologies and associated neuropsychiatric symptomology is a critical goal towards effective AD

treatment.

1.2. Anxiety and Alzheimer’s Disease

1.2.1 Overview of Anxiety Behaviours in Alzheimer’s Disease

Neuropsychological disturbances are being increasingly recognized as a common feature of AD.
Sleep/appetite disturbances, apathy, delusional behavior, depression, agitation, irritability and anxiety all
fall under the spectrum of AD-related neuropsychiatric symptoms®®-°2, These psychiatric impediments in
AD are often concurrent with cognitive decline and exacerbate the adverse effects on the quality of life of
AD patients and their caregivers®. These symptoms have also been shown to play a major role in the

decision to seek institutionalization®. In a large cross-sectional study with data collected longitudinally
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over 10 years from 3608 participants, Lyketsos et al. demonstrated that over 80% of dementia patients
exhibited at least one neuropsychiatric symptom from the onset of cognitive decline and that there were
no differences in prevalence of these symptoms between participants with Alzheimer’s-type dementia and

other dementias®.

Of these symptoms, anxiety behaviour has been noted in 25-75% of AD cases early on in disease
prognosis by a number of studies®®. Anxiety is a feeling of nervousness, uneasiness or apprehension
which may manifest in AD patients as increased irritability, agitation, or restlessness (i.e. wandering
behavior)®. Teri et al. used a cohort of 523 community-dwelling AD patients and found that 70%
suffered from comorbid anxiety symptoms, with 44% displaying anxious, fearful, or apprehensive
behavior; 36% exhibiting irritability and aggression; 34% exhibiting agitation and restlessness; and 33%
presenting with suspicion and paranoid behaviour®”. Studies have also suggested that a history of
significant anxiety appears in individuals who later develop AD and that anxiety symptoms positively
correlate with AD severity®®%°, Although this evidence suggests an association between AD and anxiety
symptoms, it is not yet well understood what mechanisms underlie this association, which poses a

challenge for effective treatment development.
1.2.2 Potential Etiology of Anxiety Behaviours in Alzheimer’s
1.2.2.1 Psychological and Biological Factors

Although the underlying causes of anxiety in AD remain unclear, it has been agreed that these
causes may be both psychological and biological. Patients with AD and other forms of dementia
experience lowered ability to cope in daily life, often lose overview and control over life circumstances,
and may experience fear of the future, which may all cumulatively contribute to increased anxiousness .
Additionally, anxiety in AD may be due to the stress of cognitive decline in vulnerable individuals who
have inherent risk factors, such as a history of personal or familial psychiatric disorders®:. Alternatively,
direct pathological correlation between anxiety and AD is being recently established, with a study

demonstrating that anxiety may be a risk associated with abnormal cerebrospinal fluid levels of Af42 and
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tau®?. Altered glucose metabolism in various brain regions, as measured by PET has also been associated

with neuropsychiatric symptoms in AD, including anxiety®*®.
1.2.2.2 Brain Regions Implicated in Anxiety Behaviours and Alzheimer’s

Researchers have identified several brain regions which are relevant in both anxiety-related
behaviours and in AD. A neuroimaging study revealed decreased prefrontal cortex (PFC) gray matter in
AD patients, especially in the inferior PFC®. In the medial prefrontal cortex (mPFC), which has been
shown to be highly involved in the modulation of anxiety via reciprocal connections with the amygdala
and other limbic structures®, a tendency of volume loss and atrophy has been noted in AD patients
following atrophy of other temporal and frontal regions®’. However, subcortical regions, primarily limbic

structures, are the major areas of focus when investigating affective disorders in AD.

Amongst subcortical regions, the amygdala is renowned in its roles in anxiety and fear
conditioning and is also severely and consistently affected by AD pathology®®%°. A study found that
optogenetically stimulating the basolateral amygdala (BLA) terminals in the central nucleus of the
amygdala (CeA) exerted an acute and reversible anxiolytic effect while optogenetic inhibition of these
same projections increased anxiety-related behaviours, suggested that the BLA-CeA circuit is important
in acute anxiety control in the mammalian brain™. In a study of 20 AD cases, the distribution of
Thioflavin S-stained NFTs and neuritic plaques were prevalent in various nuclei that form the amygdala’™.
Large concentrations of NFTs and plagues were found in the accessory basal and cortical nuclei and the
cortical transition area, while the mediobasal nucleus was relatively spared®®. AD studies have also
reported significant amygdalar atrophy, ranging from 26%-55%, which may in part contribute to the

behavioural and cognitive decline in AD™.

The hippocampus is another subcortical structure which is highly implicated in AD. Traditionally,
the hippocampus is known to be heavily involved in cognition, specifically episodic memory and spatial
learning’2. However recent reports have linked the hippocampal formation to anxiety and mood

behaviour’. The hippocampus achieves these dual functions via functional heterogeneity along its
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dorsoventral axis, with the dorsal region contributing to cognitive functions while the ventral region
contributes to emotional modulation’?. Lesions to the ventral but not dorsal hippocampus have anxiolytic
effects, with minimal effect on spatial learning”. The ventral CA1 region of the hippocampus is
particularly relevant in anxiety because it integrates diverse cortical inputs from the entorhinal cortex to
generate complex representations of the environment and aversive stimuli, and it makes dense projections
to the amygdala’. Using freely moving calcium imaging and optogenetics, Jimenez et al. identified
“anxiety cells” enriched within a population of ventral CA1 neurons projecting to the lateral hypothalamic
area, and these cells are involved in representing anxiogenic environments and causally impact avoidance
behaviour to rapidly control anxiety-like behaviours’. At early stages of AD, the CA1 hippocampal
region is one of the most adversely affected areas. This region suffers high levels of AD-related neuronal

loss and is also the site of initial NFT accumulation™7.
1.2.3 Assessing Anxiety Behaviours in Rodent Models of Alzheimer’s

Two classical validated test paradigms used to assay anxiety-related behaviour in mice are the
elevated plus maze (EPM) and open field (OF) tests. The EPM involves an elevated maze-like apparatus
with four arms arranged in a plus formation, with two open arms and two enclosed arms. Unlike other
assays which assess anxiety responses following exposure to noxious stimuli and produce conditioned
anxiety responses, the EPM relies on a rodents’ innate preference towards dark, enclosed spaces and an
unconditioned fear of heights/open spaces’®. Anxiogenic behaviour is characterized by increased duration
or frequency of entries in the enclosed arms, while anti-anxiety behaviour is characterized by the opposite
scenario’. As in the case of this project, the effects of drug treatment on anxiety behaviour can be easily
studied using this paradigm. In fact, the validity of the EPM is demonstrated by the fact that anxiogenic
drugs reduce time spent in the open arms and anxiolytic drugs increasing the time spent in the open
arms’’. Additionally, other key indicator behaviours of anxiety in rodents, such as freezing and
defecation, also occur more often in the open arms of the EPM compared to the closed arms, further

validating the paradigm’’. The OF paradigm is another assay for anxiety-related behaviour and



spontaneous locomotor activity in rodents’®. This test involves a wall-enclosed box-like apparatus with an
open ceiling into which the animal is placed. Similar to the EPM, this paradigm takes advantage of a
rodent’s natural aversion to large, brightly lit, open and unfamiliar environments’. Mice which frequent
or remain in the dark corners of the field for extended periods of time or move close to the walls (i.e.
thigmotaxis) are deemed to be exhibiting anxiogenic behaviour, whereas, the alternate scenario
characterizes anti-anxiety behaviour’®. Overall ambulatory behaviour in the OF may also be viewed as a

form of affective behaviour™.

Anxiety-related behaviour has been studied in several major mouse models of AD, including the
hAPP-J20 and PS19 models. Several studies have noted that hAPP-J20 mice, ranging from 2-7 months of
age, spend more time in the open arms of the EPM compared to WT littermates, suggesting abnormally
lowered levels of anxiety or increased disinhibition’®8, These mice also display hyperactivity in the OF
test®, Studies of anxiety-related behaviour in the PS19 tau mouse model have been relatively scarce. A
recent study reported similar reduced anxious behaviour and hyperactivity in the PS19 tau mouse model“®,
Takeuchi et al. tested locomotion in 6-month-old mice in OF from 0-120 minutes and found increased
total locomotive distance, increased stereotypic behaviour and increased time spent in the open relative to
other regions of the OF arena“*®. However, they also noted motor deficits in older mice*®. In the EPM,
these mice displayed significantly reduced appropriate anxious behaviour, spending more time in the open
arms of the maze compared to control non-transgenic mice*®. Other studies, using different tauopathy

mouse models, have reported similar observations*®8L,

The underlying neuropathology and cellular mechanisms directly linking AD and anxiety-related
behaviours is largely unknown. Anxiety symptoms in AD are non-specific in humans and overlap with
other psychiatric syndromes such as depression®’. A better understanding of the full phenomenology of
the anxiety construct in AD patients and its unique contribution to dementia-related behaviours,
independent of other co-morbid psychiatric effects, is critical for the development of effective

therapeutics®®.



1.3. A potential role of PTP1B in AD-associated anxiety behaviour

1.3.1 Overview of Protein Tyrosine Phosphatase 1B (PTP1B)

Protein tyrosine phosphatase 1B (PTP1B) may be proposed as a therapeutic molecular target for
the amelioration of major AD pathology, cognitive decline and associated neuropsychiatric symptoms.
PTP1B is a prototypical type 1 non-receptor tyrosine phosphatase that is attached to the cytoplasmic face
of the endoplasmic reticulum (ER) membrane via a hydrophobic COOH-terminal anchoring sequence®-
8 This protein plays a well-established role in limiting neuronal leptin and insulin signaling®. It is a
highly validated therapeutic target for diabetes and obesity treatment®2. However, it’s implication in

neurological disorders has been a comparatively novel concept.

The 50 kDa PTP1B enzyme is encoded by the PTPN1 gene located to band 20g13 in the human
genome®8, The PTP1B enzyme harbors 10 conserved motifs, among which Motif 9, referred to as the
PTP loop, is the catalytic domain®. The PTP loop contains a catalytic cysteine residue which executes

nucleophilic attack of phospho-tyrosine residues on the substrate and becomes oxidized®.

This phosphatase enzyme rose to prominence only recently over the past decade, as researchers
discovered its pivotal role in leptin and insulin metabolism®?. In insulin signaling, PTP1B inactivates the
insulin receptor by dephosphorylation®. In PTP1B null mice, plasma insulin levels were significantly
lower and glucose levels were slightly lower when compared with wild-type (WT) littermates®’. PTP1B
KO and heterozygous mice were also resistant to weight gain following a high-fat diet, whereas, WT
littermates became insulin-resistant and rapidly gained weight®”. These findings established PTP1B as a
key negative regulator of insulin signaling. In leptin metabolism, PTP1B attenuates leptin signaling by
dephosphorylating the downstream effector Janus kinase 2%. Mice lacking leptin become morbidly obese,
whereas mice with leptin and PTP1B ablation display reduced weight gain, lower amounts of adipose
tissue and increased resting metabolic rates®8°. These studies demonstrate the PTP1B-mediated

mechanism for the control of diet-induced obesity.
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1.3.2 PTP1B Hyperactivity in Alzheimer’s Disease

Increased PTP1B activity is associated with defective neuronal insulin and leptin signalling®-°2,
pathways which are also impaired in AD %2, Furthermore, PTP1B down-regulation restores
hypothalamic insulin and leptin signalling® . Increasing evidence also suggests that insulin resistance is
a risk factor associated with AD pathogenesis and may help explain why obesity is a prominent AD
comorbidity®®®’. Mice with ablated PTP1B in the hippocampus and cortex displayed improved
performance in the Barnes maze, indicating that PTP1B is a negative regulator of spatial memory, which

is compromised in AD®%,

In a novel study from our laboratory, Zhang et al. used hAPP-J20 mice to show that there are
aberrations in cellular function that underlie cognitive behavioural impairments®. The study found that
the presynaptic long-term potentiation (LTP) of CA3:CAL synapses was severely hampered in hAPP-J20
mice, while paired-pulse ratio and short-term facilitation (STF) were abnormally increased®. The study
further showed that these deficits were linked to reduced phosphorylation of the NMDAR GIuN2B
receptor and vesicle recycling protein, N-ethylmaleimide-sensitive factor (NSF)®°. However, when PTP1B
was blocked by a selective inhibitor drug, the synaptic and behavioural deficits were successfully rescued,
indicating that active PTP1B impairs NMDAR-mediated plasticity required for spatial learning in the J20
mouse model®. Another recent report by Ricke et al. from our laboratory showed that drug-based
inhibition of PTP1B prevents spatial memory deficits in hAPP-J20 mice of both sexes in the Morris water
maze, while also preventing hippocampal neuron loss and neuroinflammation®. Most importantly, we
found that neuronal ablation of PTP1B did not affect cerebral amyloid levels or Ap plaque density in
these mice, but significantly reduced plaque size'®. Notably, however, neuron-targeted genetic ablation
of PTP1B prevented hippocampal neuron loss and cognitive decline but did not reduce
neuroinflammation, which suggests that PTP1B hastens neurodegeneration and cognitive decline in AD
and the role of PTP1B in this process is segregated from neuroinflammation®. Together, these two

publications show that impaired NMDAR-based synaptic plasticity via hyperactive PTP1B forms the
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neuronal basis of cognitive impairment in the J20 mouse model, which can be reversed (along with

pathological features) via PTP1B inhibition.

The role of PTP1B inhibition in amelioration of AD pathology in the PS19 tau mouse model has
not been well studied. However, PTP1B activity prevents inhibition of GSK3p via its inhibition of the
kinase Akt/PKB pathway and thereby may exacerbate tau pathology and other AD-associated effects!®®,
Kanno et al. found that PKCe activated Akt and inactivated GSK3p via direct interaction with each
protein, while PTP1B inhibition activated Akt and inactivated GSK3p via the IRS-1/P13K/PDK1/Akt
signalling axis!®2. The combinatory effect of PKCe activation and PTP1B inhibition was greater on Akt
activation and GSK3p inactivation, significantly suppressing tau phosphorylation and spatial learning and
memory deficits in mice from the 5XFAD AD mouse model®2, The effect of selective pharmacological
and genetic inhibition PTP1B on tau hyper-phosphorylation in the PS19 model, particularly in brain

regions implicated in anxiety-related behaviour, has not been studied.

1.3.3 PTP1B in Anxiety Behaviours in Rodents

In addition to its involvement in AD pathology, PTP1B hyperactivity has also been implicated in
anxiety behaviour. Recently, Qin et. al. showed that PTP1B inhibition relieved anxiety symptoms in mice
with ablation of the Lim domain only 4 (LMOA4) protein'®, LMO4 is an endogenous inhibitor of PTP1B,
and its ablation results in PTP1B hyperactivity **°%. Qin et. al. demonstrated that elevated PTP1B activity
in glutamatergic projection neurons in LMO4 KO mice increased de-phosphorylation/inactivation of the
mGIuR5 receptor, which negatively impacted the production of the endocannabinoid, 2-
arachidonoylglycerol (2-AG), in the basolateral amygdala. This impaired eCB signalling led to the
occurrence of an anxiogenic phenotype in LMO4 KO mice!®. Pharmacological inhibition of PTP1B was
able to rescue these behaviours®, Similarly, Mendes and colleagues found that knock-down of
amygdalar PTP1B in diet-induced obese rats causes anxiolytic behaviour, while also improving insulin
signalling and decreasing adiposity'®*. Whether and how anxiety behaviour is affected by

pharmacological and genetic inhibition of PTP1B in the J20 and PS19 mouse models of AD is yet to be
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elucidated. Since PTP1B activity has been commonly linked to AD and to anxiety-related behaviours, it
may be implied that selective targeting of PTP1B may improve anxiety-related symptoms in the J20 and

PS19 mouse models?9:100.103

1.3.4 PTP1B as a Therapeutic Target

AD treatment is a complex challenge that is still far from being resolved. However, notable
progress has been made in the development of therapeutics to target cognitive impairments and disease
pathology in patients. As of 2016, two groups of approved treatments have been the standard of care to
enhance cognitive function in AD patients: cholinesterase inhibitors and the NMDAR antagonist
memantine’®, Disease-modifying therapies have most commonly been directed at reducing A burden,
with many such programmes in phase 2 and phase 3 clinical trials'®. Aducanumab, BAN2401, and
gantenerumab all reduce AP plaques, while also reducing phospho-tau burden, neurogranin, and
neurofilament light in the cerebrospinal fluid®. However, uncertainties in the clinical trials of these drugs
have prevented them from obtaining approval for use on patients'®. Therapies designed to modify tau
pathology are also being developed. Monoclonal antibodies that sequester extracellular tau as it spreads
from cell to cell are currently in trials!®®. Other small-molecule drugs which target tau aggregation and
NFT formation are also being assessed. Still, these tau-targeted therapies come with numerous potential
side effects'®. Remedying other aspects of AD pathology, such as neuroinflammation, have also been a
goal of current therapies. Oligomannate was a drug approved in China in 2019, after showing positive
effect on cognitive function in Chinese phase 3 clinical trials'’’. The drug has been shown to reduce
inflammation in AD through its effect on the gut microbiome!®’. It restores normal gut bacterial
composition, reduces dysbiosis, and reduces peripheral inflammatory cell populations, which can
contribute to central inflammation?%’. Global clinical testing for this drug to observe effects on diverse
populations has been planned'®. Aside from pharmacological treatments, experts are now stressing the
importance of adopting holistic multi-modal preventative approaches to manage the risks of developing

AD. The Finnish FINGER study promoted a combination of healthy balanced nutrition, regular physical
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exercise, cognitive training and social activities, and vascular and metabolic risk management?%1%°_ |t
was able to show a positive effect of these lifestyle-based interventions in reducing the risk of cognitive
impairment in patients at risk'°, Future studies are considering the combination of these lifestyle-based

preventative approaches with pharmacological interventions which target biomarkers®,

The treatment of neuropsychiatric symptoms of AD has largely occurred in segregation to
disease-modifying treatment. Benzodiazepines have been widely used in the past for the treatment of
anxiety and insomnia!®. However, studies have shown that these drugs may negatively impact cognitive
function in long term113, Often, physicians prescribe antidepressants (e.g. cholinesterase inhibitors) for
their anxiolytic properties®. Donepezil is one such antidepressant which has been reported to decrease
anxiety in patients with moderate to severe AD 4. Another class of drug which is frequently used to
ameliorate anxiety behaviours in AD are antipsychotics, such as Olanzapine. A study showed that AD
patients receiving olanzapine treatment experienced significantly less anxiety compared to the placebo
group'?®. Nevertheless, treatments which target AD pathology while concurrently relieving associated

neuropsychiatric symptoms in patients are yet to be established.

