Molecular Neurodegeneration 2019, 14(Suppl 1):30
https://doi.org/10.1186/s13024-019-0328-2

Molecular Neurodegeneration

MEETING ABSTRACTS Open Access

The 5th International Conference on
Molecular Neurodegeneration: Overlapping

Check for
updates

Pathologies and Common Mechanisms

Stockholm, Sweden. 11-13 June 2018

Published: 7 August 2019

INVITED

TALKS

O1 THE BIOLOGY OF PROTEOSTASIS IN AGING AND DISEASE
Richard I. Morimoto

Department of Molecular Biosciences, Rice Institute for Biomedical
Research, Northwestern University, Evanston, IL 60208, USA
Molecular Neurodegeneration 2019, 14(Suppl 1):INVITED

Protein quality control mechanisms regulated by the proteostasis
network (PN), the heat shock response (HSR) and the unfolded
protein responses of the endoplasmic reticulum and mitochondria
are essential for all aspects of proteome quality control, cellular
health and lifespan. Failure of these systems, for example during
aging, stress or upon expression of mutant or damaged proteins
leads to increased risk for neurodegeneration, metabolic diseases,
cancer, and muscle wasting diseases. A question is whether it is
possible to detect the cellular events of proteostasis failure, and
to develop therapeutic strategies to arrest, reverse, or slow this
decline. To understand how aging contributes to the challenge of
protein conformation, we have combined a combination of ap-
proaches from physical biochemistry and supersaturation to dis-
cern the contribution of at-risk metastability together with
genetic, cellular, molecular, genomic and systems approaches
using C. elegans for an organismal view of proteostasis. Towards
this, we have identified an event that occurs early in adulthood,
at the transition of reproductive maturity, in which germ line
stem cells prevent induction of the HSR in other somatic tissues.
This germ line signal results in reduced expression of the jumonji
demethylase in somatic tissues leading to elevated H3K27me3 re-
pressive marks at the promoter regions for HS genes and other
stress responsive components of the PN. The inability of HSF1 to
bind in vivo results in a dramatic decline in the HSR and initiates
proteostasis collapse that further amplifies misfolding of metasta-
ble proteins, resulting in the loss of cellular stress resistance, and
a decline in cellular health and lifespan. To address whether
these genetically regulated events of organismal proteostasis in
aging can be reversed, we have taken genetic approaches to dis-
covery modifier genes to reset proteostasis. For example, failure
in the PN can be reversed by systemic overexpression of the
jumonji demethylase, inhibition of germ line signaling, or induc-
tion of mild mitochondrial stress with the result that the HSR
and other cell stress responses are not inhibited and persist
throughout most of adult life. These results suggest that there
are a number of cell autonomous and cell non-autonomous path-
ways that can be re-engaged to restore organismal proteostasis
and to promote cellular healthspan.
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Background

Rate of progression of patients with Alzheimer’s disease varies enor-
mously. The inability to predict which patients will proceed with fast or
slow rates of progression impact predictions, and compromise clinical
care. Importantly, this heterogeneity also impacts clinical study design
because studies to detect a difference in rate of progression must over-
come this “noise” - needing thousands of patients followed for ~2
years to detect signal. We reasoned that the rate of tau propagation
might be an important cofactor of rate of progression, since worsening
symptoms are associated with more widespread tau accumulations.
Materials and Methods

We used a FRET based tau bioassay to determine Tau seeding ability
form 32 brains of patients who had had AD with various rates of pro-
gression ante-mortem.

Results

Cases varied by ~2 fold or more in tau seeding properties; the rank
order of the extent of tau seeding measured correlated with the rank
order of rates of progression of the patients, as assessed by analysis
of their premorbid assessments in a research protocol.

Discussion

Tau seeding bioactivity seems to be a factor that contributes to rate
of progression in AD. The biophysical basis of the differences among
cases in tau seeding ability is unknown.

Conclusions

If tau seeding from CSF corresponds also to rate of progression, it
could represent an in vivo biomarker that might be useful clinically
and in the context of clinical trials.

O3 PROTEOPATHIC SEEDS IN NEURODEGENERATIVE DISEASES
Mathias Jucker

Department of Cellular Neurology, Hertie Institute for Clinical Brain
Research, University of Tibingen, and German Center for
Neurodegenerative Diseases (DZNE), D-72076 Tibingen, Germany
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The commonality of many neurodegenerative disorders is the pre-
dictable temporal occurrence and progression of specific aggregated
proteins in the brain. The hallmark proteopathy is Alzheimer’s disease
in which aggregated amyloid-$ peptide (AP) is deposited in the brain
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parenchyma (amyloid plaques), and aggregated Tau protein forms
neuronal inclusions (neurofibrillary tangles). Multiple evidence sug-
gests that AR and Tau aggregates can spread within and among
brain regions and act as corruptive templates (seeds) that induce a
chain-reaction of misfolding and aggregation of cognate proteins.
The same appears true for a-synuclein aggregates in a-
synucleinopathies. The insight that the prion paradigm also applies
to Alzheimer’s disease and other age-related neurodegenerative dis-
eases suggests new directions in search of biomarkers and novel
therapeutic strategies.
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Background

In the brain several forms of amyloidosis are known that originate
from neuronal proteins: Amyloid Beta (AB) is found in senile plaques
in aging and Alzheimer’s disease and in cerebral amyloid angiopathy
1,2. Prion amyloid is seen in prion disorders with longer duration (>
1 year) also as plaques or CAA 3, 4. Amyloid molecule Abri is found
in plagues and CAA in Familial British Dementia (BRI2 gene), and a
partly similar molecule, ADAN has been described in a Familial Da-
nish Dementia 4. The role of neuroinflammation in these neurode-
generative disorders is unknown. We have investigated the presence
of complement, microglia, tau and ubiquitin in relation to the Amyl-
oid beta plaques, Abeta CAA, prion plaques and prion CAA and stud-
ied the literature.

Methods

We studied 20 AD brains (several subtypes), 5 cases with CAA typel
including dyshoric amyloid beta deposits, 7 prion amyloidosis includ-
ing 3 vCJD and 1 case with prion-CAA. Frozen tissue and or paraffin
tissue was used for immunohistochemical studies, using antibodies
against complement factors C3d and C4d, microglia markers (IBA1,
CD68, HLADR/DP/DQ) and neurodegeneration (TAU (mab AT8),
ubiquitin).

Results

Both Amyloid beta deposits and large, cortical prion amyloid deposits
show complement- and microglia activation. Prion plaques in GSS can
mimic Abeta plaques. Complement activation is seen in both Abeta-
and in prion-CAA. Tau is present in AD as dystrophic neurites, threads
and tangles in AD but this can also be found in young cases of GSS
with large prion amyloid plaques. Dystrophic neurites are seen around
dyshoric vessels that show microglia and complement activation. Lit-
erature shows the same for ABri and Adan4.

Discussion

Fibrillary amyloid deposits of different neuronal molecules show
complement activation, microglia activation which lead in a later
stage to neurodegeneration.

Conclusions

Common mechanism are found in different neurodegenerative disor-
ders with brain amyloidosis.
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Background

Through the National Institute of Aging’s Accelerating Medicines
Partnership for Alzheimer’s disease (AMP-AD) program, we have
established an analytic and experimental pipeline to identify and val-
idate new targets for therapeutic development in AD.

Methods

We used RNAse data derived from the dorsolateral prefrontal cortex of
participants in two prospective studies of aging to derive our network
map. We used shRNA-mediated knockdown in primary human astrocytes
and iPSC-derived neurons in functional validation studies, using amyloid
betal-42 in the supernatant as the outcome measure. We also used SRM
proteomics to measure the level of specific proteins in these brains.
Results

Our first-generation network map of the aging human cortex leveraged
transcriptomic and epigenetic data from more than 500 human sub-
jects and identified several modules of co-expressed genes that relate
to amyloid deposition, tau tangles, and/or cognitive decline. In one ap-
plication, a subset of genes within module 109, were prioritized for
in vitro functional and brain proteomic validation. These efforts have
uncovered the role of PLXNB1 as a mediator of module 109's effect on
amyloid deposition while IGFBP5 and other proteins capture a distinct
effect of module 109 on cognitive decline not explained by AD path-
ologies. In a second example, we use our network map to dissect the
immune component of the network and identify a role for a module 5,
a transcriptional program related to microglial activation, in worsening
cognitive decline through an acceleration of Tau deposition.
Discussion

Our network therefore has identified new target proteins affecting
known biology such as amyloid and unknown biologies that contrib-
ute to aging-related cognitive decline.

Conclusions

A network approach to the aging brain has yielded concrete lead
proteins and transcriptional programs (modules) that now deserve
further investigation as candidate therapeutic targets.
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Background

Amyloid and tau pathology are key, and likely essential components,
of a complex neurodegenerative cascade that leads to symptomatic
Alzheimer’s disease (AD). However, there is a need to better under-
stand the sequence of molecular events leading to symptomatic AD.
Multi-omics data and new preclinical tools can help provide a better
systems level understanding of the molecular changes driving AD
and help identify novel therapeutic targets.

Methods

The Accelerating Medicines Partnership-Alzheimer's Disease (AMP-
AD) program has generated and continues to generate large
amounts of publically available multi-omic data from both human
samples and preclinical models (https://www.synapse.org/#!Synapse:-
syn2580853/wiki/409840). Vignettes about how our group is using
this data and newly developed preclinical tools to nominate new tar-
gets for the treatment of AD will be presented.

Results

A very large number of perturbed networks are present in AD1,2.
Whether these system level changes are consequences of disease or
play an upstream pathophysiologic role has, typically, not been de-
termined. Our comparative analyses of control, pathologic aging, AD
and progressive supranuclear palsy and preclinical model data pro-
vides a framework to explore therapeutic targets that play a role in
the transition to different disease stages of AD. Such data has en-
abled us to nominate new targets and we have developed new tools
to validate those targets. The data can also be used to support the
further evaluation of new targets arising from other lines of research.
Discussion

These studies can potentially help to identify precise therapeutic tar-
gets, provide biologic insight into the mechanism of action of the
proposed targets, and inform on the direction of change needed for
therapeutic benefit.

Conclusions

The multi-omics data generated by the AMP-AD initiative and new
tools for preclinical target validation can be used to both nominate
and rapidly evaluate new targets arising form the AMP-AD initiative.
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Background

Huntington'’s disease (HD) is the most common dominantly inher-
ited neurodegenerative disorder, and is characterized by motor,
cognitive, and psychiatric symptoms, as well as a relentless and
lethal disease progression. HD is caused by a CAG repeat expan-
sion in the Huntingtin gene, however the molecular mechanisms
underlying the pathogenesis of selective neurodegeneration and
clinical symptoms remain poorly understood. Because HD is a
monogenic disorder, it has the advantage that all HD patients are
likely to share tractable disease mechanisms, and therapeutics
based on such mechanisms should benefit most, if not all, HD
patients.

Methods

To uncover critical HD molecular pathogenic mechanisms in an un-
biased manner, we performed over 1000 RNA-sequencing and prote-
omics analyses of various brain samples from an allelic series of
knockin mice expressing mutant Huntingtin with increasing CAG re-
peat length. Moreover, we also employed a mouse germline genetic
perturbation approach to evaluate the candidate Huntingtin molecu-
lar network genes for their role in disease modification.

Results

We have defined Huntingtin CAG-length dependent differentially
expressed (DE) genes and coexpression gene modules for multiple
brain regions and the liver. We also are in the process of systematic-
ally evaluating the Huntingtin molecular network hub genes as modi-
fiers of disease pathogenesis in vivo.

Discussion

Compared to the other brain regions, the striatum shows by far
the largest number of Huntingtin CAG-length dependent DE
genes and gene modules. Hence, the Huntingtin CAG-length
dependent transcriptional dysregulation appears to reflect and
may contribute to the underlying selective neuronal vulnerability
in the disease.

Conclusions

Integrative genetics and systems biology is a powerful approach
to identify novel molecular networks dysregulated in HD. More-
over, the germline genetic validation of such top disease net-
work genes may provide novel mechanistic insights into the
Huntingtin CAG-length driven and striatum-selective pathogenic
process in HD.
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Background

Amyotrophic lateral sclerosis (ALS) has been known as fatal and rap-
idly progressing neurodegenerative disease affecting both upper and
lower motor neuron systems. The recent identification of novel genes
linking ALS with FTD and the emerging concept of multisystem pro-
teinopathies have changed the previous concept that ALS affects
only the motor neuron system. And, diverse heterogeneous clinical
presentations shown in ALS patients might be related with under-
lying genetic susceptibilities including de novo mutations or oligo-
genic or polygenic genetic roles in unresolved sporadic ALS. TRIO
design [case-unaffected-parents Whole Exome Sequencing (WES)]
can be a reliable study to delineate the underlying genetic roles in
most young age onset sporadic ALS patients independent of our
existing knowledge of ALS genes. Moreover, reliable cell modeling
systems are crucible to hunt for evidence that newly identified vari-
ants have functional role in disease or motor neuron cell deaths be-
fore declaring that it is pathogenic.

Methods

TRIO study using WES was conducted in 30 young aged onset spor-
adic ALS patients and their unaffected parents (n=90). De novo vari-
ants were defined when both parents are homozygous and the
proband is heterozygous. Rare variant was define as allele frequency
less than 0.01 in dbSNP147 database, 1000 Genome Project, and
gnomAD. Exome data from 100 ethnically-matched subjects and in-
house disease control(exome data from 300 non-ALS patients) were
used for validation. Induced neuron derived from patients skin fibro-
blast and animal models were used for validation.

Results & Conclusion

Based on TRIO study in Korean ALS population, numerous novel vari-
ants were found. After prioritization of 19 de novo variants, following
genes including FUS, CLEC4C, ATP1A3, RabGef26 was selected for
functional study using patient’s fibroblast derived induced neuron
and animal models. In this session, we will present candidates of de
novo mutations found in young age onset sporadic ALS patients and
their functional study data will be presented. These approach will be
a reliable method to validate the pathophysiological roles of de novo
mutations in ALS and which will be crucial step toward the precision
medicine.
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Alzheimer's disease (AD) is the most common form of dementia af-
fecting the elderly and is characterized by global cognitive decline.
AD is strongly influenced by both genetic factors and lifestyle. While
certain rare gene mutations, e.g. in the APP, PSEN1 and PSEN2 genes
guarantee onset of AD before 60 years old, most cases of AD (>97%)
involve genetic susceptibility factors, e.g. APOE, and lifestyle, e.g. diet,
exercise, sleep, intellectual and social engagement, stress levels, and
brain trauma. Most recently we have found that low-grade infections,
e.g. bacterial, fungal, viral, in the brain may also play a role by rapidly
nucleating beta-amyloid deposition as an antimicrobial protection
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response of the brain's innate immune system. Genetic susceptibility
factors have been elucidated over the past decade using genome-
wide association studies (GWAS) and more recently by follow up with
whole genome sequencing (WGS) and whole exome sequencing
(WES). We have carried out GWAS using approximately 50 million sin-
gle nucleotide variants (SNV) from WGS and WES (whole genome se-
quencing association studies; WGSAS). As AD-linked/associated
functional SNVs are identified in these studies, they are being tested
in our 3D human stem cell-derived neural-glial culture models of AD,
in which we have shown beta-amyloid directly drives tangle forma-
tion and neuroinflammation. Many of the more recently identified
AD genes are involved in innate immunity, e.g. CD33, which we first
reported in our family-based GWAS in 2008 (along with ADAM10 and
ATXNT). To study CD33 and other innate immune-related AD genes,
we have incorporated microglia into our 3D neural cultures while
also utilizing classic transgenic mouse models. Aspects of all these
studies will be covered.
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Background

Disease modifying clinical trials in Alzheimer's disease (AD) targeting
amyloid-f (AB) are actively being pursued. In recent years there has
been an increasing interest in aggregated soluble AR species as be-
ing pathogenic1. Different types of soluble AB oligomers/protofibrils
have been described. The Arctic mutation (AR E22G) causes AD due
to an enhanced propensity to form protofibrils2. Soluble AR protofi-
brils are toxic, reduce synapse formation and neuronal survival, and
represents an attractive therapeutic target.

Methods

The size of in vitro generated AR protofibrils was determined to be
approximately 100-500 kDa. We used AP protofibrils as antigen and
immunized mice, and generated hybridomas. Using inhibition ELISA
for selection, protofibril selectiv antibodies were identified, one of
them being mAb1583.

Results

The ability of mAb158 to inhibit protofibril-induced neurotoxicity was
evaluated in vitro, and the therapeutic efficacy was analyzed in vivo
using transgenic mouse models. mAb158 reduced levels of protofi-
brils in the brain and in CSF in transgenic mice4. mAb158 had an at
least 500-fold stronger binding to AR protofibrils than to A mono-
mers and 10-15 stronger binding to protofibrils than to A fibrils5,
properties considered important for clinical efficacy and avoiding ad-
verse event like brain edema.

Discussion

Several clinical trials in AD targeting AP have recently been unsuc-
cessful. The explanation for these failures are probably too late inter-
vention, too low doses, partly misdiagnosed patients and aiming at
the wrong forms of AP. The humanized version of mAb158,
BAN2401, is now in clinical development6. Targeting AP protofibrils
is considered promising, as these A species are toxic. A phase 2b
study is being conducted in 856 patients with BAN2401. The 18
months results are expected to be ready this year.
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Background

Synucleinopathies represent a distinct group of neurodegenerative
disorders characterized by the presence of a-synuclein immunoposi-
tive aggregates. Clinically they present as the parkinsonian disorders;
Parkinson’s disease with or without dementia, dementia with Lewy
bodies and multiple system atrophy with symptomatic heterogeneity
observed across the spectrum. Genetic studies of Parkinson’s disease
have played a critical role in elucidating the underlying disease eti-
ology and for generating disease in vitro/in vivo models.

Methods

Genome-wide association studies, whole-genome and exome se-
quencing, family- and population-based studies, functional validation
and induced-pluripotent stem cells.

Results

Genome-wide association studies in Parkinson’s disease have now
identified 41 loci as containing susceptibility-altering variants and
with the genes identified through familial studies they nominate key
cellular pathways including autophagy, mitophagy and lysosomal
function1. Genome-wide association studies have identified signifi-
cant disease loci for dementia with Lewy bodies with an interesting
overlap with both Parkinson’s and Alzheimer’s disease with the key
loci being SNCA, GBA and APOE2. No significant hits for multiple sys-
tem atrophy were identified in the recent genome-wide association
study but some candidates were observed just below the threshold
that are overlapping with Parkinson’s disease including the MAPT
locus3.

Discussion

The genetic heterogeneity of the synucleinopathies mirrors the clin-
ical presentation and can be exploited to define specific genetic sub-
types that may in the long term determine the participants of future
targeted clinical trials.

Conclusion

The next wave of genes we await will likely be identified through the
large-scale population based sequencing projects, coupled with func-
tional validation, that are already underway4.
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Objectives

Animal models of Alzheimer's disease (AD) recapitulate the severe
amyloidosis and neuroinflammation that is evident in the human dis-
ease. It is now well established that inflammation associated with
amyloid deposition reflects the activation of astrocytes and microglia
in response to injury, but the role of peripheral tissues and more im-
portantly, the microbiota in regulating innate immunity that in turn
leads to CNS dysfunction has not, to date been defined. We have
tested the hypothesis that the composition of the intestinal micro-
biome plays a key role in modulating neuro-inflammation that will ul-
timately influence amyloid deposition in two established mouse
models of 3-amyloidosis.

Methods

We orally administered a combination of antibiotics to induce rapid
and sustained alterations in gut microbial populations. The antibiotic
cocktail was administered either postnatally or throughout the life-
time of the animal prior to cull and we employed IHC, biochemical
and molecular assays to evaluate amyloid deposition and neuroin-
flammation in the mouse models.

Results

Our studies indicate that alterations in the microbiome parallel
changes in plasma cytokines and chemokines, reductions in amyloid
deposition and modulation of morphological and transcriptional
landscapes of microglia.

Conclusions

Our studies reveal an unexpected, but significant alteration in amyl-
oid deposition and microglial phenotypes in the brains of transgenic
mice upon treatment with orally administered antibiotics.
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Background

APOE genotype is the strongest genetic risk factor for Alzheimer’s
disease (AD). There is strong evidence that a large part of the effect
of ApoE on AD pathogenesis is via its ability to influence the onset
and accumulation of aggregated forms of Abeta in the brain paren-
chyma through its regulation of Abeta aggregation and clearance.
There is emerging evidence that ApoE may also mediate some of its
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effects in AD and other tauopathies via influencing both tau as well
as the brain’s innate immune response.

Methods

We crossed P301S Tau transgenic (Tg) mice, a mouse model of tauo-
pathy, to human ApoE knockin mice and to ApoE knockout mice and
then assessed the effects of ApoE on tau, tau-mediated neurodegen-
eration, and the innate immune response.

Results

We found that ApoE strongly enhances neurodegeneration in P301S
mice with ApoE4 having the greatest effects. Very little to no neuro-
degeneration was seen in the absence of ApoE. The enhanced neuro-
degeneration seen with ApoE was accompanied by a strong
neurodegenerative type glial response and similar responses could
be observed in cell culture. In preliminary experiments, we have
crossed P301S Tau Tg mice with mice transgenic mice that overex-
press the low density lipoprotein receptor (LDLR) in the brain. So far,
we have noted that at 9 months of age, P301S Tau Tg mice have sig-
nificant tauopathy and brain atrophy. In P301S Tau/LDLR Tg mice,
ApoE levels are markedly lowered and there is significantly less brain
atrophy.

Discussion

Understanding the mechanism as to how ApoE contributes to tau-
mediated neurodegeneration may provide avenues to development
of new therapeutic approaches.

Conclusions

ApoE contributes to neurodegeneration in a mouse model of primary
tauopathy. This effect appears to be mediated in part via ApoE'’s ef-
fect on the innate immune response.
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Alzheimer’s disease (AD) is the most common age-dependent
neurodegenerative disease, and presence of dystrophic neurites is
one of the typical features in AD brains. The presence of dys-
trophic neurites is correlated with impaired synaptic functions. It
remains to understand what drives the formation of dystrophic
neurites and their molecular natures. We discovered that tubular
endoplasmic reticulum (ER) protein reticulon-3 (RTN3) was abun-
dantly accumulated in the dystrophic neurites in brains of AD pa-
tients and mainly in the form of clustered tubular ER. Transgenic
mice overexpressing RTN3 develop similar tubular ER-enriched
dystrophic neurites. However, dystrophic neurites in AD brains
are also shown to enrich multivesicle bodies. The relationship be-
tween different populations of dystrophic neurites are intriguing.
In our recent studies, we aimed to understand how RIDNs are de-
veloped in AD mouse brains (5xFAD and APP/PS1AE9 mice) and
how they are related to or differed from dystrophic neurites that
are enriched with other proteins by analyzing 2D and 3D electron
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microscopic images. We showed that RTN3 appears to mediate
the early formation of dystrophic neurites and deposition of
amyloid peptides could induce growth of dystrophic neurites by
impairing autophagy, ubiquitin proteasome system and normal
ER distribution in the axons.
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Background

Cerebrovascular inflammation and blood-brain barrier dysfunction
(BBB) contribute to pathogenesis of vascular-based neurodegenera-
tive brain disorders such as Alzheimer’s disease. A typical outcome of
BBB dysfunction is leukocyte transmigration from the vessel to the
brain, which could be a key event promoting brain inflammation and
neuronal injury. Here, we investigated the molecular and cellular
mechanism of how vascular inflammation results in leukocyte trans-
migration and in particular, influences on AD pathogenesis. For this
purpose, we examined the effect of tumor necrosis factor alpha
(TNF-a) on expression of ICAM1, a vascular adhesion protein involved
in leukocyte adhesion to the vessels and the epigenetic regulatory
mechanism involved in TNF-induced ICAM1 induction in human
microvascular endothelial cells (HBMVECs). In addition, we investi-
gated the role of ICAM1 in expression of neprilysin, an amyloid de-
grading enzyme.

Methods

HBMVECs were cultured, treated with TNF-a (10 ng/ml), and analyzed
for Western blotting, RT-PCR, ChlIPIl, neutrophil adhesion assay,
leukocyte transmigration assay, and immunofluorescence staining.
For in vivo study C57BL/6 mice were injected with TNF-a (9 pg/kg)
with or without drugs and the brain was analyzed for neutrophil infil-
tration. In addition, APP Swedish/PS1-E9 deletion mice were used for
examining the ICAM1 expression pattern.

Results

TNF-a dramatically increased ICAM1 mRNA and protein levels in
HBMVECs and mouse brain microvessels. Experiments including ChiPI
revealed that TNF-a reduced methylation of histone H3 at lysines 9
(H3K9), a well-known residue involved in gene suppression, and
KDM4B, a histone demethylase targeting H3K9me2 was involved in
TNF-a-induced ICAM1 upregulation and neutrophil transmigration.
Interestingly, knock-down of ICAM1 significantly increased the nepri-
lysin protein level with a concomitant reduction of the amyloid level.
ICAM1 expression in AD mice brain increased at the very earlier stage
pathogenesis (3~4 month old age) with reduction of the neprilysin
protein.

Conclusions

Collectively, we demonstrated that modification of H3K9me2 by G9a
and KDM4B regulate the expression of vascular adhesion proteins
and that inhibition of adhesion proteins or KDM4B reduces
inflammation-induced leukocyte extravasation and amyloid path-
ology. Thus, blocking ICAM1 or KDM4B could offer a novel thera-
peutic opportunity treating brain diseases.
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Background

Amyloid-B peptide (AB) and tau are major components of senile pla-
ques and neurofibrillary tangles, respectively, deposited in the brains of
Alzheimer disease (AD) patients. Several lines of evidence suggest that
accumulation of AP by increased production or decreased clearance in-
duces the aggregated tau pathology, which spreads through neuronal
circuits and finally leads to neurodegeneration in the AD brain. Thus,
these amyloidogenic proteins play a critical role in the pathogenesis of
AD. To date, antibodies against these amyloidogenic proteins have
been tested in clinical trials, and some antibodies accelerate the clear-
ance of amyloid proteins. However, because of limited brain penetra-
tion efficacy of the antibodies, the development of novel approaches
to facilitate the amyloid clearance has been required.

Methods and Results

We recently identified novel photooxygenation catalysts that specific-
ally bind to the cross-B-sheet structure of target proteins, such as A
(Ni et al, Chem 2018). Photooxygenation reaction under near-
infrared (NIR) light irradiation attenuated the aggregation and depos-
ition of amyloidogenic proteins in vitro as well as in vivo.

Discussion

Since amyloid aggregates commonly preserve the cross-B-sheet
structure, the NIR photoactivatable catalysts should be effective to
degrade several amyloidogenic proteins (e.g. tau, a-synuclein, TDP-
43, amylin). Thus, our strategy would provide a novel therapeutic
strategy against both systemic and organ-specific amyloidosis. More-
over, as photoactivatable approach enables us to diminish amyloids
in spatiotemporal manner, these catalysts can be utilized in the ana-
lysis of amyloid pathology spreading in situ.

Conclusion

Artificial photooxygenation catalyst would be a potential therapeutic
strategy against amyloid diseases.
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Background

Despite its predominant localization in the cytosol, alpha-synuclein
(asyn) is found localized to mitochondria in post-mortem PD brains (1).
Within the mitochondria, asyn accumulation impairs complex | and IV
function, decreases mitochondria membrane potential, increases levels
of mitochondrial ROS, and increases mitochondrial-dependent apop-
tosis associated with cytochrome c release from the mitochondria (2,3).
Maintaining mitochondrial health is essential to prevent neuronal cell
death in the brain. Sirtuin 3 (SIRT3) is a NAD+-dependent protein dea-
cetylase exclusively localized to the mitochondria where it regulates
mitochondrial processes such as protein deacetylation (4). SIRT3 is
expressed at high levels in the brain and other nervous system tissues
(5,6), and can act as a pro-survival factor, playing an essential role in
protecting neurons under conditions of excitotoxicity (7) and rescuing
neuronal loss in models of neurodegeneration (8).

Methods

A stable cell line expressing asyn oligomers, a rat AAV model of PD,
and patient fibroblasts from PD patients and healthy controls were
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assessed for changes in markers of mitochondrial biogenesis, SIRT3
protein levels, and SIRT3 activity using established assays.

Results

Overexpression of asyn oligomers in the mitochondria of cultured
cells and rat nigral neurons resulted in decreased mitochondrial
SIRT3 protein levels, decreased SIRT3 activity, and decreased mito-
chondrial biogenesis that could be rescued with AMPK activator
AICAR. Patient fibroblasts harboring a triplication of SNCA gene locus
had significantly reduced SIRT3 activity and decreased mitochondrial
biogenesis compared to healthy controls.

Discussion

These data support a hypothesis whereby accumulation of mitochon-
drial asyn results in increased mitochondrial ROS via an AMPK/
PGC1a/SIRT3-mediated pathway.

Conclusion

Upregulation of SIRT3 and/or increased SIRT3 activity are potential
targets for novel PD therapeutics.
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Synucleinopathies are neurological disorders, characterized by neur-
onal and glial deposition of a-synuclein aggregates. These disorders
include Parkinson’s disease (PD), dementia with Lewy bodies, and
multiple system atrophy. Cell-to-cell propagation of these aggregates
are thought to be the underlying mechanism of aggregate spreading
in patients’ brain and perhaps of clinical progression. Interfering with
the aggregate transmission can thus be a potential strategy for halt-
ing the disease progression. However, the mechanism by which a-
synuclein aggregates spread remains undefined. Here, | present the
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results showing the identification of receptors that mediate the
propagation process. My lab identified toll-like receptor 2 (TLR2), an
innate immune receptor, as the receptor for neuron-released a-
synuclein oligomers in microglia. | will show evidence that TLR2 plays
an important role in cell-to-cell propagation of a-synuclein aggre-
gates, regulating both secretion and uptake of the aggregates. Fur-
thermore, administration of a neutralizing antibody for TLR2
interferes with the intercellular propagation of a-synuclein and thus,
alleviates synucleinopathy lesions and neuroinflammation. | propose
the anti-TLR2 treatment as a therapeutic strategy for Parkinson'’s dis-
ease and related synucleinopathies.
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Background

LRRK2 mutations are the most common genetic cause of Parkinson’s
disease. Previous analysis of LRRK2-deficient mice identified no de-
tectable phenotype in the brain but remarkable PD-like changes in
the aged kidney, including striking a-synuclein accumulation and ag-
gregation, impairment of the autophagy-lysosomal pathway and in-
creases in apoptosis.

Methods

We generated LRRK-deficient mice, in which LRRK2 and its functional
homologue LRRK1 are inactivated, as LRRK1, which is relatively abun-
dant in the brain, may compensate for the loss of LRRK2 in LRRK2-/-
brains.

Results/Conclusions/Discussion

LRRK1/2 double knockout (LRRK DKO) mice exhibit earlier mortality
at ~16 months of age with marked reduction of body weight but
largely normal brain weight. Interestingly, LRRK DKO mice, but not
LRRK1 or LRRK2 single KO mice, develop age-dependent DA neuro-
degeneration, as shown by age-dependent reduction of DA neurons
in the SNpc at 14-15 months but not at younger ages. The cerebral
cortex and cerebellum, however, are unaffected, though noradrener-
gic neurons in the locus coeruleus and medium spiny neurons of the
striatum are also reduced in LRRK DKO mice at 15 months. The se-
lective, age-dependent neurodegeneration is accompanied with in-
creases in apoptotic cell death, increased levels of a-synuclein, and
impaired autophagy-lysosomal pathway. Quantitative electron mi-
croscopy (EM) analysis further revealed dramatic increases of autoph-
agic vacuoles in the SNpc of LRRK DKO mice at 10 months, before
the onset of DA neuron loss and increases of apoptosis. These results
demonstrate that LRRK is required for age-dependent survival of DA
neurons, and plays an essential role in the regulation of the
autophagy-lysosomal pathway in the aging brain.
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The major genetic cause of frontotemporal dementia (FTD) and
amyotrophic lateral sclerosis (ALS) is a C9orf72 G4C2 repeat expan-
sion. Proposed mechanisms by which the expansion causes c9FTD/
ALS include toxicity from repeat-containing RNA and from dipeptide
repeat (DPR) proteins translated from these transcripts. To investigate
the contribution of poly(GR) DPRs to c9FTD/ALS pathogenesis in a
mammalian in vivo model, we generated mice that expressed GFP-
(GR)100 in the brain. GFP-(GR)100 mice developed age-dependent
neurodegeneration, brain atrophy, as well as motor and memory def-
icits through the accumulation of diffuse, cytoplasmic poly(GR).
Poly(GR) colocalized with ribosomal subunits and the translation initi-
ation factor elF3n in GFP-(GR)100 mice and, of importance, in cOFTD/
ALS patients and in a c9orf72 repeat AAV mouse model. Combined
with the differential expression of ribosome-associated genes in GFP-
(GR)100 mice, these findings demonstrate poly(GR)-mediated riboso-
mal distress. Indeed, poly(GR) inhibited canonical and non-canonical
protein translation in HEK293T cells, and also induced the formation
of stress granules and delayed their disassembly. These data suggest
that poly(GR) contributes to c9FTD/ALS by impairing protein transla-
tion and stress granule dynamics consequently causing chronic cellu-
lar stress and preventing cells from mounting an effective stress
response.
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Background

Increasing evidence suggests that neuroinflammation is an important
contributor to Alzheimer's disease (AD) pathogenesis, as underscored
by the identification of immune-related genetic risk factors for AD,
including coding variants in the gene TREM2 (triggering receptor
expressed on myeloid cells 2) amongst others. Understanding TREM2
function promises to provide important insights into how neuroin-
flammation contributes to AD pathology. Notably, recent studies sug-
gest that development of the various AD pathologies (amyloid and
tau) occurs across several decades.

Hypothesis

The central hypothesis of these studies is that TREM2 and other im-
mune pathways play both pathology-dependent and stage-
dependent roles in Alzheimer's disease that will be critical to under-
stand in order to ultimately target these pathways therapeutically.
Methods

These studies utilize mouse models of AD and models that contain
genetic alterations in innate immune pathway genes as well as ana-
lysis of human AD samples.

Results/Conclusions

Notably, we provide evidence that TREM2 plays different roles at dif-
ferent stages of disese progression in a transgenic mouse model of
AD that develop robust amyloid pathology. Further, TREM2 defi-
ciency seems to play a different role in the modulation of tau path-
ology. Finally, human studies also support that TREM2 may play a
unique role at different stages of disease progression. Taken to-
gether, these results suggest that TREM2 and other innate immune
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pathways implicated in AD, may play distinct functional roles that
are both stage- and pathology-dependent. We will also provide an
update on the Model Organism Development and Evaluation for
Late-onset AD (MODEL-AD) Consortium, which focuses on develop-
ing, characterizing and distributing more accurate animal models of
AD, that includes a strong focus on innate immune pathways.
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Background

Complement has been shown to be involved in microglia-mediated
synaptic pruning during brain development [1] and in the response
to amyloid- (AB) oligomers in early pre-plaque stages of Alzheimer's
disease (AD) [2] as well as aging [3]. We investigated the role of com-
plement C3, a central molecule in the pathway, in A deposition and
synapse loss at later, plaque-rich stages of AD [4].

Methods

APPswe/PS1dE9 Tg mice were crossed with complement C3 knock-
out (C3 KO) mice and aged to 16 months. Male APP/PS1;C3 KO mice,
wildtype (WT), APP/PS1 and C3 KO mice were compared for cogni-
tive flexibility (Water T Maze, WTM) and anxiety (Elevated Plus Maze,
EPM). AB plaque load, gliosis, hippocampal synaptic changes and
neuron number were evaluated. We also generated an inducible C3
KO mouse model (C3fl/fl;UBC-Cre-ERT2) (C3iKO) in which tamoxifen
treatment leads to global knockdown of C3.

Results

C3-deficient APP/PS1 mice had significantly better cognitive flexibility
and were less anxious (EPM) than APP/PST mice, despite having
more AP plaque deposition. While the number of hippocampal glia
did not change, microglia appeared to be less activated in the C3-
deficient APP/PS1 mice and fewer glia moved into the plaque center.
Several pro-inflammatory cytokines were reduced in the APP/PS1;,C3
KO mice. Hippocampal synapses and neuron numbers were rescued
by C3-deficiency in APP/PS1 mice. In agreement, male C3iKO mice
treated with tamoxifen at 9 months resulted in reduced C3 protein
levels in plasma, an increase in synaptic puncta, and significantly
higher LTP in hippocampal slices at 12 months of age. Discussion:
Our new C3iKO model will allow us to determine whether C3 lower-
ing is protective in early stage neurodegenerative diseases and other
health conditions.

Conclusions

Complement C3 and/or downstream complement activation frag-
ments appear to play a key role neuronal health and function in the
aging brain and AD.
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Background

Stopping amyloid-B (AB) deposition by BACE-1 inhibition appears to
be a promising strategy to treat Alzheimer’s disease (AD), but treat-
ment in established dementia stages was unsuccessful. We
hypothesize that BACE-1 inhibitor treatment needs to start in early
stage AP deposition and before the onset of significant neurodegen-
eration. Prevention treatment puts high hurdles on the safety and
tolerability, to be addressed already in the drug design and selection
process.

Methods

CNP520 was designed and profiled in vitro, using animal pharmaco-
logical, pharmacokinetic and metabolism studies and underwent
toxicological profiling with oral studies up to 39 weeks duration Clin-
ical Phase | and Phase lla studies in healthy elderly volunteers estab-
lished its safety, tolerability, and active dose range.

Results

CNP520 is a potent and selective BACE-1 inhibitor in vitro. Due to its
high brain penetration and plasma protein binding, free compound
levels in the periphery are low. Significant AP reduction was ob-
served in animals. Results of toxicology studies have not raised major
safety concerns. No effects on myelin, muscle spindles, retina, pig-
mented organs were observed. Humans Phase | studies showed a
dose- and time-dependent reduction of CSF AB, and a pharmacoki-
netic profile suitable for once-daily dosing. A 3-months study showed
that CNP520 is safe and tolerated in a dosing range that result in
90% reduction of CSF AB.

Discussion

The profile of CNP520 supports its use in prevention studies of AD.
Generation Study 1 and 2 have been initiated, which aim to test
CNP520 at 15 or 50 mg in a population of enhanced risk to develop
AD, patients are being included based on their age, APOE4 genotype
and AP positivity.

Conclusions

Properties of CNP520 make it suited for the use in prevention trials
of AD, the ongoing clinical studies will allow to test the concept of
prevention treatment in AD.

024 UPDATE ON BIOMARKERS FOR ALZHEIMER'S DISEASE
Henrik Zetterberg

University of Gothenburg, Sweden

Molecular Neurodegeneration 2019, 14(Suppl 1):INVITED

Neurodegenerative diseases are (to a varying degree) characterized
by accumulation of misfolded proteins, microglial and astrocytic acti-
vation, as well as synaptic and neuronal degeneration. The presenta-
tion will review the growing list of fluid biomarkers that reflect such
degenerative pathologies across dementia disorders and, whenever
possible, in relation to attempted therapeutic intervention. Successful



Molecular Neurodegeneration 2019, 14(Suppl 1):30

and less successful attempts to transform cerebrospinal fluid bio-
markers to simple blood tests will also be detailed, along with a dis-
cussion on novel promising biomarker candidates

025 INTERACTIVE PATHOLOGICAL PROCESSES AND THEIR TIME COURSE
IN ALZHEIMER'S DISEASE AS REVEALED BY PET IMAGING

Agneta Nordberg

Department of Neurobiology, Care Sciences and Society, Division of
Clinical Geriatrics, Center for Alzheimer Research, Karolinska Institutet,
Stockholm, Sweden

Molecular Neurodegeneration 2019, 14(Suppl 1):INVITED

Background

Several neurodegenerative diseases are characterized by protei-
nopathies. Alzheimer's disease (AD) is the most common de-
mentia disease and despite intensive research there is still no
cure. The disease processes are most probably initiated decades
before clinical symptoms occur which underlines the import-
ance of understanding the time courses of various pathophysio-
logical processes in the brain, to develop early diagnostic
markers and allowing secondary prevention and disease modi-
fying therapy.

Positron emission tomography (PET) provides important knowledge
of in vivo pathology at different stages of brain diseases in compari-
son to post-mortem pathology observations at final stage of the dis-
ease. PET provides new tools and avenues for understanding of
in vivo pathology and open up new windows for early detection and
diagnosis of AD and other proteinopathies.

Methods

By performing PET studies using different PET tracers in a multi-
tracer paradigm we can measure pathological and functional
changes including amyloid plaques, tau deposition, inflammatory
changes such as astrocytosis and cerebral glucose metabolism in
brain in the same patient. This allow a further understanding of the
time course and relationship between the different brain processes
and their relationship also with cognition, biomarkers in cerebro-
spinal fluid (CSF) as well as structural changes measured by magnet
resonance imaging (MRI).

Results and Discussion

Amyloid starts to accumulate very early already at presymptom-
atic stages of AD and reaches almost a plateau at early symp-
tomatic stages. Emerging evidences underline the importance of
neuroinflammation in AD and its active role in AD pathology
which strongly motivates more deeply understand the involve-
ment and time course of early inflammatory processes and their
possible causal role in AD progression to unravel the relation-
ship and coupling between astrogliosis and different proteino-
pathies in relation to synaptic functions and cognition. The
prominent initially high and declining astrocytosis in AD during
disease progression, contrasting with the increasing amyloid
plague deposition as measured by PET, suggesting that astro-
cyte activation might be participating in the initiation of AD
pathology prior tau deposition and cerebral glucose metabol-
ism. There is presently a rapid development of different PET
tracers for visualizing tau pathology in brain. Tau PET demon-
strates regional deposition of tau that follows the progression
of AD but there is a heterogeneous propagation of tau path-
ology in brain seen in different patients with clinical symptoms.
Although a positive correlation can be observed between Tau
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PET and cognition it seem that the regional glucose metabolism
better reflecting the cognitive decline in AD being a mediator
of taupathology on cognition.

026 PROPAGATION AND MATURATION OF ALZHEIMER'S DISEASE-
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Background

The extracellular deposition of the amyloid B-protein (AB) in AR pla-
ques and the intracellular accumulation of abnormal phosphorylated
T-protein in neurofibrillary tangles represent the pathological hall-
mark lesions of Alzheimer's disease (AD). Vascular aggregates of AB
are hallmark lesions of cerebral amyloid angiopathy (CAA) and asso-
ciated with AD.

Methods

We studied 284 autopsy cases with and without clinical symptoms of
AD. The degree of dementia (clinical dementia rating (CDR) score)
was assessed. The anatomical expansion of AR and T lesions, includ-
ing CAA was analyzed based on anti-Af and anti-abnormal 1 protein
stained sections. In a subset of 74 cases we immunostained for
ABN3pE and ABpS8. The presence of infarct lesions and cardiovascu-
lar risk factors was also assessed.

Results

The anatomical spreading of AP plaque pathology was accom-
panied by a stepwise accumulation of modified and non-
modified forms of AR (B-AB plaque stages). The same sequence
of AB aggregate maturation events was observed in CAA af-
fected vessels (B-CAA stages). In addition to AP and t-related
factors influencing cognitive function, we found an association
of the CDR score with hippocampal microinfarcts. The hippo-
campal microinfarcts were, thereby, associated with capillary
CAA. The balance between parenchymal (B-AB plaque stage)
and vascular AB maturation (B-CAA stage) was influenced by ar-
terial hypertension.

Conclusions

AD is not only related to the anatomical spreading of its hallmark le-
sions and CAA but also with changes in the composition of the A3
aggregates, i.e. AR aggregate maturation. The predominant matur-
ation of AB aggregates in CAA is, thereby, presumably linked with ar-
terial hypertension. Capillary CAA is associated with the development
of hippocampal microinfarcts that may have impact on the cognitive
status of AD patients presumably pointing to a vascular component
of AD.
Support
Alzheimer
program.

Forschung Initiative (AFl) #10810; FWO-Odysseus
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Individuals carrying the APOEe4 allele are at increased risk of devel-
oping Alzheimer's disease (AD) and dementia with Lewy bodies
(DLB), however laboratory tools are lacking to identifty those
APOEe4-carriers that will indeed develop disease. Carriers of the
APOEe4 variant tend to exhibit low plasma apolipoprotein E (apoE)
levels and previous studies have shown that low plasma levels of
apoE were linked to higher risk of AD and all dementia. Furthermore,
we have demonstrated that an increased relative ratio between the
apoE4 and apokE3 isoforms in plasma of healthy APOE €3/€4 carriers
was linked to gray matter volume reductions and glucose hypometa-
bolism in several brain areas normally affected in AD. The CSF levels
of apoE in APOEeg4-carriers we found to be unaltered. Given the
peripheral phenotype of low plasma apoE levels and that the
liver is the main production site of apoE in the periphery we are
focusing on detailing an APOEe4 peripheral phenotype. By use of
data from liver biopsy RNA seq analyses, primary human hepato-
cytes and a large 42k antigen array screening for autoreactivities
in the blood we are aiming to find phenotypical traits that can
help to identify those APOEe4 carriers that will develop disease
and those that will not Early identification of individuals that will
develop sporadic AD/DLB based on their APOEe4 status is crucial
for disease prevention studies.

028 PATHOGENIC AND THERAPEUTIC PATHWAYS IN' A MOUSE MODEL
OF RETINAL ISCHEMIA/REPERFUSION INJURY

Abbot F. Clark, Byung-Jin Kim, Sean Silverman, lok-Hou Pang

North Texas Eye Research Institute, U. North Texas Health Science
Center, Ft. Worth, TX USA
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Background

Retinal ischemia plays important roles in diabetic retinopathy, retinal
vein/artery occlusion, and glaucoma. Glaucoma is a leading neurode-
generative disease affecting more than 70 million individuals world-
wide. Ischemia/reperfusion (I/R) injury to the inner retina causes both
morphological and functional damage to inner retinal neurons, in-
cluding retinal ganglion cells (RGCs).

Methods

Retinal I/R was induced in C57BL/6J mice by unilateral elevation of
intraocular pressure to 120 mmHg for 60 minutes, followed by reper-
fusion. Retinal damage was measured and quantified in vivo by SD-
optical coherence tomography and electroretinography (ERG). Retinal
morphology and protein expression were examined by H&E staining
and immunofluorescence, respectively. Retinal reactive oxygen spe-
cies (ROS) were detected in vivo using a new imaging technique
using the chemiluminescent probe L-012. Systemic administration of
SP600125 or apocynin evaluated the pathogenic roles of JNK activa-
tion and ROS in retinal damage, while C1q deficient mice examined
the role of the complement system.

Results

Oxidative damage, JNK activation, and activation of the complement
system play key roles in the pathogenesis of retinal I/R injury. Thera-
peutic inhibition of each of these pathways partially or totally pro-
tected the inner retina by preventing loss of neurons in the inner
retina, including RGCs. These therapies also functionally protected
the retina as determined by maintenance of ERG b-wave amplitudes
and pattern ERG amplitudes.

Discussion

Inhibition of JNK activation by systemic administration of SP600125
or inhibition of ROS production by systemic administration of
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apocynin totally protected the retina from I/R injury indicating that
these are the major pathogenic pathways causing retinal I/R injury.
Conclusion

The retina is an extension of the CNS that is easily accessible for ana-
lysis. A better understanding of the molecular pathogenesis of retinal
I/R injury has identified promising new therapeutic opportunities to
prevent or inhibit I/R damage to the retina and possibly other CNS
neurons.

029 BLOOD-BRAIN-BARRIER: STRUCTURE, FUNCTION AND PATHOLOGY
Berislav Zlokovic
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Martin Farlow, Steve Salloway, Susan Mills, Anna Santacruz, Chengjie
Xiong, Clifford Jack, Robert Koeppe, Eric McDade, David B. Clifford for
the DIAN-TU APT (http://DIAN.wustl.edu )

Molecular Neurodegeneration 2019, 14(Suppl 1):INVITED

Correspondence: Randall J. Bateman

Background

Autosomal Dominant Alzheimer’s Disease is a rare form of AD caused
by mutations in APP, PSENT, or PSEN2. The discovery of these muta-
tions led to a molecular biology revolution for AD, enabling models
to be developed and drugs targeting the earliest changes in AD. The
Dominantly Inherited Alzheimer Network (DIAN) was established
across leading AD centers to collaborate to better understand the
clinical, cognitive and biomarker changes which occur in AD and to
enable interventional trials. DIAN findings indicate that the AD
process begins at least 15 to 20 years before symptom onset, provid-
ing a window of opportunity for secondary prevention efforts.
Methods

The Dominantly Inherited Alzheimer Network Trials Unit (DIAN-TU)
launched an AD prevention trial in 2012 in a genetically defined
population of dominantly inherited AD mutation carriers who are
destined to get the disease with near 100% penetrance. Recruitment
was completed in 2015 into two parallel drug arms in the DIAN-TU
adaptive prevention trial (DIAN-TU APT) platform.

Baseline demographic, imaging biomarkers including MRI, PIB PET,
AV45 PET, AV1451 PET were analyzed according to protocol. Mea-
sures were compared to prior findings in the DIAN observational
study.

Results

The DIAN-TU APT has excellent completion rates of an extensive bat-
tery of biomarkers. A broad sample of baseline data collected to the
highest standards available enable characterization of patients prior
to and in the early phase of cognitive decline due to autosomal
dominant AD with a multifaceted analysis including cognitive func-
tion as well as brain structure and brain imaging parameters relevant
to AD. This data is available to qualified researchers to probe add-
itional aspects of this condition. Findings of amyloid and tau PET as
well as baseline characteristics will be reviewed.

Conclusions

Clinical prevention trials in the rare population of ADAD are feasible
with extensive collections of biomarkers. Availability of comprehensive
biomarker evaluations during trials enables quantification of the impact
of interventions and establishment of surrogate and other biomarkers
to accelerate development of highly effective interventions for AD.
https://dian.wustl.edu/our-research/clinical-trial/study-sites/
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Background

Efforts to develop drugs for Alzheimer's disease (AD) have shown
promise in animal studies, only to fail in human trials, suggesting a
pressing need to study AD in human model systems.

Methods

Using human neurons derived from induced pluripotent stem cells
carrying the major genetic risk factor apolipoprotein E4 (apoE4) and
gene-edited isogenic lines to study AD pathogenesis and screen for
small-molecule compounds targeting apoE4’s detrimental effects.
Results

We demonstrate that apoE4 neurons have higher levels of tau phos-
phorylation unrelated to their increased AR production and displayed
GABAergic neuron degeneration. ApoE4 increased A3 production in hu-
man, but not in mouse, neurons. Converting apoE4 to apoE3 by gene
editing rescued these phenotypes, indicating the specific effects of
apoE4. Neurons lacking apoE behaved like those expressing apoE3, and
introducing apoE4 expression recapitulated the pathological pheno-
types, suggesting a gain of toxic effects from apoE4. Interaction be-
tween the carboxyl-terminal and the amino-terminal domains, called
domain interaction, is a unique biophysical property of apoE4. Domain
interaction has been suggested to be a molecular basis for apoE4’s det-
rimental effects in AD pathogenesis, and consequently has been pur-
sued as a drug target to identify small molecule structure correctors
capable of converting apoE4 to apoE3 both structurally and function-
ally. Treating apoE4 neurons with a small-molecule structure corrector
ameliorated AD-related detrimental effects, providing a proof of con-
cept that correcting the pathogenic conformation of apoE4 is a viable
therapeutic approach for apoE4-related AD.

Conclusions

Our data indicate that apoE4 induces AD-related pathological pheno-
types, due to a gain of toxic effects, specifically in human neurons, which
can be dramatically ameliorated by treatment with a small-molecule
apokE4 structure corrector. These findings warrant further development of
apokE4 structure correctors and, ultimately, testing in clinical trials.

032 ANTI-ABETA IMMUNOTHERAPY

Roger Nitsch
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Background

The burden of Alzheimer’s disease (AD) at the patient level falls dis-
proportionately on females, as many studies find that age-matched
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females have a higher proportion of AD cases [1-4]. Surprisingly, few
if any studies have focused on the genetic and gene expression
mechanisms that mediate the apparent gender differences in AD
presentation.

Methods

To address this gap, we gathered currently available gene expression
study of 1400+ postmortem human brain samples, and performed
an extensive quality control and covariate correction of the assem-
bled data to ensure that gender status is annotated correctly and
that covariates such as age do not confound our analyses. We then
utilized this cleaned and aggregated data set to construct gender-
specific multiscale networks of AD [5].

Results

We systematically searched for genes and pathways that differentiate
AD progression between females and males, as well as ApoE4 car-
riers and non-carriers. We then generalized the analysis to the net-
work level [5-7], which allows us to detect higher-order trends and
identify target genes that drive major differences in AD progression
between females and males. After integrating large-scale molecular
data and known gene regulatory relationships, we prioritized 24
genes for further characterization. We then validated the differences
in expression levels of selected key drivers using additional postmor-
tem human brain samples to confirm the biological relevance of the
findings.

Discussion

We will next investigate functional roles of validated key targets in
AD pathogenesis using gene manipulation methods in male and fe-
male AD mouse models.

Conclusions

Our studies will lead to a better understanding of AD biology work-
ing towards a comprehensive understanding of the molecular mech-
anisms underlying sex differences in AD pathogenesis. It will also
pave a path towards distinct targeted drug discovery efforts for AD
in females and males.
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Background

To date, 4 genes are known to cause autosomal recessive Parkinson
Disease (PD): PARK2, PINK1, DJ-1 and VPS13C. Notably, a high preva-
lence of rare single heterozygous mutations in autosomal recessive
PD genes and the presence of compound mutations in two different
autosomal recessive PD genes are frequently reported in PD patients.
These observations imply a role for several genetic factors in disease
etiology.

Methods

37 PD patients with a single rare heterozygous mutation in an
autosomal recessive PD gene were subjected to whole exome
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sequencing (WES) to identify additional rare variants explaining the
observed phenotype. Heterozygous variants in autosomal recessive
genes associated with PD, atypical parkinsonian syndromes and re-
lated movement/neurodegenerative brain disorders were prioritized
based on quality, frequency in public databases and impact (splice
site and non-synonymous variants with Combined Annotation
Dependent Depletion (CADD) score >20 [1]).

Results

WES data analysis revealed the presence of oligogenic inheritance
through known pathogenic and rare novel heterozygous mutations
in multiple associated genes. We identified 2 PD patients with com-
pound missense variants in PARK2/PINK1 and 2 PD patients with
compound missense variants in PARK2/VPS13C. Additionally, we
found one carrier of PARK2 p.Q34Rfs*4, VPS13C p.I13726V/p.R2482H
and the pathogenic GBA variant p.L434P, one carrier of PARK2
p.P437L and SLC17A2 p.Y306*, and one carrier of compound frame-
shift mutations in PARK2/POLR3B.

Discussion

Oligogenic inheritance of autosomal recessive PD genes could be ex-
plained by their essential roles in common mitochondrial quality con-
trol and oxidative stress pathways. The identification of pathogenic
mutations in GBA and SLC17A2 highlights the importance of lyso-
somal mechanisms in PD pathogenesis and confirms overlapping
pathomechanisms between PD and lysosomal storage disorders.
Moreover, compound frameshift mutations in PARK2/POLR3B could
imply a common pathway in leukodystrophy and PD pathogenesis.
Conclusions

Our results underpin the potential oligogenic complexity of Mendel-
ian genes in PD etiology.
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Background: Genome-wide molecular assays such as RNA-seq are
enabling detailed characterization of Alzheimer's disease (AD) path-
ology in clinical cohorts. In parallel, advances in human genetics and
rapid genetic engineering technology are facilitating creation of the
next generation of animal models. We compared transcriptomes
from human studies and mouse models to identify the subpatholo-
gies captured by each mouse model.

Methods

RNA-seq was performed on a panel of transgenic and knockout
mouse models of Alzheimer's disease in a range of genetic back-
grounds, created in the Model Organism Development and Evalu-
ation for Late-onset AD (MODEL-AD) consortium. These include
alleles of APOE, TREM2, APP, and other AD-associated genes. Un-
supervised data clustering was performed with weighted gene correl-
ation network analysis (WGCNA) to identify modules of co-expressed
genes.

Results

Gene modules were associated with distinct mouse models. Neu-
roinflammation, neurometabolism, synaptic signaling, and protein
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maintenance were among the enriched functions of these mod-
ules, matching existing gene modules similarly derived in the Ac-
celerating Medicines Partnership for AD (AMP-AD) consortium.
Discussion

Distinct mouse models recapitulate specific endophenotypic patholo-
gies observed in AD populations. This provides evidence that specific
genetic perturbations lead to alterations in key biological pathways
and processes. We highlight how models based on early and late on-
set AD risk genes differentially reflect early- and late-onset AD hu-
man data.

Conclusions: Our results specify which mouse models are appropri-
ate for studying pathway-level alterations in AD patients, guiding re-
search efforts and preclinical testing in optimal models. Furthermore,
the controlled genetic perturbations allow for causal hypotheses of
which pathways are altered by specific genetic variants and, in turn,
suggest how they drive late-onset AD.

S5 PLASTICITY OF THE ENTORHINAL-HIPPOCAMPAL CIRCUIT AS A
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Background

Layer 2 neurons in the entorhinal cortex are among the first cells to
degenerate in Alzheimer's disease, but the basis for their vulnerability
is completely unknown. These cells form the main cortical input to
the hippocampal tri-synaptic loop responsible for lifelong memory
consolidation. This function requires an unusual degree of ongoing
plasticity that may bestow susceptibility unique to this circuit.
Methods

We used a chemogenetic system to perturb circuit homeostasis in
three neural populations affected by neurodegenerative disease (en-
torhinal layer 2, nigral dopaminergic neurons, and cerebellar Purkinje
cells). In each population, a subset of neurons was electrically inacti-
vated by systemic administration of a synthetic ligand gating a
transgenically-expressed ion channel. At varying times after neural si-
lencing, animals were harvested to evaluate structural changes
evoked by acute imbalance of circuit function.

Results

Using this model, we unexpectedly found that entorhinal neurons
appear to be highly sensitive to inactivity. Unlike neural populations
affected in other neurodegenerative diseases, entorhinal neurons
underwent cell death following even acute bouts of experimentally-
induced electrical arrest. In the days and weeks immediately follow-
ing chemogenetic silencing, entorhinal axons retracted from the den-
tate gyrus, activated caspase appeared in the soma, neighboring
microglia became reactive, and 30-50% of the silenced neurons ul-
timately disappeared.

Discussion

This patterned degeneration in the adult cortex is reminiscent of
activity-dependent process used by the developing brain to sculpt
emerging circuits. While it was long believed that the critical period
for wholesale structural remodeling closed during early postnatal life,
we propose that the entorhinal cortex is among a handful of areas
which maintain the potential for substantial modification throughout
adulthood.

Conclusions

Based on our findings, we hypothesize the ongoing plasticity re-
quired to support learning and memory throughout life also renders
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neurons in the entorhinal-hippocampal circuit vulnerable to activity
dependent competition for survival in the adult.
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Background

No disease-modifying drug currently exists for neurodegenerative
disorders such as Alzheimer's (AD) and Parkinson’s diseases (PD).
While iron has been implicated in neurodegeneration for many years,
the extent to which iron elevation contributes to pathogenesis, and
the origin of its elevation, had remained unknown.

Methods

A range of cell culture and animal experiments were conducted
under appropriate regulations. The use of human brain tissues and
data were approved by various ethics committee.

Results

We demonstrated that the AD-implicated amyloid precursor protein
(APP) binds to the iron exporting protein, ferroportin, tethering it to
the membrane for efficient iron efflux [1]. We also showed that the
ADimplicated tau protein maintains neuronal iron homeostasis by fa-
cilitating APP trafficking to the cell surface [2,3], and the ferroxidase
ceruloplasmin, recruited from astrocytes, is involved in neuronal iron
release[4]. We also quantified the contribution of iron on progression
of AD, and revealed that the iron burden of the brain has a similar
magnitude impact on longitudinal (7 years) outcomes of AD (cogni-
tion, brain atrophy) compared to more established factors in the dis-
ease (e.g. CSF tau and A)[5, 6]. By using ischemia-related cognitive
impairment model, we found that unilateral, transient middle cere-
bral artery occlusion (MCAO) suppressed hemispheric tau and in-
creased iron levels in young (3 month old) mice and rats, and such
cognitive impairment were protected by iron-targeted interventions:
ceruloplasmin (Cp), amyloid precursor protein ectodomain (APPec),
as well as ferroptosis inhibitors[7].