As shown by the studies of Ricke et. al and Qin et. al, PTP1B may be a common therapeutic
target for anxiety behaviours and AD pathology, as its blockade has shown beneficial effects in rodent
models. Trodusquemine (a.k.a MSI-1436), used in the studies by Ricke et. al., Qin et. al., and Zhang et
al., is a popular non-competitive and reversible PTP1B inhibitor®03116117 |t is 3 natural aminosterol
derived from a spermine metabolite of cholesterol from dogfish shark liver*81°, This drug can be
administered peripherally, is blood brain barrier-permeable, and has a half-life of more than 1 week in
vivo!e119120 From the studies of Ricke et al. and Qin et al., trodusquemine has shown some promise in
targeting both AD pathology and anxiety behaviours in separate mouse models®1%, |t must also be noted
that this drug does not damage cerebral integrity or cognitive performance in WT mice!®. Whereas, past
treatments for anxiety, such as benzodiazepines, have had negative implications on cognition in AD and

dementia patients**3, Trodusquemine has also been shown to promote leptin and insulin signalling and

14



has already undergone clinical trials for safety in obesity treatment in humans!'®120-122_ Thereby,
trodusquemine can be easily repurposed for use in AD and, perhaps, AD-associated anxiety-related
behaviour. Another PTP1B selective inhibitor drug which was used in this study is ENT-03 (a.k.a
Hu1436), which is similar to Trodusquemine. ENT-03 is an aminosterol derived from a bile acid
conjugated to spermine extracted from the brain and liver tissue of neonatal mice

(https://enterininc.com/lead-programs/). This drug represents the mammalian equivalent of trodusquemine

and may be better metabolized in humans than its dog fish-derived counterpart

(https://enterininc.com/lead-programs/).

Therapeutically targeting PTP1B may be an effective method to not only slow the progression of
AD pathology and cognitive impairment, but also normalize associated anxiety symptoms. However, the
role of PTP1B in anxiety-related symptoms of AD has not been thoroughly investigated in the hAPP-J20

AB and PS19 tau AD mouse models and thereby will comprise the subject of this study.
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2. Objectives and Hypothesis

Although affective disorders, particularly anxiety symptoms, are prevalent comorbidities of AD,
their underlying mechanisms have not been well studied. These neuropsychiatric symptoms reinforce the
burdensome experience of AD patients and their caregivers, and contribute to the deterioration of
livelihood in affected individuals. In this project, the major objective was to compare anxiety-related
behaviours between the hAPP-J20 and PS19 mouse models of AD and determine whether PTP1B is
involved in these behaviours. Additionally, the effect of PTP1B inhibition/ablation on tau pathology in the
PS19 mouse model was also examined, as this was not previously established. As PTP1B has been
implicated in both AD pathology and anxiety behaviour, it was hypothesized that PTP1B activity may
increase abnormal anxiety-related symptoms of the J20 and PS19 AD mouse models. It was also
hypothesized that PTP1B blockade will have a therapeutic effect on AD pathology in the PS19 mouse

model.

The specific aims for this project were as follows:

1) Compare anxiety-related behaviours in the hAPP-J20 and PS19 AD mouse models and assess the
effects of pharmacological inhibition and genetic ablation of PTP1B, and whether this can reduce
anxiety-related behavioural abnormalities in AD.

2) Observe tau pathology, neuron loss, and neuroinflammation in the PS19 mouse line and
investigate the effects of PTP1B inhibition on tau levels in brain regions associated with anxiety

in this mouse model, which has not been previously examined.
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3. Methods

3.1 Animals and Treatment

The transgenic mice used in the experiments of this project belong to the hAPP-J20 mouse line,
on a C57BL/6 background, and the PS19 mouse line, on a (C57BL/6 x C3H) F1 mixed background,
acquired from Jackson Laboratories. For each group, age-matched wild type littermates were also used for
testing. A cohort of 6-month-old mice and another cohort of 8-month-old mice were assessed for age-
based differences in anxiety-related behaviour. Both male and female mice were used in each cohort, with
approximately equal numbers of both sexes. Male and female mice were housed separately, in groups of

3-4 mice per cage, with mouse chow and water available ad libitum.

Animals were genotyped via PCR using genomic DNA extracted from ear biopsy samples.
Biopsy samples (approximately 0.2 cm) were lysed in Alkaline Lysis Reagent (25 mM NaOH, 0.2 mM
EDTA, in ddH-0) at 95°C for 45 minutes in a PCR machine. Samples were cooled to 4°C. Neutralization
Reagent (40 mM Tris-HCI) was added to sample tubes to stop the lysis reaction. 2 uL of these DNA
samples were used as template for PCR reactions. PCR reactions were conducted using GoTaq Green All-
in-One Master Mix (Cat. #: PR-M7123, Thermo Fisher Scientific), which only required the addition of
appropriate primers and nuclease-free water. Details of the primers used to detect PTP1B flx genes, PS19
transgene, APP transgene, and CamK-Cre mutant gene are listed in Table 1. PCR products were
separated by size on 1.5% agarose gel containing 0.05% ethidium bromide for visualization. Gels were

visualized under an ultraviolet light illuminator.

In each age cohort, a group of J20 and PS19 mice were either treated with saline or drug.
Trodusquemine for injection was dissolved in ddH.O at a concentration of 0.25 mg/ml. Trodusquemine-
treated J20 and PS19 mice in each age group were subjected to 6 intraperitoneal (i.p) injections every 5
days over the span of 1 month, with a dosage of 2.5mg/kg of clinical grade drug (provided by Enterin

Inc.). Due to a limitation in the provided drug resource at the time, we were unable to treat wild type mice
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with trodusgquemine, to generate a WT-trodusquemine treated control group. In a previously established
cohort of 8-month-old J20 and PS19 mice, we also tested a dosage of 5.0 mg/kg trodusquemine. The last
injection of the drug was administered 2 weeks prior to behavioural experiments. Vehicle (Veh.)-treated
control mice were treated using the same administration protocol with sterile saline (0.9% NaCl in water).
A new cohort of WT, J20, and PS19 mice, aged 6 months, were treated with either ENT-03 drug or saline
using the same dosage and protocol as with trodusquemine administration. Only vehicle-treated WT, J20,
and PS19 mice were used to compare anxiety-related behaviours between J20 and PS19 cohorts. The

drug-treated groups were used later to analyze the effect of PTP1B on these behaviours.

Mouse lines with genetic ablation of PTP1B in projection neurons were bred into the hAPP-J20
and PS19 mouse models. hAPP-J20 mice were bred with PTP1Bflx/flx and Camk2a-Cre mice on a
C57BL/6 background to generate hAPP-J20 mice with ablation of PTP1B in Camk2a-Cre -positive
neurons (hAPP-J20 nPKO mice)!®, The same breeding strategy was used to generate PS19 nPKO mice. It
must be noted that this breeding strategy was not designed to yield global knockout of PTP1B, since
Camk2a-Cre is primarily expressed in the hippocampus, cortex, and amygdala’?. Thus, neuronal PTP1B

ablation was mainly restricted to these brain regions.

3.2 Behavioural Experiments

3.2.1 Elevated Plus Maze (EPM)

The first anxiety assay that mice were subjected to was the EPM paradigm. The EPM is a plus-
shaped maze, elevated 75 cm from the ground, with two open arms (6 cm x 35cm) and two wall-enclosed
arms (6¢cm x 35 cm x 20 cm). Prior to testing, mice were habituated in the experiment room for 45-60
minutes (Supplementary Figure 1A). Room lighting was set to 100 Lux. Experiments were performed
between 9:00 a.m. and 6:00 p.m. EST. Each mouse was placed individually in the center zone of the maze
diagonally such that the animal’s nose was at the intersection between the open and closed arms. Mice

were allowed to explore the maze for 10 minutes and their behaviour was monitored using the Ethovision
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8 automated video tracking system (Noldus IT, The Netherlands). Parameters measured include: distance
moved, duration/ frequency of entries to open arms, duration/ frequency of entries to enclosed arms, and
duration/frequency of entries to the central zone. Using the frequency of entries measurements, the

%Relative Entries to Open Arms was calculated using the following formula:

Frequency of entries to Opn. Arms

%Rel.ent.Opn.Arms = ( ) X 100%

Total Frequency of entries to Opn.Arms + Clsd. Arms + Cntr. zone

3.2.2 Open Field (OF)

On the day following EPM testing, mice were subjected to the OF test, which was used to assay
motoric activity and anxiety-related behaviour. For the open field experiments, mice were first habituated
in the experimentation room for 45-60 minutes prior to testing. Room lighting was set to 300 Lux.
Experiments were performed between 9:00 a.m. and 6:00 p.m. EST. Each mouse was then placed in a
box-like arena without a roof, with dimensions of 50 cm (length) x 50 cm (width) x 38 cm (height), and
observed in the arena for 10 minutes (Supplementary Figure 1B). The arenas were cleaned with 70%
ethanol between each new trial. Mice were monitored using Ethovision 8 automated video tracking
software (Noldus IT, The Netherlands). For each subject mouse, the parameters that were analyzed
include: total distance moved (cm), duration/frequency of entries in the large center of the arena (i.e.
open, well-lit center), duration/frequency of entries in the small center of the arena (i.e. the central-most
region, which could further distinguish the degree of anti-anxiety behaviour), duration/frequency of
entries in the four corners of the arena. Using the frequency parameters, two additional factors were
calculated: %Relative entries to large center and %Relative entries to small center. These two parameters

were calculated using the following formulas:

Frequency of entries to Sml.Cntr.

%Rel.ent.Sml.Cntr.= ( ) X 100%

Total Frequency of entries to Lrg. Cntr.+Sml.Cntr.+ 4 corners

Frequency of entries to Lrg. Cntr.

%Rel.ent.Lrg.Cntr.= ( ) X 100%

Total Frequency of entries to Lrg. Cntr.+Sml.Cntr.+ 4 corners
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3.3 Biochemical Techniques to Observe Tau Pathology in PS19 Model

3.3.1 Tissue Collection for Histology and Western Blotting

Following behavioural experiments, PS19 mice were anesthetized by i.p injection of ketamine (65

mg/kg), xylazine (13 mg/kg), and acepromazine (2 mg/kg), and decapitated®.

For immunohistochemistry, the brain hemispheres were fixed overnight in 4% paraformaldehyde
in PBS (137 mM NacCl, 2.7 mM KClI, 10.1 mM Na;HPO, dibasic anhydrous, and 1.8 mM KH2PO, in
double distilled H-O, pH 7.4). Fixed tissue was then cryoprotected with increasing concentrations of
sucrose (10% and 20%) over 5 days at 4°C in 0.1 M phosphate buffer (0.038 M NaHPO4 monobasic and
0.162 M Na;HPO, dibasic, pH 7.4). The cryoprotected tissue was then flash frozen on dry ice and stored

at -80°C. Brain tissue was sliced coronally into sections of 20 um thickness using a microtome!®,

For immunoblotting, the remaining hemisphere from each mouse was flash frozen on dry ice and

stored at -80°C for subsequent protein extraction.
3.3.2 Immunohistochemistry

Cryostat sections from each treatment group of mice (n = 3 mice/group) were washed in 1X PBS
(3 x 3 min). The sections were then subjected to heat-induced antigen retrieval in Citrate buffer (0.1 M,
pH 6.0) at 95°C for 20 min. Sections were then cooled on ice and blocked with Mouse on Mouse
(M.O.M) IgG Blocking Reagent (Vector laboratories, Burlingame, CA, USA, cat. #: BMK-2202) and
10% sheep serum for 1 h at room temperature. Sections were then washed again in 1X PBS (3 x 3min)
and incubated in primary antibodies for AT8 (phospho-tau Ser202/Thr205, 1:500, mouse, cat. #:
MN1020, Thermo Fischer), NeuN (1:500, mouse, cat. # MAB377, Sigma-Aldrich), GFAP (1:500,
chicken, cat. #: AB5541, Sigma-Aldrich), Ibal (1:1000, rabbit, cat. #: 019-19741, WAKO) in M.O.M
diluent (Vector laboratories) overnight at 4°C. Co-staining combinations were NeuN, GFAP, Ibal or AT8
alone. Following primary antibody incubation, sections were treated with M.O.M Biotinylated Anti-

Mouse 1gG reagent (Vector laboratories) for 10 min. at room temperature. Sections were then washed in
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1X PBS (3 x 3 min) and incubated with species-appropriate secondary antibody (1:500) for 1h at room
temperature. Sections were then washed in 1X PBS (3 x 3min), counter-stained with Dapi (1:5000) for 15
minutes at room temperature. Slides were washed in 1X PBS for a final three cycles before being
mounted in Permount. Fluorescence microscopy images of the hippocampus (CAL) and basolateral

amygdala were obtained using an inverted epifluorescence microscope (Axio Observer. ZI, Zeiss).
3.3.3 Western Blotting

Protein levels of PTP1B, p-GSK3p (Ser. 9), and GSK3p were quantified using Western blotting.
To extract these proteins, brain hemispheres from each experimental group of mice were collected and
homogenized via ultrasonification in RIPA buffer (150mM NaCl, 10mM Tris, pH7.2, 0.1%
SDS, 1% Triton X-100, 1% sodium deoxycholate, and 5 mM EDTA in ddH-0), with protease inhibitors
(0.5 pg/ml leupeptin, 2 pg/ml aprotinin, 0.368 mg/ml sodium orthovanadate, and 1.74mg/ml
phenylmethylsulfonyl fluoride), frozen on dry ice and stored at -80°C. Total protein concentration in each
sample was quantified using the bicinchoninic acid assay Pierce BCA Protein Assay Kit (Thermo Fisher).

Western blotting experiments were performed according to protocols outlined by Ricke et al*®. 3
mice were used per experimental group, and each sample had one identical technical replicate. 50 ug of
each protein sample was loaded onto 10% SDS-polyacrylamide gels and run at 110 V for 1.5 hours in
Tris-Glycine Running buffer (25 mM Tris base, 190 mM glycine, 0.1% SDS in ddH,O at pH 8.3) until
proteins were separated by size. Proteins were transferred from gels to PVDF membranes at 110V for 2.5
hours in Transfer buffer (25 mM Tris base, 190 mM glycine, 20% methanol in ddH;O at pH 8.3).
Membranes were blocked with 5% bovine serum albumin or 5% non-fat milk in TBST at room
temperature. Each set of blots were separately stained for PTP1B (50 kDa, rabbit, 1:1000, Abcam, cat. #:
ab245984), p-GSK3p (Ser. 9) (48 kDa, rabbit, 1:1000, Cell Signalling, cat. #: 5558), and GSK3 (48 kDa,
rabbit, 1:1000, Cell Signalling, cat. #: 5558). After staining with one of these antibodies, blots were
stripped with Stripping buffer (0.2 M glycine, 3.5 mM SDS, and 1% Tween 20 in ddH20 at pH 2.2) for

20 minutes at room temperature. Then, they were stained with B-Actin primary antibody (42 kDa, mouse,

21



1:1000, Sigma-Aldrich, cat. #: A5441). Following primary antibody incubation, blots were incubated in
species-appropriate horseradish peroxidase (HRP)-conjugated secondary antibodies (1:10 000). Prior to
imaging, each blot was incubated in 1 ml ECL Western Blotting HRP Substrate (Thermo Fisher, cat. #:
32109) for 1 minute prior to imaging using the Chemi Doc MP Imaging System (Bio Rad, Gel Doc XR+).

Protein levels were quantified using ImageJ software.

Immunoblotting experiments were also performed to observe protein levels of phospho-tau and
total non-phosphorylated tau in hemisphere tissue samples from 8-month-old PS19 mice. Proteins were
extracted by homogenizing brain tissue in RIPA buffer (50 mM Tris, 150 mM NacCl, 0.1% SDS, 0.5%
sodium deoxycholate, 1% NP40, 5 mM EDTA, and protease inhibitors), using 1 ml/g. Samples were then
centrifuged at 40 000 g for 40 min at 4°C. Western blot experiments were carried out as outlined above
and blots were probed using the AT8 antibody (phospho-tau Ser204/Thr205 60 kDa, mouse, 1:1000, cat.
#: MN1020, Thermo Fisher) and total Tau (50 kDa, mouse, 1:1000, cat #: 835203, Biolegend Inc.).
Following a stripping cycle, blots were stained with GAPDH primary antibody (37 kDa, mouse, 1:1000,
cat. #: sc-59540, Santa Cruz Biotechnology). Following primary antibody incubation, blots were
incubated in species-appropriate horseradish peroxidase (HRP)-conjugated secondary antibodies (1:10
000). Again, each blot was incubated in 1 ml ECL Western Blotting HRP Substrate (Thermo Fisher, cat.
#: 32109) for 1 minute prior to imaging using the Chemi Doc MP Imaging System (Bio Rad, Gel Doc

XR+). Protein levels were quantified using ImageJ software.

3.4 Statistical Analyses

All statistical analyses for behavioural and biochemical experiments are summarized in Table 2 and

Table 3.
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4. Results

4.1 Age-Based Dimorphism in Onset of Anti-Anxiety Phenotype in J20 and PS19

Mouse Models

To test whether there are differences in anxiety-related behaviours between the hAPP-J20 and
PS19 AD mouse models, EPM and OF behavioural experiments were conducted on vehicle-treated mice
from each mouse model and their respective age-matched WT littermates at two independent cohorts aged
6 months and 8 months. In the 6-month age group, no significant difference was detected in the total
distance moved within the EPM between the four groups (Figure 1A;). Compared to WT littermates, 6-
month-old vehicle-treated J20 mice exhibited a significantly increased cumulative duration in both of the
open arms of the maze (Figure 1A;) and an increased frequency of entries into these open arms relative to
total entries (Figure 1As), displaying an anti-anxiety baseline phenotype. These differences were not
found in the 6-month PS19 mouse line as compared to their respective WT littermates, neither was there

any difference between vehicle-treated J20 and PS19 mice.

Interestingly, in the 8-month cohort, it was exclusively the PS19 mice which displayed an anti-
anxiety behavioural profile in the EPM. As compared to both J20 vehicle-treated mice and WT
littermates, vehicle-treated PS19 mice showed significant hyperactivity, with increased total distance
moved within the maze (Figure 1B;). Additionally, PS19 vehicle-treated mice expended more time in the
open arms of the maze compared to WT littermates and J20 counterparts (Figure 1B,). Compared to WT
littermates, PS19 mice also entered the open arms at a significantly higher frequency relative to total

entries (Figure 1By).

These findings from the EPM experiments show a clear age-dependent dimorphism in the onset
of abnormal anti-anxiety behaviour in the J20 and PS19 mouse models, with J20 mice displaying early-

onset behavioural abnormalities while PS19 mice exhibit later-onset behavioural abnormalities.

23



6 Months

8 Months

>
2
>

dedkk Kk

— 4000 c 300+ * 40 —
5 g 2
= ] e - .
E 3000 : 'DSE 200 . EE 304 : :
s 20000 , s i $3 £5 2] - =
g 2 ¥| Eg 100 . -~ =& H Y
- @
5 10004 4 2 . |_-t-_| - 3 x 2 104 .
N =] - =
N 37 e 1] [ | ¢ o
G & F o 4 & - S o o
E o N R o N 4 o o ..:@
7 =] W ) A N
v ¢ LV 0 L pv ¢ & oY ~ P 3>
\}W 3 Sc, Q" \{L \ch Q" ‘&Q@ b “é o
B1 B2 *kkk B3
E 2 Fededkk
= 3000, " . 500 — g 40 —r
— S 2
2 : EE 400 . ER 30
- = = =
2 2000 . $ T AE 350 . W : s
] . Y1 e<= : 25 204 i T
= | 8 200 T =&
@ + . Ea . = e .
2 10004 50 H e e 10
= * E'E 100 * * -
-] .
a 0. © 0 I ! 1 ﬁ . 0 T
& o Fao
e o o by ..;\D ) Qe .\‘\ ,‘\e <+ A - K ..;
R S AR 3 L e Lo
@@9\5‘ {I? .ft: ,&\.» q‘:'\q < .f!- & -'-‘6 Q'P 3 @-:,'\ q‘:
€

Figure 1. Age-based anxiety-related phenotypic differences in EPM parameters between
hAPP-J20 and PS19 mice. No difference was detected in overall distance moved in the maze
between all groups at 6 months of age (Al). 6-month-old J20 mice expended more cumulative
time in the open arms of the maze and entered the open arms at a greater relative frequency
than WT littermates (A2-A3). No effect was observed in PS19 mice at this age. In the 8-
month age cohort, PS19 mice displayed increased total distance moved in the maze compared
to WT littermates and J20 counterparts (B1). These mice also spent more time in the open
arms of the EPM compared to WT and J20 mice (B2). Additionally, PS19 mice also
frequented the open arms of the maze more that WT mice (B3). For A1-A3, n=15, 20, 14, 17,
respectively. For B1-B3, n= 14, 9, 11, 10, respectively. Data depicts mean = SEM. For each
analysis, one-way ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons. *p-
value < 0.05; **p-value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.

These first EPM tests were followed by a set of OF tests using 6-month-old J20, PS19, and WT

littermate mice. There was no difference between groups in the total distance moved in the arena over the
10-minute testing period, no difference in the duration spent in the large and small centers of the arena, and
no difference in the frequency of entries into the large and small centers relative to total frequency of entries

(Figure 2A1-2As).

However, in the 8-month cohort of mice, distinct behavioural abnormalities were detected.

Although, no statistically significant difference in motoric activity was found (Figure 2B;), 8-month-old
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vehicle-treated PS19 mice spent more time in the large center of the open field arena compared to WT mice
(Figure 2B>). There was trend towards PS19 mice spending more time in the small center of the arena as
well, although this was not statistically significant (Figure 2B3). These mice also had a higher frequency
of entries into the large and small centers relative to the total number of entries compared to WT littermates
(Figure 2B4-2Bs, respectively). No such differences were found between vehicle-treated J20 mice and their
littermate WT counterparts or between vehicle-treated J20 and PS19 mice in any of the OF test parameters

in this age cohort.

Overall, Figure 2 compliments the findings depicted in Figure 1, which illustrates an age-based
dimorphism in the onset of an abnormal anti-anxiety baseline phenotype between J20 and PS19 mice. 6-
month-old J20 mice, however, do not exhibit this behavioural phenotype in the OF test as they do in the
EPM test in Figure 1. The anti-anxiety behaviour in PS19 mice at 8 months of age is apparent in both

paradigms.
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Figure 2. Age-based anxiety-related phenotypic differences in OF test parameters between
hAPP-J20 and PS19 mice. No difference was detected in overall distance moved or anxiety-
related behaviour in the OF test between J20 and PS19 mice or between these mice and their
respective WT littermates at age 6 months (A1-A5). At 8 months of age, no statistically
significant difference in motoric activity was detected between groups (B1). PS19 mice, but not
J20 mice, expended more time in the large center of the OF arena compared to WT mice (B2).
There was a tendency of this in the small center, although this was not statistically significant
(B3). PS19 mice also entered the large and small centers of the arena at a greater relative
frequency than WT littermates (B4-B5). For Figure A1-A5, n= 15, 20, 14, 17, respectively. For
B1-B5, n=14, 9, 11, 10, respectively. Data depicts mean + SEM. For each analysis, one-way
ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05; **p-
value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.

4.2 Selective Pharmacological Inhibition of PTP1B Normalizes Anti-Anxiety

Behavioural Phenotype

Since PTP1B has been implicated in both AD and in anxiety behaviours, it was assessed whether
PTP1B has a role in the behavioural abnormalities observed in J20 and PS19 mice. The same two
anxiety-testing paradigms were used as in previous experiments, but with an added group of drug-treated
transgenic mice. The effect of trodusquemine on behaviour was tested at two different dosages, 2.5 mg/kg
and 5.0 mg/kg, using the same treatment protocol. Although both age groups for the 2.5 mg/kg dosage,
only 8-month-old J20 and PS19 cohorts for the 5.0 mg/kg dosage. Upon consultation with my supervisor,
it was decided that repeating the trodusquemine experiments at the 5.0 mg/kg dosage for 6-month-old

mice was not needed.

First, it was examined whether selective inhibition of PTP1B by trodusquemine treatment could
rescue the abnormally reduced levels of anxious behaviour observed in both J20 and PS19 mouse models
using the EPM test. In reciprocation of previous results depicted in Figure 1, 6-month-old J20 vehicle-
treated mice spent a greater cumulative duration in the open arms of the EPM, which was rescued in the
J20 trodusquemine-treated group at a 2.5mg/kg dosage (Figure 3A;). These mice also entered the open
arms of the maze at a greater relative frequency than WT counterparts, although this was not significantly

ameliorated with trodusquemine treatment (Figure 3As). There was no difference in distance moved in
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6 Months

8 Months

the maze and trodusquemine treatment had no effect (Figure 3A1). No phenotype or rescue was observed

in the 8-month-old J20 cohort of WT, J20 vehicle-treated, and J20 trodusquemine-treated mice (Figure

3B:1-3B3).
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Figure 3. Selective inhibition of PTP1B via 2.5 mg/kg dosage of trodusquemine ameliorated
inappropriately lowered anxious response in J20 mice aged 6 months in EPM. No
difference was detected in overall distance moved in the maze between any of the treatment
groups in both age cohorts (A1, B1). 6-month-old J20 mice expended more time in the open
arms of the EPM and this was normalized by trodusquemine treatment (A2). J20 mice also
entered the open arms of the maze more than WT littermates. Although there was a reduction of
entries to the open arms in the trod. -treated group, this was not statistically significant (A3). In
the 8-month cohort, no phenotype was detected and trodusquemine treatment did not affect
behaviour. For A1-A3, n= 15, 20, 18, respectively. For B1-B3, n= 14, 9, 11, respectively. Data
depicts mean £ SEM. For each analysis, one-way ANOVA was followed by Bonferroni’s post-
hoc pairwise comparisons. *p-value < 0.05; **p-value < 0.01; ***p-value < 0.001; ****p-value
<0.0001.
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6 Months

8 Months

In the younger age group of PS19 mice, no behavioural phenotype or rescue was observed when

comparing WT, PS19 vehicle-treated, and PS19 2.5 mg/kg trodusquemine-treated mice (Figure 4A;-

4As). However, in the 8-month PS19 cohort, PS19 vehicle-treated mice expended more time in the open

arms of the maze versus WT controls, and this effect was rescued in the PS19 trodusquemine-treated

group (Figure 4B>). A similar phenotype was observed in the measure of %Relative entries to open arms

of the maze (Figure 4B3), however this was not rescued by trodusquemine treatment. No difference was

observed in the distance moved by these mice in the EPM (Figure 4Bs).
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Figure 4. Selective inhibition of PTP1B via 2.5 mg/kg dosage of trodusquemine ameliorated
inappropriately lowered anxious response in PS19 mice aged 8 months in EPM. No
difference was detected in overall distance moved in the maze between any of the treatment
groups in both age cohorts (A1, B1). In the 6-month cohort, no phenotype was detected and
trodusquemine treatment did not affect behaviour (A2, A3). 8-month-old PS19 mice expended
more time in the open arms of the EPM compared to WT mice, and this was rescued by
trodusquemine treatment (B2). PS19 mice also entered the open arms of the EPM more
frequently than WT mice, but this parameter was not sufficiently normalized by trodusquemine
treatment (B3). For A1-A3, n=14, 17, 14, respectively. For B1-B3, n=11, 10, 12, respectively.
Data depicts mean £ SEM. For each analysis, one-way ANOVA was followed by Bonferroni’s
post-hoc pairwise comparisons. *p-value < 0.05; **p-value < 0.01; ***p-value < 0.001; ****p-
value < 0.0001.

EPM experiments were repeated for 8-month-old J20 and PS19 cohorts treated with 5.0 mg/kg
dosage of trodusquemine. As shown in Supplementary Figure 2, no difference in the total distance
moved in the maze or in the anxiety-related behavioural parameters was detected between WT vehicle-
treated, WT Trod. -treated, J20 vehicle-treated and J20 Trod. -treated mice at 8 months of age
(Supplementary Figure 2A-C). By contrast, in the 8-month PS19 cohort, PS19 Veh. mice moved a
greater total distance within the EPM as compared to WT Veh. mice and this was normalized in the group
of PS19 mice treated with 5.0 mg/kg trodusquemine (Supplementary Figure 3A). PS19 Veh. mice spent
significantly more time in the open arms of the maze versus WT controls, and this was rescued by
trodusquemine treatment (Supplementary Figure 3B). PS19 Veh. mice also frequented the open arms
more than WT counterparts relative to other areas of the maze (Supplementary Figure 3C). However,

this was not rescued by trodusquemine treatment (Supplementary Figure 3C).

In the OF test using WT vehicle-treated, J20 vehicle-treated, and J20 2.5 mg/kg trodusquemine-
treated mice, no difference was found between groups in both the 6-month and 8-month age groups in any

of the tested OF parameters (Figure 5).
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Figure 5. No anxiety-related behavioural abnormalities of J20 mice in both age groups in
OF test, selective inhibition of PTP1B by 2.5 mg/kg dosage of trodusquemine had no
effect. In both age groups, no difference in the total distance moved (Al, B1) or anxiety-related
parameters was detected (A2-A5, B2-B5). For A1-A5, n= 15, 20, 18, respectively. For B1-B5,
n= 14, 9, 11, respectively. Data depicts mean £ SEM. For each analysis, one-way ANOVA was
followed by Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05; **p-value < 0.01;
***p-value < 0.001; ****p-value < 0.0001.

Similarly, no difference in OF parameters was found at 6 months in the PS19 cohort between WT
vehicle-treated, PS19 vehicle-treated, and PS19 2.5 mg/kg trodusquemine-treated groups (Figure 6A;-
6As). In PS19 mice aged 8 months, no difference was detected between groups in the total distance
travelled in the OF arena (Figure 6B1). Compared to WT littermates, PS19 mice expended more time in
the large center, which was normalized by trodusquemine treatment (Figure 6B5). These mice also
expended more time in the small center of the arena, although this effect was not sufficiently rescued by
drug treatment (Figure 6B3). PS19 mice also entered the large and small centers at a greater frequency
than other areas of the maze compared to WT counterparts (Figure 6B4— 6Bs). Although the increased
relative entries to the large center of the arena was not rescued by trodusquemine treatment, the increased
relative entries to the small center was (Figure 6B4— 6Bs). No phenotype in motoric activity was detected

in these mice and there was no effect of trodusquemine treatment (Figure 6B;).
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Figure 6. Selective inhibition of PTP1B via 2.5 mg/kg dosage of trodusquemine ameliorated
inappropriately lowered anxious response in PS19 mice at 8 months of age in OF test. No
phenotype in distance moved (Al) or anxiety-related behaviour in the arena was detected in the
6-month cohort (A2-Ab5), and trodusquemine treatment did not affect behaviour in the majority
of OF parameters. PS19 mice aged 8 months did not show any motoric phenotype (B1).
However, these mice expended more time in the large and small center of the arena (B2-B3). The
abnormally high amount of time in the large, but not small, center of the arena was rescued by
trodusquemine treatment (B2-B3). PS19 mice also entered the large and small centers of the
arena more than WT littermates (B4-B5). The high frequency of entries to the small center was
rescued by trodusquemine treatment (B5). For A1-A5, n= 14, 17, 14, respectively. For B1-B5,
n= 11, 10, 12, respectively. For each analysis, one-way ANOVA was followed by Bonferroni’s
post-hoc pairwise comparisons. *p-value < 0.05; **p-value < 0.01; ***p-value < 0.001; ****p-
value <0.0001.

When the OF test was repeated for J20 mice aged 8 months treated with 5.0 mg/kg dosage of
trodusquemine, no anxiety-related phenotype was detected between WT vehicle-treated and J20 vehicle-
treated groups, and 5.0 mg/kg trodusquemine treatment in the J20-trod. group did not show any effect on
behaviour (Supplementary Figure 4B-4E). However, a difference between the WT-Veh. and WT trod. -
treated groups was noted, with the WT-trod. group exhibiting a lower total distance moved in the arena
(Supplementary Figure 4A), less time spent in the large center (Supplementary Figure 4B), and fewer
relative entries to the large center (Supplementary Figure 4D). This could possibly suggest that such a
high dosage of the drug was inducing the mice to be slightly lethargic. An 8-month-old cohort of PS19
mice were also subjected to trodusquemine treatment at a dosage of 5.0 mg/kg. The anti-anxiety
behavioural phenotype in PS19 vehicle-treated mice was again observed, which was normalized by 5.0
mg/kg trodusquemine treatment (Supplementary Figure 5B-5E). It was also noted that WT trod. -treated
mice moved a lower total distance in the arena compared to WT Veh. -treated mice (Supplementary

Figure 5A).

Next, these same behavioural experiments were repeated with new cohorts of J20 and PS19 mice
at 6 months of age to test the efficacy of another drug, ENT-03 (a.k.a Hu1436), in normalizing AD-

associated anxiety-related behaviours at a dosage of 2.5 mg/kg. Like trodusquemine, ENT-03 is also a

selective PTP1B inhibitor (https://enterininc.com/lead-programs/). Again, EPM experiments were
conducted on a cohort of WT, WT ENT 03-treated, J20 Veh. -treated and J20 ENT 03-treated mice aged
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6 months. In the J20 mouse line at 6 months, a reduction of appropriate anxiousness was detected yet
again when compared with WT control mice. J20 vehicle-treated mice spent more time in the open arms,
which was rescued by ENT-03 treatment (Supplementary Figure 6B). J20 Veh. -treated mice also
exhibited a higher relative frequency of entries to the open arms of the maze versus WT controls
(Supplementary Figure 6C). However, this effect was not rescued by ENT-03 treatment. In the PS19
cohort at 6 months, no anxiety-related phenotype was detected in the EPM test, and ENT-03 treatment
showed no effect (Supplementary Figure 7B-7C). In either of the two mouse lines, no differences in the

distance moved within the EPM was detected (Supplementary Figure 6A, 7A).

In the OF test, no significant differences were found amongst the four treatment groups of the J20
cohort at 6 months of age in any of the OF parameters measured, and ENT-03 treatment did not have any
effect (Supplementary Figure 8). Similar findings were noted for the PS19 cohort at this age

(Supplementary Figure 9).

Together, these data show that both trodusquemine and ENT-03 at a dosage of 2.5 mg/kg are
sufficient to rescue the impairment of appropriate anxious behaviour in both the J20 and PS19 mouse
models at the respective ages at which these behavioural deficits occur. Administration of trodusquemine
at a higher dosage of 5.0 mg/kg also had a similar therapeutic effect on PS19 mice at 8 months of age but

had no effect on J20 mice since they do not display behavioural deficits at this age.

4.3 Genetic Neuronal Ablation of PTP1B Normalizes Anti-Anxiety Behavioural

Phenotype

Next, the same behavioural experiments were repeated using triple transgenic mice in the J20 and
PS19 background with CamK2a-Cre-mediated genetic neuronal PTP1B ablation to observe whether

neuronal PTP1B specifically is involved in the behavioural abnormalities observed previously.
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6 Months

First, triple transgenic mice in the J20 background were tested in the EPM at 6 months of age.
There were no differences in the distance travelled in the maze between any of the groups in this J20
mouse cohort (Figure 7A). However, 6-month-old J20 mice exhibited their characteristic anti-anxiety
phenotype, spending increased time in the open arms of the EPM compared to WT littermates and the
nPKO control group (Figure 7B). In the J20 nPKO group, the time spent in the open arms was lowered
significantly to a level similar to WT littermates (Figure 7B). J20 mice also entered the open arms of the
maze more frequently than WT and nPKO mice (Figure 7C). However, this parameter was not rescued in

the J20 nPKO group (Figure 7C).
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Figure 7. Genetic neuronal ablation of PTP1B (J20 nPKO) ameliorated inappropriately
lowered anxious response of J20 mice at 6 months in EPM. There was no difference in
distance moved in the EPM between groups (A). J20 mice expended more cumulative time in the
open arms of the maze compared to WT and PKO control mice, and this was normalized in J20
nPKO group (B). The phenotype was also apparent in terms of relative entries to the open arms,
although this was not sufficiently rescued by PTP1B ablation (C). For A-C, n= 20, 11, 15, 4,
respectively. For each analysis, one-way ANOVA was followed by Bonferroni’s post-hoc
pairwise comparisons. *p-value < 0.05; **p-value < 0.01; ***p-value < 0.001; ****p-value <
0.0001.