Conclusions

Pre-clinical and clinical studies demonstrate the potential of iron to
contribute to disease progression and iron presents as an unexplored
prognostic, and tractable therapeutic target of neurological disorders.
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Background

Alzheimer's disease (AD) is the most prevalent neurodegenerative
disorder and its pathogenesis is not fully understood. Emerging evi-
dence indicates that protein prenylation, a posttranslational lipid
modification process catalyzed by farnesyl and geranylgeranyl trans-
ferases, may play an important role in AD [1-3]. Many proteins, in-
cluding the Ras superfamily of small GTPases, undergo prenylation
[4]. These small GTPases serve as molecular switches in signal trans-
duction pathways, regulating diverse cellular processes and functions
[5]. Modulation of protein prenylation influences multiple aspects of
neuropathology of AD [1-3]. Recently, we have demonstrated that
downregulation of protein prenylation reduces neuropathology in a
transgenic mouse model of AD, although only farnesyltransferase
haplodeficiency rescues cognitive function [6]. The present study
aims to determine the dynamic changes of prenylated proteins and
related signaling molecules in human brains and to evaluate whether
these changes are associated with cognition and AD-
neuropathology.

Methods

Postmortem frozen tissue from the dorsolateral prefrontal cortex was
obtained from participants in the Religious Orders Study, which in-
cluded human subjects with a spectrum of cognition from normal,
mild cognitive impairment (MCI), to AD dementia. The brain tissue
samples were subjected to subcellular fractionation and immunoblot-
ting analysis.

Results

We found that the level of membrane-associated H-Ras, an exclu-
sively farnesylated protein, was significantly increased in the brains
from individuals with MCl and AD compared with individuals with
normal cognition. Further, the level of farnesylated H-Ras correlated
with tangle pathology and the activation of ERK, a major down-
stream effector of H-Ras. Consistent with the elevation of membrane-
associated H-Ras, the level of farnesyltransferase was increased in AD
brains.

Conclusions

These findings suggest that upregulation of protein farnesylation
is an early event with primary importance in the pathogenic cas-
cade of AD and activation of downstream signaling pathways
contributes to the development of cognitive impairment and
neuropathology in AD.
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Background

Our study explores the amyloid precursor protein (APP) as a whole
cellular component that might influence neuronal function and im-
pact the course of AD [1]. We previously reported that the in vitro ac-
cumulation of APP C-terminal fragment (CTF) caused by
overexpression of membrane-tethered APP intracellular domain
(mAICD) favors axodendritic outgrowth as a result of direct coupling
with GaS and subsequent activation of adenylate cyclase and CREB
signaling [2, 3]. PKA-dependent and associated CREB signaling
strongly correlate with synaptic enhancement and memory consoli-
dation. As a proof of concept, we tested if recombinant adeno-
associated virus (rAAV)-mediated expression of mAICD could alleviate
memory deficits in an AD mouse model.

Methods

We generated mAICD construct and mAICD variant lacking the GaS
interaction site. We used neonatal rAAV brain delivery to achieve
high and prolonged in vivo brain expression of mAICD in the 5XFAD
transgenic mouse model of amyloidosis. We subjected 5XFAD mice
to memory behavior tasks at 6-months and analyzed the Af burden.
Results

Our results show that mAICD expression affects spatial working
memory as depicted by an improvement in novel object recog-
nition and spontaneous alternation in 5XFAD mice. The expres-
sion of mAICD construct lacking the GaS-protein interaction site
did not have this outcome. Immunohistochemical analysis re-
vealed that mAICD expression produced a significant decrease
of AB deposition in the hippocampus. Our findings also indicate
that G-protein signaling mediated by mAICD facilitates axoden-
dritic outgrowth and the accumulation of APP at the cell
surface.

Discussion

We have identified the significance of APP-CTF and its associated sig-
naling partners in contributing to cognitive function and amyloido-
genic cascade. Our results demonstrate that mAICD-mediated
signaling events could alter APP processing, reduce AP burden, and
enhance memory process in AD mouse models.

Conclusions

mAICD expression favors non-amyloidogenic processing of APP and
rescues cognitive deficit in AD mice.
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Background

Amyotrophic lateral Sclerosis (ALS) is a devastating motor neuron dis-
ease involving the progressive loss of neurons in the brain and spinal
cord. Mutations of the gene Fused in Sarcoma (FUS), which codes for
the protein FUS, have been linked with ALS pathogenesis. FUS is a
DNA/RNA-binding protein that plays critical roles in RNA metabolism
including RNA trafficking and alternative splicing.

Methods

To identify dominant modifiers of FUS-associated neurodegeneration,
we performed an unbiased genetic screen in our fly model of ALS
followed by in-depth validation in mammalian neuronal models and
FUS patient-derived iPSC motor neurons.

Results

Unexpectedly, we identified muscleblind (mbl), the Drosophila
homolog of human muscleblind-like (MBNL), as a novel suppres-
sor of FUS-mediated neurodegeneration in vivo. RNAi-mediated
knockdown of endogenous Drosophila mbl rescues neurodegen-
erative phenotypes such as retinal degeneration, reduced life
span and neuromuscular junction defects caused by pathogenic
mutations in FUS. Ectopic expression of muscleblind strongly en-
hanced FUS toxicity in vivo. We observed that FUS and muscle-
blind physically interact in mammalian cells. Muscleblind is a
strong suppressor of dendritic morphological defects and toxicity
in mammalian neurons. Interestingly, muscleblind is a component
of cytoplasmic stress granules in mammalian neuronal cells. We
observed that muscleblind protects against FUS toxicity by pro-
moting degradation of stalled cytoplasmic stress granules in
mammalian neurons and

ALS patient motor neurons. To understand the molecular mecha-
nisms of mbl mediated suppression, we performed RNA sequen-
cing using Drosophila brains expressing WT or mutant FUS with
or without mbl. We identified several predominantly nuclear
genes whose expression is altered by FUS expression, and subse-
quently returned to almost normal following knockdown of en-
dogenous mbl.

Conclusions

Our data suggests an unexpected function of mbl in FUS-mediated
neurodegeneration and demonstrates that muscleblind is a regulator
of toxicity associated with FUS in Drosophila, primary mammalian
neurons and patient motor neurons.
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Background

Many proteins and peptides with different primary sequences
share the ability to self-assemble to form amyloid fibrils. A large
number of these have been implicated in protein misfolding
diseases but many perform functional roles in living organisms
[1]. ABand tau are key proteins that have the ability to selfas-
semble and are deposited in brains of patients with Alzheimer's
disease.

Methods

Using a unique combination of molecular biophysics, structural biol-
ogy and cell biology, we have explored the relationship between se-
quence, amyloidogenicity and toxicity.

Results

A variant of the Alzheimer's AR peptide has been designed in
order to examine the specific structural variations that lead to AP
toxicity [2]. Key differences have been identified in the aggrega-
tion propensity, which are closely linked to cellular uptake and
functional effects including memory loss in a model organism.
Oxidative stress results in the formation of dityrosine cross-linked
AB and tau related to the neurodegeneration observed in Alzhei-
mer’s disease, highlighting a key role for tyrosine in amyloido-
genic proteins [3]. A truncated form of tau is able to self-
assemble to form bona-fide paired helical filament, providing an
ideal model system for toxicity studies [4].

Discussion

Here we will describe how these striking observations have led to in-
sights into the mechanism of AP and tau toxicity.

Conclusions

These studies are providing a platform to better understand deleteri-
ous effects of oligomeric proteins in disease and how amyloid fibrils
are controlled for functional, non-toxic roles.
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Background

Innate immune memory is a vital mechanism of myeloid cell plasti-
city that occurs in response to environmental stimuli and alters sub-
sequent immune responses. Two types of immunological imprinting
can be distinguished, training and tolerance, which are mediated by
epigenetic mechanisms and enhance or suppress subsequent inflam-
mation, respectively. Whether immune memory occurs in tissue-
resident macrophages in vivo and how it may affect pathology re-
mains largely unknown.

Methods

Peripheral immune stimulation with lipopolysaccharides was applied
to mouse models of cerebral 3-amyloidosis and stroke. Brain tissue
was subsequently analyzed histologically and biochemically. Micro-
glia were isolated from immune stimulated mice and analyzed by
RNA-sequencing and ChlIP-sequencing to assess their transcriptome
and enhancer repertoire.

Results

We demonstrate that peripherally applied inflammatory stimuli in-
duce acute immune training and tolerance in the brain. Strikingly, in
a mouse model of Alzheimer’s pathology, immune training exacer-
bates while tolerance alleviates cerebral 3-amyloidosis; similarly, per-
ipheral immune stimulation modifies pathological features after
stroke. Training and tolerance lead to differential epigenetic repro-
gramming of brain-resident macrophages, microglia, that persists for
at least six months and impacts microglial gene expression and
function.

Discussion

Our results provide first evidence for innate immune memory in
tissue-resident macrophages. Long-lasting functional changes of
microglia based on epigenetic alterations in response to peripheral
immune stimuli impact pathological features of cerebral f-
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amyloidosis and stroke, indicating epigenetic microglial reprogram-
ming as an important modifier of brain pathology.

Conclusions

Peripheral inflammatory stimuli induce innate immune memory
effects in the brain and lead to long-lasting epigenetic repro-
gramming of microglia, thereby modulating later occurring
neuropathology.
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Background

A large hexanucleotide GGGGCC (G4C2) repeat expansion in the first
intronic region of the C9ORF72 gene is the most common genetic
cause of ALS and FTD. The G4C2 repeat expansion reduces the nor-
mal expression of the C9ORF72 gene, causing the production of mu-
tant repeat-containing transcripts that form pathogenic nuclear RNA
foci and dipeptide repeat (DPR) proteins.

Methods

Using a luciferase reporter assay and patient-derived induced
pluripotent stem cell (iPSC) neurons, antisense oligonucleotide
(ASO) sequences that preferentially reduced repeatcontaining
transcripts compared to the total transcripts were identified. In
vitro activity of the lead candidate, WVE-3972-01, was then con-
firmed under transfection conditions in patient-derived fibroblasts
and under gymnotic conditions in neuronal cultures. In vivo effi-
cacy and distribution studies were performed in transgenic mice
carrying a human bacterial artificial chromosome (BAC) construct
containing the human C90RF72 gene with a repeat expansion,
referred to as C9BAC mice.

Results

Optimization of ASO chemistry and the chirality of the phos-
phorothioate backbone resulted in potent stereopure ASOs, with
sub-nanomolar activity in the reporter assay, and nanomolar ac-
tivity in C9-ALS patient-derived fibroblasts and neurons, as well
as in primary neurons from C9BAC mice. Stereopure ASOs, in-
cluding the lead candidate WVE-3972-01, demonstrated im-
proved in vitro metabolic stability compared to stereorandom
ASOs in mouse brain homogenates. Intracerebroventricular in-
jection of WVE-3972-01 into C9BAC mice resulted in substantial
and sustained reduction of repeat-containing C9orf72 tran-
scripts, RNA foci, and DPR proteins, without altering total
C90rf72 protein levels.

Discussion

WVE-3972-01 specifically targets transcripts that contain the G4C2 re-
peat expansion in the first intronic region of the C9ORF72 gene,
thereby preventing production of toxic RNA foci and DPR proteins
with minimal alteration of total C9orf72 protein levels.

Conclusions

Results suggest that preferential targeting of repeat-containing tran-
scripts using stereopure ASOs may be a viable therapeutic approach
for the treatment of ALS and FTD.
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Background

The cytokine family type | interferon (IFN) is a major innate immune
mediator extensively studied in the peripheral immune responses
but largely under-investigated in AD. Previously, we established that
innate immune cells readily produce IFN in response to amyloid fi-
brils containing nucleic acids as cofactor (1, 2). Here, we investigated
whether IFN pathway is associated with amyloidosis in AD brain and
contributes to neuroinflammation.

Methods

We systemically characterized neuroinflammation in multiple murine
AD models by gene expression analysis and explored an archived hu-
man AD brain database. Hippocampal slice culture was stimulated
with different forms of amyloid fibrils and analyzed for inflammatory
responses. In addition, stereotaxic injections were performed to
evaluate the IFN-mediated neuroinflammation and effects of an IFN
receptor neutralizing antibody in vivo.

Results

We established a comprehensive core AD neuroinflammation
profile that includes several key proinflammatory cytokine fam-
ilies, among which IFN pathway is consistently activated. Nucleic
acid containing amyloid fibrils, but not heparin-containing fi-
brils, potently stimulated comprehensive neuroinflammation in
hippocampal slice culture. Furthermore, IFNB induced an im-
mune response in the brain of wild type mice analogous to the
core neuroinflammatory profile associated with AR pathology;
whereas IFN receptor blockade significantly blunted the on-
going reactive gliosis and complement C3 expression in APP
knock-in mice. Moreover, genes stimulated by IFN are grossly
upregulated in human AD brains, where coregulation of IFN
pathway and C3 is evident.

Conclusions and Discussion

We have demonstrated that type | interferon constitutes a major
pathway within the neuroinflammatory network of AD. Given its ob-
served detrimental effects on CNS functions (3-6), IFN may represent
a molecular target to restrain the pathogenic inflammatory response
associated with AD.
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Background

The €4 allele of the apolipoprotein E (APOE) gene is the strongest
genetic risk factor for lateonset Alzheimer's disease (AD) [1]. ApoE4
promotes A3 aggregation and deposition and is associated with im-
paired brain lipid homeostasis, glucose metabolism, vascular func-
tions and increased neuroinflammation [2,3]. Thus, understanding
the pathobiology of apoE4 represents a great opportunity to both
uncover mechanisms underlying AD risk and also explore new strat-
egies for AD therapy. ApoE is abundantly expressed in the brain and
in periphery. In fact, apoE concentration in plasma is about 10 times
higher than that in the cerebral spinal fluid [4]. As peripheral apoE,
produced mainly by the liver, is separated from brain apoE by the
blood-brain barrier (BBB) [5, 6], it is not clear whether and how per-
ipheral apoE affects the function of the central nervous system (CNS)
and AD pathogenesis.

Methods

We have developed novel mouse models expressing human apoE3
or apoE4 in an inducible, cell type-specific manner. After breeding to
albumin-Cre (Alb-Cre) mice which drive apoE expression specifically
in the liver, we have generated human apoE3 and apoE4 liver-
specific mouse models in the background of murine Apoe-KO in the
presence or absence of amyloid pathology.

Results

We found that expression of apoE3 in the periphery in the absence
of brain apoE enhanced synaptic activity and cognition, whereas ex-
pression of apoE4 did the opposite. In addition, we found that per-
ipherally  expressed apoE isoforms differentially impacted
neuroinflammation and amyloid pathology. Gene expression profiling
also identified molecular pathways contributing to potential
mechanisms.

Discussion

Our results for the first time provide clear evidence that apoE4 in the
periphery also impacts brain functions and AD pathologies, raising
the possibility that enhanced AD risk associated with APOE4 likely in-
volves contribution from apoE4 protein in both brain and periphery.
Conclusions

Our findings demonstrate that peripheral apoE isoforms have differ-
ential effects on CNS functions and AD-related pathways.
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Background

The post-synaptic protein neurogranin (Ng) is expressed in specific
brain regions, including hippocampus and amygdala. Recent studies
have shown that the concentration of Ng is increased in cerebro-
spinal fluid (CSF) from Alzheimer’s disease (AD) patients, but no study
has evaluated CSF Ng in neuropathologyconfirmed cases. Further,
the relation to amount of plaque and tangle load has not been
investigated.

Methods

An enzyme-linked immunosorbent assay for quantification of CSF Ng
was developed and the performance of Ng as a marker was investi-
gated in 915 patients with different neurodegenerative diseases. Of
these 915 patients, 115 had a neuropathologically confirmed defini-
tive diagnosis. The relation of CSF Ng to neuropathology was evalu-
ated across several different diseases.

Results

The CSF Ng concentration was significantly increased in AD com-
pared to e.g. Parkinson’s disease, frontotemporal dementia and
amyotrophic lateral sclerosis. Neuropathology data showed that a
greater plaque and tangle load was positively associated with higher
CSF Ng concentrations. In contrast, in the hippocampus and amyg-
dala, the concentration of CSF Ng was not associated with a-
synuclein or TAR DNA-binding protein 43 pathology load.

Discussion

CSF Ng concentrations were significantly higher in AD than in several
other neurodegenerative disorders, also in neuropathologically con-
firmed cases. Further, higher CSF Ng concentrations correlated with
higher amounts of plaques in the hippocampus and amygdala, which
may reflect synaptotoxic effects of aggregated AP.

Conclusions

The data presented shows that CSF Ng is increased specifically in AD
and that high CSF Ng concentration likely reflects synaptic dysfunc-
tion associated with plaque pathology.
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Background

Traditionally PET radioligands for brain imaging are based on small drug-
like molecules. Antibodies are large molecules with low and slow brain
distribution and have therefore not been used for brain PET. However,
antibodies can be designed for more efficient passage across the blood-
brain barrier (BBB) into the brain. Thus, the aim of the present study was
to develop antibody-based radioligands, of different formats and sizes,
for PET imaging of soluble amyloid-beta (AB) protofibrils, which are sug-
gested to cause neurodegeneration in Alzheimer’s disease (AD) [1].
Methods

Protofibril selective antibody mAb158 [2] was fused with either transfer-
rin receptor (TfR) antibody 8D3 [3] or fragments of 8D3 resulting in
three different bispecific antibodies. Binding to TfR via the 8D3 binding
domain enabled receptor mediated transcytosis across the BBB while
the mAb158-moiety bound to AP in the brain parenchyma. The bispeci-
fic antibodies were then labeled with iodine-124 (124l) and used for
PET imaging in tg-ArcSwe and wild-type mice of different ages.

Results

All three bispecific antibodies bound both AR protofibrils and TfR, and
displayed up to 80-fold better BBB transport compared to unmodified
mAb158. There was a clear difference between PET images obtained in
tg-ArcSwe and wild-type mice at three days post injection. The PET signal
correlated closely with levels of AP protofibrils measured in brain hom-
ogenate [4]. Compared with [11C]PIB, antibody based PET imaging de-
tected AP pathology at an earlier stage and with a larger dynamic range.
Discussion and Conclusions

Protofibrils were visualized in vivo with PET. To our knowledge this is the
first time antibody-based ligands have been successfully used for imaging
of a target inside the brain. In a longer perspective, the use of bispecific
antibodies as PET ligands may enable imaging of proteins involved in dis-
eases of the brain for which imaging agents are lacking today.
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Background

Fluorescence correlation spectroscopy (FCS) is a time-resolved spec-
troscopic technique that can measure the concentration and size of
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fluorescently labeled single particles. Thioflavin T (ThT) can be used
to fluorescently label amyloid structures. The FCS method benefits
from the fact that many ThT molecules bind to a single amyloid ag-
gregate. By using FCS we were able to detect with single-molecule
sensitivity very low levels of small structured amyloidogenic nano-
plague particles and to monitor their propagation in time using
time-resolved studies of the Amyloid 3 (AP) peptide in vitro. We
could identify AP aggregates of different

sizes with molecular weight from 260 kDa to more than 1 x 106 kDa
and revealed the hitherto unobserved kinetic turnover of intermedi-
ates during the aggregation process [1].

Methods

Time-resolved detection of ThT fluorescence intensity fluctuations in
a sub-femtoliter sized observation volume element, allowed us to
monitor ThT active nano-plaques with single-particle sensitivity. Total
Internal Reflection Fluorescence (TIRF) microscopy measures fluores-
cence in a very thin layer (100 nm above the cover glass) of the
sample.

Results

The results show that unlike bulk fluorescence ThT spectroscopy,
time-resolved ThT fluorescence intensity fluctuation analysis allows
direct detection, quantification and size determination of small struc-
tured amyloidogenic nano-plaques in solution. In addition, TIRF mi-
croscopy could be used to visualize the nanoplaque aggregates. TIRF
was also used to follow the elongation of amyloid fibrils during AR
amyloid formation in vitro.

Discussion

FCS and TIRF microscopy allow observation of very low concentra-
tions of ThT-labeled amyloid particles in different solvents. The single
particle observations give rise to very strong background
suppression.

Conclusions

We can measure very low levels of the ThT active nano-plaques that
are related to the actual amyloid states present in fibrils found in
brain tissue.
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Background

Fe65 is a brain enriched adaptor protein involved in various cellular
processes [1]. Fe65 interacts with the amyloid-B precursor protein
(APP) [2], and has been proposed to be involved in APP/AICD (APP
intracellular domain)-dependent transcriptional activity [3]. The
mechanisms behind Fe65 and APP/AICD nuclear localization are not
completely understood. We have previously shown that Fe65 nuclear
localization is dependent on a-secretase processing [4]. Here we fur-
ther investigated the role of a-secretase processing in Fe65 nuclear
localization during neuronal differentiation.

Methods

SH-SY5Y cells differentiated for 6 days with RA or PMA, and treated
with o- or y- secretase inhibitors (GI254023X, Batimastat or DAPT)
were subject for subcellular fractionation and western blot analysis.
Results

The inhibition of a-secretases by Batimastat (a broad-spectrum me-
talloproteinase inhibitor), or y-secretase with DAPT, decreased Fe65
nuclear levels to the same extent in both undifferentiated and
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differentiated SH-SY5Y cells. However, specific inhibition of ADAM10
with GI254023X was shown to have a more prominent effect on
blocking Fe65 nuclear localization in undifferentiated SH-SY5Y cells.
Discussion

a-secretase processing seems to play a key role in promoting Fe65
nuclear localization. However, Fe65 nuclear localization appears to be
regulated by different a-secretases. Hence, ADAM10 had a more
prominent role in undifferentiated SH-SY5Y cells, whereas other o-
secretases, in addition to ADAM10, were involved in Fe65 nuclear
localization in differentiated SH-SY5Y cells. Moreover, transcriptionally
active AICD has been suggested to be generated through the B-
secretase pathway [5, 6]. Since a-secretases have several other sub-
strates than APP, our results indicate that Fe65 nuclear function is
not exclusively dependent on its interaction with APP/AICD.
Conclusions

a-secretase processing seems to have a prominent role in regulating
Fe65 nuclear localization, and different a-secretases are involved in
regulating Fe65 nuclear entry in non-differentiated and differentiated
cells. Moreover, Fe65 nuclear function is not exclusively dependent
on APP.
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Background

Two main amyloid-B peptides of different length (AB40 and APB42)
are involved in Alzheimer's disease. Their relative abundance is de-
cisive for the severity of the disease and mixed oligomers may con-
tribute to the toxic species. However, little is know about the extent
of mixing in oligomers. Other proteins have also been suspected to
coaggregate with AB.

Methods

We used Fourier transform infrared spectroscopy in combination with
13C-labeling and spectrum calculation to study whether AB40 and
AP42 co-aggregate. Mixtures of monomeric labeled AB40 and un-
labeled AB42 (and vice versa) were co-incubated for ~20 min and
their infrared spectra recorded.

Results

The spectra of the 1:1 mixtures were different from the average spec-
tra of the labeled and unlabeled peptides, indicating that the vibra-
tional coupling between amide oscillators was affected by mixing.
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The position of the main 13Camide I' band shifted to higher wave-
numbers with increasing admixture of 12C-peptide due to the pres-
ence of 12C-amides in the vicinity of 13C-amides. The effect could
be reproduced in spectrum calculations [1].

Discussion

The experimental results indicate a largely random distribution of
AB40 and AB42 in the B-sheets of the mixed aggregates. Spectrum
calculations are consistent with structural models in which each pep-
tide contributes at least two adjacent B-strands (hairpin) to the (-
sheets of the oligomers.

Conclusions

This work highlights the relevance of heterogeneous aggregates for
Alzheimer's and other neurodegenerative diseases.
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Background

The aggregation of peptides and proteins is a biological
phenomenon which can cause the appearance of many neuropatho-
logical diseases as Alzheimer’s disease. Here, the protein of interest is
the amyloid beta (AP) peptide, the aggregates of which are toxic, be-
cause they cause synaptic cell dysfunctions and/or death. The amyl-
oid fibrils consist of parallel B-sheets, whereas the B-sheet structure
of the amyloid oligomers is antiparallel. In our experimental studies
[1] with infrared spectroscopy on mixtures of AB40 and AB42, one of
the peptides was 13C-labelled. They showed that the absorption of
the C=0 bond in the backbone (amide | band) shifts to lower wave-
numbers when the percentage of labeled peptide increases. Our aim
is to simulate spectra, to reproduce experimental behavior and to
elucidate the structure of individual peptides within AR oligomers.
Methods

A Matlab program [2] was used in order to simulate the amide | in-
frared spectra of antiparallel 3-sheets and B-barrels, which consist of
mixtures of labeled and unlabeled peptides. Normal coordinate ana-
lysis is used to predict infrared absorbance spectra of peptides. The
force constant matrix, calculated according to the transition dipole
coupling theory and coupling constants from density functional the-
ory, describes the interactions between the peptide groups. Statis-
tical distribution of labeled and unlabeled strands is examined using
3000 structures, each one with a different isotopic composition, for
each experimental 12C/13C ratio.

Results

The results confirm the downshift of the absorbance band at increas-
ing labeling ratios.

Discussion

This shift towards lower wavenumbers is smaller when individual
peptides contribute a hairpin or a 3-stranded block instead of a sin-
gle strand to the structure.

Conclusions

Ongoing calculations and comparison with the experiments will re-
veal which one of the three structural units is the building block of
the oligomers
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Background

Alzheimer’s disease (AD) is a neurodegenerative disease character-
ized by abnormal deposition of the amyloid- (Ap) peptide. AB is
produced after amyloidogenic (B-secretase) processing of the trans-
membrane amyloid precursor protein (APP) [1]. However, APP can
also be processed by a-secretases, instead resulting in release of neu-
roprotective sAPPa. Growing evidence indicate that aberrant post-
translational modifications of APP may play a pivotal role in AD
pathogenesis by dysregulating APP processing (reviewed in [2]). APP
Ser675 phosphorylation occurs in AD brains [3] and in this study we
therefore investigated the effect of this modification on APP
processing.

Methods

SK-N-AS cells expressing APPwt, APP-S675A or APP-S675E were
treated with the y-secretase inhibitor DAPT, together with an a-
secretase inhibitor (GI254023X or Batimastat), and the release of
sAPPa and APP CTFs levels analyzed by western blotting. In addition,
the APP-FE65 interaction and the cell surface localization of APP was
analyzed by a TAP-tag pull down and a biotinylation assay,
respectively.

Results

We show that mimicking APP Ser675 phosphorylation (APP-S675E)
decreases the release of sAPPa, while the level of an alternative APP-
C83-CTF fragment was increased. Moreover, we found that while
APP-Ser675E increased the APPFe65 interaction, the level of APP-
Ser675E at the plasma membrane were unaltered.

Discussion

Taken together these results suggest that APP Ser675 phosphoryl-
ation alters the a-secretase processing of APP at the plasma
membrane.

Conclusions

As a-secretase processing of APP is an essential step in decreasing
the generation of AR, our results suggest that Ser675 phosphoryl-
ation could contribute to AD pathology.

References

1. Vassar R, Kovacs DM, Yan R, Wong PC: The beta-secretase enzyme BACE
in health and Alzheimer's disease: regulation, cell biology, function, and
therapeutic potential. J Neurosci 2009, 29(41):12787-12794.

2. Wang X, Zhou X, Li G, Zhang Y, Wu Y, Song W: Modifications and
Trafficking of APP in the Pathogenesis of Alzheimer's Disease. Front Mol
Neurosci 2017, 10:294.

3. Lee MS, Kao SC, Lemere CA, Xia W, Tseng HC, Zhou Y, Neve R, Ahlijanian
MK, Tsai LH: APP processing is regulated by cytoplasmic phosphorylation.
J Cell Biol 2003, 163(1):83-95.

P1-A07 VASCULAR LOCALIZATION OF THE C-TERMINALLY TRUNCATED
AMYLOID -PEPTIDE SPECIES AB34

Tunahan Kirabali', Filip Liebsch? Roger M. Nitsch', Gerhard Multhaup?,
Luka Kulic'

"Institute for Regenerative Medicine, University of Zurich, Zurich,
Switzerland; 2Departmem of Pharmacology & Therapeutics, McGill
University, Montreal, Canada

Molecular Neurodegeneration 2019, 14(Suppl 1):POSTER

Correspondence: Tunahan Kirabali

Background

The C-terminally truncated amyloid B-peptide (AP) isoform, AB34,
has been identified as an important intermediate product of enzym-
atic AR degradation[1]. It can be detected in cerebrospinal fluid,
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plasma and cell culture supernatants and has therefore the potential
to be used as a promising novel biomarker of amyloid clearance in
Alzheimer’s Disease (AD)[2, 3] . In this study, we aimed to identify the
distribution of AB34 in human brain and its possible role in AR clear-
ance pathways.

Methods

Human post-mortem cortex and hippocampus samples categorized ac-
cording to Braak stages, CERAD scores, ApoE genotype and disease status
(AD or non-AD) were analyzed by immunohistochemistry using a highly
specific novel monoclonal antibody directed against AB34. Human pri-
mary pericyte cultures were used to study AB34 metabolism in vitro. In
addition, microvessels isolated from human cortex were assessed for the
presence of AB34 along perivascular drainage pathways.

Results

AB34 immunoreactivity was observed exclusively in small capillaries
and post-capillary venules during early Braak stages, in which it co-
localized with the pericyte marker PDGFR-B. In late Braak stages,
however, a significant loss of AB34 immunoreactivity and redistribu-
tion to larger congophilic amyloid angiopathy(CAA)-laden vessels
was observed. Non-demented controls showed significantly higher
AB34 immunoreactivity compared to AD patients. AB34 immunoreac-
tivity was also detected in isolated human microvessels and in cul-
tured human primary pericytes.

Conclusion

Early detection of AB34 in the vasculature and its association with
pericytes point to the existence of a yet unknown novel Ap degrad-
ation pathway along vascular clearance routes. A failure of this deg-
radation pathway might contribute to increased AP accumulation
and amyloid deposition in early AD pathogenesis.
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Background

The amyloid B-peptide plays an important role in Alzheimer Disease
(AD) and is derived from the amyloid precursor protein (APP) by se-
quential processing by - and y-secretase. Recently, a novel synapto-
toxic APP fragment, Aa-n was identified that is derived from an
alternative C-terminal fragment APPCTF-n [1]. However, the levels of
the different CTFs in human brain has, to our knowledge, not been
thoroughly investigated.