36



8 Months

Similarly, PS19 mice at 8 months of age also displayed an anti-anxiety profile in the EPM,
consistent with previous experiments. These mice moved a greater distance throughout the maze than did
WT mice and this phenotype was rescued in the PS19 nPKO group mice (Figure 8A). Compared to WT
littermates and nPKO control mice, PS19 mice also spent more time in the open arms of the maze and
entered the open arms at a greater frequency (Figure 8B-8C). Both parameters were normalized in the

PS19 nPKO group (Figure 8B-8C).
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Figure 8. Genetic neuronal ablation of PTP1B (PS19 nPKO) ameliorated inappropriately
lowered anxious response in PS19 mice at 8 months in EPM. PS19 mice moved an increased
distance in the EPM compared to WT mice, which was normalized with neuronal PTP1B ablation
in the PS19 nPKO group (A). PS19 mice also spent more time in and frequented the open arms of
the maze more than WT mice (B, C). This was normalized with neuronal PTP1B ablation in the
PS19 nPKO group (B, C). For A-C, n= 16, 12, 10, 15, respectively. For each analysis, one-way
ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05; **p-
value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.
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Next, it was examined whether similar anxiety-related behaviours can be observed in the OF test
using these mice. At 6 months of age, J20 mice did not display any behavioural phenotype in this
paradigm, consistent with previous OF experiments. The distance moved in the maze by J20 mice was not
significantly different from WT littermates and the ablation of neuronal PTP1B in the J20 PTP1B KO
group did not have any effect (Figure 9A). Similarly, there was also no significant difference between
WT and J20 mice in the duration in or relative entries to the center of the OF arena, and PTP1B knockout

had no effect on these parameters (Figure 9B-9E).
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Figure 9. No anxiety-related phenotype detected in J20 mice in OF test; genetic neuronal
ablation of PTP1B (J20 nPKO) had no effect. J20 PTP1B KO mice were tested at age 6 months.
Each mouse was individually tested for 10 minutes. No phenotype was detected in distance moved
(A). No phenotype was detected in anxiety-related parameters and neuronal PTP1B ablation did
not have any effect (B-E). For A-E, n= 20, 11, 15, 4, respectively. For each analysis, one-way
ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05; **p-
value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.
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However, in the PS19 cohort at 8 months of age, a clear disinhibited behavioural phenotype was
evident in the OF test. PS19 mice spent an increased duration of time in the large and small centers of the
OF arena compared to WT littermates (Figure 10B, 10C). PS19 mice also entered the small center of the
arena more frequently than WT mice (Figure 10E), although this was not noted for the large center of the
arena (Figure 10D). This behaviour was rescued in the PS19 nPKO group, which exhibited normalized
duration in the large and small centers of the arena (Figure 10B, 10C) and normalized frequency of

entries into the small center (Figure 10E).
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Figure 10. Genetic neuronal ablation of PTP1B (PS19 nPKO) ameliorated inappropriately
lowered anxious response in PS19 mice at 8 months in OF test. No phenotype was detected in
distance moved (A). PS19 mice spent more time in the large and small centers of the arena
compared to WT littermates, and this was rescued by neuronal ablation of PTP1B in the PS19
nPKO group (B, C). No phenotype was detected in entries to the large center, but PS19 mice entered
the small center more frequently than WT mice, which was normalized by PTP1B ablation (D, E).
For A-E, n=16, 12, 10, 15, respectively. For each analysis, one-way ANOVA was followed by
Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05; **p-value < 0.01; ***p-value <
0.001; ****p-value < 0.0001.

4.4 Therapeutic Effect of PTP1B Blockade on Tau Pathology in the PS19 Mouse

Model

4.4.1 Immunohistochemistry

For Aim #2, IHC staining was used to observe AT8 phospho-Tau (pTau) deposition in the
hippocampal CA1 region and basolateral amygdala (BLA) of PS19 mouse brains at 6 and 8 months of age
and additionally observed the effect of selective PTP1B inhibition by trodusquemine (2.5 mg/kg). AT8 is
a PHF-tau-specific monoclonal antibody which is popularly used to detected abnormally phosphorylated
tau'?*, The antibody has binding epitopes at phospho-S202/phospho-T205?4. Neuroinflammation,
detected via GFAP and Ibalinflammatory marker immunofluorescence, were also studied in these areas.
Finally, neuron loss was examined via immunofluorescence of the mature neuronal marker NeuN, with

co-staining of Dapi to visualize cell nuclei.

In Figure 11, p-Tau immunofluorescence revealed p-Tau aggregation in the hippocampal CA1
region in PS19 mice at 6 and 8 months of age compared to WT littermates that do not express the human
tau transgene. The aggregates appear to become more defined and numerous in the older cohort compared

to 6-month-old counterparts. In both age groups, trodusquemine treatment reduced pTau levels.
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Figure 11. Immunofluorescence staining of hippocampal CA1 region shows increased pTau
aggregation in PS19 mice aged 8 months compared to 6-month counterparts; 2.5 mg.kg
trodusquemine treatment rescues this effect. PS19 mice at 6 months of age show increased
pTau signal compared to WT littermates; this is reduced by trodusquemine treatment (A). PS19
mice at 8 months of age show increased pTau signal compared to WT littermates; this is reduced
by trodusquemine treatment (B). The severity of these effects appears higher in 8 month PS19
mice compared to 6 month counterparts. Nuclei are counterstained with Dapi. Scale bars
represent 50 wm. N=3 mice per group.

41



Similarly, pTau deposition in the BLA is also significantly apparent in PS19 mice by 8 months.
This is rescued by CamK2a-Cre-mediated neuronal PTP1B ablation and with trodusquemine treatment

(Figure 12).

pTau (BLA) Dapi

8 Months
PS19-Veh PKO WT-Trod WT-Veh

PS19-Trod

PS19-PKO

Figure 12. Immunofluorescence staining of basolateral amygdala (BLA) shows increased
pTau aggregation in PS19 mice; 2.5 mg.kg trodusquemine treatment and neuronal PTP1B
ablation rescues this effect. PS19 mice at 8 months of age show increased pTau signal compared
to WT littermates and nPKO control mice; this is reduced by trodusquemine treatment and by
genetic neuronal ablation of PTP1B. Nuclei are counterstained with Dapi. Scale bars represent 50
um. n=3 mice per group.
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Next, neuron loss and neuroinflammation in the hippocampal CAL region and amygdala of PS19
mice at 6-month and 8-month age groups were measured. Overall, as depicted in Figures 13-14, neuron
loss is not apparent in these regions in either of the age cohorts. However, increased neuroinflammation
appears in PS19 mice in both age groups, and worsens in the older cohort. This is markedly attenuated by
trodusquemine in all brain regions that were examined. Figure 14, shows that neuroinflammation in the

BLA is not reduced as successfully with neuronal PTP1B ablation (PS19 nPKO) as with trodusquemine.
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8 Months

Figure 13. Immunofluorescence staining of hippocampal CAL region of PS19 mice at 6 and 8
months of age shows increased neuroinflammation but no significant neurodegeneration; 2.5
mg.kg trodusquemine treatment had therapeutic effect on neuroinflammation and no effect
on neuron numbers. PS19 mice at 6 months of age show increased signals of the
neuroinflammatory markers GFAP and IBA1 compared to WT littermates (A). They do not display
significant neuronal loss, as assessed by NeuN signal. Trodusquemine treatment had no effect (A).
PS19 mice at 8 months of age display increased neuroinflammation but no significant
neurodegeneration compared to WT littermates (B). Trodusquemine treatment had no effect (B).
Nuclei are counterstained with Dapi. Scale bars represent 50 um. n=3 mice per group.

BLA (merged) Iba1 GFAP Dapi

"

NeuN

WT-Veh

PS19-Veh PKO WT-Trod

PS19-Trod

PS19-PKO

44



Figure 14. Immunofluorescence staining of basolateral amygdala (BLA) of PS19 mice at 8
months of age shows increased neuroinflammation but no significant neurodegeneration; 2.5
mg.kg trodusquemine treatment had therapeutic effect on neuroinflammation and no effect on
neuron numbers; genetic neuronal PTP1B KO had no effect on neuroinflammaiton or neuron
numbers. PS19 mice at 8 months of age show increased signals of the IBA1 neuroinflammatory
marker compared to WT, WT-trod. and PKO control mice. They do not display significant neuronal
loss, as assessed by NeuN signal. Trodusquemine treatment had no effect. PS19 nPKO group does not
show rescue of neuroinflammation. Nuclei are counterstained with Dapi. Scale bars represent 50 um.
n=3 mice per group.

Taken together, these IHC experiments showed that pTau burden is apparent in PS19 mouse
brains by 6 months of age and becomes more severe by 8 months of age in both the hippocampal CA1
region and the basolateral amygdala, which are both brain areas implicated in anxiety-related behaviours.
Additionally, neuroinflammation, as depicted by GFAP and Ibal immunofluorescence, is evident in both
brain regions of diseased mice. Both pTau burden and neuroinflammation were relieved with PTP1B

blockade, indicating a potential role of hyperactive PTP1B on tau pathology in this mouse model.

4.4.2 Western Blotting

Following IHC experiments, western blotting was used to characterize PTP1B, p-GSK3p (S9),
GSK3p, and RIPA-soluble pTau protein levels in the brains of PS19 mice at 8 months of age. Whole-
hemisphere brain samples from 8-month-old PS19 mice were used for western blotting experiments

because AD pathology and behavioural abnormalities manifest more severely in this age group.

The first set of WB experiments were designed to compare PTP1B protein levels between
experimental groups. Figure 15 shows that PTP1B protein level is significantly lowered in nPKO and
PS19 nPKO mice compared to WT and PS19 counterparts (Figure 15A, 15B), which validates these
knockout models. 2.5 mg/kg trodusquemine administration had no effect on PTP1B protein levels

(Figure 15A, 15C).
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Figure 15. Immunoblotting shows significant decrease in PTP1B protein level in nPKO and
PS19 nPKO mice at 8 months of age; 2.5 mg/kg Trodusquemine treatment showed no effect.
Representative blot shows evident decrease of PTP1B protein level in nPKO and PS19 nPKO mice
at 8 months of age compared to age-matched WT and PS19 mice. No effect is detectable in the
PS19 trod. -treated group. PTP1B levels were normalized to B-Actin levels. (A). This is quantified
in (B) and (C), using n=3 mice per group. For the analysis in (B), two-way ANOVA was followed
by Bonferroni’s post-hoc pairwise comparisons. In (C), one-way ANOVA was used due to the
absence of the WT Trod. control group, followed by Bonferroni’s post-hoc pairwise comparisons.
*p-value < 0.05, mean values are reported, error bars represent SEM.
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Next, protein levels of RIPA-soluble pTau (S202/T205) and total non-phosphorylated tau. WT
and nPKO control mice did not exhibit any phosphorylated or non-phosphorylated tau because these mice
do not express human tau protein (Figure 16A). However, tau evident in PS19 mice (Figure 16 A).
Moreover, level of pTau was significantly reduced by neuronal PTP1B ablation and with 2.5 mg/kg
trodusquemine treatment; with trodusquemine treatment showing a stronger effect (Figure 16B). Levels
of total non-phosphorylated tau, however, did not differ significantly between groups (Figure 16C). The

ratio of pTau to total Tau was also significantly lower in trodusquemine-treated PS19 mice compared to

PS19 counterparts (Figure 16D).
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Figure 16. Immunoblotting shows decreased phospho-Tau levels in PS19 mice treated with 2.5
mg/kg dosage of trodusquemine and in PS19 nPKO mice. Representative blot shows significantly
lowered levels of pTau in PS19 nPKO and PS19 trod. -treated mice compared to diseased PS19
mice. No differences detected in total Tau protein levels amongst groups. pTau and Tau were not
detected in WT and nPKO control mice (A). This is quantified in (B), (C), and (D), using n=3
mice per group. GAPDH was used to control for loading. One-way ANOV A with Bonferroni’s post-hoc
pair-wise comparison. **, p < 0.01, ***, p<0.001. mean values = SEM.

Finally, it was observed whether differences exist in phosphorylation status of GSK3p (i.e. p-
GSK3p (S9)/GSK3p ratio) between WT and 8- month PS19 mice and whether PTP1B inhibition by
trodusquemine or neuronal PTP1B ablation would have an impact on this phosphorylation status. This
would provide insight into the activity level of the tau cascade in these mice, since GSK3 is a major tau
kinase isoform. A lowered p-GSK3p/GSK3p (i.e. low level of p-GSK3p expression and high GSK3p
expression) would indicate that GSK3 3 is “unleashed” and potentially contributing to tau pathology.
Interestingly, upon analysis, no difference was detected in the p-GSK3B/GSK3p ratio between WT mice
and PS19 mice at 8 months of age (Figure 17). In the PS19 nPKO group, the ratio was lower than in WT

mice (Figure 17 A, B). Trodusquemine administration (2.5 mg/kg) had no effect (Figure 17 C).

Together, these western blot experiments were able to validate the PTP1B KO models used in the
PS19 cohort and show that PTP1B inhibition and genetic ablation are both able to significantly reduce
protein levels of soluble pTau, with drug treatment having a stronger therapeutic effect than genetic
ablation. No difference was observed in the activity status of the major tau kinase GSK3p between

groups.
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Figure 17. Immunoblotting shows no significant difference in p-GSK3p/GSK3p protein level
ratio between WT and PS19 mice at 8 months of age; decrease in ratio observed in PS19
nPKO mice but no effect observed in trodusquemine-treated mice (2.5 mg/kg).
Representative blot shows no difference in p-GSK3B/GSK3p protein level ratio between WT and
PS19 mice, although a significant decrease is evident in the PS19 nPKO group. No effect is
detectable in the PS19 trod. -treated group (A). This is quantified in (B) and (C), using n=3 mice
per group. For the analysis in (B), two-way ANOVA was followed by Bonferroni’s post-hoc
pairwise comparisons. In (C), one-way ANOVA was used due to the absence of the WT Trod.
control group, followed by Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05, mean
values are reported, error bars represent SEM.
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5. Discussion

Herein, it was investigated whether there are differences in AD-associated anxiety phenotypes
between the hAPP-J20 and PS19 AD mouse models at ages of 6 months and 8 months. It was also
examined whether PTP1B has a role to play in the manifestation of these anxiety-related behaviours in
AD. Using the open field and elevated plus maze anxiety-testing paradigms, a unique age-based
dimorphism was found in the onset of an anti-anxiety behavioural profile between these two mouse lines,
with J20 mice exhibiting early onset of this phenotype and PS19 mice displaying late onset. It was also
found that selective drug-based inhibition of PTP1B and genetic neuronal ablation of PTP1B can both

normalize these behavioural abnormalities.

In the J20 mouse model, this inappropriately reduced anxiety phenotype appears between WT and
transgenic mice at the younger age group of 6 months. In the EPM, which is a primary anxiety assay and
is a more powerful test for anxiety than the OF, young J20 mice aged 6 months expended more time in
open arms of the EPM and entered the open arms at a higher relative frequency compared to WT
littermates’®. This is consistent with other studies which have noted these phenotypes in J20 mice as early
as 2 months, continuing to about 7 months of age”®. At 6 months, this phenotype occurred exclusively in
J20 mice, with PS19 mice of the same age showing no difference in anxiety-related behaviour. This
behavioural abnormality in J20 mice had extinguished in the 8-month cohort. It must be noted that
although this anti-anxious behaviour was observed in the EPM experiments for 6-month- old J20 mice, it
was not observed in OF tests. This could be a result of differing strain backgrounds for the J20 and PS19
mice, perhaps making the J20 mouse line slightly more resilient to stressors (i.e. since a phenotype could
only be observed in the EPM and not in OF). The abnormally reduced anxiety in J20 mice in the EPM
could be interpreted as reduced cautiousness/ lowered risk assessment, which could understandably be
maladaptive to the survival of the animals. One way to validate this theory would be to observe the
frequency of stretch-attend posture (SAP) in these mice, which would need to be tracked manually from

video recordings of the mice in the EPM or OF. SAP is a frequently used measure of risk assessment,
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particularly in the EPM 125126 |n humans, this rodent behaviour could resemble disinhibition, which is
often observed in AD patients and can have devastating effects on their livelihood*?’. APP function and
disruption of the cholinergic system, because of its role in behavioural inhibition, have been proposed as
underlying contributors of these anti-anxiety behavioural abnormalities®. However, there is no known
contribution of PTP1B in these mechanisms®. The appearance of these behavioural phenotypes occurs
around the same time as prominent neuronal loss in the CAL1 hippocampal region in these mice (3
months), which is a region highly implicated in anxiety in AD*727475 Anxiety-related behaviour appears
to precede widespread AB plaque deposition, which usually occurs around 8 months in J20 mice®®. This is
reminiscent of many reports which have claimed that anxiety occurs in early/prodromal AD in humans

and may precede severe AD pathology, including widespread AB plague deposition 2657128,

A similar behavioural phenotype was detected in PS19 mice at 8 months of age and was not
evident in the younger cohort or in J20 mice of the same age. This aligns with findings from Takeuchi et.
al., who observed that PS19 mice spend more time in the open center of the OF arena and spend more
time in the open arms of the EPM compared to non-transgenic WT controls*®. However, Takeuchi et. al.
observed these phenotypes in mice at 6 months of age, before these mice developed advanced NFT-like
tau pathology“®. Filamentous tau lesions develop at around 6 months of age, and progressively worsen by
9-12 months and occur in association with profound neuronal loss in the hippocampus and entorhinal
cortex*’. The behavioural abnormalities detected in the 8-month-old PS19 cohort in this report appear to
pertain to the timing of this late stage tau pathology. Takeuchi et. al. also observed significant hyper-
phosphorylated tau lesions in the prefrontal cortex and amygdala, which may explain the hyperactive and

impaired anxiety responses that were seen“,

The inappropriately lowered anxiety observed in 6-month J20 mice and 8-month PS19 mice,
particularly in the EPM, was normalized by 2.5 mg/kg repeated i.p injections of the selective PTP1B
inhibitor trodusquemine. This was also noted at a higher dosage of the drug. A point to be noted however

is that in many instances in the EPM and OF tests, drug treatment was able to reduce/normalize the
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amount of time spent in open areas, but not sufficiently able to reduce the relative entries to these regions.
This discrepancy could potentially be a result of the mice entering the open areas in short bursts, which
would result in lower cumulative duration in these areas but not significantly reduced frequency of
entries. This would need to be validated by measuring the time interval between entries and exits from the
open arms of the EPM or center of the OF. Nonetheless, trodusquemine showed repeated efficacy in
generally normalizing the anti-anxiety baseline phenotype in both J20 and PS19 mouse lines. Our
previous study also showed that trodusquemine was able to ameliorate hippocampal neuron loss, and
spatial memory deficits in hAPP-J20 mice at 6 months of age'®. Recently, Limbocker et. al. found that
trodusquemine enhances A4, oligomerization but significantly reduces the toxicity of these oligomers by
preventing them from binding to the surface of neuroblastoma cells*?°, thereby reducing the effect of AR
pathology in AD. How trodusquemine may impact tau pathology has not been previously established. In
terms of relevance to anxiety behaviours, Qin et al. published that ablating LMO4, which is an
endogenous inhibitor of PTP1B, leads to reduced amygdalar endocannabinoid signaling and consequent
increase in stress-induced anxiety behavior, and that trodusquemine administration reversed this increase
in anxiety behaviour'®®, Although this present study identifies an anti-anxiety baseline phenotype in J20
and PS19 mice rather than the anxiogenic phenotype observed by Qin et. al in LMO4 knockout mice,
trodusquemine reversed anxiety-related behavioural abnormalities in both scenarios. This suggests that
unleashed activity of PTP1B may play a role in anxiety-related behaviour and in AD pathogenesis, and
that trodusquemine could be a potential therapeutic. However, trodusquemine has been shown to cause
weight loss in rodent models®11¢, Thus, an optimal dosage which leads to minimal weight loss and
maximal effect on improving behavioural deficits and pathology must be determined. Weight of PS19
mice before and after 2.5 mg/kg drug treatment should be monitored, as this has not been previously

investigated.