Methods

We used brain material from AD and control humans and human
embryo; rat; adult and embryonic and transgenic mouse; guinea pig
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and macaque and determined the presence of APP c-terminal frag-
ments using a number of c-terminal antibodies, western blotting,
mass spectrometry and immunoprecipitation.

Results

We found that a 23 kDa band - possibly corresponding to APP-CTF-n
- was present at much higher levels in human than in rat brain. The
identity of the 23 kDa band was confirmed by siRNA silencing and
mass spectrometry. In adult brain, the 23 kDa band was abundant in
guinea pig and macaque but neither in rat, wildtype nor APP trans-
genic mice. Opposite to adult, the CTF pattern was similar in human
and mouse embryonic brain, with low levels of all CTFs and no de-
tectable levels of the 23 kDa CTF. No significant differences were de-
tected between AD and control brain.

Discussion

The relative abundance of the 23 kDa band in guinea pig and ma-
caque brain can possibly explain why these species develop amyloid
plagues whereas mice and rats don’t. The absence of the 23 kDa
band in human APP transgenic mice indicates that it is the environ-
ment in the human brain, rather than the human APP gene, that in-
fluences the differential processing.

Conclusions

We detect important differences in APP processing between mice
and rats and humans which should be taken into consideration when
translating animal model studies to clinical trials.
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Background

The amyloid B-peptide containing 42 amino acids (AB42) is neuro-
toxic and believed to be acausative agent in Alzheimer disease (AD),
but the molecular details behind its role in the initiating eventslead-
ing to clinical AD are elusive. It has previously been shown that the
AB generating enzyme y-secretase isenriched at both sides of the
synapse [1]. However, since y-secretase has a multitude of substrates
besides theAB precursor protein (APP), the question of where AR is
produced is still open.

Methods

Mouse primary hippocampal neurons cultured for 21 days in vitro
were imaged with super-resolution microscopy (STED, STORM and
three-dimensional STED). To visualize the location of AB42, we used
a C-terminal specific AB42 antibody (anti-ApC42), the presynaptic
marker synaptophysin or postsynaptic marker PSD95, combined with
a confocal channel for actin staining.

Results

We focused on the neurites, and found that STED made it possible
to distinguish between different AB42 structures. A large fraction of
AB42 was present in small vesicles found in the presynapse, opposite
to PSD95 clusters in mushroom, thin and stubby spines, as well as in
immature synapses. Interestingly, the majority of these vesicles were
not stained by synaptophysin, suggesting that AB42 is present in a

Page 22 of 73

different type of vesicle at the presynapse. We also quantified the
relative presence of AP42 in the pre- and postsynaptic sides of the
synapse, showing that 97% of the presynapses, but only 5.2% of the
dendritic spine heads, contained Ap42.

Discussion

AP vesicles are highly abundant at the presynapse in vesicles that
lack synaptophysin. Other studies have in line with our results con-
cluded that Ap42 is secreted at the synapse, and that the major pool
is independent on synaptic activity [2].

Conclusions

AB42 is present at the presynaptic side of the synapse in vesicles
lacking synaptophysin.
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Background

Aggregation and accumulation of amyloid-beta (AB) is believed to be
of great importance in the pathogenesis of Alzheimer disease (AD).
We recently reported that Thioredoxin-80 (Trx80), a truncated form
of Thioredoxin-1, prevents the toxic effects of AP and inhibits its ag-
gregation in vitro. Trx80 is present in human brain and cerebrospinal
fluid, with dramatically reduced levels in AD patients. In this study,
we investigated the effect of Trx80 in in vivo and in vitro models of
AB pathology.

Methods

We developed transgenic models of Drosophila Melanogaster that
overexpresses human Trx80, human AB42 or both; exclusively in the
central nervous system. Longevity and Locomotor tests were
assessed and the results were confirmaed by further molecular stud-
ies. SHSY-5Y neuroblastoma cell line was used to confirm and en-
hance the power of our results.

Results

We found that Trx80 prevents AP accumulation in the brain and res-
cues the reduction in lifespan and locomotor impairment seen in
AP42 expressing flies. We showed that Trx80 induces autophagolyso-
some formation and reverse the inhibition of Atg4B-Atg8a/b pathway
caused byAP42. These effects were confirmed in human neuroblast-
oma cells with an effect of Trx80 on reducing AB42 levels and acti-
vating the autophagic machinery.

Conclusions

These results give insight about the function of Trx80 in vivo and
suggest that Trx80 has an effect on the formation of autophagolyso-
somes, which results in enhanced AP42 degradation. In addition, it
adds support to the view that Trx80 can be part of a novel thera-
peutic treatment for AD.
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Background

Mutations in the presenilins (PS) or the amyloid precursor protein
(APP) are a major cause of familial Alzheimer’s disease (AD). PS pro-
teins are the catalytically active components of the y-secretase com-
plex that cleavages C-terminal fragments (CTF) of APP to generate
the amyloid B peptide (AB). While the involvement of PS and APP in
AD is well recognized in the production of A, additional mecha-
nisms potentially linking these proteins to AD pathogenesis are not
comprehensively understood. It has been shown that PS proteins are
also involved in cellular cholesterol metabolism (1-3). This study
aimed to further elucidate the role of PS proteins and the APP CTF
on cellular metabolismof sterols, triglycerides and lipid droplets (LD).
Materials and Methods

y-Secretase activity was modulated pharmacologically or genetically
in human astroglioma H4 or mouse embryonic fibroblasts. LD con-
tent was analyzed by fluorescence microscopy using the dye LD540.
Sterol levels and esterification ratios where analyzed by gas-liquid
chromatography-mass spectrometry (GLCMS) and the Amplex red
cholesterol assay. The interaction between APP CTF and cholesterol
was studied by fluorescence microscopy on cell models overexpress-
ing an APP C99-GFP fusion protein, combined with cholesterol stain-
ing using Filipin.

Results

Genetic deletion of PS or pharmacological inhibition of y-secretase
activity lead to significantly increased amounts of lipid droplets and
triglycerides, together with significantly higher levels of the choles-
terol precursors lathosterol and desmosterol, and significantly lower
sterol esterification ratios. Moreover, following pharmacological in-
hibition of y-secretase, overexpressed APP C99-GFP accumulated in
cholesterol positive intracellular membrane structures. Increased ex-
pression and accumulation of C99-GFP was shown to correlate with
an increased number of cellular LDs. These effects were associated
with increased activity of the liver X receptor and upregulation of tar-
get genes that regulate cellular lipid metabolism.

Discussion and Conclusions

Our findings support an important role of PS and y-secretase activity
in cellular lipid metabolism. We identified alterations relevant to cel-
lular sterol and lipid homeostasis upon loss of y-secretase activity.
Furthermore, the observed association of C99-GFP with cholesterol in
cell-based assays, together with the correlation between C99-GFP ac-
cumulation and increased LD formation, indicates that this y-
secretase substrate represents a potential link between PS activity
and lipid metabolism.
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Background

Alzheimer’s disease (AD) is a progressive neurodegenerative dis-
order that is characterized by the self-assembly of amyloid B (AB)
peptides and their deposition into plaques. Conformation-
sensitive antibodies are able to bind to early AR aggregates and
inhibit amyloid formation, but the detailed kinetic mechanisms
underlying this complex process are not fully understood. We
have recently shown that timeresolved methods with single-
molecule sensitivity can characterize the turnover of intermedi-
ates during AP aggregation [1], and use here this novel approach
to analyze the effect of the 5C9.A2 antibody on the time course
of AB aggregation.

Methods

Fluorescence Correlation Spectroscopy (FCS), dual-color Fluorescence
Cross-Correlation spectroscopy (FCCS) and Confocal Laser Scanning
Microscopy (CLSM) were used to characterize in vitro the effects of
the 5C9.A2 antibody on the time course of AR 1-40 (AP40)
aggregation.

Materials include: recombinant unlabeled AB40peptide, fluorescently
tagged AP40-Alexa488, 5C9.A2 antibody, fluorescently tagged
5C9.A2-DyLight633 antibody and Thioflavin T.

Results

Our study shows that the 5C9.A2 antibody inhibits AP aggregation in
solution in a concentration dependent manner and can totally abol-
ish this process at higher concentrations, for 10 uM AP40 the re-
quired antibody concentration was 120 + 60 ng/upl. The 5C9.A2
antibody does not bind to the functionally active AB40 monomers,
but selectively interacts with early intermediates formed during the
aggregation process.

Discussion

It is generally accepted that oligomers are the most toxic species in
the AP aggregation pathway and their early detection and clearance
are crucial for successful AD therapy and prevention [2]. The newly
developed 5C9.A2 antibody binds to early intermediates and can be
used to detect amyloid formation in tissue sections and reduce tox-
icity in vivo.

Conclusions

Inhibition of AB aggregation by the 5C9.A2 antibody occurs through
its interactions with early intermediates in the AP aggregation
process, not with AR monomers.
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Background

Abnormal cholesterol metabolism is suspected as one of the fac-
tors contributing to Alzheimer disease (AD) pathogenesis. We and
others have previously shown that y-secretase dysfunction, which
appears to be a main consequence caused by clinical presenilin
mutations relevant to familial AD, increases cholesterol level in
non-neuronal cells [1, 2]. Additionally, we proposed that increase
of one of the y-secretase substrates, amyloid precursor protein C-
terminal fragments (APP-CTFs), is a possible mediator of the chol-
esterol increase [2]. In this study, we examined the involvement
of APP-CTFs in the metabolism of cholesterol and lipid droplets
[3]1 in neuronally differentiated SH-SY5Y (nSY5Y) cells and in
mouse embryonic fibroblasts lacking APP expression (MEFs-
APPKO).

Methods

nSY5Y cells differentiated by retinoic acid or MEFs-wild type
(MEFs-WT) or MEFs-APPKO were treated with a y-secretase inhibi-
tor, N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-Sphenylglycine t-butyl
ester (DAPT). To suppress APP-CTF accumulation in nSY5Y cells
upon DAPT treatment, cells were co-treated with inhibitors of a-
secretase or [B-secretase. Levels of lipid droplets and cholesterol
were measured by oil red-O staining and enzymatic assay,
respectively.

Results

y-Secretase inhibition in nSY5Y cells by DAPT significantly in-
creased levels of lipid droplet and cholesterol and affected the
expression profile of the proteins involved in cholesterol metabol-
ism, such as ABCA1, NPC1, sterol regulatory element-binding pro-
tein 2, and LDLR. Suppression of the DAPT-induced APP-CTFs
accumulation completely rescued lipid droplet accumulation;
however, cholesterol accumulation and abnormal expression pro-
file of the proteins were not rescued by suppression of the APP-
CTFs accumulation. Additionally, y-secretase inhibition induced
lipid droplet accumulation only in MEFs-WT but not in MEFs-
APPKO in contrast to cholesterol accumulation, which was de-
tected in both of them upon DAPT treatment.
Discussion/Conclusions

These results indicate that y-secretase inhibition has complex effects
on cellular lipid metabolism in neuronal and non-neuronal cells,
partly involving accumulated APP-CTFs.
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Background

Alzheimer's disease (AD) is characterized by neurological pathology
that causes progressive deterioration of the brain and its functions.
The majority of AD cases are sporadic, although there are some her-
editary forms which are early onset. It is known that normal synaptic
function and information transmission are impaired in the disease;
however, the specific cellular targets and underlying mechanisms are
yet to be fully elucidated. An important candidate substrate is the
population of neurotransmitter-containing vesicles located in the
presynaptic terminals, known to be critical determinants of synaptic
efficacy.

Methods

Here we investigate the properties of pre-synaptic vesicles that are
recruited by synaptic activity in CA3-CA1 hippocampal synapses from
acute brain slices obtained from 3-month-old transgenic APPswe/Ind
mice [1]. Specifically, we couple electrophysiological stimulation with
FM1-43FX dye labelling and then photoconvert fluorescently-labelled
vesicles for subsequent ultrastructural analysis [2].

Results

Our results show a robust and significant increase in the total num-
ber of vesicles recruited by a saturating loading simulus hippocampal
CAT1 synapses versus matched controls. Furthermore, we observe dif-
ferences in the physical organization of pools; in particular, functional
vesicles located at sites closer to the active zone in the AD model
versus controls.

Discussion

The significantly higher percentage of functional vesicles in
APPswe/Ind mice compared to controls suggests a change in the
vesicle exocytosis and retrieval processes; one hypothesis is that
the efficient mechanisms of recycling that normally permit a sub-
stantial re-use of retrieved vesicles in a maintained stimulus train
are defective in AD mice. The increase in the total vesicle recyc-
ling pool size would thus represent a compensatory mechanism,
similar to pool rescaling observed in forms of homeostatic
silencing.

Conclusions

Our findings suggest that changes and defects in vesicle turn-
over and clearance in the presynaptic terminal may play an im-
portant role in the network dysfunction seen in Alzheimer's
disease.
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Background

Neuroinflammation and deposits of insoluble amyloid 31-42 (AB42)
in the synaptic cleft are features in Alzheimer's disease (AD) and
strong candidates for the initiation of the neurodegeneration
process. S100B is an abundant pro-inflammatory calcium-binding
protein chronically up-regulated in AD and associated with senile
plaques.

Methods

Our approach combines complementary molecular, cellular and bio-
physical methods.

Results

We demonstrate a novel role for the neuronal S100B protein as a
chaperone-like molecule that interacts with AB42, inhibiting its ag-
gregation and decreasing AB42 toxicity. This involves a dynamic
interaction of AB42 with an interfacial cleft within the ST00B dimer
which is favored by calcium-binding to S100B. Further, we establish
that the aggregation-suppressing activity is influenced by calcium-
binding to S100B, as different microscopic steps in AB42 aggregation
(primary and secondary nucleation) are differentially affected, de-
pending on whether calcium is bound to S100B or not. Our results
also show that S100B protects cells from AB42-mediated toxicity, res-
cuing cell viability and decreasing apoptosis induced by AB42 in cell
cultures

Discussion

The fact that S100B is one of the most abundant proteins in the
brain (0.5% of total protein) which is further augmented in the age-
ing brain, upon traumatic brain injury and in AD itself, suggests that
our findings of this novel regulatory role of S100B over AP42 aggre-
gation may be a very relevant process in the context of AD
physiopathology.

Conclusions

Our work support previous evidence for roles of S100 proteins in
neurodegeneration, and establish a novel view for a relationship
between inflammation and protein deposition, by implicating the
proinflammatory S100B protein in a novel chaperone-like function
as regulator of AP42 aggregation and toxicity. Also, our findings
suggest that molecular targeting of S100B could be translated
into the development of novel approaches to ameliorate AD
neurodegeneration.
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Background

Abnormally altered AR metabolism leads to development of Alzhei-
mer’s disease (AD). Especially in sporadic AD, which lacks robust gen-
etic components, a decrease in the degradation of AB may
contribute to the increased A levels. In previous work, we identified
neprilysin as the major AB-degrading enzyme. We subsequently
found that neprilysin activity is regulated in the neurons by somato-
statin, a neuropeptide decreased with aging and in AD possibly due
to death of somatostatinergic interneurons. Here we have identified
the somatostatin receptor subtypes responsible for the regulation of
neprilysin. Here we will present the identity of the two SSTR subtypes
involved in the regulation of neprilysin.

Methods

The importance of the SSTR subtypes in neprilysin regulation was
studied by doubly knocking out (KO) in mouse SSTR subtypes
expressed in cortex and hippocampus in a combinatorial manner.
SSTR1 x 4 double KO mice was then crossed with a novel App-
knockin mouse model of AD exhibiting robust AR pathology.

Results

A simultaneous knockout of SSTR1 and SSTR4 led to specific down-
regulation of neprilysin in dentate gyrus. In addition, genetic defi-
ciency of these two receptors led to increased AP levels and
impaired memory in the mice, indicating an important role of these
receptors in cognitive function. SSTR1x4 double KO mice crossed
with  App-knockin mice exhibited increased AP pathology in
hippocampus.

Discussion

These findings indicate presence of functional redundancy among
the receptor subtypes in the regulation of neprilysin. SSTR1 and 4 re-
dundantly regulate neprilysin and subsequently AR pathology.
Conclusions

SSTR1 and 4 regulate neprilysin and could be targets to lower AB
levels in AD.
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Background

Senile plaques consist mainly of insoluble amyloid-B (AB) peptides
aggregated into amyloid fibrils, and various small molecules such as
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metal ions [1]. The self-assembly of AP peptides is suggested as a
central process in Alzheimer’s disease (AD) [2]. Here we study in de-
tail how metal ions affect the AR aggregation properties and self-
assembly.

Methods

In these studies we used a combination of spectroscopic methods
such as nuclear magnetic resonance (NMR), circular dichroism (CD)
and fluorescence spectroscopy, as well as aggregation kinetics and
atomic force microscopy (AFM) imaging.

Results

Ongoing studies show changed A( properties and aggregation pat-
terns upon metal binding. The monomeric AR peptide binds metal
ions such as Zn(ll), Mn(ll), Pb(IV), Hg(ll), and Ag(l) ions specifically at
the N-terminus in the milli-to micromolar range, both located in a
membrane mimicking environment and as a free monomer in buffer
solutions. The metal ion interaction is transient and pulse field gradi-
ent translational diffusion experiments reveal a more compact struc-
ture in the presence of a metal ion. The compact structure suggests
an induced fold of the N-terminal part of the AP peptide around the
metal ion to coordinate the ligands. How the affinity for the AP/
metal complex changes during the aggregation pathways are still
unclear.

Preliminary results show modulation of the aggregation process in a
metal ion concentration-dependent manner.

Discussion

From the physiological perspective, metal binding to the AP peptide
might influence 1) the chemical properties of the AP peptide and
hence its aggregation propensities and the expression of ABPP, 2)
oxidative stress from induction of reactive oxygen species and 3)
mis-localized essential metal ions and both gain of toxicity and loss
of function. The similarities and differences in how different metal
ion species affect the amyloid aggregation properties in relation to
biological relevance are subject to further investigation.

Conclusions

Coordinating metal ligands in the peptide are typically located in the
N-terminus. A specific metal binding mode affects the structure of
the AB peptide and hence its properties.
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Background

Alzheimer’s disease (AD) is characterized by abnormal deposition of
neurotoxic amyloid-B (AB) peptides. Up to date a variety of potential
inhibitors of aggregation of AP have been studied, but in most cases
their mechanism of action is still not fully understood. In this study
we present results on how the AR peptide self-assembly is modified
by two novel peptide constructs; NCAM-Prion and NCAM-AB. The
peptides exhibit properties of cell penetrating peptides (CPP) and
were originally designed to reduce prion propagation [1]. They
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consist of two segments, one hydrophobic signal sequence from the
Neuronal cell adhesion molecule-1 (NCAM1-19), which is followed by
a prion protein (1-6) sequence (KKRPKP), or the AP (16-20) sequence
plus one extra K (KKLVFF).

Methods

Effects of NCAM-Prion and NCAM-AR on the AB fibril formation were
studied by Thioflavin T (ThT) fluorescence kinetic experiments, while
potential secondary structure changes and conformational rearrange-
ments were investigated by circular dichroism (CD) and Nuclear mag-
netic resonance (NMR). Atomic force microscopy (AFM) was used for
imaging of the fibril formation upon addition of NCAMPrion and
NCAM-AB peptides.

Results and discussion

Our experiments revealed that NCAM-Prion and NCAM-AR affect the
AR amyloid aggregation process in a concentration-dependent man-
ner. 1D and 2D NMR experiments indicated an interaction between
the AB peptide and the NCAM-Prion peptide. The CD spectra con-
firmed concentration and time dependent structural changes of sec-
ondary structures of both AR peptide in the presence of the
NCAMPrion or NCAM-AB peptides and of the NCAM-Prion and
NCAM-AB peptides alone. Upon incorporation of an additional sam-
ple purification step, size exclusion chromatography (SEC), it was also
revealed that the effect from NCAM peptides on AP fibril formation
differed depending on the starting material of Af.

Conclusion

The outcome of the AP amyloid formation process is dependent on
the presence of the two peptide constructs. Such peptides may be
considered as starting points for developing therapies against AD.
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Background

Growing evidence links Alzheimer’s disease (AD) to metal exposure.
The role of metals in AD pathogenesis is however unresolved. AD
pathology involves deposition inside the brain of amyloid plaques,
consisting mainly of aggregated amyloid-B (AB) peptides. The pla-
ques in AD patients contain numerous metals, most prominently Ca,
Cu, Fe, and Zn, but also smaller amounts of other transition metals
and heavy metals. Epidemiologic studies have implicated mercury as
a risk factor in AD, but no links between Hg and AR aggregation and
plaque formation have been observed at a molecular level.

Methods

We study the interaction between A(B(1-40) peptides and Hg(ll) ions
in vitro, using biophysical methods of spectroscopy and imaging
such as AFM, NMR, CD, and fluorescence spectroscopy.

Results

We show that Hg(ll) ions display relatively strong and specific bind-
ing to the N-terminal part of the AB peptide. When bound, the Hg(ll)
ions change the AP aggregation properties in a concentration-
dependent manner.

Discussion

This is the first time a molecular mechanism has been observed that
connects Hg ions to the AP aggregation that underlies Alzheimer’s
disease.
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Conclusions

Our in vitro results showing specific interactions between Hg(ll) ions
and the AB(1-40) peptide provides evidence at a molecular level for
the previously suggested connection between AD and mercury
exposure.
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Background

Amyloid precursor protein has been suggested to signal to the nu-
cleus via its cytosolic domain (1). Cleavage of APP as well as its phos-
phorylation are thought to modulate this pathway (2) - mechanisms
that are known to be involved in the pathology of Alzheimer's dis-
ease (AD).

Methods

By the use of confocal imaging, fluorescence-lifetime imaging, photo-
activated localization microscopy, and electron microscopy the nu-
clear APP-dependent complex has been studied in cell culture and
human brain hippocampal slices. Confocal live cell imaging has been
used to study nuclear complex dynamics.

Results

APP signaling causes the generation of a nuclear complex consisting
of FE65, TIP60, BLM (3), p53 and other proteins. The APP c-terminal
domain is not a prerequisite for genesis of the complex in the nu-
cleus, but regulates its formation via its interaction to the FE65
adapter protein, which depends on APP cleavage and/or phosphoryl-
ation. Upon genesis, the spherical complex, which does not contain a
membrane coating, is highly dynamic and single complexes fuse to
larger structures. Initial data point to a high toxicity of the complex,
especially in neuronal cells.

Discussion

Derived from the nuclear complex composition, including DNA heli-
cases like BLM, the histone acetyl transferase TIP60, and the tumor
suppressor p53, this APP signaling pathway might play a role in DNA
replication or repair.

Conclusions

Early stages of Alzheimer’s disease are characterized by neurons that
are positive for cell cycle re-entry markers indicating that adult neu-
rons got a signal to induce mitosis. Oxidative damage including ac-
cumulation of mutations in mitochondrial DNA are currently
discussed to occur in early stage AD. These immunostaining derived
observations might be the consequence of APP signaling to the cel-
lular nucleus. Thus, the APP-derived generation of nuclear aggregates
might be a relevant pathway in AD.
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Background

The amyloid precursor protein (APP) plays a pivotal role in synapse
formation and synaptic plasticity. In part, these functions are medi-
ated by the secreted ectodomain, sAPPalpha. However, accumulating
evidence also suggests an essential function of membrane tethered
full-length APP and its homologues APLP1 and APLP2 at the
synapse.

Methods

We used different biochemical studies, including ITC, in vitro bead
aggregation assayand Co-IPs to analyze trans-dimerization properties
of APP/APLPs. The mixed co-culture assay was used to analyze APP/
APLPs synaptogenic activity. For analysis of APLP1 and Fe65/Fe65L1
knockout mice different immunochemical, electrophysiological and
behavioral studies were performed.

Results

We observed pre- and postsynaptic localization of all APP family
members and could show that they form trans-directed dimers [1],
modulated by metal (copper/zinc) and heparin binding [2]. Further,
heterologous expression of APP/APLPs in non-neuronal cells induces
presynaptic differentiation in contacting axons of co-cultured neu-
rons, similar to other synaptic adhesion molecules (SAMs). Finally, we
show that Fe65/Fe65L1 knockouts have spatial learning and memory
deficits and severe motor impairments, hippocampal LTP deficits and
neuromuscular junction (NMJ) abnormalities. Notably, NMJ deficits
were aggravated in APLP2/FE65-DKO and APLP2/FE65L1-DKO mice
when compared to single FE65- and FE65L1-KO mice [3].

Discussion

Our data demonstrate that APP/APLPs form trans-directed dimers,
possibly organizing in interplay with copper, zinc and heparin the
pre- and postsynaptic site, essential for proper synapse formation/
maintenance. Finally, as the Fe65/Fe65L1 knockout mice deficits re-
semble those of mutant APP mice, lacking the Fe65 binding site, our
data suggest a central role for Fe65 proteins at the synapse possibly
downstream of APP/APLPs.

Conclusions

Together, our results demonstrate that t he APP family members
have typical features of SAMs, likely involved in interplay with Fe65
in synapse formation and maintenance.
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Background

Glycation, non-enzymatic addition of sugars to proteins, can be a
pathological process leading to misfolding of the Abeta peptide into
amyloids, hallmark of Alzheimer’s disease (AD). [1,2] We aim to define
the effects of glycation on the aggregation propensity of the pep-
tides Abeta40 and Abeta42. These results could help understanding
the high incidence of AD in Type 2 Diabetes (T2D) patients.

Methods

Methylglyoxal (MGO) was used as glycating agent. Circular dichroism
illustrated the secondary structure variation upon glycation.
Fluorescence-based assays and mass spectroscopy elucidated glyca-
tion and aggregation kinetics. High-resolution structural studies via
atomic force microscopy (AFM) evaluated the morphological effects
of glycation on amyloid fibrils.

Results

Abeta40 glycation allows the protein to retain its random coil
conformation, while the non-glycated peptide forms amyloids
after 24 hours. No significant variation of the secondary struc-
ture was observed upon glycation of Abeta42. However, the
aggregation-associated fluorescence of both glycated Abeta40
and Abeta42 compared to the nonglycated versions shows a
decrease in the final amount of total aggregates and a slower
kinetics of aggregation with in MGO-concentration dependent
fashion. AFM illustrates that the fibril formation is decelerated,
and the peptides are found for a longer time in an oligomeric
state.

Discussion

The glycation of Abeta 40 and Abeta42 has a strong impact on
their structural stability and behavior [3]. The slower aggrega-
tion kinetics upon glycation translates into the stabilization of
oligomeric forms, considered more toxic than the amyloids.
These results could explain the higher incidence of AD in T2D
patients.

Conclusions

Post-translational modifications can affect the structural behavior of
aggregation-prone proteins and might be used to interfere with the
development of AD and T2D.
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Background

Recent evidence suggests involvement of biometal homeostasis in
the pathological mechanisms of Alzheimer’s disease (AD). Cu2+ and
Zn2+ bind AR peptides and the amyloid precursor protein (APP) with
high affinity (1-3), and are involved in AP oligomerization (1,4). How-
ever, little is known about whether these biometals modulate A
production.

Methods

Cell-free and cell-based assays were used to demonstrate that zinc
and copper regulate AR production by affecting the y-secretase pro-
cessing of its AP precursor protein substrate APP-C99.

Results

We found that Zn2+ induces APP-C99 dimerization, which prevents
its cleavage by y-secretase and AR production, with an IC50 value of
15 puM. Importantly, at this concentration, Zn2+ also drastically raised
the production of the aggregation-prone A43 found in the senile
plagues of AD brains (5). The APP-C99 histidine residues H6/H13/H14
control the Zn2+-dependent APP-C99 dimerization and inhibition of
AB production, while the increased AB43:AB40 ratio is involves the
known Zn2+-binding lysine K28 residue that orientates the APP-C99
transmembrane domain within the lipid bilayer. Unlike zinc, copper
inhibited AB production by directly targeting the subunits presenilin
and nicastrin in the y-secretase complex. Discussion The human brain
concentrations of bioavailable Cu2+ and Zn2+ (70 uM and 350 pM,
respectively) are compatible with a physiological biometal-
dependent modulation of AP production. Importantly, inhibition of
the processing of protein receptors involved in synaptic activity, such
as Neurexin or Cadherin, could also contribute to the pathogenesis
of AD.

Conclusions

Altogether, our data demonstrate that zinc and copper differentially
modulate AR production. They further suggest that dimerization of
APP-C99, or the specific targeting of individual residues regulating
the production of the long, toxic AB species, offer two therapeutic
strategies for preventing AD.
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Background

Microglia are the innate immune cells of the CNS and play important
roles in neuroinflammation related with neurological disorders. Yet,
studying human microglia is challenging because of the rarity and
difficulty in acquiring primary cells from human fetal or adult CNS tis-
sue. We aimed to develop and characterize the microglia cell model
reflecting adult microglial character from peripheral blood mono-
nuclear cells, and to study their function by disease progression in
Amyotrophic lateral sclerosis (ALS).

Methods

In this study, the functional characteristics of slow ALS (ALS (S)) and
ALS (ALS (R)) were analyzed after establishment of microglia-like cells
(iIMG) model in human mononuclear cells. Induced microglial cells
(iIMG) were generated that the adherent cells (monocytes) isolated
from peripheral blood mononuclear cells were culture with GM-CSF
and IL-34 for 21 days.

Results

We find that iMG express appropriate markers and function as pri-
mary human microglia. Functional assessment of iIMG reveals that
they secrete cytokines in response to inflammatory stimuli, migrate,
and robustly phagocytosis  function. Furthermore, whole-
transcriptome analysis demonstrates that they are highly similar to
cultured adult human microglia. iIMG from rapidly progressing pa-
tients (Rapid-iMG) shows dysmorphic morphology and severe im-
paired phagocytosis function. Transcriptome analysis exhibits that
low NCKAP1 expression is associated with impaired phagocytosis in
Rapid-iMG. Finally, overexpression of NCKAP1 gene in ALS(R) iMG re-
stored dysfunctional phagocytosis and knockdown of NCKAP1 gene
in ALS(S) iIMG decreased phagocytosis.