In EPM experiments of J20 and PS19 mice treated with ENT-03 at 6 months of age, it was
established that this drug also reverses the anti-anxiety phenotype observed in J20 and PS19, similarly to
Trodusquemine. This effect could not be observed in PS19 mice because they exhibit the behavioural
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phenotype at an older age, for which experiments have not yet been completed. The therapeutic effects
observed with mice treated with ENT-03 further consolidate the idea that PTP1B inhibition may be

important for targeting anxiety-related behaviours in AD.

As an extension of these experiments, it was next investigated whether neuronal PTP1B, in
particular, is involved in these behaviours. Using CamK2a-Cre-driven neuronal ablation of PTP1B, we
created knockout models in the J20 and PS19 mouse lines, at 6 and 8 months of age respectively (J20
nNPKO and PS19 nPKO). As was observed with drug-based PTP1B inhibition, PTP1B knockout in J20
mice at 6 months of age normalized the anti-anxiety phenotype observed in diseased J20 counterparts.
PTP1B ablation in PS19 mice at 8 months had a similar rescue effect on anxiety-related behaviour.

Together, these findings further reinforced the theory that PTP1B may play a role in these behaviours.

Many studies have also noted hyperactivity as a distinct phenotype in J20 and PS19 transgenic
mice 38, Hyperactivity, as measured primarily by the OF test, can be likened to the exacerbation of
activity observed in human AD patients in late afternoon and evening time, termed sundowning
syndrome™°. In contrast to former research, this hyperactivity phenotype was not observed in this present
study in any of the OF experiments. It could be possible that rather than a 10-minute testing period, a
longer testing period would be required to distinguish a phenotype in these mice. Another possible

alteration could be to monitor ambulatory activity as a parameter in addition to total distance moved.

Thus far, a major limitation of these behavioural studies is that a WT trodusquemine-treated
group could not be included for the trodusquemine related OF and EPM experiments at a 2.5 mg/kg
dosage, which is an important control group. This control group is critical because it would have allowed
the use of two-way ANOVA to statistically test for genotype effect, treatment effect, and possible
interaction between these effects, which is a more powerful analysis than the one-way ANOVA analysis
that was used. However, it should be pointed out that a prior study showed no effect of trodusquemine at
the same dosage on either EPM or OF performance compared to vehicle-treated WT mice!®. Another

major limitation is linked to behavioural studies involving the neuronal PTP1B KO model in the J20
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background, where only 4 mice constituted the J20 nPKO group. Thus, the results in this experiment must
be interpreted with caution. In future, when more of these mice are generated from breeding, they should
be included in this group for assessment to increase statistical power of these results. Another future
initiative for this project could be to study the effect of PTP1B blockade in mouse models of AD that
display anxious behaviour at baseline, such as the APPxPS1 mouse line which exhibits task-dependent
hyperlocomotion and increased anxiety behaviour®. If PTP1B inhibition can rescue these behaviours, it
would add further validity to the proposition that this protein is indeed involved in the cellular

mechanisms underlying the behavioural abnormalities.

Overall, these behavioural studies demonstrate a potential role of PTP1B in anxiety-related
behaviours in the J20 and PS19 mouse models of AD. However, a mechanistic link between PTP1B
hyperactivity and anxiety-related behaviours remains to be elucidated in these mouse models. One
possible mechanism underlying these behaviours could be altered endocannabinoid (eCB) signalling. A
large body of previous studies have validated that the eCB system, particularly within the amygdala, is a
major regulator of acquired fear, anxiety and stress-coping behaviours'?3132-13 Although the eCB system
is widely distributed throughout the brain, localized eCB signalling within the hippocampus, prefrontal
cortex, amygdala and hypothalamus are more relevant in the context of anxiety and stress-coping
behaviours®2. The previous study from our laboratory demonstrated that hyperactive PTP1B directly de-
phosphorylates the mGIuR5 receptor, which negatively impacts the production of the endocannabinoid, 2-
AG, in glutamatergic neurons of the basolateral amygdalal®®. Anxiety-related behaviour has been linked
in particular to retrograde eCB signalling to the CB1R endocannabinoid receptor, particularly by 2-
AG1%3132 Upon depolarization (via mGIuR5 or mGIuR1), post-synaptic neurons synthesize and release 2-
AG in an activity-dependent manner, which in turn binds in a retrograde fashion to CB1Rs which are
located on presynaptic membranes, inhibiting neurotransmitter release from both presynaptic
glutamatergic and GABAergic synapses'*****. Qin et al. noted that PTP1B’s inhibition of the mGIUR5
receptor exclusively causes a collapse of 2-AG synthesis, and does not affect the other major
endocannabinoid, anandamide (AEA)%. Qin et al. also noted that this impairment of 2-AG in the BLA
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led to anxious behaviour in mice. In many models of AD, including J20 and PS19 models, the commonly
observed anxiety-related behavioural deficit has been abnormally lowered anxious behaviour in both the

open field test and the elevated plus maze test*®#%, Thereby, it may be possible that, in opposition to what
was observed by Qin et al., the baseline anti-anxiety behaviour in AD mice involves elevated levels of 2-

AG, and PTP1B may play a role in this elevation.

One possible mechanism by which there can be increased 2-AG eCB at synapses could be
through lowered expression of enzymes that degrade 2-AG and increased expression of enzymes that
synthesize these eCBs. 2-AG is post-synaptically synthesized “on-demand” by diacylglycerol lipase-a
(DAGL0@) and primarily catabolized by the enzyme monoacylglycerol lipase (MAGL), which is located at
the presynaptic terminal or on astrocytes'®?. Recent reports have shown that deficiency in DAGLa leads
to reduced 2-AG brain levels and to increased anxiety-like behaviour, which was rescued by
pharmacological inhibition of MAGL with JZL18415% Qverexpression of MAGL leads to decreased 2-
AG levels and increased anxiety-like behaviour®”. Whereas, JZL184-mediated inhibition of MAGL in
wild-type mice led to anxiolytic effects under basal conditions, under increased aversive conditions, and
after chronic unpredictable stress'®2. Thus a major avenue of future incentive for this project could be to
complete a large-scale RNA sequencing study in order scan for differences in the expression of these key
enzymes between WT and diseased mice in anxiety-related brain regions, such as the amygdala.
Furthermore, it would be important to investigate whether PTP1B blockade influences the expression of
these enzymes. Another important investigation would be to observe whether the interaction between
PTP1B and the mGIuR5 receptor is altered in these two AD mouse models, as was observed in the LMO4

KO mouse model by Qin et al.

Following behavioural experiments, tau pathology in the PS19 mouse model and the effect of
PTP1B blockade on this pathology was observed, which has not been tested previously. Yoshiyama et al.
showed that filamentous tau lesions develop at around 6 months of age, and progressively worsen by 9-12

months and occur in association with profound neuronal loss in the hippocampus and entorhinal cortex*’.
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In the IHC experiments of this report, it was observed that pTau burden in the hippocampal CAL region
became more severe with age in PS19 mice. Severe pTau burden was also noted in the BLA. In PS19
mice, these areas also exhibited increased neuroinflammation, as assessed by Ibal and GFAP signal. Both
phospho-tau burden and neuroinflammation were rescued by trodusquemine treatment, suggesting PTP1B
as a potential therapeutic target for tau pathology. This complements the observations of Ricke et al., who
showed that PTP1B ablation can reduce AP plaque size in the hippocampal CA3 region of 6-month-old
J20 mice!®, Ricke et al. also noted that neurodegeneration and neuroinflammation in J20 mice, which
was also rescued by trodusquemine treatment®, However, in PS19 mice, notable neurodegeneration was
not apparent in hippocampal CAL1 or in the amygdala at 8 months. Although, this may become evident at
an even later stage, as suggested by Yoshiyama et al. Since hippocampal and amygdalar regions have
been highly implicated in anxiety-related behaviours, increased tau burden and neuroinflammatory
responses in these areas in the 8—-month-old PS19 mice may contribute to the behavioural abnormalities
that occurred. It would be interesting to see in future whether the behavioural disinhibition observed in
PS19 mice at 8 months persists at a later age (e.g. 12 months), as neurodegeneration becomes more

SEVEre.

In addition to IHC studies, immunaoblotting experiments were also completed to characterize
levels of PTP1B, pTau (S202/T205), total Tau, p-GSK3p (S9), and total GSK3 protein in all groups of
the 8-month PS19 mouse cohort. PTP1B levels were assessed to validate the PTP1B KO and PS19 nPKO
mouse lines. PTP1B levels were nearly diminished in the KO mouse lines as compared to WT and PS19
counterparts, while trodusquemine treatment had no effect on PTP1B level. This validated that PTP1B
protein expression is indeed halted in the KO mouse lines and replicates the observations of PTP1B levels

in the J20 nPKO mouse line observed by Ricke et al*®.

Next, the levels of RIPA-soluble pTau and total Tau were quantified using human tau-specific
antibodies, and it was found that WT and nPKO control mice do not express any human pTau or total

Tau, as expected. The ratio of pTau to total Tau is significantly higher in PS19 mice, and this was rescued
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by trodusquemine treatment or by neuronal PTP1B ablation. A limitation here is that the levels of formic
acid-extracted insoluble hyper-phosphorylated tau, which are the main constituents of larger oligomers
and NFTs, were not analyzed. Traditionally, NFTs have been heavily linked to neuronal death and their
accumulation has been positively correlated with cognitive decline in AD, more so than AP plaques 4%,
Neurons with NFT burden also abnormally sequester proteins which are necessary for proper cell function
such as synaptic proteins and calcium-binding proteins, and thereby, neuronal function of other
surrounding cells are compromised®®*-14, However, significant research has also suggested that soluble
tau may have a toxic role as well, which increases the relevance of the experiments of this report. Several
studies have now shown that alterations in phosphorylation, somatodendritic localization, or conformation
of tau serve as the beginning of the early pathological cascade in AD #2145 These changes can induce
loss of dendritic spines, impaired trafficking of organelles, and cell death*®. In mouse models of tau

pathology, correlation has been found between soluble tau species and synaptic dysfunction!®,

Overall, the findings of these pTau/Tau Western blotting experiments and IHC experiments
complement the results of Ricke et al. and suggest that unleashed PTP1B activity may have a role in tau
pathology in addition to it’s role in AP pathology. On the contrary, Kanno et al. recently found that in rat
hippocampal tissue, sole PTP1B inhibition by orthovanadate does not sufficiently lower tau
phosphorylation or reduce GSK3p activity. However, knock-down of PTP1B in combination with knock-
in of PKCe did have a therapeutic effect of reducing phospho-tau burden®?, However, orthovanadate is
not entirely selective to PTP1B specifically, but targets many kinds of protein tyrosine phosphatases.
Perhaps, suppression of tau phosphorylation would have been more effective if a selective PTP1B
inhibitor like trodusquemine had been used in Kanno et al.’s study. The exact mechanism by which
trodusquemine reduces pTau burden remains to be elucidated. The findings here show that trodusquemine
reduces soluble pTau as well as insoluble pTau aggregates (in IHC studies). Clearance of soluble pTau
would be the preliminary step to prevent further aggregation, and the findings here show that
trodusquemine significantly reduces soluble pTau levels. This could potentially be occurring via PTP1B’s
indirect interaction with GSK3p, the major tau kinase. Kanno et al. previously showed that PTP1B
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inhibition activated GSK3 via the IRS-1/P13K/PDK1/Akt signalling pathway. This pathway could be at
play as a mechanism by which trodusquemine’s inhibition of PTP1B reduces pTau burden in this mouse

model.

In the final set of immunoblotting experiments, | investigated the p-GSK3B/GSK3 ratio in 8-
month PS19 mice to assess the activity of the tau molecular cascade. GSK3p is a major tau kinase and is
constitutively active. Phosphorylation of GSK3p at the Serine 9 (S9) position renders the protein inactive
and it is no longer able to phosphorylate downstream substrates?46, PTP1B ablation has been linked
indirectly to increased phosphorylation/inactivation of GSK3p. The results of Ricke et al. showed that
the J20 mouse model of AD exhibited significantly lowered p-GSK3p/GSK3p ratio compared to WT
mice, suggesting that GSK3p is in an “unleashed” state in these diseased mice'®. This ratio is
significantly increased in J20-Troduguemine-treated mice and J20 nPKO mice compared to J20 mice,
similar to levels seen in WT mice'®. This suggested that increased PTP1B activity was contributing to the
“unleashed” activity of GSK3p in J20 mice!®. The findings of this report using PS19 mice at 8 months of
age showed no difference in p-GSK3p/ GSK3 ratio between WT and PS19 mice. PTP1B inhibition by
trodusquemine had no effect and PTP1B genetic ablation actually led to lowered p-GSK3p/ GSK3 ratio.
These findings are inconsistent with what was noted by Gum et al. and Ricke et al'®1, It could indeed
be that these PS19 mice do not show the lowered p-GSK3p/ GSK3 ratio phenotype observed in J20
mice. However, IHC experiment results show increased phospho-Tau levels in PS19 mice at 8 months of
age, potentially indicating increased activity of the tau cascade. Ideally, this should translate to lowered p-
GSK3p/ GSK3 ratio in these PS19 mice in WB experiments (i.e. GSK3p is more active and p-tau
phosphorylation is increased). One possible explanation for why expected results in these WB
experiments were not achieved could be that, because whole-hemisphere brain samples were used, the
GSK3p protein became overly diluted in the samples used. In the adult mouse brain, GSK3p is highly
expressed in the cerebral cortex and hippocampus®*’. Thus, using whole-hemisphere samples instead of

specific regions could have caused the p- GSK3f and GSK3p proteins to be diluted out in the samples.
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This may be leading to lack of differential expression of these proteins between the different groups in the

PS19 cohort.
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6. Conclusions

In this project, a distinct age-based difference in the onset of an inappropriately lowered anxiety
response in the hAPP-J20 and PS19 mouse models of AD was established. It was also found that PTP1B
may play an important role in these anxiety-related symptoms, since its blockade by drug and genetic
ablation methods was able to normalize behavioural abnormalities. Finally, tau pathology in the PS19
mouse model was studied and it was observed that unleashed PTP1B may contribute to tau pathology and
neuroinflammation in anxiety-related brain areas such as the amygdala and hippocampal CA1 region, as
PTP1B inhibition had strong therapeutic effects. Since, neuropsychiatric symptoms of AD, particularly
anxiety, have not been well investigated and their treatment has largely occurred in dissociation from AD
treatment, the findings of this research can shed light on the underlying mechanism of anxiety in AD and

suggest trodusquemine as a feasible drug to reverse or, at least, improve symptoms.
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8. Supplementary Figures

35cm 35cm

w g/

Supplementary Figure 1. Representative diagrams of elevated plus maze (EPM) and open field Test
(OF). The EPM is a plus-shaped maze, elevated 75 cm from the ground, with two open arms (6 cm X
35cm) and two wall-enclosed arms (6¢cm x 35 cm x 20 cm). Prior to testing, mice were habituated in the
experiment room for 45-60 minutes and monitored for 10 minutes during testing period (A). The OF test
consists of a box-like arena without a roof, with dimensions of 50 cm (length) x 50 cm (width) x 38 cm
(height). Prior to testing, mice were habituated in the experiment room for 45-60 minutes and monitored

for 10 minutes during testing period (B).

71



2000 . 150+ 40
E . £
o[ =1s00] =5 %y 30
= 3 Sa . = cg .
] E 100 EE .
=] z T a8 = < « .
c = 1000 - = g 25 20| = = ==
o - [=% "P .
g e %8
= g SO 50 " . T s
% 500 EE = o £+ 10
o | 3 3 j o -
0 _ 0 s _ . 0 _
= : = . = s = . = . = 4
S 2 ] Z g 3 g K g 3 ] 3
> £ - > E > E > E > £
WT Jz20 WT J20 wT J20

Supplementary Figure 2. No anxiety-related behavioural abnormalities of J20 mice at 8 months of
age in EPM test, 5.0 mg/kg dosage of trodusquemine had no effect. No phenotype was detected in
distance moved (A) or anxiety-related parameters when comparing all groups (B-C). Trodusquemine
treatment had no significant effect. For A-C, n= 14, 14, 9, 10, respectively. Data depicts mean £ SEM.
For each analysis, one-way ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons. *p-
value < 0.05; **p-value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.
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Supplementary Figure 3. Selective inhibition of PTP1B via 5.0 mg/kg dosage of trodusquemine
ameliorated inappropriately lowered anxious response in PS19 mice at 8 months of age in EPM test.
PS19 Veh. mice moved a greater total distance in the maze as compared to WT Veh. and WT trod.-
treated mice, and this was ameliorated by trodusquemine treatment (A). Compared to WT-Veh. mice, WT
trod. -treated mice moved a lower distance in the maze (A). PS19 Veh. mice expended more time in open
arms of the maze compared to WT Veh. and WT Trod. counterparts, and this was rescued in the PS19
Trod. group (B). PS19 mice also entered the open arms of the EPM more than WT mice, but this was not
rescued by trodusquemine treatment (C). For A-C, n=11, 14, 10, 14, respectively. Data depicts mean +
SEM. For each analysis, one-way ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons.
*p-value < 0.05; **p-value <0.01; ***p-value < 0.001; ****p-value < 0.0001.
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Supplementary Figure 4. No anxiety-related behavioural abnormalities in J20 mice at 8 months of
age in OF test, 5.0 mg/kg dosage of trodusquemine had no effect. WT trod.-treated mice moved a
lower total distance, spent less time in the large center, and entered the large center at a lower frequency
than WT Veh. mice (A, B, D). No phenotype was detected in distance moved (A) or anxiety-related
parameters when comparing WT Veh. and PS19 Veh. mice (B-E). Trodusquemine treatment had no
significant effect. For A-E, n=14, 14, 9, 10, respectively. Data depicts mean + SEM. For each analysis,
one-way ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05; **p-
value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.

74



8 Months

o 2 sk e FokE ok — e de ek
4000 = 80; Rk M ko "‘E’ 401 R —EEE
N - kT kR = —_
E 2 ]
c
= 3000 S 60 : 3 30
: :
- =
= 2000/ i s 40 &
@ L4 -
Ir} c £
< y =i = . c
£ 1000 X = § 20] : 5
[a] o 2 E . > =
- ; 3 0
0- N T " T 0 . . . o .
s 3 s 3 s 3 s 3 s 3 s 3B
S = = - [= =
WT P519 WT PSs19 WT Ps19
* *k
30- . .. 20 -
o, — e ._ L
25 £ L -
% 2 52
w ] w .
@ ‘i - @ 9 . .
2o : =% 10 N
B & -+ I =®E : x
= 10 < B T $
Xe e 5 "
S S .
0 0 ; .
c pe c o 5 = 5 o
S o s ° > s > £
[= [=
WT PS19
WT P519

Supplementary Figure 5. Selective inhibition of PTP1B via 5.0 mg/kg dosage of trodusquemine
ameliorated inappropriately lowered anxious response in PS19 mice at 8 months of age in OF test.
No statistically significant phenotype in the distance moved in the arena was detected between WT Veh.
and PS19 Veh., although WT trod.- treated mice moved a lower total distance than WT Veh. mice (A).
PS19 mice spent more time in the large and small centers of the OF arena, and entered these central
regions more than WT Veh. and WT trod. mice (B-E). This was rescued in the PS19 trod.- treated group
(B-E). For A-E, n =11, 14, 10, 14, respectively. Data depicts mean + SEM. For each analysis, one-way
ANOVA was followed by Bonferroni’s post-hoc pairwise comparisons. *p-value < 0.05; **p-value <
0.01; ***p-value < 0.001; ****p-value < 0.0001.
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Supplementary Figure 6. Selective inhibition of PTP1B by 2.5 mg/kg dosage of ENT-03
ameliorated inappropriately lowered anxious response in J20 mice aged 6 months in EPM test.
No phenotype was detected in the distance moved in the maze between groups (A). J20 mice expended
more time in the open arms of the maze compared to WT Veh. and WT ENTO03-treated mice, and this
was normalized in the J20 ENTO3-treated group (B). Similarly, J20 mice also entered the open arms
more frequently than WT Veh. and WT ENTO3-treated counterparts, although this was not sufficiently
rescued in the J20 ENTO3-treated group. For A and C, n= 15, 13, 20, 12, respectively. For B, n= 14, 10,
19, 11, respectively. 5 outlier values were removed from data in (B). Data depicts mean + SEM. For
each analysis, one-way ANOVA was followed by Tukey’s post-hoc pairwise comparisons. *p-value <
0.05; **p-value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.
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Supplementary Figure 7. No anxiety-related behavioural abnormalities in PS19 mice aged 6 months
in EPM test, selective inhibition of PTP1B by 2.5 mg/kg dosage of ENT-03 did not have any effect.
No phenotype was detected in distance moved (A) or anxiety-related parameters in the EPM between WT
Veh. mice and PS19 Veh. mice, and administration of ENT-03 had no effect on any anxiety-related
parameters of the EPM test (B, C). For A-C, n= 14, 13, 17, 14, respectively. Data depicts mean + SEM.
For each analysis, two-way ANOV A was followed by Tukey’s post-hoc pairwise comparisons, *p-value
< 0.05, mean values are reported, error bars represent SEM.
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Supplementary Figure 8. No anxiety-related behavioural abnormalities in J20 mice at 6 months of
age in OF test, selective inhibition of PTP1B by 2.5 mg/kg dosage of ENT-03 had no effect. No
phenotype was detected in the distance moved or anxiety-related behaviour in OF between WT Veh.-
treated mice and J20 Veh.- treated mice (A-E). Treatment with ENT-03 did not have significant effects on
behaviour in any of the OF parameters assessed (A-E). For A-E, n=15, 11, 20, 12, respectively. Data
depicts mean + SEM. For each analysis, two-way ANOVA was followed by Tukey’s post-hoc pairwise
comparisons, *p-value < 0.05, mean values are reported, error bars represent SEM.
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Supplementary Figure 9. No anxiety-related behavioural abnormalities in PS19 mice at 6 months of
age in OF test, selective inhibition of PTP1B by 2.5 mg/kg dosage of ENT-03 had no effect. No
phenotype was detected in the distance moved or anxiety-related behaviour in OF between WT Veh.-
treated mice and PS19 Veh.- treated mice (A-E). Treatment with ENT-03 did not have significant effects
on behaviour in any of the OF parameters assessed (A-E). For A-E, n=14, 11, 17, 14, respectively. Data
depicts mean £ SEM. For each analysis, two-way ANOVA was followed by Tukey’s post-hoc pairwise
comparisons, *p-value < 0.05, mean values are reported, error bars represent SEM.
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9. Tables

Table 1. PCR Primers

Gene PCR Product Primer Name Primer Sequence
Band Size (bp)
PTP1B flx WT: 206 PTP1BfIx-F 5’-TGC TCA CTC ACC CTG CTA CAA-3’
Flx: 327
PTP1Bflx-R 5’-GAA ATG GCT CAC TCC TAC TGG-3'
PS19 Transgene Transgene: 450 | PS19 A 5’-GGT ATT AGC CTA TGG GGG ACA C-3’
Control: 200 PS19B 5’-GGC ATC TCA GCA ATG TCT CC-3’
PS19C 5-CAAATG TTG CTT GTC TGG TG-3’
PS19D 5’-GTC AGT CGA GTG GAC AGT TT-3’
APP Transgene Transgene: 360 | olMR 2044 5’-GGT GAG TTT GTA AGT GAT GCC-3’
Control: 200 olMR 2045 5’-TCT TCT TCT TCC ACC TCA GC-3’
olMR 8744 5'-CAAATG TTG CTT GTC TGG TG -3’
oIMR 8745 5’-GTC AGT CGA GTG CACAGT TT -3’
CamK-Cre Mutant: 522 iCre-F 5’-GAC AGG CAG GCCTTC TCT GAA -3’
iCre-R 5’-CTT CTC CAC ACC AGC TGT GGA-3’

Table 1. List of PCR primers used for genotyping. FIx indicates flox site. F
indicates forward primer; R indicates reverse primer.
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Table 2 Statistical analysis of behavioural experiments
Main effect Post hoc
Figure Brief description n g?i(TZSIPTIVE Test Factor Fvalue | P value |Signficant?|  Test |Description tvalue| q value | P value|Signficant? | Mark
6 mo. EPM,
Figure 1A; Distance Moved 15,20,14,17 |Mean+ SEM |One-Way ANOVA |Genotype [1.895  [0.1395 |No N/A
6 mo. EPM,
Figure 1A, Durationin Open Arms 15,20,14,17 Mean+ SEM |One-Way ANOVA |Genotype 4.684 0.0052 |Yes Bonferroni |WT Veh. vs. J20 Veh. |2.923 0.0145 Yes *
WT Veh. vs. PS19 Veh. |1.846 0.2089  |No
J20 Veh. vs. PS19 Veh. [0.699 >0.9999 |No
6 mo. EPM,
Figure 1A; %Rel. Ent. To Open Arms. 15,20,14,17 [Mean+ SEM [One-Way ANOVA |Genotype [10.2 <0.0001 |Yes Bonferroni |WT Veh. vs. J20 Veh.  [5.012 <0.0001 |Yes ol
WT Veh. vs. PS19 Veh. |2.327 0.0697  |No
J20 Veh. vs. PS19 Veh. [1.255 0.6421  |No
8 mo. EPM,
Figure 1B; Distance Moved 14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype 9.673 <0.0001 |Yes Bonferroni |WT Veh. vs. J20 Veh. |1.294 0.6096 No
WT Veh. vs. PS19 Veh. |2.594 0.0396 |Yes *
J20 Veh. vs. PS19 Veh. [5.007 <0.0001 |Yes el
8 mo. EPM,
Figure 1B, Durationin Open Arms 14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype (20.57 <0.0001|Yes Bonferroni [WT Veh. vs. J20 Veh. |0.222 >0.9999 |No
WT Veh. vs. PS19 Veh. |6.029 <0.0001 |Yes il
J20 Veh. vs. PS19 Veh. [6.183 <0.0001 |Yes et
8 mo. EPM,
Figure 1B %Rel. Ent. To Open Arms. 14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype [3.683  [0.0197 |Yes Bonferroni |WT Veh. vs. J20 Veh.  [0.402 >0.9999 |No
WT Veh. vs. PS19 Veh. |2.853 0.0205 |Yes *
J20 Veh. vs. PS19 Veh. [2.283 0.0835 |No
6 mo. OF,
Figure 2A; Distance Moved 15,20,14,17 |Mean+ SEM |One-Way ANOVA |Genotype [1.373  [0.2594 |No N/A
Figure 2A, Durationin Large Center 15,20,14,17 [Mean+ SEM [One-Way ANOVA |Genotype [1.577  [0.2039 |No N/A
6 mo. OF,
Figure 2A; Durationin Small Center 15,20,14,17 |Mean+ SEM |One-Way ANOVA |Genotype [1.143  [0.3387 |No N/A
6 mo. OF,
Figure 2A, %Rel. Ent. To Large Center  {15,20,14,17 |[Mean+ SEM |One-Way ANOVA |Genotype [1.283 |0.2882 [No N/A
6 mo. OF,
Figure 2Ag %Rel. Ent. To Small Center  {15,20,14,17 |[Mean+ SEM |One-Way ANOVA |Genotype [2.001  |0.123 [No N/A
8 mo. OF,
Figure 2B, Distance Moved 14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype [1.303  [0.2867 |No N/A
8 mo. OF,
Figure 2B, Durationin Large Center 14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype 2.73 0.0565 [Marginal Bonferroni |[WT Veh. vs. J20 Veh. |0.594 >0.9999 (No
WT Veh. vs. PS19 Veh. |2.799 0.0235  |Yes *
J20 Veh. vs. PS19 Veh. [1.717 0.2814  |No
8 mo. OF,
Figure 2B Durationin Small Center 14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype [1.939  [0.1388 |No N/A
8 mo. OF,
Figure 2B, %Rel. Ent. To Large Center  14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype [3.576  [0.0221 |Yes Bonferroni |WT Veh. vs. J20 Veh.  [0.638 >0.9999 |No
WT Veh. vs. PS19 Veh. |3.083 0.0111  |Yes *
J20 Veh. vs. PS19 Veh. [0.581 >0.9999 |No
8 mo. OF,
Figure 2B %Rel. Ent. To Small Center 14,9,11,10 Mean+ SEM |One-Way ANOVA |Genotype [4.963 0.0051 |Yes Bonferroni |WT Veh. vs. J20 Veh. [0.852 >0.9999 [No
9 y
WT Veh. vs. PS19 Veh. |3.741 0.0017 |Yes *
J20 Veh. vs. PS19 Veh. [1.112 0.8187 |No