Conclusions

Taken together, these findings demonstrate that iMG can be used to
study microglial function, providing important new insight into hu-
man neurological disease and microglia modification by NCKAP1
gene may be a potentially useful therapeutic strategy for Neurode-
generative diseases.
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Background

Early-life stress (ES) is proposed to increase risk for aging-related de-
mentias like Alzheimer’s disease (AD). However, neurobiological sub-
strates of such effects are not well-understood. We recently
described ES to age-dependently alter microglial marker expression
in wildtype (WT) mice, as well as progression of and response to
amyloid-B (AB) pathology in an AD model. To further investigate the
role of microglia in ES-induced vulnerability to AD, we investigated
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how ES alters the microglial response to i) acute LPS challenges
in vitro, ii) chronic challenges in the form of amyloid accumulation in
transgenic AD mice and iii) aging in WT mice.

Methods

We exposed WT C57BL/6 and APPswe/PS1dE9 mice to the limited
nesting and bedding model from postnatal days (PND) 2-9. We
measured gene expression in i) microglia isolated from PND9 WT
mice exposed to LPS in vitro; ii) APP/PS1 mice at 10 months; and
iii) WT mice followed up to 4, 10, and 20 months. We also
assessed internalization of coated beads by isolated microglia, as
well as microglial proliferation and clustering around AP plaques
in the APP/PS1 tissue.

Results

ES-derived microglia increased pro-inflammatory cytokine expression
in response to LPS, and internalized more latex, but not A, beads.
ES dampened the APP/PS1-induced increase in HMGB1, NLRP3, and
CCL2 expression at 10 months, as well as decreased microglial prolif-
eration (Iba1+/BrdU+ cells) but not clustering (Ibal1+ cells) around A3
plaques. ES did not alter aging-induced changes in microglial prim-
ing gene expression in WT mice.

Discussion

Overall, ES seems to alter microglial response to acute and chronic
challenges in an agedependent manner, but not aging-induced
changes in inflammatory genes. In vivo LPS studies are ongoing.
Conclusions

Insights on how ES alters microglial responses to different immune
challenges will be key to understanding how it might modulate pro-
gression of diseases like AD.
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Background

Ischemic injury triggers inflammatory mediator production,
which is one of the main factors in pathology of ischemic
stroke [1, 2]. Inflammasomes are innate immune complex, are
involved in pathogenesis of diseases, such as atherosclerosis,
and Alzheimer’s disease [3]. The previous studies have demon-
strated that endothelial cells and astorcytes are closely asso-
tiated with nucleotide binding oligomerization domain (NOD)-
like receptor (NLR) protein (NLRP) inflammasome [4, 5]. Apop-
tosis signal-regulating kinase 1 (ASK1) is closely related to the
inflammatory response and is involved in productions of
inflammation-related mediators [6].

Methods

Therefore, in this study, we investigated whether ASK1 affects inflam-
masomes in astrocytes and endothelial cells under ischemic condi-
tion which is performed in vivo study by using middle cerebral artery
occlusion/reperfusion model in C57BL6 mice. Alteration of
inflaimmasome-associated components was confirmed by real-time
PCR.

Results

Our data showed that ICAM-1, endothelial cell activation marker, and
GFAP, reactive astrocyte maker, were upregulated after ischemic in-
jury. Also, NLRP2 and NLRP3 were increased in the ischemic cortex
and striatum respectively. Inflammasome components, such as ASC
and caspase-1, are efficiently upregulated after ischemic injury. Also,
inflammatory cytokines, including IL-13, and IL-18 were increased in
the brain lesion. However, inhibition of ASK1 by small interfering
RNA significantly decreased the levels of NLRP2, NLRP3, ASC, and
caspase-1, thereby reducing IL-1B3, and IL-18 levels in the cerebral
cortex and striatum respectively.
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Conclusions
Collectively, inhibition of ASK1 may be novel strategy for reduction
of inflammasomes after ischemic stroke.
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Background

An atypical presentation of Alzheimer’s disease (AD) is seen in 30%
of patients with early disease onset [1]. This atypical presentation is
reflected by a different spreading of neurofibrillary tangles (NFT) than
originally proposed by Braak and Braak [2,3,4]. Here we aimed to ex-
plore whether neuroinflammation is associated with an atypical
spreading of pathology in AD.

Methods

Typical and atypical AD cases were selected based on both NFT dis-
tribution and amnestic or non-amnestic clinical presentation. Immu-
nohistochemistry was performed on the temporal pole and superior
parietal lobe of 10 typical and 9 atypical AD cases for the presence
of amyloid-beta (Nterminal; IC16), pTau (AT8), microglia (Iba1, CD68,
and HLA-DP/DQ/DR), as well as complement (C3d and C4b) and was
quantified by image analysis. To study co-localization of neuroinflam-
matory markers with amyloid(-beta), immunofluorescence triple-
stainings were performed on a subset of typical and atypical AD
cases.

Results

The distribution of pTau, activated microglia (CD68 and HLA-DP/DQ/
DR), and complement (C3d, and C4b) differed between AD variants.
Typical AD cases showed a temporal dominant distribution of these
markers, whereas atypical AD cases showed a parietal dominant dis-
tribution. We found a temporal dominant distribution for amyloid-
beta and Ibal positive microglia in both typical and atypical AD.
Interestingly, the morphology of amyloid-beta plaques differed be-
tween the two subtypes. Compared to typical AD cases, atypical AD
cases showed a more coarse plaque type in the parietal cortex. In
addition, these atypical plaques showed an altered localization of
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activated microglia and complement compared to classical plaques
in typical AD cases.

Conclusions

Our data indicate that neuroinflammation is related to a different
atypical plaque morphology and occurs alongside the atypical distri-
bution of tau pathology in atypical AD, suggesting that neuroinflam-
mation might be a crucial link between amyloid-beta deposits, tau
pathology, and clinical symptoms.
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Background

Presenilin 1 (PS1) plays a critical role in neurogenesis. Hippocampal
neurogenesis is required for the normal cognitive and emotional
function of the brain, and constitutes a key target in Alzheimer Dis-
ease (AD). We have demonstrated that ubiquitous expression of fa-
milial, early-onset Alzheimer's disease (AD)-linked PS1 (FAD-PS1)
mutants impairs environmental enrichment (EE)-induced proliferation
and neurogenesis of adult hippocampal progenitor cells (AHNPCs) in
a non-cell autonomous manner (1, 2, 3). These impairments are, at
least in part, due to alterations in the levels of specific chemokines
and growth factors secreted from microglia expressing FAD-PS1
variants.

Methods

1 month-old male mice expressing PrP promoter-driven human wild-
type PS1, M146L and AE9 were fed with PLX5562 for 7 days, then
subject to Standard Housing or EE conditions for T month. PLX5622
is a CSF1 receptor antagonist, used to deplete microglia in adult
brain. Animals were injected with a single bolus of BrdU, and sacri-
ficed after 24 hours or 2 weeks. Baseline anxiety behavior was tested
using Marble Burying and Dark/light test. Brain immunostaining was
used to assess proliferation, neurogenic cell density, differentiation
and survival of hippocampal progenitors. Quantification was per-
formed using unbiased stereological methods (2, 3).

Results

Compared with mice expressing human WT PS1, mice expressing
FAD-PS1 linked mutations exhibit lower rates of proliferation, neural
stem cells and GFAP+ cells in the hippocampus following EE. These
deficits were correlated with higher rates of baseline anxiety behav-
jors. PLX5622-mediated depletion of microglia in mice expressing
FAD-PS1 linked variants rescued the deficits in AHNPC proliferation
and differentiation and aberrant baseline anxiety.

Conclusions

PLX5622-mediated depletion of microglia in mice expressing FAD-
PS1 linked variants rescues deficits in AHNPC proliferation and base-
line anxiety of those mice. These findings reinforce the important
role of microglia in the regulation of neurogenesis in FAD-PS1
models.
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Background

Inflammasome-driven neuroinflammation is postulated to play a role
in Multiple Sclerosis (MS), but there is no direct evidence that the
nod-like receptor protein 3 (NLRP3) inflalmmasome is involved in MS
pathogenesis. Uric acid was shown to be one of the ‘danger’ signals
involved in the activation of NLRP3 inflammasome; notably, the con-
centration of uric acid is increased in the serum and in the CSF of
MS individuals.

Methods

PBMCs from 41 MS individuals with a diagnosis of primary progres-
sive MS (PPMS), stable relapsing-remitting MS (SMS), acute relapsing-
remitting MS (AMS), or benign MS (BMS) and from 10 age and sex
matched healthy controls (HC) were primed with LPS and stimulated
with Monosodium Urate Crystals (MSU). The expression of the NLRP3,
ASC, caspase-1, caspase-8, IL-1 and IL-18 inflammasome genes was
evaluated by RT-PCR whereas production of the pro-inflammatory cy-
tokines IL-1B and IL-18 was measured by ELISA in supernatants.
Results

Results showed that: 1) uric acid serum concentration was signifi-
cantly increased in PPMS alone compared to all other groups; 2)
mRNA for NLRP3, ASC and IL-18 was up regulated in PPMS and in
AMS patients, as well, but caspase-8 mRNA was up regulated only in
PPMS; 3) IL-18 production was significantly increased in PPMS alone,
in whom a direct correlation between hyperuricemia and caspase-8
was detected.

Discussion

Taken together our results suggest that in PPMS patients a possibly
prolonged and chronic stimulation would results in the up-regulation
of mRNA expression of NLRP3, ASC, caspase-8 and IL-18 genes and
of IL-18 pro-inflammatory cytokine; this could be justified by the ob-
servation that hyperuricemia is present in PPMS patients.

Conclusion

The NLRP3/caspase-8 inflammasome pathway is activated in PPMS,
possibly as a consequence of hyperuricemia. Therapeutic strategies
reducing NLRP3 activation and/or lowering hyperuricemia could be
useful in the therapy of PPMS.
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Background

Synaptic dysfunction is a core feature of Alzheimer's disease
(AD) with a strong correlation to cognitive dysfunction and af-
fected early in the disease. Novel treatments specifically target-
ing AD pathology are currently under development and likely to
be most effective early. This increases the need for early and
reliable disease detection. Here we evaluated the biomarker po-
tential of the presynaptic protein Growth-Associated Protein 43
(GAP-43) and its associations to neurodegenerative disease
pathology.

Methods

We developed and characterized a novel in house enzyme-linked
immunosorbent assay (ELISAs) for GAP-43 quantification in CSF
and measured a pilot cohort and a large cohort of neurologically
normal controls (n = 43), AD patients (n = 275) and other neuro-
degenerative disorders (n= 348), such as mild cognitive impair-
ment (MCI), Parkinson’s disease (PD), dementia with Lewy Bodies,
frontotemporal dementia (FTD) and amyotrophic lateral sclerosis
(ALS). In a subpopulation (n = 93), neuropathological analysis of
AB plaques, tau neurofibrillary tangle, a-synuclein and TDP-43
was performed.

Results

CSF GAP-43 was significantly increased in AD compared to controls
and MCI patients. Furthermore, CSF GAP-43 concentrations were sig-
nificantly increased in AD compared to ALS, FTD, PD and atypical
parkinsonian diseases.

There was no difference in GAP-43 concentrations between AD and
primary progressive aphasia or corticobasal syndrome patients, which
often co-occur with AD pathology. CSF GAP-43 concentration corre-
lated with Mini Mental State Exam and the magnitude of neurofibril-
lary tangles and AP plaques in the hippocampus, amygdala and
cortex. No associations could be detected to a-synuclein or TDP-43
pathology.

Discussion

The results suggest a specific association between GAP-43, tau and
amyloid pathology in AD, however, the biological connection be-
tween the three is yet to be demonstrated.

Conclusions

CSF GAP-43 concentration may serve as a pathology response
marker that would be interesting to evaluate in disease-modifying
drug trials against AD.
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Background

AB peptides are centrally involved in the pathogenesis of AD pathology.
Proteomic analysis of brain and cerebrospinal fluid (CSF) revealed that AR
is de facto a heterogeneous mixture of more than 40 peptides possessing
different chain length and post-translational modifications [1]. The
ZSYM73 Affibody represents a novel class, non-antibody affinity protein,
designed for selective and tight binding of the AB peptide [2]. The aim of
this study was to assess the binding profile of ZSYM73 and evaluate the
potential of ZSYM73 as a convenient and robust tool for mapping en-
dogenous AP peptides in biological samples.

Methods

Immunoprecipitation (IP) of AR from CSF and brain tissue using
ZSYM73 and anti-AB antibodies 6E10 and 4G8, followed by matrix
assisted laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) analyses.

Results

Immunoprecipitation of human CSF with ZSYM73 allowed measure-
ment of nine AR peptides starting at amino acid position 1, 5 or 11 and
ending at position from 37 up to 43. A total number of AR peptides de-
tected in insoluble brain fraction was sixteen: three beginning at amino
acid position 1 and thirteen cleaved at seven different positions within
the N-terminal part of the peptide chain. In addition to monomeric AB,
ZSYM73 recognizes and binds AP dimers and trimers.

Discussion

The epitope for ZSYM73 is located outside the first eleven N-terminal
amino acids of the AP sequence. The last 5-7 residues of the AR C-
tail are crucially involved in the interaction between AR and ZSYM73
and possibly stabilization of the AB-ZSYM73 complex. ZSYM73 offers
improved IP yield comparing to 6E10 or 4G8 antibodies.

Conclusions

Our data demonstrate the utility and robustness of ZSYM73 as a novel,
non-antibody affinity protein to detect and measure AP peptides. The
combination of ZSYM73 with anti-Ap antibodies allows for a more de-
tailed and complete mapping of AB isoforms in human samples.
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Background

The 7.5 kD postsynaptic protein neurogranin (Ng) is being evaluated
as a biomarker in CSF for early and advanced stages of Alzheimer
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disease (AD). Although its name implies granular aggregates of the
protein, complexes of Ng have so far not been detected in CSF.
Methods

Neurogranin was immunoprecipitated from CSF using monoclonal
antibody NG36 immobilized on magnetic beads. After washing, the
beads were extracted in non-reducing and reducing SDS sample buf-
fer and analyzed via western blots. The detection antibody was bio-
tinylated NG2 monoclonal antibody.

Results

Complexes of an apparent size of approximately 38 kD and mono-
meric Ng (about 12 kD) were detected in Ng immunoprecipitated
from CSF on Western blots under non-reducing conditions. This indi-
cates the presence of either trimeric to tetrameric Ng or of com-
plexes of similar size with other proteins in the samples. The
complex was sensitive to reduction, therefore disulfide bridges are
likely to be involved in complex formation.

Discussion

For quantitative assays of Ng it is important to be aware of the mo-
lecular species present. Judging by the apparent size of the complex,
a Ng trimer seems most likely, although a Ng tetramer or the pres-
ence of other proteins cannot be ruled out. Furthermore, artefactual
complex formation via intermolecular disulfide bridge formation
upon oxidation, for example during sample preparation or SDS PAGE,
is possible. Therefore, we intend to perform MS analysis of the ex-
cised complex, and use SDS-PAGE independent methods for complex
detection, such as homogeneous ELISA (same capture and detection
antibody).

Conclusions

Western blot data from immunoprecipitated samples of CSF indicates
the presence of higher molecular weight complexes of Ng. It will be
of interest to analyze the nature of the complex and to see whether
the extent of complex formation differs between samples from AD
patients and controls.
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Background

One of the most prevalent forms of dementia is Alzheimer's disease
(AD), the symptoms of which are deterioration of memory loss and
cognitive functions brought about partly by a decrease in cholinergic
neurotransmission.

Being incurable, treatment with cholinesterase inhibitors (ChEl)
brings symptoms relief. Choline acetyltransferase (ChAT), the enzyme
responsible for biosynthesis of acetylcholine (ACh), has recently been
found in both the cerebrospinal fluid and plasma. Given that extra-
cellular ChAT may regulate extrasynaptic levels of ACh, it may prove
to be crucial in AD patients’ prognosis and cognitive performance.
Methods

A recently developed integrated sandwich ELISA protocol was used
to measure the activity and protein concentration of ChAT in plasma
samples. Totally 181 samples were collected from 32 AD, 30 MCl and
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22 SCI patients at the time of diagnosis at a memory clinic and 97
samples obtained from a group of age-matched healthy controls
(HC) from the Gothenburg biobank.

Discussion

Among patients with MCl and AD, ChAT activity and protein were
the highest, while the values were lower for SCl-diagnosed patients,
and lowest for HC [ChAT protein concentration: p<0.0016 for AD vs.
MCI, p < 0.0002 for AD vs. SCI, p < 0.0001 for AD vs. HC, MCl vs HC
p< 0.0001, SCI vs HC p< 0.0001 and ChAT activity: p< 0.0448 for AD
vs. SCIJ.

Conclusions

This study shows for the first time, that plasma ChAT activity and
protein levels differ in AD and MCI vs SCI patients and healthy con-
trols, making this an interesting marker to further explore in the
quest for biomarkers which can distinguish patients in different cog-
nitive stages.
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Background

Tau pathology is a hallmark of Alzheimer’s disease (AD). Recent data
suggest that tau is present in the cerebrospinal fluid (CSF) as a series
of fragments. Through immunoprecipitation-mass spectrometry
(IPMS), we have identified two abundant CSF pools of tau ending at
amino acid (aa) 123 and 224. Our aim was to assess if baseline CSF
concentrations of these fragments is associated to cognitive decline
in AD.

Methods

CSF samples from 16 AD, 38 mild cognitive impairment (MCl), 20
MCI due to AD (MCI-AD) and 21 other neurological diseases
(OND) subjects were collected at baseline. Subjects were clinically
diagnosed, with AD CSF biomarkers (Abeta42, total tau, phos-
phorylated tau) used as support. Cognitive assessment at follow-
up was performed through Mini Mental State Examination
(MMSE) every 6 months for ~2.3 years. Tau 123 and 224 frag-
ments were measured with in-house ELISA and single-molecule
array (Simoa) assays, respectively. Subjects were classified into
quartiles based on the baseline concentrations and tested for as-
sociation to disease progression, as examined by longitudinal
change in MMSE.

Results

Baseline levels of tau 123 and 224 were significantly higher in AD vs.
OND (p=0.03 and 0.0017, respectively), MCI-AD vs. MCl (p=0.0061; p=
0.0018) and MCI-AD vs. OND (p=0.0011; p<0.0001). MMSE score de-
creased significantly over years from baseline for the highest quartile
(Q4) for both fragments (p <0.0001).

Discussion

Through IP-MS, we identified CSF pools of tau fragments ending
at aa 123 and 224. Baseline CSF levels were successful in discrim-
inating AD from OND, MCI-AD from MCI and MCI-AD from OND.
Longitudinal deterioration in cognitive performance, as measured
by MMSE, was associated to highest baseline levels of tau 123
and tau 224.
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Conclusions

Baseline levels of CSF tau fragments ending at aa 123 and aa 224
might represent a prognostic biomarker for rate of cognitive decline
in AD.
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Background

In Alzheimer’s disease (AD) amyloid beta (AB) aggregates in paren-
chymal plaques or around the brain vasculature, which is known as
cerebral amyloid angiopathy (CAA). In CAA type 1 A accumulates in
both capillaries and larger vessels. CAA type 1 occurs in approxi-
mately 40% of all AD patients, contributes to the symptomatic mani-
festation of AD, and could even result in rapidly progressive
dementia. The pathophysiology of CAA is elusive and biomarkers for
CAA are warranted for stratification of patients involved in clinical tri-
als and future therapy. The objective of this study is to identify pro-
teins selectively involved in CAA by laser dissection assisted mass
spectrometry analysis on postmortem human brain tissue.

Methods

For this study we selected postmortem human brain tissue of AD
cases with severe plaque pathology (n=7), cases with severe CAA
type 1 (n=7) and cognitively healthy control cases (n=6). Grey matter
of the occipital cortex areas with high pathological burden were visu-
alized with AP immunostaining and subsequently isolated by laser
microdissection. Proteins were quantified using Orbitrap LC-MS/MS
and MaxQuant software.

Results

Initial data analysis shows a clear distinction in the proteome be-
tween AD patients with and without CAA. By contrasting the experi-
mental groups we were able to identify individual proteins that are
specific for CAA pathology. Data obtained by mass spectrometry was
confirmed using immunohistochemistry and immunoblotting.
Conclusions

The distinct changes identified in the proteome of CAA pathology
provides insight in the biology of CAA and yields potentially valuable
data on CAA biomarkers.
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Background

NF-L has been recently reported as a potential biomarker of neuronal
damage in numerous neuroinflammatory disorders, including Alzhei-
mer’s disease (AD) [1], multiple sclerosis (MS) [2] or traumatic brain
injury (TBI) [3]. Furthermore, NF-L levels in cerebrospinal fluid and
blood have been reported as normalized following effective MS ther-
apy [4]. In that context, we aimed at assessing the performance of an
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ultrasensitive method to quantify NF-L in human serum or plasma
and evaluating its routine use to support clinical drug development.
Methods

Trueness, precision, parallelism, dilution linearity and lower limit of
quantification (LLOQ) of the Simoa kit (QuanterixTM) have been
assessed in serum and plasma samples from healthy donors and pa-
tients with neuroinflammatory disorders.

Results

Dosing endogenous NF-L levels demonstrated good precision of the
method, when tested at the minimal required dilution with intra-
and inter-run variability ranging from respectively 1.6% and 19.9%
and 5.2 and 19.9% depending on the concentration level. The paral-
lelism study shows that test samples can be serially diluted without
impacting measured NFL concentration. Finally, based on these re-
sults, LLOQ could be set at 0.6 pg/mL in diluted blood matrix. Finally,
levels of endogenous NF-L measured from 10 healthy donors did not
differ significantly between paired serum (4.8-13.9 pg/mL) and
plasma (4.4-10.9 pg/mL).

Discussion

Our results related to high performance and sensitivity of the Simoa-
based method to dose NFL are in accordance with recent data [5],
strengthening the benefit to dose circulating NF-L in clinical samples
using this technology.

Conclusions

NF-L is now ready to be tested with accuracy and high sensitivity in
both human serum and plasma samples. As these matrices are easy
to collect and store frozen in the context of clinical trials, NF-L testing
can now support clinical drug development in many neurodegenera-
tive pathologies, either in prospective or retrospective settings.
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Background

Alzheimer’s disease (AD) is an age-related neurodegenerative disease
without any treatment or cure. Available therapeutics only aim to im-
prove cognitive functions and delay disease progression. It is re-
ported that the onset of pathological changes, including oxidative
stress, precede clinical presentation of symptoms, this poses a need
for diagnostic markers that enable early detection of alterations asso-
ciated with AD [1, 2]. Brain creatine kinase (CKB) is an enzyme that
regulates available adenosine triphosphate (ATP) levels in the brain.
It has been previously reported that CKB is sensitive to oxidation and
reduced CKB activity is observed in the AD brain [3]. This could make
CKB a potential marker for oxidative stress in AD.
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Methods

Human post-mortem brain samples (frontal and temporal cortex)
from patients with AD, Lewy body dementia (DLB), non-demented
age-matched controls and nondemented controls aged 49-60 were
used to quantify CKB on transcript level and protein level (using im-
munofluorescence, western blot and targeted mass spectrometry).
Results

We found CKB to be only expressed in astrocytes. CKB was up-
regulated on transcript level but down-regulated on protein level in
AD when compared to age-matched non-demented controls. In DLB
and control subjects protein levels of CKB varied depending on de-
gree of amyloid plaque load. No relationship between CKB levels and
tangles or Lewy bodies was observed.

Discussion

Presence of amyloid beta peptides (especially 1-42) have shown to
induce oxidative stress [4] and since CKB is sensitive to oxidation this
consequently leading to loss of function and protein degradation.
This explains the down-regulation on protein level of CKB when
amyloid plaques are present.

Conclusions

CKB protein is down-regulated in AD likely due to protein oxidation.
Diagnostics based on measuring reduced CKB activity or quantifying
post-translational modifications of CKB could provide insights in the
oxidative stress in the pre-clinical phase of disease.
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Background

Amyloid-beta (AB) PET has become an important aid in Alzheimer’s
disease diagnosis, and an inclusion criterion for enrolment of patients
into clinical trials of new anti-AB treatments. All available AR PET
radioligands bind to insoluble fibrils, i.e. AR plaques. Levels of prefi-
brillar AB forms, e.g. soluble oligomers and protofibrils, correlate bet-
ter than plagues with disease severity, and these soluble forms are
neurotoxic. The aim was to create an antibody-based radioligand,
recognizing fibrillary AB, and also smaller, soluble aggregates. We de-
signed and expressed a small recombinant bispecific antibody con-
struct, di-scFv 3D6-8D3 targeting the AP N-terminus and the
transferrin receptor (TfR).

Methods

Two mouse models were used in this study: tg-Swe (KM670/671NL)
harbouring the Swedish ABPP, and tg-ArcSwe which has the Swedish
and the Arctic (E693G) mutations. 3D6-8D3 was 124llabeled using
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Chloramine-T. Animals were injected intraveneously with [1241]3D6-
8D3 (6.0+£2.2 MBq), then scanned 14, 24 and/or 72h post-injection.
Results

TR, expressed at the blood-brain barrier, functioned as a shuttle be-
tween blood-brain. 3D6-8D3 bound to AB1-40 (Kd: 1.22 nM) and to
TfR (Kd: 12.19 nM) pre- and post- radiolabeling with iodine-124.
[124113D6-8D3 was retained in transgenic animals brain while it was
cleared from the wild-type brain. This was observed from 24h on-
wards, and at 72h, 18 m.o. transgenes displayed SUVRbrain/cer of
2.2-3.5 while wildtype mice showed ratios close to unity. In a subset
of mice scanned with [11C]PIB, wt mice displayed ratios of unity
while transgenes showed slightly elevated SUVR of 1.2, indicating im-
proved sensitivity with [1241]3D6- 8D3 compared with [11C]PIB. Brain
concentrations of [1241]13D6-8D3 correlated with soluble AR (p <
0.0001), not with total AB, i.e. plaque load (p = 0.34).

Discussion

[124113D6-8D3 displayed better sensitivity than [11CIPIB, and brain
concentrations correlated with soluble neurotoxic forms of AB.
Conclusions

We created a small bispecific antibody-based radioligand capable of
crossing the BBB, subsequently binding to and visualizing intrabrain

AB.
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Background

Recent studies show accumulation of islet amyloid polypeptide (IAPP)
in the brain of Alzheimer’s disease (AD) patients, suggesting an add-
itional amyloid peptide, beside amyloid beta, to be implicated in AD
[1, 2. We have in a previous study shown a toxic impact of the pep-
tide on brain pericytes [3]. In the current study we investigate
whether IAPP deposits also in the retina, if it affects the retinal peri-
cyte population and if retinal levels correlate with hippocampal IAPP
levels.

Methods

Soluble and insoluble fractions of retinal and brain homogenates
from AD patients (n=12) and non-demented controls (NC) (n=8) were
generated by either formic acid dissolvement or ultracentrifugation/
guanine hydrochloride treatment. ELISA was used to analyse levels of
unmodified IAPP and total (unmodified and modified) IAPP. The ret-
inal and hippocampal tissue were immunostained against the peri-
cyte marker NG2 in order to analyse the number of pericytes, the
vessel length and number of pericytes per vessel.

Results

We found reduced levels of unmodified IAPP and unaltered total
IAPP in the insoluble retina fraction and reduced number of retinal
pericytes in AD patients. Moreover, unmodified retinal IAPP levels as
well as pericyte numbers correlated with the corresponding hippo-
campal variable and levels of unmodified IAPP correlated positively
with number of retinal pericytes.

Discussions

Our studies suggest that IAPP can accumulate in the retina and that
modifications of the peptide are associated with pericyte alterations
in AD patients. Moreover, the accumulation of IAPP in the hippocam-
pus correlates with IAPP levels in retina, suggesting that retina can
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function as a type of window for IAPP induced hippocampal
changes.

Conclusions

Our studies demonstrate that IAPP levels are altered in the AD retina
and suggest that modifications of IAPP may play a role in AD
vasculopathy.
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Background

Multiple immunotherapeutic agents have been evaluated as treat-
ment in Alzheimer’s disease, but with limited success. This can, at
least partly, be attributed to the blood-brain barrier (BBB) which dras-
tically reduces brain entry of large molecules such as antibodies. In
this project, we have evaluated a bispecific antibody targeting A
protofibrils and the transferrin receptor, RmAb158-scFv8D3, in com-
parison with unmodified RmAb158.

Methods

RmAb158-scFv8D3 and RmADb158 were labeled with 1251 and
injected into tg-ArcSwe and WT mice, aged 18-24 months. Blood
pharmacokinetics were evaluated over a period of 27 days and
SPECT scans were performed at 6, 14 and 27 days. Brain was isolated
following SPECT scanning and radioactivity was measured ex vivo.
Autoradiography was performed on 20 um brain sections to investi-
gate antibody intrabrain distribution while AR pathology was exam-
ined with AB immunohistochemistry.

Results

RmADb158-ScFv8D3 showed a faster blood clearance compared to
RmAb158. SPECT showed a higher uptake and more uniform distri-
bution of RmAb158-scFv8D3 compared to RmAb158. Antibody brain
retention, expressed as percent of injected dose (%ID), was 0.8+
0.25% and 0.3% at 3 days; 0.3£0.13% and 0.15% at 14 days; and
0.1240.03% and 0.05+0.008% at 27 days for RmAb158-scFv8D3 and
RmAb158, respectively. Ex vivo autoradiography of RmAb158-
scFv8D3 and RmAb158 injected mice revealed that while RmAb158-
scFv8D3 was uniformly distributed throughout the brain, coinciding
with AR pathology, RmAb158 was confined to central brain areas
and a few high intensity hotspots in the brain parenchyma.
Conclusion

The bispecific antibody RmAb158-scFv8D3 showed higher brain con-
centrations than unmodified RmAb158 at all studied time points
after administration demonstrating the feasibility of TfR mediated
transcytosis. In addition, the global distribution pattern in the brain
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parenchyma was fundamentally different between the two types of
antibodies; RmAb158-scFv8D3 was detected throughout the brain in
line with the abundant brain AB pathology while RmAb158 appeared
in a more scattered pattern.
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Background

Brevican, neurocan, tenascin-C and tenascin-R are extracellular matrix
(ECM) proteins expressed in the brain. Brevican and neurocan belong
to chondroitin sulfate proteoglycan family, the most abundant pro-
teoglycans in CNS. Together with tenascins and hyaluronic acid they
form perineuronal nets that are responsible for synaptic stabilization
in the brain. They play important roles in proliferation, migration and
differentiation of neurons and other cell types in the brain. They are
also expressed in various pathological conditions being the major in-
hibitory component of glial scars. The aim of the study was to inves-
tigate if ECM protein concentrations in CSF are linked to the
neurodegenerative process in Alzheimer’s disease (AD).

Methods

Lumbar CSF samples from a non-AD control group (n=28) and a neu-
rochemically diagnosed AD group (n=33), matched for age and gen-
der, were analyzed using commercially available ELISAs. The AD
patients had abnormal core AD CSF biomarker (AR42, t-tau and p-
tau) levels, while controls had normal levels. Non-parametric Mann-
Whitney U test was used to examine group differences, while Spear-
man’s rho nonparametric test was used for correlations.

Results

Brevican, neurocan and tenascin-R levels were significantly higher in
AD group compared to controls (p=0.0002, p=0.002, p=0.0017, re-
spectively). There was no significant difference in CSF tenascin-C con-
centration between AD patients and controls. Brevican, neurocan
and tenascin-R concentrations correlated with tau and p-tau levels
(r=0.6-0.7, p<0.0001). Tenascin-C only correlated with tau (r=0.3, p=
0.04)

Conclusions

The study shows that increased CSF levels of brevican, neurocan and
tenascin-R are associated with AD, indicating that these ECM proteins
might represent novel biomarkers for AD. The correlations with tau
and p-tau levels further support that these proteins are related to
AD-type neurodegeneration.
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Background

Accumulating evidence of increased cerebrospinal fluid (CSF) o-
synuclein (aSyn) levels and aSyn pathology in the brains of
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Alzheimer's disease (AD) patients suggests that aSyn is involved in
AD pathogenesis1-3. To investigate whether CSF aSyn alterations
occur during the preclinical phase of AD we assessed CSF aSyn levels
in a cross- sectional sample from the Dominantly Inherited Alzheimer
Network (DIAN) including asymptomatic and symptomatic partici-
pants carrying autosomal dominant AD gene mutations in the amyl-
oid precursor protein (APP), presenilin-1 (PSENT), or presenilin-2
(PSEN2) genes, and their non-mutation carrying relatives.

Methods

A total of n=142 participants were analyzed. Specifically, n=92 partici-
pants with autosomal dominant AD mutations including n=24 APP,
n=50 PSEN1, and n=18 PSEN2 mutation carriers (MCs), along with n=
50 genetically related non- mutation carrying control participants
(NCs). Quantification of CSF aSyn was performed using a commer-
cially available sandwich enzyme-linked immunosorbent assay
(ELISA) (Anaspec). A total of n=133 participants underwent 11C- Pitts-
burgh Compound B (PiB) positron emission tomography (PET)
imaging.

Results

We found an increase in CSF aSyn levels in symptomatic MCs versus
NCs (p=0.03), and CSF aSyn was positively correlated to the esti-
mated years to symptom onset (EYO) (p=0.05) across all MCs. Import-
antly, in asymptomatic MCs higher CSF aSyn levels were related to
higher PiB-PET retention in several brain areas. This relationship was
inversed once the MCs had developed clinical symptoms whereby
lower CSF aSyn levels were correlated to higher PiB-PET retention in
selected brain regions.

Conclusions

Elevated CSF aSyn levels are linked to the development of dementia
symptoms in autosomal dominant AD, with increasing CSF aSyn
levels being positively correlated to amyloid deposition during the
preclinical stages of disease. Future studies detailing the molecular
links between altered CSF, brain parenchymal aSyn levels, amyloid
pathology and the development of AD symptoms are needed in
order to reveal the role of aSyn in the pathogenesis of AD.

References

1. Hamilton, R. L. Lewy bodies in Alzheimer's disease: a neuropathological
review of 145 cases using alpha-synuclein immunohistochemistry. Brain
Pathol. 10, 378-384 (2000).

2. Wennstrom, M. et al. Low CSF levels of both a-synuclein and the a-
synuclein cleaving enzyme neurosin in patients with synucleinopathy.
PLoS One 8, €53250 (2013).

3 Larson, M. E. et al. Soluble Alpha-Synuclein Is a Novel Modulator of Alz-
heimer's Disease https://dian.wustl.edu/our-research/clinical-trial/study-
sites/

P1-C14 HIGH BLOOD GLUCOSE LEVELS WITH APOE €3 RELATED TO
WORSE COGNITIVE FUNCTION IN COMMUNITY ELDERS

Qiu Qi, Lin Xiang, Sun Lin, Min-jie Zhu, TaoWang, Jing-hua Wang,
Guanjun Li, Shi-fu Xiao, Xia Li

Department of Psychogeriatrics, Shanghai Mental Health Center,
Shanghai JiaoTong University School of Medicine, Shanghai, China
Molecular Neurodegeneration 2019, 14(Suppl 1):POSTER

Correspondence: Shi-fu Xiao, Xia Li

Background

Few studies investigated the effects of blood glucose (BG) on cogni-
tive function in community dwelling elderly with Apolipoprotein E
(APOE) €3. Objective To explore the effect of high BG levels in APOE
€3 carriers on cognitive function in non-demented community older
adults, compared to counterparts with APOE &4 or APOE g2
genotype.

Methods

Within the China Longitudinal Ageing Study, we recruited 282 elderly
adults without dementia. Data collected included demographic infor-
mation, psychological measures, laboratory tests including BG and
plasma lipid levles, and APOE genotypes. We divided the groups as
the APOE €2(g2/ €2, €2/ €3), €3(€3/ €3), €4(€3/€4, €4/ €4) groups. The
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partial correlation analyses and multivariate linear regression analyses
were utilized to assess the cognitive function and laboratory data like
BG and lipid data in different APOE carriers. Furthermore, white mat-
ter hyperintensity (WMH) was measured on MRI in 77 participants.
Results

With adjustment for age, education and sex, higher BG in non-
demented communities’ older adults was associated with cognitive
decline on immediate memory and verbal fluency. In APOE €3 group,
elevated BG was associated with cognitive decline in immediate
memory, verbal fluency, and perceptual reasoning. In APOE €4 group,
higher glucose was also correlated with visual spatial reasoning de-
cline. A trend association was showed that higher BG had severer
WMHs.

Conclusion

Higher BG was correlated with different cognitive domains decline in
APOE €3 carriers in non-dementia older adults.
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Background

Neurofilament light (NFL) is a well-validated biomarker for neuronal
injury and neurodegeneration. It shows increased cerebrospinal fluid
(CSF) levels after stroke [1], as well as in patients with a broad range
of neurodegenerative and neuroinflammatory diseases [2]. Neurofila-
ment heavy, (NFH) belongs to the same family of structural proteins
but it is less extensively studied [3]. The role of phosphorylated NFH
(pNFH) as a marker and in disease progression is unknown. In this
pilot study, we aimed to examine the temporal pattern evolution of
NFL and pNFH concentrations in serum and CSF after acute ischemic
stroke.

Methods

A quantitative Enzyme Linked ImmunoSorbent Assay (ELISA) for
pNFH was developed and tested on CSF and serum samples. NFL
and pNFH were analysed in serum and CSF of acute ischemic stroke
patients, who were followed over time (Day 0-1, Day 2-3, Day 7-9, 3
weeks, 3-5 months after stroke).

Results

NFL and pNFH concentrations in serum and CSF increased after
stroke, peaked during the 3rd week, and then decreased back to al-
most baseline levels after 3-5 months. CSF-NFL and serum-NFL corre-
lated to the outcome measured by Barthel Index after 3-5 months,
whilst no such association was seen for pNFH.

Discussion

These findings suggest that NFL and pNFH both in CSF and serum
reflect the temporal pattern of the post ischemic Wallerian degener-
ation of axons and that this process does not seem to progress after
3-5 months.

Conclusion

Further studies in larger populations are needed to fully understand
the progression of the neuronal damage after acute ischemic stroke
and to evaluate if these biomarkers can provide additive information
and how they relate to outcome.
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Background

a-Synuclein is an intrinsically disordered protein that is expressed in
neurons. Misfolding of aSyn in amyloid fibrils is one of hallmarks of
Parkinson’s disease, the second most common neurodegenerative
disorder [1]. Although there were several attempts to find critical
concentration of a- synuclein fibrillization [2,3], aggregation of a-
synuclein at low concentrations has not been characterized and fibril
dissociation constant Kd has not been determined.

Methods

We studied kinetics of a-synuclein aggregation at protein concentra-
tions in the range 0.11-20 uM. Aggregation was monitored using CD-
spectroscopy and Thioflavine T (ThT), a dye which increases its fluor-
escence upon binding to B-sheet-rich protein aggregates. The
formed aggregates were characterized by atomic force microscopy
(AFM).

Results

The samples of a-synuclein with concentrations 5-20 uM demon-
strated typical first-order aggregation kinetics according to ThT and
formation of fibrils visualized by AFM. The samples of 0.4-5 uM a-
synuclein showed atypical kinetics with saturation before complete
monomer depletion. Although according to CD spectra the B-sheet
content in these samples increased during the aggregation, the
structure of the formed aggregates was different from amyloid fibrils
that was shown by AFM microscopy. The samples of 0.11-0.4 uM a-
synuclein did not aggregate. From the kinetic curves we calculated
Kd of a-synuclein fibrils and found that it is in the range of 0.4 uM.
Discussion

Our data suggest that the typical a-synuclein amyloid fibrils are
formed at the protein concentrations higher than 5 uM, whereas at
low UM concentrations a- synuclein forms B-sheet-rich aggregates.
Similar structures were also observed at the initial stages of aggrega-
tion of 45 uM a-synuclein [4]. Calculated Kd of a-synuclein fibrils is
similar to Kd of another amyloid protein A [5].

Conclusions

We show that aggregation of a-synuclein occurs at much lower con-
centrations than it was reported earlier. Also for the first time we cal-
culated Kd of a-synuclein fibrils.
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Background

Parkinson’s disease (PD) is characterized by intracellular neuronal
inclusions called Lewy bodies, which are mainly composed of
aggregated alpha-synuclein [1,2]. In addition to the neuronal
pathology, alpha-synuclein inclusions also appear frequently in as-
trocytes. Being the most abundant glial cell type in the brain, as-
trocytes have great impact on tissue homeostasis [3], but their
role in PD remains elusive. The aim of this study was to clarify
the effect of alpha-synuclein aggregates on the autophagosomal
pathway in astrocytes.

Methods

Human astrocytes were treated with Cy3-labelled alpha-synuclein ag-
gregates for 24 h, after which the cells were thoroughly washed and
incubated for additional 0, 3 or 6 days in alpha-synuclein free
medium.

Results and discussion

The astrocytes engulfed large amounts of alpha-synuclein aggre-
gates, which were stored in the trans-Golgi network region rather
than degraded resulting in mitochondrial damage and ER swell-
ing. Immunostainings for the autophagosomal marker, LC3BII,
suggested increased autophagosome formation at the earliest
time points after alpha-synuclein exposure, but declined to con-
trol levels at the latest time point. To study the fusion and turn-
over of autophagosomes to autolysosomes, LC3BII/I ratios were
measured by Western blot analysis. The alpha-synuclein exposed
cells displayed significantly higher levels of LC3BIl/I, indicating
that the alpha-synuclein accumulation affects the autophagosome
turnover. This result was further verified using a transfection
method including the LC3B-RFP-GFP gene where the GFP protein
is sensitive to low pH resulting in only RFP appearance. Accord-
ingly, 3 days following alpha-synuclein exposure, most cells dis-
played RFP labeled vesicles whereas at day 6 following alpha-
synuclein exposure, most cells had RFP/GFP labeled vesicles, sug-
gesting altered autophagosome-lysosome fusion.

Conclusion

In summary, our results demonstrate that accumulation of alpha-
synuclein aggregates in human astrocytes affect the autophagosomal
pathway, which may influence the supporting function of astrocytes
to neurons, consequently leading to exacerbated neuronal damage.
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Background

The aggregation of alpha-synuclein (aSyn) is the pathological hall-
mark of Parkinson’s disease. However, the physiological function of
the protein and how it relates to its pathological effects remain
poorly understood. One of the proposed roles of aSyn is to promote
the soluble N- ethylmaleimide-sensitive factor activating protein re-
ceptor (SNARE) complex assembly by binding to VAMP-2 [1]. The ob-
jective of this study was to visualize the co-localization between
aSyn and the SNARE proteins (VAMP-2, SNAP-25 and syntaxin- 1)
using in situ proximity ligation assay (PLA) [2].

Methods

Cortical primary neurons were cultured from E14 non-transgenic or
transgenic mice expressing human A30P aSyn. The neurons were an-
alyzed with sandwich ELISA, immunofluorescence and PLA.

Results

With an aSyn antibody, a PLA signal indicating close proximity be-
tween aSyn and the three SNARE proteins was observed both in the
soma and throughout the processes. No differences in the extent of
PLA signals were seen between non-transgenic and transgenic neu-
rons. ELISA analysis detected 600 pM of human aSyn in A30P neu-
rons but no difference in total levels of aSyn. Immunofluorescence
images indicated 13 % of A30P neurons to be human aSyn positive.
With an antibody specific against human aSyn, the PLA signal was
seen to a lesser degree, mostly located to the soma.

Discussion

PLA have previously been used to study interactions between aSyn
and other synaptic proteins [3- 6]. This is the first time co-localization
have been visualized between aSyn and the SNARE proteins using in
situ PLA in primary neurons. The PLA puncta were abundant in the
processes which could indicate localization in the synaptic boutons.
Conclusions

In situ PLA is a method that can be used to investigate the co-
localization of aSyn and the SNARE proteins in primary neuronal cul-
tures and could potentially uncover pathological changes in protein
levels and/or distribution.
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Background

Synucleinopathies including Parkinson’s disease (PD) or Lewy body de-
mentia (LBD) are neurodegenerative diseases characterised by the abnor-
mal accumulation of a- synuclein (aS) in the perikarya or processes of
neurons, the so-called Lewy bodies (LB) and Lewy neurites (LN), respect-
ively. It is not clear how these aS aggregates are formed and propagate
within the brain of diseased individuals but accumulating evidence sug-
gests a prion-like mechanism [1]. In line with this, several in vitro and
in vivo studies that use insoluble aS from human brains with PD or LBD,
synthetic pre-formed fibrils (aS pff) or transgenic mouse brain homogen-
ate as seeds have reported the induction of aS pathology in wildtype
(wt) as well as transgenic (tg) experimental models [2,3].

Methods

Here we aimed to establish a hippocampal slice culture (HSC) model
to study prion-like aggregation and propagation of aS inclusions.
Results

We were able to induce LB- and LN-like aS inclusions in HSC from tg as
well as wt mice by only one-time treatment with aS seeds (either brain-
derived or pff) in a time- and concentration-dependent manner.
Conclusion

This work illustrates that HSC have the potential to become a poten-
tial promising tool to study aS lesions and gain further insights into
its seeding and spreading patterns.
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Background

A hallmark of Parkinson’s disease (PD) is the formation of Lewy bod-
ies (LB’s) in neurons. LB's are cytoplasmic protein rich aggregates, in
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which a-synuclein (a- syn) is the most abundant protein. Recently, re-
cessive mutations were discovered in the auxilin (DNAJC6) encoding
gene, that were linked to a juvenile form of PD. Auxilin is a DNAJ co-
chaperone of the HSP70 chaperones, which are important for protein
folding and homeostasis in the cell.

Methods

To address our questions, we have used HEK293 and N2a cell culture,
KO of auxilin by Crispr/CAS9 method, produced recombinant pro-
teins and performed a-syn based thioflavin T assays of a-syn aggre-
gation. Endocytosis has been measured using fluorescently labeled
transferrin and cell death using tryphan blue.

Results

We observed that auxilin KO cells, which overexpressed a-syn-Dsred,
contained more a-syn aggregates than did the parental control cells.
Moreover, we observed an increased cell death in KO cells that over-
expressed a-syn-Dsred. The increased cell death in a-syn- Dsred Aux-
illin KO cells could be prevented by re-introducing Auxilin into these
cells. With use of recombinant proteins, we found that auxilin inhibits
a-syn aggregation as well in vitro. As both a-syn and auxilin, are im-
portant for endocytosis and exocytosis in neurons, we explored how
these dynamics were affected in HEK293T cells. We observed that
endocytosis was impaired in cells that had KO of auxilin and overex-
pressed a- syn-Dsred, but not in parental control cells.Discussion

Our results suggest, that increased aggregation of a-syn-Dsred can
impair endocytosis in the absence of auxilin which ultimately affects
cell survival.

Conclusions

These results links a cellular role of auxilin in preventing vulnerability
to a-syn aggregates, and this provides a possible explanation for
how recessive mutations in the auxillin gene could be linked to PD.
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Background

Parkinson’s disease (PD) is a neurodegenerative disorder character-
ized by loss of dopaminergic neurons in the substantia nigra and
presence of a-synuclein (aSN) aggregates. We previously demon-
strated loss of function mutations in Ras Analog in Brain 39B
(RAB39B) cause early onset PD, with dysregulation of aSN observed
in vitro and in vivo [1]. Our aim is to investigate the role of RAB39B
in PD pathology.

Methods

We utilised CRISPR/CAS9 genome editing to generate isogenic pluri-
potent stem cell (PSC) lines with deletion/knockout of RAB39B, in
addition to PSC from RAB39B deletion patient fibroblasts. We also
utilised CRISPR/CAS9 to generate knockout of Rab39b in C57BL/6
mouse.

Results

For the stem cell models, we successfully differentiated cortical and
dopaminergic neurons from the isogenic and patient stem cell lines.
By western blot analysis, we observed a significant increase in
steady-state levels of aSN in the mature RAB39B knockout neurons
compared to controls. For the mouse models, behavioral analysis of
a knockout cohort at three time points (11, 18 and 22 months) iden-
tified motor deficits. On the balance beam, knockout mice performed
significantly worse than littermate controls, slipping more than five
times as often at 22 months (Wildtype 2.3+£1.0, n=6; Knockout 12.8+
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3.3, n=6, p=0.006). Similarly, there was a significant deficit recorded
by accelerating rotarod at 22 months (Wildtype 169.2+£17.6, n=6;
Knockout 83.2+21.4, n=6, p=0.010).

Discussion

Disease models with knockout of RAB39B show key pathological fea-
tures of PD, including increased aSN levels and deficits in fine motor
control. This suggests shared underlying pathological mechanisms
between RAB39B- mediated PD and other forms of PD.

Conclusions

We have generated unique models that recapitulate aspects of the
human disease; these will be useful tools to determine the neuro-
pathological mechanisms underlying RAB39B-mediated PD, its role in
the regulation of aSN homeostasis, and the therapeutic potential of
RAB39B.
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Background

Onset of alpha-synuclein pathology and motor phenotype following
intramuscular injection of sonicated pre-formed alpha-synuclein fi-
brils (PFF) in A53T and WT alpha-synuclein transgenic mice was re-
cently published [1] and later replicated in A30P transgenic mice.
The aim of this study was to further characterize the model with
regards to progression of alpha-synuclein pathology in h[A30P]
alpha- synuclein transgenic mice.

Methods

8-10 weeks old h[A30PJalphaSYN tg mice were unilaterally injected
in the right gastrocnemius muscle with 1 pg of PFF. At pre-defined
time-points post injection and at terminal disease, mice were sacri-
ficed and tissues collected and evaluated for alpha-synuclein
pathology.

Results

A time dependent progression of alpha-synuclein pathology was ob-
served. At 1 week post injection all mice exhibited pSer129-alpha-
synuclein positive neurites in the lumbar sections of the spinal cord
which progressed to the thoracal and cervical parts at 2 weeks post
injection. Terminal animals, i.e. mice exhibiting severe motor deficits
at time of sacrifice, showed pathology throughout the CNS including
brain. The progression of pathology co-incided with an increase of
neurofilament light chain (NfL) in both CSF and plasma, suggesting
that NfL can serve as a marker of disease progression in this model.
Discussion

As described for the A53T transgenic mice, intramuscular PFF injec-
tion results in a synchronized onset of alpha-synuclein pathology also
in A30P mice. The approach will significantly improve the use of this
otherwise highly heterogenic mouse strain in pre-clinical evaluation
of alpha- synuclein targeted therapies.

Conclusions

Intramuscular injection of PFF results in a time dependent progres-
sion of alpha-synuclein pathology in A30P transgenic mice.
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Background

Amyloid precursor protein (APP), presenilin-1 (PSEN1) and presenilin-
2 (PSEN2) mutations account for under 10% of early-onset Alzhei-
mer’s disease (EOAD) cases [1]. To date, over 280 mutations in these
genes have been identified [1]. Mutations in C9orf72, microtubule as-
sociated protein tau (MAPT) and progranulin (GRN) genes account
for 60% of inherited frontotemporal lobar degeneration (FTLD) cases
[2]. The aim of this study was to evaluate the contributions of the
mutations associated with AD and FTLD in a cohort of early-onset
dementia (EOD).

Methods

The study population consisted of 39 patients (mean age of on-
set 54.8+6.3 years) with EOD diagnosed at two memory out-
patient clinics in Finland. The patients had early-onset disease
and one or two dementia patients in family or atypical or rapidly
progressive clinical picture. The patients carrying the APOE &4 al-
lele or the C90ORF72 expansion were excluded. Mutations were
identified by NGS- based exome sequencing and confirmed by
Sanger sequencing.

Results

We identified two pathogenic mutations; PSEN1 p.His163Arg and
MAPT p.Arg406Trp. The patient with PSEN1 p.His163Arg had rapidly
evolving amnesia, clumsiness, myoclonic jerks and upper limb
tremor. Later she became euphoric and got facial dyskinesia and
vocal tic. The patient with MAPT p.Arg406Trp mutation had familial
EOD with mood symptoms that evolved to psychosis. No pathogenic
APP or GRN mutations were identified.

Discussion

The phenotype of the patients carrying PSENT p.His163Arg mutation
has been recognized to include aphasia, apraxia, amnestic and de-
pression symptoms, visual hallucinations, rigid-bradykinetic syn-
drome and multifocal myoclonus [3-5]. Progression of euphoria and
vocal tic might also be part of the neurodegenerative process. MAPT
p.Arg406Trp mutation has been reported to cause both EOAD and
FTD [6]. Rapidly progressing disorder with psychosis has been re-
ported in a Japanese patient [7].

Conclusions

Autosomal dominant mutations MAPT p.Arg406Trp and PSEN1
p.His163Arg were identified in a Finnish EOD cohort.

References

1. Cacace R, Sleegers K, Van Broeckhoven C. Molecular genetics of early-
onset Alzheimer disease revisited. Alzheimers Dement 2016, 12:733-48.

2. Le Ber I. Genetics of frontotemporal lobar degeneration: an up-date and
diagnosis algorithm. Rev Neurol (Paris) 2013, 169:811-19.

3. Goémez-Tortosa E, Barquero S, Baron M, Gil-Neciga E, Castellanos F, Zurdo
M, Manzano S, Mufioz DG, Jiménez- Huete A, Rdbano A, Sainz MJ, Guer-
rero R, Gobernado |, Pérez- Pérez J, Jiménez-Escrig A. Clinicalgenetic cor-
relations in familial Alzheimer's disease caused by presenilin 1 mutations.
J Alzheimers Dis 2010, 19:873-84.

4. Yagi R, Miyamoto R, Morino H, Izumi Y, Kuramochi M, Kurashige T,
Maruyama H, Mizuno N, Kurihara H, Kawakami H. Detecting gene
mutations in Japanese Alzheimer's patients by semiconductor
sequencing. Neurobiol Aging 2014, 35:1780.e1-5.



Molecular Neurodegeneration 2019, 14(Suppl 1):30

5. Lohmann E, Guerreiro RJ, Erginel-Unaltuna N, Gurunlian N, Bilgic B, Gurvit
H, Hanagasi HA, Luu N, Emre M, Singleton A. Identification of PSENT and
PSEN2 gene mutations and variants in Turkish dementia patients. Neuro-
biol Aging 2012, 33:1850.e17-27.

6. Carney RM, Kohli MA, Kunkle BW, Naj AC, Gilbert JR, Zuichner S, Pericak-
Vance MA. Parkinsonism and distinct dementia patterns in a family with
the MAPT R406W mutation. Alzheimers Dement 2014, 10:360-5.

7. Saito Y, Geyer A, Sasaki R, Kuzuhara S, Nanba E, Miyasaka T, Suzuki K,
Murayama S. Early-onset, rapidly progressive familial tauopathy with
R406W mutation. Neurology 2002, 58:811-3.

P1-E04 EMPLOYING GENETIC CODE EXPANSION TO STUDY PROCESSING
OF AMYLOID PRECURSOR PROTEIN

Lea S. van Husen', Simon J. Elsisser?, Thomas P. Sakmar', Manija A.
Kazmi®, Bengt Winblad', Sophia Schedin-Weiss' , Lars O. Tjernberg’

' Department NVS, Center for Alzheimer Research, Division of
Neurogeriatrics, Karolinska Institutet, 141 57, Huddinge, Sweden; 2
Science for Life Laboratory, Department of Medical Biochemistry and
Biophysics, Karolinska Institutet, Stockholm, Sweden; 3 Laboratory of
Chemical Biology and Signal Transduction, The Rockefeller University,
1230 York Avenue, New York, NY 10065, USA

Molecular Neurodegeneration 2019, 14(Suppl 1):POSTER

Correspondence: Lea S. van Husen

Background

The amyloid precursor protein (APP) is critical in the pathophysiology
of Alzheimer disease (AD), since two- step proteolytic processing of
APP generates the neurotoxic amyloid - peptide (Ap). Trafficking
and processing of APP has been widely studied [1][2] but a major
challenge is the labeling of AB in living cells. To solve this problem,
we used a genetic code expansion approach by inserting an amber
stop codon at specific positions in APP to enable incorporation of an
unnatural amino acid (UAA) that can be fluorescently tagged [3].
Methods

We individually mutated ten different codons to amber codons in
the AP region and added a SNAP-tag at the C-terminus of APP.
HEK293T cells were transfected with plasmids containing one modi-
fied APP and an amber codon suppression system (the orthogonal
Pyrrolysyl tRNA synthetase/ tRNA pair) and grown in the presence of
a lysine- derived UAA. We validated the processing of the APP vari-
ants with ELISA and immuno-blotting. The UAA was fluorescently la-
beled with silicon rhodamine-tetrazine and the SNAP-tag with TMR-
Star, followed by analysis using confocal microscopy.

Results

We were able to incorporate different lysine- derivatives into all mu-
tated APP variants using amber codon suppression. We identified
several APP mutants that showed similar cleavage efficiency as wild-
type APP. Moreover, we showed that dual labeling of the UAA and
the SNAPtag of APP is possible.

Discussion

Our data show that the incorporation of the lysine-derivatives lead to
minimal changes in APP processing. Thus, amber codon suppression
is a suitable method to study APP cell biology and biochemistry. Dual
labeling further enables us to monitor AR and the C-terminal cleav-
age products simultaneously.

Conclusions

This method provides a powerful tool to study the processing of APP
with minimal changes in the protein itself. Understanding the path-
way of APP processing may enable novel strategies for treatment of
AD.
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Alzheimer's disease (AD) etiology involves polygenic and multifactor-
ial causes, along with environmental risk factors. An interesting rela-
tionship between the catabolism of GABA and AD progression was
suggested [1,2]. Succinic semialdehyde dehydrogenase (SSADH) is
the enzyme responsible for the conversion of succinic semialdehyde
(SSA), a GABA catabolite. Moreover, SSA can be directed to a minor
route, generating gammahydroxybutyrate (GHB). Different missense
mutations of SSADH gene (ALDH5A1), leading to enzyme failure,
cause a rare metabolic disorder known as SSADH deficiency. Further-
more, common polymorphisms have been identified which affect
SSADH activity when in vitro expressed [3,4]. A link between SSADH
and cognitive impairment may be envisaged, since SSADH poly-
morphism ¢.538C>T was found to affect survival and cognitive per-
formance in the elderly [5] and an increase of a GHB catabolite was
reported in AD patients [6]. Therefore, the present study was aimed
to search a possible association between ALDH5A1 SNPs and AD. We
performed a case- control study by genotyping a population of 300
AD patients and 300 matched controls for c.538C>T and c.545C>T
SNPs of the ALDH5A1 gene by TagMan assays. DNA samples were
obtained by the Biobanca of IRCCS Fatebenefratelli (Brescia). AD pa-
tients have been selected according to NINCDS-ADRDA criteria and
MMSE <25. All individuals (cases and controls) have been genotyped
for the APOE €2, €3 and €4 polymorphism.

Our results show that the T allele of the ¢.538C>T ALDH5A1 SNP is
more frequent in samples with AD than in controls. Furthermore,
when considering both SNPs, we identified one haplotype with
higher frequency in AD patients than in controls.

This case-control study suggests that ALDH5AT SNPs may be related
to AD onset/progression, reinforcing the hypothesis that GABA catab-
olism alterations might be involved in AD.
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Background

Most forms of dementia have a clear genetic background and several
disease genes have been identified. Mutations in the tau gene lead
to frontotemporal dementia, whereas mutations in the genes for
amyloid precursor protein (APP) and the presenilins (PSEN1, PSEN2)
cause early- onset, dominantly inherited forms of Alzheimer's disease
(AD). In Parkinson's disease (PD) several genes resulting in autosomal
dominant (a-synuclein and LRRK2) or autosomal recessive disease
(Parkin, PINK1, DJ1, and ATP13A2) have been described.

Methods

DNA samples from 79 patients with early onset forms of AD, fronto-
temporal dementia, dementia with Lewy bodies or PD were analyzed
during two rounds of analyses. Genes with known pathogenic muta-
tions causing familial early onset disease as well as genes associated
with disease in large genome wide association studies were included.
All coding exons of selected genes were amplified using sequence
enrichment technology, followed by high throughput sequencing.
Results

We have identified three AD patients carrying known disease causing
mutations in the PSENT gene, leading to Pro264Leu and Met146Val
amino acid substitution. We also discovered a new APP mutation in
two siblings, suffering from an aggressive early onset form of Alzhei-
mer's disease. The presence of this mutation has been mapped in
the extensive family and we have excluded the possibility that it is a
rare polymorphism by screening 500 other subjects with and without
AD. Furthermore, in several of the PD patients we have found muta-
tions in the PINK1 and GBA genes, which might be related to the dis-
ease development.