Table 2. Summarized statistical analyses of all behavioural experiments.
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6 mo. J20 EPM Med. Trod.,
Figure 3A; Distance Moved 15,20,18 Mean+ SEM |One-Way ANOVA |Treatment |0.7487 |0.4782 |No N/A
6 mo. J20 EPM Med. Trod.,
Figure 3A, Duration in Open Arms 15,20,18 Mean+ SEM |One-Way ANOVA |Treatment |8.632 0.0006 |Yes Bonferroni |WT Veh. vs. J20 Veh.  [3.699 0.0016 Yes **
WT Veh. vs. J20 Trod. |0.496 >0.9999 [No
J20 Veh. vs. J20 Trod. |3.356 0.0046  |Yes >
6 mo. J20 EPM Med. Trod.,
Figure 3A; %Rel. Ent. To Open Arms 15,20,18 Mean+ SEM |One-Way ANOVA |Treatment |12.74  [<0.0001|Yes Bonferroni [WT Veh. vs. J20 Veh.  [5.043 <0.0001 |Yes kk
WT Veh. vs. J20 Trod. |2.659 0.0315 |Yes *
J20 Veh. vs. J20 Trod. |2.441 0.0548 No
8 mo. J20 EPM Med. Trod.,
Figure 3B; Distance Moved 14,9,11 Mean+ SEM |One-Way ANOVA |Treatment |1.363 0.2708 |No N/A
8 mo. J20 EPM Med. Trod.,
Figure 3B, Duration in Open Arms 149,11 Mean+ SEM |One-Way ANOVA |Treatment |0.3358 [0.7173 [No N/A
8 mo. J20 EPM Med. Trod.,
Figure 3B %Rel. Ent. To Open Arms 149,11 Mean+ SEM |One-Way ANOVA |Treatment |3.391  [0.0466 |Yes Bonferroni [WT Veh. vs. J20 Veh.  [0.392 >0.9999 |No
WT Veh. vs. J20 Trod.  |2.505 0.0531  [No
J20 Veh. vs. J20 Trod. [1.873 02114  [No
6 mo. PS19 EPM Med. Trod. ,
Figure 4A; Distance Moved 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment |1.373 0.2644 |No N/A
6 mo. PS19 EPM Med. Trod.,
Figure 4A, Duration in Open Arms 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment |1.534  [0.2274 [No N/A
6 mo. PS19 EPM Med. Trod.,
Figure 4A; %Rel. Ent. To Open Arms 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment |4.084 [0.024 |Yes Bonferroni [WT Veh. vs. PS19 Veh. |2.295 0.0804 |No
WT Veh. vs. PS19 Trod. |0.249 >0.9999 [No
PS19 Veh. vs. PS19 Tro|2.556 0.0429  |Yes *
8 mo. PS19 EPM Med. Trod.,
Figure 4B, Distance Moved 11,10,12 Mean+ SEM |One-Way ANOVA |Treatment |2.386 0.1093 |No
8 mo. PS19 EPM Med. Trod.,
Figure 4B, Duration in Open Arms 11,10,12 Mean+ SEM |One-Way ANOVA |Treatment |14.2 <0.0001|Yes Bonferroni [WT Veh. vs. PS19 Veh. [5.211 <0.0001 |Yes el
WT Veh. vs. PS19 Trod. |1.628 0.3421  [No
PS19 Veh. vs. PS19 Tro|3.731 0.0024 |Yes o
8 mo. PS19 EPM Med. Trod.,
Figure 4B3 %Rel. Ent. To Open Arms 11,10,12 Mean+ SEM |One-Way ANOVA |Treatment [6.802  |0.0037 |Yes Bonferroni |WT Veh. vs. PS19 Veh. |3.629 0.0031 |Yes o
WT Veh. vs. PS19 Trod. [1.238 0.6763 No
PS19 Veh. vs. PS19 Tro|2.497 0.0548 [No
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Supplementary|8 mo. J20 EPM High Trod.,
Figure 2A Distance Moved 14,14,9,10 Mean+ SEM  [Two-Way ANOVA |Interaction [3.133  [0.0838 |No N/A
Genotype  |0.11 0.7417 |No N/A
Treatment |0.06971 |0.793 No N/A
Supplementary|8 mo. J20 EPM High Trod.,
Figure 2B Duration in Open Arms 14,14,9, 10 Mean+ SEM  [Two-Way ANOVA |Interaction [0.1676 [0.6842 |No N/A
Genotype 1.052 0.3108 |No N/A
Treatment |0.605 0.4409 [No N/A
Supplementary|8 mo. J20 EPM High Trod.,
Figure 2C %Rel. Ent. To Open Arms 14,14,9,10 Mean+ SEM  [Two-Way ANOVA |Interaction [0.2068 [0.6516 |No N/A
Genotype  |0.00814 [0.9285 |No N/A
Treatment |2.155 0.1494 [No N/A
Supplementary|8 mo. PS19 EPM High Trod.,
Figure 3A Distance Moved 11,14,10,14 Mean+ SEM |Two-Way ANOVA |Interaction |0.6664 |0.4186 |No Bonferroni |WT Veh. Vs. WT Trod. |3.051 0.0229 Yes *
WT Veh. vs. PS19 Veh. |2.775 0.0481 Yes *
Genotype 11.43 0.0015 |Yes WT Veh. vs. PS19 Trod.|1.213 >0.9999 [No
WT Trod. vs. PS19 Veh.|5.897 <0.0001 |Yes kk
Treatment [25.72 <0.0001|Yes WT Trod. vs. PS19 Trod|1.96 0.3375 No
PS19 Veh. vs. PS19 Tro(4.108 0.001 Yes ok
Supplementary|8 mo. PS19 EPM High Trod.,
Figure 3B Duration in Open Arms 11,14,10,14 |Mean+ SEM |Two-Way ANOVA |Interaction |8.068 |0.0067 |Yes Bonferroni [WT Veh. Vs. WT Trod. |0.572 >0.9999 |No
WT Veh. vs. PS19 Veh. |5.687 <0.0001 |Yes ok
Genotype 33.19 <0.0001(Yes WT Veh. vs. PS19 Trod. |1.522 0.8105 No
WT Trod. vs. PS19 Veh. |6.558 <0.0001 |Yes sl
Treatment [13.24 0.0007 |Yes WT Trod. vs. PS19 Trod|2.232 0.1837 No
PS19 Veh. vs. PS19 Tro(4.52 0.0003 Yes ok
Supplementary|8 mo. PS19 EPM High Trod.,
Figure 3C %Rel. Ent. To Open Arms 11,14,10,14 |Mean+SEM |Two-Way ANOVA |Interaction |6.067  |0.0177 |Yes Bonferroni [WT Veh. Vs. WT Trod. |1.661 0.622 No
WT Veh. vs. PS19 Veh. |3.022 0.0248 Yes *
Genotype 4.441 0.0407 |Yes WT Veh. vs. PS19 Trod. |1.406 0.9997 No
WT Trod. vs. PS19 Veh.|1.572 0.7371 No
Treatment [0.02144 (0.8842 |No WT Trod. vs. PS19 Trod,|0.272 >0.9999 [No
PS19 Veh. vs. PS19 Tro(1.821 0.4519 No
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6 mo. J20 OF Med. Trod.,
Figure 5A; Distance Moved 15,20, 18 Mean+ SEM |One-Way ANOVA |Treatment [0.0079 [0.9921 [No N/A
6 mo. J20 OF Med. Trod.,
Figure 5A, Duration in Large Center 15, 20, 18 Mean+ SEM |One-Way ANOVA |Treatment |[1.625 0.2072 [No N/A
6 mo. J20 OF Med. Trod.,
Figure 5A; Duration in Small Center 15, 20, 18 Mean+ SEM |One-Way ANOVA |Treatment |0.3642 [0.6966 [No N/A
6 mo. J20 OF Med. Trod.,
Figure 5A, %Rel. Ent. in Large Center 15, 20, 18 Mean+ SEM |One-Way ANOVA |Treatment |1.399  [0.2564 [No N/A
6 mo. J20 OF Med. Trod.,
Figure 5A5 %Rel. Ent. in Small Center 15,20, 18 Mean+ SEM |One-Way ANOVA |Treatment [0.6679 |0.5173 [No N/A
8 mo. J20 OF Med. Trod.,
Figure 5B, Distance Moved 14,9,11 Mean = SEM One-Way ANOVA |Treatment [0.1367 |0.8728 [No N/A
8 mo. J20 OF Med. Trod.,
Figure 5B, Durationin Large Center 14,9,11 Mean+ SEM |One-Way ANOVA |Treatment |0.1438 [0.8666 |No N/A
8 mo. J20 OF Med. Trod.,
Figure 5B Duration in Small Center 14,9,11 Mean+ SEM |One-Way ANOVA |Treatment |0.06601 |0.9363 |No N/A
8 mo. J20 OF Med. Trod.,
Figure 5B, %Rel. Ent. in Large Center 14,9,11 Mean+ SEM |One-Way ANOVA |Treatment [0.282  |0.7562 |No N/A
8 mo. J20 OF Med. Trod.,
Figure 5B5 %Rel. Ent. in Small Center 14,9,11 Mean+ SEM |One-Way ANOVA |Treatment |0.4738 [0.6271 [No N/A
6 mo. PS19 OF Med. Trod.,
Figure 6A; Distance Moved 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment |3.718 0.0326 |Yes Bonferroni |WT Veh. vs. PS19 Veh. [1.747 0.2638 No
WT Veh. vs. PS19 Trod. |2.699 0.0299 Yes *
PS19 Veh. vs. PS19 Tro|1.079 0.8599  [No
6 mo. PS19 OF Med. Trod.,
Figure 6A, Duration in Large Center 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment |2.28 0.1148 |No N/A
6 mo. PS19 OF Med. Trod.,
Figure 6A; Duration in Small Center 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment |3.213  |0.0503 |Marginal Bonferroni [WT Veh. vs. PS19 Veh. [0.373 >0.9999 |No
WT Veh. vs. PS19 Trod. |2.332 0.0738 [No
PS19 Veh. vs. PS19 Tro|2.069 0.1343  [No
6 mo. PS19 OF Med. Trod.,
Figure 6A, %Rel. Ent. in Large Center 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment |1.05 0.359 [No N/A
6 mo. PS19 OF Med. Trod.,
Figure 6As %Rel. Ent. in Small Center 14,17,14 Mean+ SEM |One-Way ANOVA |Treatment [3.288  |0.0471 |Yes Bonferroni [WT Veh. vs. PS19 Veh. [1.293 0.6092
WT Veh. vs. PS19 Trod. |2.564 0.0421 *
PS19 Veh. vs. PS19 Tro|1.392 0.5138
8 mo. PS19 OF Med. Trod.,
Figure 6B, Distance Moved 11,10, 12 Mean+ SEM |One-Way ANOVA |Treatment |1.584 0.2218 |No N/A
8 mo. PS19 OF Med. Trod.,
Figure 6B, Duration in Large Center 11,10,12 Mean = SEM One-Way ANOVA |Treatment |8.328 0.0013 |Yes Bonferroni |WT Veh. vs. PS19 Veh. |4.044 0.001 Yes w*
WT Veh. vs. PS19 Trod. [1.539 0.4028  [No
PS19 Veh. vs. PS19 Tro(2.626 0.0404 Yes *
8 mo. PS19 OF Med. Trod.,
Figure 6B3 Duration in Small Center 11,10,12 Mean+ SEM |One-Way ANOVA |Treatment |6.286  [0.0052 |Yes Bonferroni [WT Veh. vs. PS19 Veh. |3.467 0.0048 |Yes i
WT Veh. vs. PS19 Trod. |1.083 0.8623  [No
PS19 Veh. vs. PS19 Tro|2.482 0.0567  [No
8 mo. PS19 OF Med. Trod.,
Figure 6B, %Rel. Ent. in Large Center 11, 10,12 Mean+ SEM |One-Way ANOVA |Treatment |6.113  [0.0059 |Yes Bonferroni [WT Veh. vs. PS19 Veh. |3.355 0.0065 |Yes i
WT Veh. vs. PS19 Trod. |2.526 0.0512  [No
PS19 Veh. vs. PS19 Tro[0.961 >0.9999 [No
8 mo. PS19 OF Med. Trod.,
Figure 6B5 %Rel. Ent. in Small Center 11,10,12 Mean+ SEM |One-Way ANOVA |Treatment |7.222  [0.0028 |Yes Bonferroni [WT Veh. vs. PS19 Veh. [3.711 0.0025 |Yes i
WT Veh. vs. PS19 Trod. |1.14 0.7897 No
PS19 Veh. vs. PS19 Tro|2.676 0.0359 |Yes *
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Supplementary|8 mo. J20 OF High Trod.,

Figure 4A Distance Moved 14,14,9,10 Mean+ SEM |Two-Way ANOVA |Interaction |2.177 0.1474 |No Bonferroni |WT Veh. Vs. WT Trod. |3.177 0.0165 Yes *
WT Veh. vs. J20 Veh. |0.326 >0.9999 |No
Genotype 1.013 0.3198 ([No WT Veh. vs. J20 Trod. [1.117 >0.9999 [No
WT Trod. vs. J20 Veh. |2.484 0.1017 No
Treatment [6.563 0.014 |Yes WT Trod. vs. J20 Trod. |1.783 0.4898 No
J20 Veh. vs. J20 Trod. |0.703 >0.9999 [No

Supplementary|8 mo. J20 OF High Trod.,

Figure 4B Duration in Large Center 14,14,9,10 Mean+ SEM |Two-Way ANOVA |Interaction |0.8349 |0.3659 |No Bonferroni |[WT Veh. Vs. WT Trod. |2.965 0.0295 Yes *
WT Veh. vs. J20 Veh. |0.691 >0.9999 [No
Genotype 0.00615 |0.9378 |No WT Veh. vs. J20 Trod. |2.107 0.246 No
WT Trod. vs. J20 Veh. |1.932 0.3595 No
Treatment [8.145 0.0066 |Yes WT Trod. vs. J20 Trod. [0.6 >0.9999 [No
J20 Veh. vs. J20 Trod. |1.256 >0.9999 [No

Supplementary|8 mo. J20 OF High Trod.,

Figure 4C Duration in Small Center 14,14,9,10 Mean+ SEM |Two-Way ANOVA |Interaction |0.2362 [0.6295 |No Bonferroni [WT Veh. Vs. WT Trod. |2.399 0.1249  [No
WT Veh. vs. J20 Veh. |0.346 >0.9999 [No

Genotype 0.00011 |0.9918 |No WT Veh. vs. J20 Trod. |1.849 0.4283 No

WT Trod. vs. J20 Veh. |1.777 0.4957 No

Treatment [6.567 0.014 Yes WT Trod. vs. J20 Trod. |0.342 >0.9999 |No

J20 Veh. vs. J20 Trod. |1.345 >0.9999 [No

Supplementary|8 mo. J20 OF High Trod.,

Figure 4D %Rel. Ent. in Large Center 14,14,9,10 Mean+ SEM  |[Two-Way ANOVA |Interaction |0.00019 [0.9891 [No Bonferroni [WT Veh. Vs. WT Trod. [2.876 0.0375 |Yes *
WT Veh. vs. J20 Veh. |0.614 >0.9999 [No
Genotype  [0.7536 [0.3902 |No WT Veh. vs. J20 Trod. [2.011 0.3034  [No
WT Trod. vs. J20 Veh. |3.158 0.0174 Yes *
Treatment [13.45 0.0007 |Yes WT Trod. vs. J20 Trod. |0.614 >0.9999 [No
J20 Veh. vs. J20 Trod. [2.384 0.1298  [No
Supplementary|8 mo. J20 OF High Trod.,
Figure 4E %Rel. Ent. in Small Center 14,14,9,10 Mean+ SEM |Two-Way ANOVA |Interaction |0.3434 |0.5609 [No Bonferroni [WT Veh. Vs. WT Trod. [2.135 0.231 No
WT Veh. vs. J20 Veh. |0.824 >0.9999 [No
Genotype 0.3562 |0.5537 |No WT Veh. vs. J20 Trod. [1.941 0.3528 No
WT Trod. vs. J20 Veh. [2.712 0.0574  [No
Treatment [10.88 0.002 Yes WT Trod. vs. J20 Trod. |0.008 >0.9999 [No
J20 Veh. vs. J20 Trod. [2.515 0.0943  [No
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Supplementary|8 mo. PS19 OF High Trod.,
Figure 5A Distance Moved 11,14,10,14 Mean+ SEM |Two-Way ANOVA |Interaction |0.9236 |0.3417 |No Bonferroni |WT Veh. Vs. WT Trod. |3.484 0.0067 Yes kad
WT Veh. vs. PS19 Veh. |2.227 0.1859 No
Genotype 5.797 0.0202 |Yes WT Veh. vs. PS19 Trod. |2.447 0.1102 No
WT Trod. vs. PS19 Veh.|5.741 <0.0001 |Yes ol
Treatment [33.88 <0.0001|Yes WT Trod. vs. PS19 Trod|1.106 >0.9999 [No
PS19 Veh. vs. PS19 Tro(4.731 0.0001 Yes ok
Supplementary|8 mo. PS19 OF High Trod.,
Figure 5B Durationin Large Center 11,14,10,14 |Mean+ SEM |Two-Way ANOVA |Interaction |13.37  [0.0007 |Yes Bonferroni [WT Veh. Vs. WT Trod. [1.353 >0.9999 |No
WT Veh. vs. PS19 Veh. |5.533 <0.0001 |Yes ok
Genotype 22.22 <0.0001|Yes WT Veh. vs. PS19 Trod. |0.594 >0.9999 [No
WT Trod. vs. PS19 Veh.|7.156 <0.0001 |Yes ok
Treatment [30.72 <0.0001|Yes WT Trod. vs. PS19 Trod.|0.809 >0.9999 [No
PS19 Veh. vs. PS19 Tro(6.418 <0.0001 |Yes ek
Supplementary|8 mo. PS19 OF High Trod.,
Figure 5C Duration in Small Center 11,14,10,14 |[Mean+ SEM |Two-Way ANOVA |Interaction |9.648  [0.0033 |Yes Bonferroni |WT Veh. Vs. WT Trod. |1.052 >0.9999 |No
WT Veh. vs. PS19 Veh. |4.872 <0.0001 |Yes okkk
Genotype 18.18 0.0001 |Yes WT Veh. vs. PS19 Trod. |0.222 >0.9999 [No
WT Trod. vs. PS19 Veh.|6.165 <0.0001 |Yes ok
Treatment [20.91 <0.0001|Yes WT Trod. vs. PS19 Trod.0.885 >0.9999 [No
PS19 Veh. vs. PS19 Tro(5.358 <0.0001 |Yes ek
Supplementary|8 mo. PS19 OF High Trod.,
Figure 5D %Rel. Ent. in Large Center 11,1410,14 |Meant SEM |Two-Way ANOVA |interaction [4.453  |0.0404 |Yes Bonferroni [WT Veh. Vs. WT Trod. |0.829 >0.9999 [No
WT Veh. vs. PS19 Veh. |3.192 0.0155 Yes *
Genotype 7.388 0.0093 |Yes WT Veh. vs. PS19 Trod. |0.393 >0.9999 [No
WT Trod. vs. PS19 Veh. |4.175 0.0008 Yes ok
Treatment [10.67 0.0021 |Yes WT Trod. vs. PS19 Trod.|0.465 >0.9999 [No
PS19 Veh. vs. PS19 Tro(3.751 0.003 Yes **
Supplementary|8 mo. PS19 OF High Trod.,
Figure 5E %Rel. Ent. in Small Center 11,14,10,14 |Mean+ SEM |Two-Way ANOVA |nteraction |[3.544  [0.0662 [No Bonferroni [WT Veh. Vs. WT Trod. [0.17 >0.9999 [No
WT Veh. vs. PS19 Veh. |3.454 0.0073 Yes d
Genotype 11.17 0.0017 |Yes WT Veh. vs. PS19 Trod. |0.876 >0.9999 |No
WT Trod. vs. PS19 Veh.|3.811 0.0025 Yes *x
Treatment |4.496 0.0395 |Yes WT Trod. vs. PS19 Trod[1.115 >0.9999 [No
PS19 Veh. vs. PS19 Tro(2.793 0.0459 Yes *
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Supplementary|6 mo. J20 EPM Med. Hu1436,
Figure 6A Distance Moved 15,13,20,12 |Mean+SEM |Two-Way ANOVA |Interaction |0.04885 [0.8259 |No N/A
Genotype |0.00864 |0.9263 |No
Treatment |0.07283 |0.7883 |No
14,10, 19,11
NOTE: 5
Supplementary|6 mo. J20 EPM Med. Hu1436, |outliers
Figure 6B Duration in Open Arms removed Mean+ SEM  [Two-Way ANOVA |Interaction [3.498  [0.0673 |No Tukey WT Veh. Vs. WT Hu. 0.138  [0.9997 |No
WT Veh. vs. J20 Veh. 5.551 0.0015 Yes hig
Genotype  |9.344 0.0036 |Yes WT Veh. vs. J20 Hu. 1.31 0.7908 No
WT Hu. vs. J20 Veh. 4.859 0.0064 Yes hid
Treatment |2.98 0.0905 |No WT Hu. vs. J20 Hu. 1.078 0.8711 No
J20 Veh. vs. J20 Hu. 3.767 0.0492 Yes *
Supplementary|6 mo. J20 EPM Med. Hu1436,
Figure 6C %Rel. Ent. to Open Arms 15,13,20,12 |Mean+ SEM |Two-Way ANOVA |Interaction |3.329  [0.0736 [No Tukey WT Veh. Vs. WT Hu. 0.9873 [0.8973 |No
WT Veh. vs. J20 Veh. 6.687 <0.0001 |Yes il
Genotype 17.34 0.0001 |Yes WT Veh. vs. J20 Hu. 3.316 0.1007 No
WT Hu. vs. J20 Veh. 5.041 0.0042 Yes i
Treatment [0.6353 |0.4289 |No WT Hu. vs. J20 Hu. 2.137 0.4379 No
J20 Veh. vs. J20 Hu. 2.738 0.2253 No
6 mo. PS19 EPM Med.
Supplementary|Hu1436,
Figure 7A Distance Moved 14,13,17,14 |Mean+SEM [Two-Way ANOVA |Interaction |1.907 0.1732 |No Tukey WT Veh. Vs. WT Trod. 2.28 0.3809 No
WT Veh. vs. PS19 Veh. 1.228 0.8212 No
Genotype 6.448 0.0141 |Yes WT Veh. vs. PS19 Trod. 1.537 0.6991 No
WT Trod. vs. PS19 Veh. 3.519 0.0736 No
Treatment [1.042 0.3121 |No WT Trod. vs. PS19 Trod| 3.721 0.0528 No
PS19 Veh. vs. PS19 Trod. 0.3818 (0.993 No
6 mo. PS19 EPM Med.
Supplementary|Hu1436,
Figure 7B Duration in Open Arms 14,13,17,14 |Mean* SEM |Two-Way ANOVA |Interaction (0.04103 [0.8403 [No Tukey WT Veh. Vs. WT Trod. 1.897 0.5415 No
WT Veh. vs. PS19 Veh. 2.855 0.1945 No
Genotype 8.387 0.0055 |Yes WT Veh. vs. PS19 Trod. 1.114 0.8597 No
WT Trod. vs. PS19 Veh. 4.637 0.0098 Yes kg
Treatment |3.223 0.0784 |No WT Trod. vs. PS19 Trod| 2.941 0.1732 No
PS19 Veh. vs. PS19 Trod. 1.688 0.6336 No
Supplementary|6 mo. J20 EPM Med. Hu1436,
Figure 7C %Rel. Ent. to Open Arms 14,13,17,14 |Mean+SEM |Two-Way ANOVA |Interaction |0.5237 [0.4725 [No Tukey WT Veh. Vs. WT Trod. 0.5188 [0.9829 |No
WT Veh. vs. PS19 Veh. 2.966 0.1675 No
Genotype 4.306 0.0429 |Yes WT Veh. vs. PS19 Trod. 0.8145 (0.9388 No
WT Trod. vs. PS19 Veh. 3.307 0.1025 No
Treatment |1.613 0.2097 |No WT Trod. vs. PS19 Trod| 1.283 0.8011 No
PS19 Veh. vs. PS19 Trod. 2.113 0.4483 No
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Supplementary|6 mo. J20 OF Med. Hu1436,
Figure 8A Distance Moved 15,11,20,12 |Mean+ SEM |Two-Way ANOVA |Interaction |0.02972 |0.8638 [No N/A