Conclusions

Even though familial forms of dementia are uncommon, it is import-
ant to identify disease-causing mutations. Our findings have helped
us to confirm the clinical diagnoses. We also hope that the identifica-
tion of new pathogenic mutations will enable us to better under-
stand the underlying disease mechanisms.
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Background

We aimed to study the prevalence and associations of gene PER2
with sleep disorders in the male population aged 25-44 years in
Russia/Siberia (Novosibirsk)

Methods

A random representative sample of the male population aged 25-44
years who were residents of one of Novosibirsk district was exam-
ined in 2014-2016. A random method was used to select 200 men
(mean age= 35.5 years) who underwent psychosocial testing using
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the C.D. Jenkins scale "4-item Jenkins Sleep Questionnaire". In men,
included in the study, the frequency distribution of genotypes
rs934945 of the PER2 gene was studied. Approved by Ethical Board.
Differences in the frequency distribu- tion of the rs934945 genotypes
of the PER2 gene between the groups were evaluated by the Chi
square test (X2).

Results

The most common genotype of rs934945 PER2 gene was genotype
G/G - 65,36%. A/G was in 30.17% and genotype A/A was in 4,47% of
men. Those carriers with the A/A genotype has a increasing ten-
dency of anxious dreams during sleep compared to carriers of other
genotypes. Carriers of genotype A/A often wake up during the night.
Sleep was the strongest in men with A/G and G/G genotype. Lack of
sleep (5 hours or less) is also more common in persons who had
genotype with homozygous allele A was presented in.

Conclusions

The gene PER2 (rs934945) in our population has a relationship with
various chronotype that plays an important role in understanding
the basics of sleep disorders.
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Background

Recent studies of familial Alzheimer’s disease (AD) cases suggest gen-
etic modifiers may delay the onset and progression of AD symptoms
by decades. Although modifiers promoting resilience may provide
key targets for the prevention of AD, they remain largely unidentified
in human populations. To address this significant need, our lab re-
cently developed a novel panel of genetically diverse AD mice.
Methods

Female B6-5XFAD mice were bred to males from the BXD genetic refer-
ence panel. F1 offspring were phenotyped across the lifespan. Genetic
interval mapping was utilized to identify areas of the genome containing
variants that modify the observed variation in AD-relevant phenotypes.
Results

We have found that genetic background has a profound effect on
the expressivity of the 5XFAD transgene. We identified multiple gen-
omic regions associated with resilience or susceptibility to AD, includ-
ing the APOE locus and two novel loci. We validated positional
candidate Trpc3 as a modifier of AD symptoms with translational
relevance in human populations.

Discussion

Our results demonstrate the incorporation of genetic diversity into
animal models of AD is a critical step toward identifying translation-
ally relevant mechanisms underlying disease. As each BXD line is fully
inbred, each F1 AD-BXD line studied here can be replicated across
time and laboratories, maximizing rigor and reproducibility. This ap-
proach is of broad interest to the neurodegenerative field, as it can
be used with a variety of transgenic models to identify common and
unique mechanisms across diseases.
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Conclusions

Here we use a variety of techniques to both confirm known genetic
associations with AD and identify novel variants (e.g. Trpc3) that may
play a role in disease onset and progression. Overall, results here sig-
nificantly advance our understanding of how individual genetic vari-
ation provides protection to AD, and demonstrate the utility of our
panel as an important resource for the study of AD.
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Background

The evolution of next generation sequencing has led to exponential
growth in our understanding of ALS genetics. Here, we report a new
candidate gene ARPP21 identified through whole-exome sequencing
in a cohort of familial ALS cases. Two novel variants absent in con-
trols are shared by several unrelated index cases for which currently
known genes have yet to be accounted for. To understand the con-
tribution of ARPP21 in ALS, we have screened the gene extensively
and modelled the identified variants in cellular models.

Methods

Direct sequencing was performed on over 2000 ALS cases and 1000
controls of UK, US and Italian origin. Disease modelling was per-
formed in HEK239T, SH-SY5Y and primary rat cortical neurons.
Results

Both variants linked with familial ALS (p.P563L; p.P747L) are identi-
fied in a replication sporadic ALS cohort. The same p.Proline563 is
found to be substituted to glutamine in two sporadic cases of UK
and ltalian origin. Similar to other ALS causative genes, most of the
mutations cluster in the C-terminus disordered region of low com-
plexity. ARPP21 encodes a predominantly cytoplasmic phosphopro-
tein and is highly enriched in the neuronal population. Cellular
modelling of the ALS-associated mutants showed RNA-dependent
detergent insoluble aggregates, proteasome dysregulation, enhanced
cytotoxicity and altered neuronal morphology. A proportion of these
mutants showed abnormal cytoplasmic TDP43 granules, consistent
with the TDP43 proteinopathy observed in most ALS post-mortem
tissues.

Discussion

Mutation frequencies of ARPP21 in current study are approximately
1.6% in familial cases and 0.3% in sporadic cases. Cellular studies of
ARPP21 mutants have recapitulated pathological hallmarks of ALS.
Conclusions

By combining the genetics and follow-up functional assays, we have
identified ARPP21 as a novel ALS candidate gene that has not been
described in neurodegeneration
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Background

The Cure Alzheimer’s Fund Genome Project identified a novel, highly
penetrant mutation in the angiotensin converting enzyme 1 (ACE1)
gene that is associated with increased risk for Alzheimer's disease
(AD). ACE1 is best known for its role in blood pressure control. Mu-
tant ACE1 could cause AD pathogenesis by raising blood pressure,
since midlife hypertension has been associated AD[1]. However,
ACE1 is expressed in all tissues including brain and can cleave many
substrates[2]. Therefore, any of the myriad of ACE1 functions in the
brain or periphery could have a role in AD pathogenesis. The goal of
this study is to determine how this mutation increases the risk of AD.
Methods

The role of mutant ACE1 in AD was investigated in cultured forebrain
neurons from wild-type (WT) and knock-in (KI) mice and in human
SH-SY5Y cells stably expressing either WT ACE1 or mutant ACE1 and
in vivo in aged cohorts of WT and KI mice. To determine the effect
of ACE1 KI on amyloid pathology, rAAV1- BRI2-AB-42 and control
rAAV1- BRI2-AKR were stereotaxically injected into the brains of WT
or Kl mice and ACE1 Kl crosses with 5XFAD amyloid mice were
analyzed.

Results

Blood pressure is unchanged in Kl mice, but KI mice show higher
ACE1 protein levels in cortical brain regions and in cultured forebrain
neurons compared to WT mice. Unexpectedly, mutant ACE1 reduces
cell survival in SH-SY5Y cells, cultured mouse forebrain neurons and
in mouse brains. Neurodegeneration observed in KI mice is acceler-
ated by AP. Increased cell death is related to a toxic gain-of-function
of mutant ACE1.

Discussion

These studies will provide novel information about the physiological
function ACE1 in the brain, and how altered ACE1 function may
cause AD.

Conclusions

Mutant ACE1 increases the risk of AD at least in part by increasing
neuronal cell death.
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Background

X-linked dystonia-parkinsonism (XDP) is a neurodegenerative dis-
order showing clinical features of both dystonia and parkinsonism.
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XDP is associated with the intronic insertion of a SINE-VNTR-Alu
(SVA) retrotransposon in the TAF1 genel. Recently, the length of the
polymorphic (CCCTCT)n domain within this SVA retrotransposon was
shown to inversely correlate with age at onset (AAO) in 140 XDP pa-
tients2. However, to what extent this repetitive sequence influences
the clinical manifestation of XDP remains unknown.

Methods

To systematically describe the impact of the (CCCTCT)n domain on
disease expressivity, we genotyped 405 SVA carriers and correlated
repeat length with the following clinical parameters in patients: dys-
tonia severity (n=19), AAO (n=223), and initial clinical manifestation
(n=188). Furthermore, we genotyped post-mortem brain samples
from two affected individuals.

Results

Repeat length ranged from 30 to 55 in our dataset and showed sig-
nificant positive and inverse correlations with dystonia severity (r=
0.48, p<0.05) and AAO (r=-0.61, p<0.00001), respectively. In turn, the
AAO directly determines whether dystonia (n=149) or parkinsonism
(n=39) will be the initial manifestation of XDP. Moreover, we found
that repeat length is unstable and exhibits somatic mosaicism in the
brain.

Discussion

The discovery of the first genetic modifier of XDP expressivity sets up
a framework that might yield an efficient and targeted (gene) ther-
apy for this severe disease. In addition, the occurrence of somatic
mosaicism in the brain offers insight as to why XDP presents with a
neurological phenotype despite the broad requirement of TAF1 for
transcription in all cells of the body.

Conclusions

Overall, our work provides comprehensive evidence that the length
of the (CCCTCT)n domain within the SVA retrotransposon insertion
acts as a genetic modifier of disease expressivity in XDP. Functional
studies are warranted to elucidate the mechanism(s) by which this
hexameric repeat expansion modifies the XDP phenotype.
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Background

Glaucoma is a complex, multifactorial disease affecting ~80 million
people worldwide. It is a leading cause of irreversible blindness. Age,
genetics, and high intraocular pressure (IOP) are major risk factors.
Currently only treatments to alleviate high IOP have been taken to
the clinic. These therapeutics do not treat the neurodegenerative
component of glaucoma. Neuroprotective strategies are of great
therapeutic need.

Methods

RNA-sequencing was used to elucidate the very earliest mechanisms
of retinal ganglion cell (RGC) degeneration in the DBA/2J mouse
model of glaucoma. Using neurobiological and cell molecular tech-
niques we assessed mitochondrial and metabolic function in RGCs
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from DBA/2J mice. Using these data we established treatment and
gene therapy protocols to treat glaucoma in DBA/2J mice.

Results

Metabolism and mitochondrial health decline with age and is exacer-
bated by periods of high IOP. This is coupled with a marked age-
related reduction in retinal NAD+ levels. Restoring NAD+ (via nico-
tinamide treatment, Nmnat1 gene therapy, and/or the addition of
WLDS protein) improves mitochondrial health and potently protects
from glaucoma [1-3]. We next identify an IOP-dependent decline in
retinal pyruvate levels. Restoring pyruvate levels also prevents glau-
coma in mouse and rat models.

Discussion

Glaucoma is the most prevalent neurodegeneration, yet there are no
neuroprotective therapies. We determine that retinal NAD+ decline is
an age- dependent factor that renders RGCs susceptible to the in-
sults of high IOP. Preventing this NAD+ decline robustly protects
from glaucoma and protects up to 95% of eyes from severe glau-
coma. To develop an RGC-specific, long-term treatment for glaucoma
we used Nmnat1 gene therapy (the terminal enzyme in NAD+ pro-
duction). This is the first instance of a successful gene therapy in a
complex age-related disease targeting a common mechanism.
Conclusions

Targeting neuronal metabolic decline and neuronal mitochondria
may offer safe, neuroprotective treatments for glaucoma and other
age-related neurodegenerations.
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Background

Glaucoma is a neurodegenerative disease that affects ~80million
people worldwide and can lead to irreversible blindness. Animal
models of glaucoma have demonstrated early mitochondrial abnor-
malities [1], synaptic loss and dendritic pruning in retinal ganglion
cells [2] (RGC, the retinal output neuron) prior to axon loss and apop-
tosis. To date no studies have confirmed that these early changes
occur in human glaucoma.

Methods

Donor glaucoma eyes (n=3; mean age 74.5yrs) and controls (n=3;
mean age 83yrs) were used. Images of DAPI stained nuclei were ac-
quired (2-Photon microscope) and cell counts performed (FlJI). Ret-
inal areas corresponding to visual field test locations were prepared
for Serial Block Face Scanning Electron Microscopy (Zeiss Sigma
VPSEM, Gatan3View2). Volumetric data (79x79x100um, resolution
19.2x19.2x100nm) were collected and analysed using the TrakEM2
plugin (FUJI). RGC soma, dendrites and mitochondria were segmented
and reconstructed in 3D.

Results

Global cell density reductions were observed in glaucoma. Single
RGCs from glaucomatous (n=6) areas (>20% cell loss) and equivalent
areas from controls (n=4 RGCs) were reconstructed. Sholl analysis
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showed a 58% reduction in area under the curve for mitochondria
(P=0.021) and a 71% reduction for synapses (P=0.002) in glaucomat-
ous RGCs compared to controls. Mitochondria occupied 67% less
dendritic volume in glaucoma (P=0.009) compared to controls with a
marked reduction in cristae integrity. Indices of cytoplasmic vacuol-
ation and autophagosomes were not significantly different in glau-
comatous RGCs.

Discussion

Our data provide the first evidence that mitochondrial network ab-
normalities and synapse loss occurs in RGCs prior to cell death in hu-
man glaucomatous eyes. These findings concur with similar changes
observed in animal models of glaucoma [1,2] and other neurodegen-
erations [3].

Conclusions

Our findings support the concept that surviving RGCs provide a
neural substrate for the recovery of vision in glaucoma and raise the
potential for neuro-regenerative therapies for patients.
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Background

While several transcription factors have been implicated in the regu-
lation of axon regeneration in retinal ganglion cells (RGCs) [3-9], the
molecular mechanisms governing the developmental decline in axon
regenerative capacity are poorly understood. This study investigated
developmental changes of microRNAs and their roles in the regula-
tion of RGC axon regeneration.

Methods

Microarray was performed on purified RGCs from Sprague Dawley
rats at E21, P6, and P30. The association between developmental de-
cline in miR-19a and upregulation of PTEN was investigated with ISH
and Western blot. The impact of miR-19a on axon regeneration was
examined in vitro following AAV delivery of miR-19a in isolated ro-
dent and human RGCs, and in vivo in C57BL/6 mice following optic
nerve crush and intravitreal injection of AAV-miR-19a-eGFP.

Results

76 miRNAs were differentially expressed from E21 to P30 RGCs,
among which miR-19a decreased by 2551-fold (p<0.001). miR-19a
decreased and PTEN increased with age in the ganglion cell layer in
rodents, and in isolated human fetal and adult RGCs. Upregulation of
miR-19a suppressed PTEN in RGCs by 25.9% (p=0.001), increased ro-
dent RGC axon length and growth rate by 2.62- and 2.46-fold
(p<0.034), respectively, and increased human RGC axon and total
neurite lengths by 26.7% and 59.8% (p<0.025), respectively. Upregu-
lation of miR-19a increased the number of regenerated axons by 2-
fold following optic nerve crush (p<0.006).
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Discussion

Our data uncover a previously unrecognized involvement of the miR-
19a-PTEN axis in regulating the developmental decline in axon re-
generative capacity of RGCs, and underscore the potential thera-
peutic application of intravitreal injection of microRNAs to rejuvenate
aged RGCs for axon regeneration in the treatment of optic
neuropathies.

Conclusions

miR-19a is a heterochronic marker that drastically decreases in ex-
pression during the maturation of RGCs, which relieves the suppres-
sion of PTEN and contributes to the developmental decline of axon
regenerative capacity.
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Background

Multiple mutations are known to correspond with frontotemporal de-
mentia (FTD), but the most common mutation is the G4C2 repeat ex-
pansion in C9orf72. Although the mechanism by which C9orf72
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expansions could cause neurodegeneration is unclear, several studies
have indicated the involvement of the Unfolded Protein Response
(UPR). The UPR is a stress response located in the endoplasmic
reticulum (ER) that protects the cell against misfolded proteins
through activation of the ER-stress sensors PERK, IRE1 and ATF6.
Chronic activation or aberrant signaling of the UPR results in
neurodegeneration.

Methods

Using immunohistochemistry we assessed the presence of UPR acti-
vation markers phosphorylated PERK and phosphorylated IRETalpha
in the frontal cortex, hippocampus and cerebellum of FTD patients
with the G4C2 repeat expansion in C9orf72 (n=17) and non-
neurological control cases (n=7). The presence of UPR activation was
compared with the occurrence of pTDP-43, P62, and dipeptides (GA,
GR, GP).

Results:

In the frontal cortex and hippocampus no difference was observed in
the occurrence of pPERK between control and C9-FTD cases. Interest-
ingly, the occurrence of pPERK was increased in the granular layer of
the cerebellum in C9-FTD cases. In contrast, pIRETalpha was signifi-
cantly increased in the frontal cortex and not in the hippocampus
and cerebellum. No clear correlation between the occurrence UPR
markers and pTDP-43, P62, and dipeptides was observed.
Conclusions

We report increased levels of UPR markers in C9- FTD, which varies
between brain regions. Our data suggest that the UPR can be differ-
entially regulated in different brain regions in one neurological
disease.
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Background

Loss-of-function mutations in progranulin (GRN) are a major auto-
somal dominant cause of Frontotemporal Dementia (FTD). GRN mu-
tations exhibit a gene-dose effect, with homozygous GRN mutations
causing the lysosomal storage disorder Neuronal Ceroid Lipofuscino-
sis (NCL). All known disease-causing GRN mutations are loss-of-
function mutations, most of which cause progranulin haploinsuffi-
ciency. Therefore, boosting progranulin levels is a rational approach
to treatment.

Methods

We generated an AAV2/1-progranulin vector (AAV- Grn) to test
whether restoration of progranulin could correct NCL-like pathology
in Grn—-/- mice and social behavior deficits in Grn+/- mice. AAVGrn
or an AAV-GFP control vector were infused into the medial prefrontal
cortex (mPFC) of 10-12 month-old wild-type, Grn+/-, and Grn-/-
mice. Grn—/- mice were euthanized for assessment of pathology 8-
10 weeks later, and Grn+/- mice were assessed for social behavior
4-6 weeks later.

Results

AAV-Grn reduced lipofuscinosis and normalized cathepsin D activity
in Grn—/- mice. AAV-Grn also reduced microgliosis in Grn—/- mice in
several brain regions. At the AAV injection site, AAV-Grn induced an
apparent non-self reaction to progranulin that was not observed in
wild-type or Grn+/- mice and is unlikely to occur in FTD-GRN
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patients. AAV-Grn reversed social deficits and normalized markers of
lysosomal dysfunction in Grn+/- mice.

Discussion

These data show that restoration of progranulin to progranulin-
insufficient mice reduces FTD/NCLIike pathology, normalizes markers
of lysosomal dysfunction, and reverses deficits in social behavior. Our
AAVGrn vector expressed progranulin with a C-terminal tag that dis-
rupted binding of progranulin to sortilin, showing that sortilin is not
required for these beneficial effects of progranulin.

Conclusions

These data provide support for the use of progranulin-boosting ther-
apies in GRN mutation carriers.
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Background

Mutations in the Progranulin gene (GRN) are a major cause of fronto-
temporal lobar degeneration with ubiquitin positive inclusions (FTLD-
U). GRN polymorphisms are also known to modify the risk for Alzhei-
mer’s disease (AD) [1]. Therefore, understanding Progranulin (PGRN)'s
function and regulatory mechanisms may have broad relevance for
both FTLD and AD. Recently, Sortilin (Sort1), a type-1 receptor, has
been identified as a key regulator of PGRN in the brain which medi-
ates endocytosis of extracellular PGRN [2]. Thus, identifying regula-
tory mechanisms of Sort1 is likely to provide novel opportunities to
better understand PGRN regulation.

Methods

miRNAs which targets Sort1 were first identified using miRNA-target
prediction algorithms and then validated by luciferase assay and
western blot analysis. To express miRNA in the brain, we injected
AAV8 encoding miRNA or control empty vector (Ctl) into cerebral
ventricles of newborn C57BL6/J mice. Then, we analyzed the levels
of Sort1 and PGRN in cortex and hippocampus at 3 months of age.
Results

Here, we demonstrated that microRNA-874 (miR- 874) suppresses
Sort1 expression at the posttranscriptional level through directly
binding to the 3'UTR of its mRNA. In contrast, inhibition of endogen-
ous miR-874 significantly increased the levels of Sort1 in neuronal
N2a cells, suggesting that Sort1 expression is actively suppressed by
endogenous miR-874 under basal condition. Importantly, overexpres-
sion of miR-874 increases the levels of extracellular PGRN by sup-
pressing Sort1 expression in neuronal cells, whereas inhibition of
miR-874 decreases the levels of extracellular PGRN. Moreover, we
demonstrated that cerebral expression of miR-874 using adeno-
associated virus significantly increases the levels of extracellular
PGRN by suppressing Sort1 expression in cortices and hippocampi of
C57BL6/J mice.

Conclusions

Taken together, we identified miR-874 as a novel negative regulator
of Sort1 expression in the brain. Our data further support a novel
regulatory mechanism of extracellular PGRN by miR-874
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Background

Frontotemporal lobar degeneration (FTLD) is the second most
prevalent dementia in young patients. Despite its etiology re-
mains largely unknown, genetic studies suggest an involvement
of the autophagy/lysosome system in FTLD pathogenesis. We pre-
viously observed several lysosome- related proteins changed in
the cerebrospinal fluid (CSF) of control cases and FTLD patho-
logical subtypes (FTLD-Tau and FTLD-TDP)(1). Here we performed
a pilot characterization of those lysosome-related proteins in
FTLD postmortem tissue to unravel whether changes occur also
in the brain and their potential as novel players in the develop-
ment of the different FTLD subtypes.

Methods

Immunohistochemical characterization of GLA, LAMTOR2, HexA and
CTSD was performed in post-mortem frontal cortex of FTLD-Tau (n=
6), FTLD-TDP (n=5) and age- matched nondemented controls (n=4).
CTSD was further analysed in an additional FTLD cohort (n=17) ex-
tended with cases with Alzheimer’s disease (AD, n=6) and amyo-
trophic lateral sclerosis (ALS, n=6).

Results

GLA immunoreactivity was comparable among the different
diagnostic groups. Intraneuronal LAMTOR2 tended to be in-
creased in FTLD-TDP compared to controls (p=0.06). Intraneuro-
nal HexA was significantly reduced in both FTLD- TDP and
FTLD-Tau (p<0.05). Strikingly, a nuclear-like pattern of CTSD was
observed in sporadic cases of FTD-TDP and specific cases of
FTD-Tau (Pick’s disease, p<0.05). CTSD nuclear-like staining was
also present in AD (p<0.05) but absent in ALS or non-demented
controls.

Discussion

We found that both LAMTOR2 and HexA were changed in FTLD
cases. The nuclear-like inclusions of CTSD observed in specific sub-
types of FTLD and AD suggest a possible miss-localization of this pro-
tein in sporadic cases developing dementia. Since CTSD is involved
in the degradation of protein aggregates within the brain, aberrant
localization could enhance protein aggregation and misfolding,
thereby participating in the pathogenesis of specific types of
dementia.

Conclusion

This data suggest that the autophagy/lysosome system is compro-
mised in FTLD cases, revealing new potential players in FTLD.
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In the inherited form of amyotrophic lateral sclerosis (ALS) mutations
in Fused in Sarcoma (FUS) gene are identified. The gene encodes a
multifunctional, nuclear RNA-binding protein of the hnRNP family [1,
2]. Most of the reported FUS linked ALS mutations are missense mu-
tations found in highly conserved C-terminus Nuclear Localization
Signal [3]. Previous findings from our lab have shown that FUS pro-
tein interacts with U7 snRNP and play a role as positive regulator for
efficient and correct 3’ end processing of replication dependent core
canonical histone transcripts [4]. This finding supports previously re-
ported observations emphasizing the fact, how the fidelity of histone
gene regulation is important for gene regulation and genome stabil-
ity [5] and that FUS deficiency results in chromosomal instability [6].
FUS mutants are found to mislocalize with U1 snRNP and thus it be-
comes important to check if FUS can also mislocalize U7 snRNP.
Microscopic experiments together with Immunoprecipitation experi-
ment show how mutations influence FUS and U7 snRNP interaction.
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Background

FUS/TLS is an RNA/DNA-binding protein which regulates RNA me-
tabolism [1]. Mutations in FUS/TLS can cause familial forms of the
neurodegenerative disease amyotrophic lateral sclerosis (ALS) [2,
3]. In addition, FUS/TLS has been found to be a component of
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aggregates formed by the mutant proteins in polyglutamine dis-
eases, like Huntington’s disease and spinocerebellar ataxia type 7
(SCA7) [4, 5]. However, if disruption of FUS/TLS function occurs in
polyglutamine diseases and if this contributes to pathology is still
unclear. In this study we therefore investigated how expression
of the SCA7 disease protein ATXN7 affects FUS/TLS properties
and functions.

Methods

The expression and subcellular localization of FUS/TLS was inves-
tigated in an inducible SCA7 cell model, by cell fractionation,
western blot, filter trap and microscopy. In addition, the mRNA
levels of FUS/TLS regulated mRNAs were determined by semi-
quantitative RT-PCR.

Results

We found that upon induction of mutant ATXN7 expression the total
FUS/TSL level increased and co- localization of FUS/TSL and insoluble
ATXN7 aggregates could be observed. Moreover, we found that the
levels of several FUS/TLS regulated mRNAs were decreased in SCA7
cells.

Discussion

Although FUS/TLS was sequestered into mutant ATXN7 aggregates,
an increase in the total FUS/TLS level could be observed in cells ex-
pressing the SCA7 disease protein. Additionally, despite the increased
abundance of FUS/TLS, the RNA regulatory function was disrupted.
Consistent with this, overexpression of wild-type FUS/TLS in mice has
previously been shown to cause neurodegeneration and result in an
ALS-like phenotype [6].

Conclusions

Disruption of FUS/TLS could contribute to the neuronal dysfunction
in SCA7 and potentially other polyglutamine diseases.
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Objectives

Neurotrophins are related proteins including NGF, BDNF, NT3 and
NT4/5. There are numerous studies in animals demonstrating that
neurotrophins are important for neuronal function. The genetic link-
age between BDNF and cognitive dysfunction in AD and PD, sup-
ports the objective of this project, which is to develop positive
modulators of neurotrophin signaling.

Methods

Modulators of neurotrophin signaling were identified by a HTS and
characterized in secondary assays. ACD855 was investigated with re-
spect to ERK phosphorylation in rat hippocampus and in in vivo
models, including passive avoidance, Morris water maze and novel
object recognition. ACD855 is currently being tested in preclinical
GLP-toxicological and safety studies.

Results

ACD855 was identified as a positive modulator of neurotrophin sig-
naling. Secondary tests in primary neurons and rat brain slices con-
firmed its activity as a positive modulator of BDNF signaling. ACD855
has low agonistic properties but potentiates BDNF-induced
phosphorylation of ERK and facilitates the induction of LTP in
the hippocampus. ACD855 can reverse scopolamine-induced
memory impairment in a TrkB-dependent manner and is addi-
tive to physostigmine in the passive avoidance model. We have
also tested ACD855 in Morris water maze and novel object rec-
ognition with positive outcome. Furthermore, in the forced
swim test, ACD855 showed similar efficacy as Fluoxetine, a well-
established anti-depressant. Results from an APP-transgenic
mouse model will also be presented as well as preliminary GLP-
tox and safety data.

Conclusions

We have identified ACD855 as a synaptic enhancer and as a po-
tentially new cognitive enhancer. ACD855 stimulates BDNF sig-
naling in different cellular and functional contexts in vitro as
well as in multiple behavioral paradigms in vivo. The observa-
tion that ACD855 acts in an additive manner to physostigmine
and is equipotent to fluoxetine, suggest a broad applicability of
ACD855 for CNS disorders. ACD855 is in preclinical development
and ideally suited as a symptomatic treatment for cognitive
dysfunction.
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Background

Apolipoprotein E (APOE) €4 allele is the strongest risk factor for spor-
adic Alzheimer’s disease (AD) [1]. ApoE4-containing lipoproteins have
lower lipid content, which decreases stability and contributes to loss
of lipoprotein function [2]. To correct these deficits, we have devel-
oped tissue-selective ABCAT agonists (TSAAgs) that induce central
nervous system expression of cholesterol transporter ABCA1, thereby
increasing lipid content of apoE4- containing lipoproteins, with min-
imal impact on peripheral lipogenesis. TSAAgs also ameliorate add-
itional aspects of AD, including neuroinflammation and insulin
resistance [3,4].

Methods

High-throughput screening (HTS) utilized luciferase reporter elements
expressed by CCF-STTG1 astrocytoma (primary screen) and HepG2
hepatocellular carcinoma cells (counter screen) linked to ABCA1 and
SREBP1c promoters, respectively. Iterative chemical synthesis was
used to develop novel analogs of HTS hits to establish TSAAg
structure-activity relationships. Analogs were tested in vitro via PCR/
immunoblot for both lipid- and insulin-related genes, ELISA for in-
flammatory markers, and a fluorescent cholesterol efflux assay.
Results

Prioritized HTS hits - those demonstrating anti- inflammatory and
insulin-sensitizing properties in addition to TSAAg activity — served
as scaffolds to generate a library of structural analogs. In vitro evalu-
ation of this analog library established structure-activity relationships
that identified compounds with improved TSAAg activity and guided
further structural modification.

Discussion

The results demonstrate a proof-of-concept to develop TSAAgs with
multifunctional therapeutic potential for Alzheimer's disease. Future
in vivo experiments in healthy mice will establish pharmacokinetic
profiles, determine magnitude and mechanisms of tissue-selective
ABCAT1 induction, and monitor alterations in peripheral lipogenesis.
Finally, treatments in the EFAD mouse model will assess TSAAg ef-
fects on cognitive and pathological deficits [5].

Conclusions

Our study represents a novel strategy to develop small molecule
drug candidates that target multiple aspects of AD pathology. Upon
conclusion of this project we hope to establish TSAAg compounds as
leads for further pharmaceutical development and human clinical
testing.
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Background

Protein aggregation plays a significant role in Alzheimer's disease
(AD) progression and therapy. The aggregation of Amyloid-beta (AR)
peptides and tau proteins lead to the forming of plaques and neuro-
fibrillary tangles in the brain. For AD treatment effector molecules
have been tested, which are proposed to trigger the unfolding of
those proteins.

Methods

An immuno-infrared-sensor [1,2] was used, which enables the
immobilization of AR peptides or tau proteins in different secondary
structure isoforms, simultaneously or separately. Different effector
molecules, such as berberine or methylene blue, were flushed over
the immobilized proteins in a flow-through system to investigate the
intervention potential on aggregated biomarkers.

Results

The recorded amide | band is sensitive to the conformation of the
peptides displaying amide | bands. Synthetic AR fibrils showed a
characteristic amide | maximum around 1628 cm1 indicating a high
content of B-sheet structures, while monomeric and disordered hel-
ical proteins had maxima around 1648cm1. AR fibrils and tau tangles
treated with effector molecules showed a distinct shift of the amide |
maxima to higher wavenumbers [3].