Genotype  |0.00052 [0.9819 |No

Treatment [3.163 0.081 No

Supplementary|6 mo. J20 OF Med. Hu1436,

Figure 8B Duration in Large Center 15,11,20,12 |Mean+ SEM |Two-Way ANOVA |Interaction |0.2184 |0.6422 [No Tukey WT Veh. Vs. WT Hu. 1.48 0.7228  |No
WT Veh. vs. J20 Veh. 2.005 0.4941 No

Genotype |1.764  [0.1897 [No WT Veh. vs. J20 Hu. 0.6698 [0.9646 [No

WT Hu. vs. J20 Veh. 3.39 0.0898  [No

Treatment [4.033 0.0496 |Yes WT Hu. vs. J20 Hu. 0.7865 [0.9445 No

J20 Veh. vs. J20 Hu. 2586 [0.2715  [No

Supplementary|6 mo. J20 OF Med. Hu1436,
Figure 8C Duration in Small Center 15,11,20,12 |Mean+ SEM |Two-Way ANOVA |Interaction |0.2678 |0.6069 [No N/A

Genotype  |0.09519 [0.7589 |No

Treatment [3.275 0.0759 |No

Supplementary|6 mo. J20 OF Med. Hu1436,
Figure 8D %Rel. Ent. in Large Center 15,11,20,12 |Mean+ SEM |Two-Way ANOVA |Interaction |0.029  |0.8654 [No N/A

Genotype 1.333 0.2533 |No

Treatment [2.146 0.1487 |No

Supplementary|6 mo. J20 OF Med. Hu1436,
Figure 8E %Rel. Ent. in Small Center 15,11,20,12 |Mean+ SEM |Two-Way ANOVA |Interaction |1.394  |0.2429 [No N/A

Genotype  |0.00263 [0.9593 |No

Treatment |2.16 0.1474 |No
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Supplementary|6 mo. PS19 OF Med. Hu1436,
Figure 9A Distance Moved 14,11,17,14 |Mean+SEM |Two-Way ANOVA |Interaction |0.3317 [0.5671 |No N/A

Genotype 2.739 0.104 No

Treatment |1.695 0.1987 |No

Supplementary|6 mo. PS19 OF Med. Hu1436,

Figure 9B Durationin Large Center 14,11,17,14 |Mean+SEM |Two-Way ANOVA |Interaction |3.175  [0.0806 |No Tukey WT Veh. Vs. WT Trod. 4149  [0.0249 |Yes *
WT Veh. vs. PS19 Veh. 1408 |0.7524  [No
Genotype  [0.2051 [0.6525 |No WT Veh. vs. PS19 Trod. 2161 [0.4285 |No
WT Trod. vs. PS19 Veh. 3.006 [0.1585 |No
Treatment |6.699 0.0125 |Yes WT Trod. vs. PS19 Trod|| 2121 0.4448 No
PS19 Veh. vs. PS19 Trod. 0.8547 [0.9302 |No

Supplementary|6 mo. PS19 OF Med. Hu1436,

Figure 9C Duration in Small Center 14,11,17,14 |Mean+SEM |Two-Way ANOVA |Interaction |0.01068 [0.9181 |No Tukey WT Veh. Vs. WT Trod. 2.824 (02024 |No
WT Veh. vs. PS19 Veh. 0.287 0.997 No

Genotype  [0.02802 [0.8677 |No WT Veh. vs. PS19 Trod. 3075 [0.144 No

WT Trod. vs. PS19 Veh. 2673 [0.2449 |No

Treatment |8.244 0.0059 |[Yes WT Trod. vs. PS19 Trod|| 0.0608 |>0.9999 |No

PS19 Veh. vs. PS19 Trod. 2933 [0.1751 |No

Supplementary|6 mo. PS19 OF Med. Hu1436,

Figure 9D %Rel. Ent. in Large Center 14,11,17,14 |Mean+SEM |Two-Way ANOVA |Interaction |4.053  [0.0493 |Yes Tukey WT Veh. Vs. WT Trod. 3.85 0.0424  |Yes *
WT Veh. vs. PS19 Veh. 1.086 0.8684 No
Genotype  [0.9769 [0.3275 |No WT Veh. vs. PS19 Trod. 1.066 |0.8746 [No
WT Trod. vs. PS19 Veh. 2995 [0.1609 |No
Treatment |4.17 0.0462 |Yes WT Trod. vs. PS19 Trod|| 2.85 0.1957 No
PS19 Veh. vs. PS19 Trod. 0.03041 [>0.9999 |No

Supplementary|6 mo. PS19 OF Med. Hu1436,

Figure 9E %Rel. Ent. in Small Center 14,11,17,14 |Mean+ SEM |Two-Way ANOVA |Interaction |3.106  [0.0839 [No Tukey WT Veh. Vs. WT Trod. 454 0.0118 |Yes *
WT Veh. vs. PS19 Veh. 1738 |0.6117 [No
Genotype  [0.01503 [0.9029 |No WT Veh. vs. PS19 Trod. 2932 [0.1755 |No
WT Trod. vs. PS19 Veh. 3106 [0.1377 |No
Treatment |9.119 0.0039 |Yes WT Trod. vs. PS19 Trod|| 1.789 0.5888 No
PS19 Veh. vs. PS19 Trod. 1333 [0.7822  [No
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6 mo. EPM J20 PTP1B
ablation,

Figure 7A Distance Moved 20,11,15,4 Mean+ SEM |Two-Way ANOVA |Interaction |3.357 0.0734 |No N/A
Genotype  |0.5117 |0.478 No
Treatment [0.01301 (0.9097 [No
6 mo. EPM J20 PTP1B
ablation,
Figure 7B Duration in Open Arms 20,11,15,4 Mean+ SEM |Two-Way ANOVA |Interaction |9.078 0.0042 |Yes Bonferroni |WT vs. nPKO 0.421 >0.9999 ([No
WT vs. J20 5.503 <0.0001 |Yes ok
Genotype 6.473 0.0144 |Yes WT vs. J20 nPKO 0.001 >0.9999 |No
nPKO vs. J20 4.337 0.0005 Yes s
Treatment |6.482 0.0143 |Yes nPKO vs. J20 nPKO 0.272 >0.9999 |No
J20 vs. J20 nPKO 3.341 0.01 Yes i
6 mo. EPM J20 PTP1B
ablation,
Figure 7C Duration in Open Arms 20,11,15,4 Mean+ SEM  [Two-Way ANOVA |Interaction |4.099 0.0487 |Yes Bonferroni |WT vs. nPKO 1.285 >0.9999 ([No
WT vs. J20 6.018 <0.0001 |Yes ok
Genotype 16.42 0.0002 |Yes WT vs. J20 nPKO 2.133 0.2298 No
nPKO vs. J20 3.963 0.0015 Yes **
Treatment |0.3579 [0.5526 |No nPKO vs. J20 nPKO 1.175 >0.9999 |No
J20 vs. J20 nPKO 1.576 0.7306 No
8 mo. EPM PS19 PTP1B
ablation,
Figure 8A Distance Moved 16,12,10,15 |Mean*SEM [Two-Way ANOVA |Interaction |13.33 0.0006 |Yes Bonferroni |[WT vs. nPKO 1.176 >0.9999 [No
WT vs. PS19 2.939 0.03 Yes *
Genotype 0.3459 |0.5592 |No WT vs. PS19 nPKO 1.133 >0.9999 |No
nPKO vs. PS19 1.719 0.5517 No
Treatment |4.182 0.0462 |Yes nPKOvs. PS19 nPKO |2.211 0.1906 No
PS19vs. PS19 nPKO [3.9 0.0018 Yes i
8 mo. EPMPS19 PTP1B
ablation,
Figure 8B Duration in Open Arms 16,12,10,15 [Mean+SEM |Two-Way ANOVA |Interaction |18.5 <0.0001|Yes Bonferroni |WT vs. nPKO 0.019 >0.9999 [No
WT vs. PS19 6.462 <0.0001 |Yes ok
Genotype 25.18 <0.0001|Yes WT vs. PS19 nPKO 0.577 >0.9999 |[No
nPKO vs. PS19 6.067 <0.0001 |Yes ok
Treatment [18.28 <0.0001|Yes nPKOvs. PS19 nPKO |0.517 >0.9999 |No
PS19vs. PS19 nPKO |5.872 <0.0001 |Yes il
8 mo. EPM PS19 PTP1B
ablation,
Figure 8C %Rel. Ent. To Open Arms 16,12,10,15 |Mean+SEM |Two-Way ANOVA |Interaction |4.734  |0.0344 |Yes Bonferroni [WT vs. nPKO 0.081 >0.9999 |No
WT vs. PS19 3.85 0.0021 Yes i
Genotype 11.41 0.0014 |Yes WT vs. PS19 nPKO 1.021 >0.9999 |[No
nPKO vs. PS19 3.552 0.0051 Yes il
Treatment (4.264 0.0443 |Yes nPKO vs. PS19 nPKO |0.867 >0.9999 |No
PS19 vs. PS19 nPKO |2.903 0.0331 Yes *
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6 mo. OF J20 PTP1B ablation,

Figure 9A Distance Moved 20,11,15,4 Mean+ SEM |Two-Way ANOVA |Interaction |1.84E-05|0.9966 |No N/A
Genotype  |3.238 0.0785 |No
Treatment |1.951 0.1692 |No
6 mo. OF J20 PTP1B ablation,
Figure 9B Duration in Large Center 20,11,15,4 |Mean+SEM |Two-Way ANOVA |[Interaction [0.2996 [0.5868 |No N/A
Genotype |0.07827 (0.7809 |No
Treatment |0.231 0.6331 |No
6 mo. OF J20 PTP1B ablation,
Figure 9C Duration in Small Center 20,11,15,4 |Mean+SEM [Two-Way ANOVA |Interaction |0.00692 [0.9341 [No N/A
Genotype 0.0528 |0.8193 |No
Treatment |0.07237 [0.7891 |No
6 mo. OF J20 PTP1B ablation,
Figure 9D %Rel. Ent. to Large Center 20,11,15,4 |Mean+SEM [Two-Way ANOVA |Interaction |0.6377 [0.4286 |No N/A
Genotype 0.2962 |0.5889 |No
Treatment |1.238 0.2716 |No
6 mo. OF J20 PTP1B ablation,
Figure 9E %Rel. Ent. to Small Center 20,11,15,4 [Mean+SEM |Two-Way ANOVA [Interaction [0.6377 [0.4286 |No N/A
Genotype 0.2962 |0.5889 |No
Treatment |1.238 0.2716 |No
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8 mo. OF PS19 PTP1B
ablation,
Figure 10A Distance Moved 16,12,10,15 [Mean+SEM |Two-Way ANOVA [Interaction [19.61 <0.0001|Yes Bonferroni |WT vs. nPKO 2.66 0.0631 No
WTvs. PS19 2516 0.0912 No
Genotype 0.6411 |0.4272 |[No WT vs. PS19 nPKO 1.24 >0.9999 [No
nPKO vs. PS19 0.004 >0.9999 [No
Treatment [0.6309 [0.4308 |No nPKOvs. PS19 nPKO [3.774 0.0026 Yes **
PS19 vs. PS19 nPKO |3.576 0.0048 Yes d
8 mo. OF PS19 PTP1B
ablation,
Figure 10B Duration in Large Center 16,12, 10, 15+(Mean + SEM  [Two-Way ANOVA |Interaction [15.16 0.0003 |Yes Bonferroni |[WT vs. nPKO 2.109 0.2405 No
WTvs. PS19 4.343 0.0004 Yes Hork
Genotype 5.616 0.0218 |Yes WT vs. PS19 nPKO 1.055 >0.9999 [No
nPKO vs. PS19 2.208 0.1916 No
Treatment [1.026 0.3161 |No nPKOvs. PS19 nPKO 1.1 >0.9999 [No
PS19 vs. PS19 nPKO |3.36 0.0091 Yes d
8 mo. OF PS19 PTP1B
ablation,
Figure 10C Duration in Small Center 16,12, 10, 15+(Mean+ SEM  |Two-Way ANOVA |Interaction [19.54 <0.0001(Yes Bonferroni [WT vs. nPKO 2.058 0.2694 No
WTvs. PS19 4414 0.0003 Yes okk
Genotype 3.781 0.0576 |[No WT vs. PS19 nPKO 0.261 >0.9999 [No
nPKO vs. PS19 2.319 0.1475 No
Treatment |2.587 0.1142 |[No nPKO vs. PS19 nPKO |1.787 0.4807 No
PS19vs. PS19 nPKO |4.128 0.0009 Yes okk
8 mo. OF PS19 PTP1B
ablation,
Figure 10D  [%Rel. Ent. To Large Center |16, 12, 10, 15+(Mean+ SEM  [Two-Way ANOVA |Interaction |4.966  |0.0305 |Yes Bonferroni [WT vs. nPKO 0.799 >0.9999 |No
4.967 WTvs. PS19 2.622 0.0697 No
Genotype 4.968 0.1269 [No WT vs. PS19 nPKO 0.323 >0.9999 [No
nPKO vs. PS19 1.756 0.5118 No
Treatment |1.294 0.2608 [No nPKO vs. PS19 nPKO |0.488 >0.9999 [No
PS19vs. PS19 nPKO [2.305 0.1528 No
8 mo. OF PS19 PTP1B
ablation,
Figure 10E  [%Rel. Ent. To Large Center |16, 12, 10, 15+(Mean+ SEM  [Two-Way ANOVA |Interaction [12.76  |0.0008 |Yes Bonferroni [WT vs. nPKO 2.132 0.2284  |No
WTvs. PS19 4.1 0.0009 Yes ok
Genotype  [5.483 0.0233 |Yes WT vs. PS19 nPKO 1.308 >0.9999 [No
nPKO vs. PS19 1.959 0.335 No
Treatment |0.4345 ]0.5129 |No nPKO vs. PS19 nPKO |0.888 >0.9999 [No
PS19vs. PS19 nPKO [2.897 0.0337 Yes *
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Table 3 Statistical analysis for biochemical experiments
Main effect Post hoc
DESCRIPTIVE Signficant? Signficant?
Figure Brief description n STATS Test Factor Fvalue P value (P-Value <0.05) Test |Description tvalue P value| (P-Value <0.05) Mark
PTP1B levels, PS19 8 mo.
PTP1B level
Figure 15B |PTP1B ablation model 3,3,3,3 [Mean + SEM | Two-Way ANOVA| Interaction |F (1, 8) = 0.2005 0.6662|No Bonferroni |WT vs. PTP1B KO 14.08/<0.0001 |Yes
WTvs. PS19 0.5066|>0.9999 No
Genotype |F (1,8)=1.355 0.2779(No WTvs. PS19 PTP1B KO 12.94|<0.0001 Yes ok
PTP1B KO vs. PS19 14.58|< 0.0001 Yes ook
Treatment |F (1,8)=378.7 |<0.0001 Yes PTP1B KO vs. PS19 PTP1H 1.14(>0.9999 No
PS19 vs. PS19 PTP1B KO 13.44|<0.0001 Yes okkk
PTP1B levels, PS19 8 mo.
PTP1B level
Figure 15C [Med. Trod. 3,3,3,3 [Mean + SEM |One-Way ANOVA| Treatment 0.05906 0.9432|No N/A
pTaulevels, PS19 8 mo., KO
Figure 16B |and Trod 3,3,3 |Mean+ SEM |One-Way ANOVA| Treatment 2150(<0.0001 Yes Bonferroni [PS19 vs. PS19 nPKO 26.25 0.0029(Yes il
PS19 vs. PS19 Trod. 69.61 0.0004Yes i
Tau levels, PS19 8 mo., KO
Figure 16C and Trod 3,3,3 |Mean+ SEM |One-Way ANOVA| Treatment 0.7302 0.5366|No N/A
pTauTau ratio, PS19 mo.,
Figure 16D KO and Trod 3,3,3 |Mean+ SEM |One-Way ANOVA| Treatment 73.65 0.0131|Yes Bonferroni [PS19 vs. PS19 nPKO 4.134 0.1077|No
PS19 vs. PS19 Trod. 167.9|<0.0001 Yes kkk
PS19 8 mo. p-
GSK3B/GSK3B ratio
Figure 178 |PTP1B ablation model 3,3,3,3 [Mean + SEM |Two-Way ANOVA| Interaction |F (1, 8) = 1.368 0.2758|No Bonferroni |WT vs. PTP1B KO 1.163|>0.9999 [No
WT vs. PS19 0.8437(>0.9999 No
Genotype |F (1,8)=5.584 0.0457|Yes WT vs. PS19 PTP1B KO 3.661 0.0384(Yes *
PTP1B KO vs. PS19 0.3189(> 0.9999 No
Treatment |F(1,8)=7.918 0.0227|Yes PTP1B KO vs. PS19 PTP1f 2.498 0.2223(No
PS19 vs. PS19 PTP1B KO 2.817 0.1356 No
PS19 8 mo. p-
GSK3B/GSK3B ratio
Figure 17C Trod. Treatment 3,3,3,3|Mean + SEM |One-Way ANOVA| Treatment 0.05906 0.9432|No N/A

Table 3. Summarized statistical analyses for Western Blot experiments.
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