Discussion

Treatment of AR and tau with effector molecules changed the amide
| bands over time indicating a change in the secondary structure of
such proteins. The extent of the amide | band gave information
about the efficiency of the effector molecule. Methylene blue unfolds
pathogenic tau proteins, which results in a shift of the amide | band
from fibrillary to a more monomeric and unfolded helical state [3].
On the other hand, berberine seems to decelerate AR aggregation
[31.

Conclusions

The immuno-infrared sensor enables the analysis of the secondary
structure of AR peptides and tau proteins. Thus, it is possible to dir-
ectly monitor the intervention of effector molecules on pathogenic
proteins. This approach may be used to identify promising drug can-
didates in-vitro from a huge data base for AD treatment and clinical
trials.
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Background

AR and Tau aggregation plays a significant role in Alzheimer’s disease
(AD) pathology. Clearance and dissociation of such aggregates are
promising targets in AD therapy. For a successful therapeutic inter-
vention, early diagnosis of AD as well as the easy analysis of the drug
mechanism is a prerequisite. Both can be monitored by an immuno-
infrared-sensor recording the secondary structure distribution of AR
and Tau in body fluids [1-3].

Methods

The immuno-infrared-sensor was used to extract either the total AR
or Tau fraction from CSF or blood [1-2]. The secondary structure dis-
tribution of these biomarkers was used for early AD detection [1-2].
Moreover, the sensor was applied to study the mechanism of novel
drug-candidates on human AR and Tau aggregates in-vitro [3].
Results

The recorded amide | band of the total AR and/or Tau fraction is sen-
sitive to their respective secondary structure distribution. AD subjects
showed a significant downshift of the amide | maximum in various
clinical studies as compared to controls indicating a higher content
of B-sheet structures [1,2]. Therewith, AD could be detected in its
earliest disease stages based on blood plasma and CSF analyses.
Moreover, different effector molecules were tested for their interven-
tion mode on B-sheet enriched AB and Tau species [3]. As a result,
treatment of aggregated AB and Tau with different effector mole-
cules resulted in a distinct upshift of the amide | maximum indicating
an increase in monomeric isoforms after drug intervention.
Discussion

The secondary structure change of AR and Tau is an early event in
AD pathology preceding clinical manifestation. Thus, the secondary
structure distribution of AR and Tau seems to be a reliable marker
for AD detection in its earliest disease stages. In addition, treatment
of pathogenic AR and Tau with selected effector molecules dissoci-
ated B-sheet structures over time.

Conclusions

The immuno-infrared-sensor enables the analysis of the secondary
structure of AR and Tau. Thus, AD could be detected in its early dis-
ease stages. Moreover, the assay was used to investigate the inter-
vention effect of drug- candidates on pathogenic AR and Tau. This
approach may be used to identify and pre-select individuals for clin-
ical trials.
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Background

Alzheimer's disease (AD) is characterized by progressive depos-
ition of extracellular amyloid plaques of amyloid-B (AB) peptide
and intracellular neurofibrillary tangles of phosphorylated tau pro-
tein followed by synaptic dysfunction, neuronal loss and cognitive
decline. BRICHOS (Bri 2, Chondromodulin, pro-SP-C) was identified
as chaperone like domain derived from Bri2 protein associated
with familial dementia, chondromodulin and prosurfactant protein
C (pro-SP-C) [1]. It has been shown to prevent AB- induced
neurotoxicity and reduction in y-oscillations (implicated in learn-
ing and memory) in animal models [2]. In line of these findings,
the current study was aimed to evaluate the passage of Bri2 BRI-
CHOS over blood brain barrier (BBB) and its potency to amelior-
ate AR pathology, neuroinflammation and memory performance
in novel APP- knock-in AD mouse models, APPNL-F harbouring
the Swedish (KM670/671NL) and Beyreuther/Iberian (I716F) muta-
tions, and APPNL-G-F mice additionally harbouring the arctic
mutation.

Methods

APPNL-G-F mice (12-13 months old) were injected with PBS or re-
combinant human Bri2 BRICHOS (20mg/kg) intravenously. After 2
hours, cerebrospinal fluid (CSF) and brain were collected from each
mice and analysed for the permeability across BBB by western
blotting.

Results

Recombinant Bri2 BRICHOS was detected in the CSF and in brain of
APPNL-G-F after 2 hours of its administration compared to their PBS
treated control counterparts.

Discussion

Presence of recombinant Bri2 BRICHOS in the CSF and in brain re-
veals that it can cross BBB and reach brain parenchyma. This data
provides us the basis to investigate the therapeutic potential of Bri2
BRICHOS in APP-knock-in mice. We will use Morris Water Maze and
Novel Object Recognition tasks to test memory based functions and
analyse the AP burden and neuroinflammation by immunohisto-
chemistry and western blots.

Conclusions

These preliminary findings provide us incentives to explore BRICHOS
domain as a therapeutic candidate against AD-associated neuropath-
ology and cognitive dysfunctions.
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Background

Recent reports associate traumatic brain injury (TBI) to earlier onset demen-
tia. However, the link between mild trauma and its role to deplete a per-
son'’s “cognitive reserve” as they age is still unknown. Our primary objective
is to develop a preclinical model where functional damage and future con-
sequences induced by mTBI that contribute to increased risk of dementia
can be identified and disease modifying strategies can be tested.

Methods

We developed an oxidative stress-induced mouse model (Aldh2-/-) in
conjunction with a closed head injury model to mimic post-mTBlI
cognitive deficits and neuroinflammatory pathology. Brain proton
magnetic resonance spectroscopy (MRS) was used to assess changes
using noninvasive measures of early disease identification, and
matrix-assisted laser desorption/ionization imaging (MALDI) mass
spectrometry was used to elucidate molecular distributions in tissue
sections, ranging from 24 hrs-1-month post-injury. Novel library of
small molecules (NMZ) that reactivate CREB through NO/cGMP sig-
naling pathways was used as potential therapeutics for TBI.

Results

Aldh2-/- mice exhibited accelerated cognitive deficits which were further
characterized using a chemoproteomic approach to identify differentially
expressed proteins linked to accelerated aging. Interestingly, when mTBlI
was administered, it led to exacerbation of neuroinflammation, neuronal
and synaptic pathology, and post-concussive syndrome 24 hrs post-
injury. In addition, MRS and MALDI data suggested that early changes
can be tracked non- invasively and spatially mapped. NMZ tested in this
model reversed post-concussive syndrome, decreased inflammation, and
alleviated damage from other contributors of mTBI.

Discussion

These studies provide greater insight into the underlying mecha-
nisms of TBI leading to early diagnosis, target identification, and
treatment to alleviate higher dementia risk.

Conclusions

Our studies introduce full characterization of a novel mouse model
of mTBI that provide valuable resource to further identify potential
biomarkers for detection so that disease modifying therapies could
be developed.
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Background

Preventing protein misfolding and aggregation is a therapeutic strat-
egy for neurodegenerative disorders such as Alzheimer’s disease
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(AD) [1]. Recently, we reported that the chaperone BRICHOS domains
from human surfactant protein C (proSP-C) and from integral mem-
brane protein 2B (Bri2) efficiently delay AB42 fibril formation and its
neurotoxicity in vitro [2] and in vivo [3, 4] assays. Based on these re-
sults, we investigated the potential of BRICHOS as an anti- A aggre-
gation AD drug; in this study we analyzed the serum half-life and the
blood-brain barrier (BBB) permeability of proSP-C and Bri2 BRICHOS.
Methods

Human proSP-C and Bri2 BRICHOS domains were expressed in E.
coli cells and purified by immobilized metal affinity and size ex-
clusion chromatography. The BRICHOS domains were injected
intravenously in adult wild-type mice (C57BL/6NTac). Blood sam-
ples were collected at 5, 30, 60 and 120 minutes after the injec-
tions. At 120 minutes post injection CSF samples were collected
from the cisterna magna, mice were perfused and brains were re-
moved and analyzed by immunoprecipitation, western blot, ELISA
and immunohistochemistry.

Results

Bri2 BRICHOS was detected in the CSF and in the brain parenchyma
two hours after intravenous administration in about 75% of the
treated mice. Positive staining for Bri2 BRICHOS was observed in the
choroid plexus and in some cases in the cortex. On the contrary,
proSP-C BRICHOS was not detected in the brain even though it ex-
hibited a higher serum half-life (75+8min) compared to Bri2 BRICHOS
(29+3min).

Discussion

These findings support that Bri2 BRICHOS can reach the brain paren-
chyma after systemic injection, and indicate also that the BRICHOS
domain from proSP-C and Bri2 have different pharmacokinetic prop-
erties and BBB permeability.

Conclusions

Taken together, these results provide the bases for a further explor-
ation of Bri2 BRICHOS as a new therapeutic strategy for neurodegen-
erative disorders, in particular AD.
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Background

Amyloid-beta (AB) positron emission tomography (PET) has become
an important tool for specific diagnosis of Alzheimer's disease (AD).
However, all available radioligands, such as [11C]JPIB [1], reflect levels
of insoluble AR plaques and may thus not be sensitive to treatment
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aimed to reduce soluble AB. The aim of the present study was to in-
vestigate if a novel PET radioligand, based on an antibody directed
towards soluble aggregates of AR, could be used to detect changes
in AB levels after treatment with a - secretase (BACE-1) inhibitor.
Methods

Transgenic animals (tg-ArcSwe [2], model of AP pathology), were
treated during 3 months with BACE-1 inhibitor NB-360 [3] and com-
pared to an untreated control group. After treatment, animals were
PET scanned with AP protofibril selective radioligand [124/JRmab158-
scFv8D3 [4]. A baseline group also underwent PET scanning. Brain tis-
sue was isolated after PET and AP levels were measured in tissue
homogenates.

Results

Treated animals showed significantly lower in vivo PET signal than
untreated animals, and further, similar signals to the baseline group.
The PET results corresponded well with decreased AP levels mea-
sured in post mortem brain.

Discussion

Antibody based PET imaging benefits from very specific binding to
the target structure. With our protofibril selective radioligand we are
able to image a soluble and dynamic species of AR which seems to
be a promising marker for early diagnosis and to monitor disease
progression [5] and treatment effects.

Conclusions

Several AD treatments [6] are currently in phase 2 and 3 clinical trials
but there are limited possibilities to study their effects on a molecu-
lar level in vivo. With our previously developed protofibrils selective
radioligand [124I]Rmab158-scFv8D3 we here demonstrate the ability
to monitor treatment effects with PET imaging in tg-ArcSwe mice.
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Background

Stopping amyloid-p (AB) deposition by BACE-1 inhibition appears to
be a promising strategy to treat Alzheimer’s disease (AD), but treat-
ment in established dementia stages was unsuccessful. We
hypothesize that BACE-1 inhibitor treatment needs to start in early
stage AP deposition and before the onset of significant neurodegen-
eration. Prevention treatment puts high hurdles on the safety and
tolerability, to be addressed already in the drug design and selection
process.

Methods

CNP520 was designed and profiled in vitro, using animal pharmaco-
logical, pharmacokinetic and metabolism studies and underwent
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toxicological profiling with oral studies up to 39 weeks duration Clin-
ical Phase | and Phase lla studies in healthy elderly volunteers estab-
lished its safety, tolerability, and active dose range.

Results

CNP520 is a potent and selective BACE-1 inhibitor in vitro. Due to its
high brain penetration and plasma protein binding, free compound
levels in the periphery are low. Significant AB reduction was ob-
served in animals. Results of toxicology studies have not raised major
safety concerns. No effects on myelin, muscle spindles, retina, pig-
mented organs were observed. Humans Phase | studies showed a
dose- and time-dependent reduction of CSF AB, and a pharmacoki-
netic profile suitable for once-daily dosing. A 3-months study showed
that CNP520 is safe and tolerated in a dosing range that result in
90% reduction of CSF AB.

Discussion

The profile of CNP520 supports its use in prevention studies of AD.
Generation Study 1 and 2 have been initiated, which aim to test
CNP520 at 15 or 50 mg in a population of enhanced risk to develop
AD, patients are being included based on their age, APOE4 genotype
and A positivity.

Conclusions

Properties of CNP520 make it suited for the use in prevention trials
of AD, the ongoing clinical studies will allow to test the concept of
prevention treatment in AD

Clinical trial registration

EUDRACT number 2013-005576-18.
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Background

Mutations in the amyloid precursor protein (APP), presenilin 1
(PSENT) and presenilin 2 (PSEN2) genes are known genetic causes of
familial Alzheimer’s disease (FAD) [1]. To date, twenty six pathogenic
APP mutations have been described alongside 300 PSEN1 and 18
PSEN2 mutations. Carriers of the Swedish APP mutation develop a
dominant form of early-onset AD as a consequence of increased A3
formation while majority of the PSEN1 and PSEN2 mutations result in
increased generation of the more aggregation prone AP form with
42 amino acids (AB42). Such alterations are evident not only in the
brain but also in fibroblasts [2, 3].

Methods

Human fibroblasts from AD patients carrying the APPSwe or PSEN1
M146L mutations were transfected with a plasmid expressing guide-
RNA and Cas9 protein [4]. Enzyme- linked immunosorbent assay was
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used to measure AB40 and AB42 levels while editing efficiency was
assessed through next generation sequencing (NGS). Furthermore,
adeno- associated virus (AAV) vectors were used for direct injection
of the APPSwe guideRNA and Cas9 into the hippocampus of Tg2576
mice.

Results

We were able to show effective disruption of the mutated APPSwe
allele in human AD patient fibroblasts and Tg2576 mice brains using
the CRISPR/Cas9 system. There was statistically significant reduction
in AB40 and APB42 levels in the edited fibroblasts while NGS showed
robust indel formation in the APPSwe allele both in edited fibroblasts
and hippocampus of Tg2576 mice. The same ex vivo procedure is
currently ongoing for the PSENT M146L mutation while further
in vivo experiments will be conducted on knock-in APPSwe mice.
Discussion/Conclusions

Effective disruption of the APPSwe allele is possible, both in vivo and
in vitro, through the CRISPR/Cas9 system. We believe that the
CRISPR/Cas9 system has the potential to be developed as a tool for
future gene therapy against AD caused by certain APP and PSEN1
point mutations associated with increased Ap.
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Background

Adiponectin (APN) reduces with age and has been implicated in Alz-
heimer’s disease (AD). It is hypothesized that reduction of adiponec-
tin impairs cerebral insulin signaling leading to [-amyloid
accumulation, Tau hyperphosphorylation and glia activation that are
the major events in AD [1, 2]. Enhancing insulin signaling can im-
prove memory functions in AD patients [3]. Adiponectin possesses in-
sulin sensitizing, anti-oxidative and anti-inflammatory effects that
may treat metabolic disease. Recently, novel adiponectin agonist,
AdipoRon, has shown insulin sensitizing and anti-diabetic effects in
mice. Whether this molecule can cross the blood-brain-barrier (BBB)
and can protect from neurodegeneration remains unknown.
Methods

To test this hypothesis, transgenic mice (5XFAD) that carried familial
APP and PS mutations were fed with AdipoRon (50mg/kg of mice)
by oral gavage for 3 months. We also generated an adiponectin
deficient-AD mice (5XFAD;APN-/-) by crossing 5XFAD with APN-/-
mice. Cognitive functions of these mice were evaluated by Morris-
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Water-Maze, Open-Field and Novel Object Recognition test. Brains
and other tissues were collected for immunostaining analysis

Results

We found that AdipoRon penetrated BBB and reached the peak con-
centration 2 hour after oral administration. Oral gavage of AdipoRon
improved memory functions and reduced anxiety levels in 5XFAD
mice. These mice also had increased synaptic proteins levels, in-
creased dendritic spine density and reduced number of dystrophic
axons. Moreover, AdipoRon reduced AP accumulation, reactive
microglia and dystrophic astrocytes in 5XFAD mice. AdipoRon en-
hanced insulin sensitivity in mouse hippocampal HT-22 cells by pro-
moting AMPK activation. Oral gavage of AdipoRon also enhanced
hippocampal insulin sensitivity in 5XFAD mice. In contrast, 5XFA-
D;APN-/- mice exacerbated spatial memory functions with increased
AB accumulation in the cerebral blood vessels and had hippocampal
insulin resistance upon stereotaxic injection of insulin.

Conclusions

Together, our results suggest that reduced APN level worsen AD
pathologies and AdipoRon can enhance neuronal insulin sensitivity,
inhibit inflammation and reverse AD-related pathologies and cogni-
tive functions.
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Background

The precise role of amyloid in the initiation and progression of Alz-
heimer’s disease (AD) remains controversial. Recently, there have
been promising results from conformation-specific amyloid beta
(AB)- targeting biologics in clinical trials, thereby reigniting debate
about the amyloid hypothesis [1]. Discovering conformation-specific
monoclonal antibodies (mAbs) that target soluble intermediates of
amyloid is challenging due to the inherent transient nature of the
misfolded complex. We have engineered a chaperone-like amyloid
binding protein (CLABP) that enables the stabilization of protofibrils.
CLABP-stabilized protofibrils can be used as immunogen to acceler-
ate the discovery of high-affinity anti-protofibril mAbs [2].

Methods

We employed an engineered CLABP, NUCB1, to stabilize protofibrils
for use as immunogen in mice. Through primary and secondary
screenings we selected a pool of mAbs with the exceptional



Molecular Neurodegeneration 2019, 14(Suppl 1):30

capability to bind specifically protofibril species, while showing min-
imal activity against the monomeric protein. The mAbs selected after
initial screens were further characterized in several in vitro assays
and in immunohistological studies of an AD mouse model as well as
brain tissue from an AD patient.

Results

We show that an immunization campaign with NUCB1-protofibril
complex produces mAbs that specifically target amyloid protofibrils,
inhibiting their further aggregation. In line with conformation-
specific binding, the mAbs appear to react with an intracellular anti-
gen in diseased tissue, but only weakly with amyloid plaques. We
hypothesize that the mAbs we describe here recognize a secondary
or quaternary structural epitope that is common to multiple amyloid
protofibrils.

Discussion

The amyloid protofibril stabilization method that we developed is
valid for amyloid from multiple sources and can be applied to the
preparation of mAbs against multiple types of amyloid protofibrils.
Conclusions

We report a novel method to create anti- protofibril mAbs that are
conformationally-sensitive. The anti-protofibril mAbs we prepared
have utility as research tools to study amyloid protofibril formation
and structure, and may also have potential as diagnostic and thera-
peutic leads.

References

1. Graham WV, Bonito-Oliva A, Sakmar TP: Update on Alzheimer's Disease
Therapy and Prevention Strategies. Annu Rev Med 2017, 68:413-430.

2. Bonito-Oliva A, Barbash S, Sakmar TP, Graham WV: Nucleobindin 1 binds
to multiple types of prefibrillar amyloid and inhibits fibrillization. Sci Rep
2017, 7:42880.

P2-H15 EVALUATING CALPAIN-1 AND CATHEPSIN B AS THERAPEUTIC
TARGETS FOR NEURODEGENERATION

Rachel C. Knopp, Manel Ben Aissa, Sue Lee, Ammar Jastaniah, Ragda Izar,
Gregory R.J. Thatcher

Department of Medicinal Chemistry and Pharmacognosy, University of
lllinois at Chicago, Chicago, IL, 60612

Molecular Neurodegeneration 2019, 14(Suppl 1):POSTER

Correspondence: Rachel C. Knopp

Background

Neurodegeneration, an umbrella term for disorders with irreversible
neuronal loss, is a significant global health concern. Therapeutic de-
velopment has been hindered by several roadblocks, one of which is
lack of in-depth exploration of potential targets. This research fo-
cuses on Calpain 1 (CAPN1), a calcium-dependent cysteine protease
implicated in pathogenesis of AD, traumatic brain injury (TBI), and is-
chemic stroke. Prolonged CAPN1 over-activation indirectly permeabi-
lizes lysosomes, leading to release of Cathepsin B (CTSB), a lysosomal
cysteine-protease implicated in neurodegeneration. Several reports
propose CAPN1 and CTSB as therapeutic targets in AD and TBI, but
fail to identify efficacious strategies for inhibition. We hypothesize
that dual CAPN1/CTSB inhibition affords superior neuroprotection
over selective inhibition.

Methods

Inhibition profiles (potency, selectivity, reversibility) of small mole-
cules were characterized through enzymatic screening assays. Subse-
quently, neuroprotection was characterized in SH-SY5Y cells using
Oxygen Glucose Deprivation (OGD), an in vitro model simulating is-
chemia- reperfusion injury in stroke. Additional in vitro models in-
duced by chemical insult were utilized to monitor CAPN1/CTSB
substrates with roles in neuroplasticity/neurodegeneration via
immunoblots.
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Results

We have established inhibition and neuroprotective profiles of selective
vs. dual inhibitors. All inhibitors were differentially neuroprotective
against OGD-induced cell death in different treatment paradigms (pre-
treatment, ischemia and reperfusion). Monitoring spectrin breakdown
products (CAPN1-specific) identified different pathways of neuronal
death with varying neuroinsults.

Discussion

After establishing the selectivity of inhibitors for CAPN1 and CTSB,
monitoring of peptide substrate proteolysis confirmed inhibitory ef-
fects in neuronal cultures. CAPN1 was found to be a highly dynamic
protease, with time dependent hyper-activation following neuro-
insult.

Conclusions

Neuroprotective profiles suggest the strength of CAPN1/CTSB inhibi-
tor strategies vary based on treatment paradigms. We have just com-
pleted testing this strategy in a murine model of mild TBI which,
following behavioral and biochemical analysis, will allow us to distin-
guish the impact of these strategies in vivo.
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Background

Memory loss has been the major symptom of the progressive neuro-
degenerative Alzheimer’s disease (AD) and has affected AD patients
the most. Scopolamine act as a cholinergic antagonist known to pro-
duce amnesia effect to mimic the cognitive impairment found in AD.
Medicinal plants with antioxidant activities have been traditionally
used to slow down the degeneration of neurons. The present study
aimed to investigate the potential of extra virgin coconut oil (EVCO)
to attenuate scopolamine (0.6 mg/kg, i.p.) induced amnesia and
histopathological changes in rat hippocampus and cerebral cortex.
Methods

This study was conducted on 20 Sprague-Dawley (100-150g) female
rats and the rats were divided into 5 groups (6 each). Group 1 served
as negative control given normal saline (1 ml/day, p.o.) for 8 days.
Group 2 served as positive control received scopolamine (0.6 mg/kg
i.p.) on the 8th day. Group 3 treated with piracetam (200 mg/kg/day,
p.o.), group 4 with EVCO (0.25 ml/kg/day, p.o.) and group 5 with
EVCO (0.5 ml/kg/day, p.o.) for 8 consecutive days, then followed by
scopolamine (0.6 mg/kg, i.p.) administration on the 8th day. Behav-
ioral stress tests such as T-maze and Rota rod tests were carried out.
At the end of the experiments, rats’ brains were dissected and di-
vided sagitally into two portions, the first was homogenized for de-
termination of acetylcholinesterase activity and the second was used
for histopathologic examination.

Results

This study indicated that EVCO when used for the treatment of
scopolamine-induced amnesia produced increased time on the Rota
rod and a reduction of duration of rats to reach food in the T-maze
test. EVCO also showed a slight reduction of AChE activity and the
histopathological findings showed the neurons appear more or less
like normal ones but with more dark spots.

Conclusions

This study revealed that the treatment of amnesia-induced rats with
EVCO significantly ameliorates the cognitive impairment of AD in
rats.
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Background

The BRICHOS domain is encoded in more than 10 human genes
associated with cancer, dementia (Bri2/ITM2b) and amyloid lung
disease (proSP-C) [1]. Studies have shown that overexpression of
proSP-C or Bri2 BRICHOS delays fibril formation and toxicity of
amyloid-B peptide (AB) in vitro and in vivo, which plays a central
role in the development of Alzheimer’s disease (AD) [2-4]. BRI-
CHOS domain thus has the potential for treating this disease.
After peripheral administration, a limited amount of Bri2 BRICHOS
was detected in the brain parenchyma of wild-type mice, sug-
gesting passage over the blood-brain barrier (BBB) [5]. Our main
objective herein is to increase the BRICHOS domain delivery rate
using focused ultrasound (FUS) combined with microbubbles,
which has been proven to open the BBB locally, transiently and
non invasively [6].

Methods

A FUS transducer was used to target the left hippocampus of the
mouse brain in vivo in the presence of intravenous lipid micro-
bubbles and BRICHOS domain. Mice were kept for 2 hours after
sonication to allow the BRICHOS domain to diffuse into the par-
enchyma, and then sacrificed for assessing the delivery by
ex vivo immunohistochemistry (IHC) for proSP-C or Bri2 BRICHOS.
The neuronal marker NeuN was used for assaying possible neur-
onal BRICHOS uptake. BBB opening was confirmed in vivo by
magnetic resonance imaging. The overall brain histology was
evaluated for microscopic damage.

Results

Successfully targeted brain BRICHOS domain delivery was achieved
in 6 out of 10 cases. Notably, IHC showed selective uptake of BRI-
CHOS by a specific subset of neurons in dentate gyrus in the FUS tar-
geted hippocampus section. Microhemorrhages were observed only
in two cases.

Conclusions

This study indicates that FUS is a safe methodology for targeted
brain BRICHOS domain delivery, which can potentially be used in the
analyses of BRICHOS treatment on AD pathology.
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Background

Tau is a microtubule-binding protein, which is subject to various post-
translational modifications (PTMs) including phosphorylation, methyla-
tion, acetylation, glycosylation, nitration, sumoylation and truncation.
Aberrant PTMs such as hyperphosphorylation result in tau aggregation
and the formation of neurofibrillary tangles, which are a hallmark of
Alzheimer’s disease (AD) [1]. In order to study the importance of PTMs
on tau function, antibodies raised against specific modification sites are
widely used. However, quality control of these antibodies is lacking and
their specificity for particular modifications is often unclear.

Methods

In this study, we first designed an online tool called ‘TauPTM; which
enables the visualization of PTMs and their interactions on human
tau. Using TauPTM, we next searched for commercially available anti-
bodies against tau PTMs and characterized their specificity by pep-
tide array, immunoblotting, electrochemiluminescence ELISA and
immunofluorescence technologies.

Results

We demonstrate that commercially available antibodies can show a
significant lack of specificity, and PTM-specific antibodies in particular
often recognize non- modified versions of the protein. In addition,
detection may be hindered by other PTMs in close vicinity, compli-
cating the interpretation of results. Finally, we compiled a panel of
specific antibodies and show that they are useful to detect PTM-
modified endogenous tau in hiPSC-derived neurons and mouse
brains [2].

Discussion

Here we show that not all tau PTM-antibodies tested detect their
specific modification site, and/or detect non-modified peptide in
peptide array experiments. These findings are very concerning, since
they will lead to the false- positive detection of PTMs and subse-
quent false conclusions drawn from experiments using these tools.
Conclusions

This study has created a platform to reliably and robustly detect
changes in localization and abundance of post-translationally modi-
fied tau in health and disease. A web-based version of TauPTM is
fully available at http://www.tauptm.org [2].
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Background

Misfolding of tau proteins into prions and their propagation along
neural circuits are thought to result in neurodegeneration causing
Alzheimer’s disease (AD), progressive supranuclear palsy, and other
tauopathies. Little is known about the molecular processes mediating
tau prion replication and spreading in different brain regions. Sortilin
is a type-1 transmembrane protein that serves as a vacuolar protein
sorting receptor and has pleiotropic functions in neuronal protein
trafficking and viability [1]. Stimulated by a recent report that sortilin
mediates lysosomal degradation of PrP [2], and its role in amyloid-B
[3] and TDP-43 proteinopathies [4], we investigated its involvement
with tau. Methods

An in vitro cell bioassay for self-templating tau species [5] was used
to measure tau prion levels in the brains of transgenic mice express-
ing human tau with the P301S mutation [6].

Results

Despite similar tau protein expression in the mouse forebrain, human
tau prions selectively accumulated in hindbrain regions of P301S
transgenic mice [7]. The spatiotemporal appearance of tau prion spe-
cies preceded tau pathology and did not correlate with tau post-
translational modifications. By examining affected and spared brain
regions, sortilin was found to inhibit tau prion propagation, an effect
that could be blocked by sortilin antibodies. Sortilin expression was
observed to be higher in the mouse forebrain compared to the
hindbrain.

Discussion

These findings argue that mouse hindbrain neurons are more sus-
ceptible to tauopathy, which may be analogous to subcortical nuclei
in the AD brain where the earliest tau pathology is observed [8]. Sor-
tilin appears to be one protein contributing to the regional vulner-
ability. Therefore, sortilin-mediated lysosomal degradation may be an
important mechanism underlying tau proteostasis in human
tauopathies.

Conclusions

These findings provide evidence for selective vulnerability in mice,
thus affording a model for identification of additional molecules that
could mitigate the levels of tau prions in human tauopathies.
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Background

APOE is the strongest genetic risk factor for late- onset Alzheimer dis-
ease. While ApoE strongly influences amyloid-B (AP) deposition in
the brain[1, 2], recent findings reveal an AB-independent role of
ApoE in regulating tau- mediated neurodegeneration[3]. ApoE abla-
tion in P301S tau transgenic mice markedly reduces tau-associated
brain atrophy and neuroinflammation, and shifts tau pathology to-
wards an early-disease pattern[3]. Hence, targeting ApoE may be an
efficient therapeutic approach to ameliorate tau- mediated neurode-
generation. Low density lipoprotein receptor (LDLR) is a major recep-
tor regulating ApoE metabolism. Modulating LDLR levels may
constitute an effective approach to target ApoE.

Methods

To lower ApoE levels, we crossed LDLR transgenic mice overexpress-
ing LDLR >10-fold [4] to P301S mice, and compared tau pathology
and neurodegeneration between LDLR+ and LDLR- P301S mice at 9
months of age. In a parallel cohort, we generated P301S mice with
two alleles, one allele, or no ApoE for comparison.

Results

LDLR overexpression reduced brain ApoE levels by ~90% without al-
tering soluble or insoluble tau levels. However, overexpressed LDLR
markedly reduced RAB- and RIPA-soluble phospho-tau (p-tau) levels
at 9months of age and shifted tau pathology towards early-disease
patterns. Notably, LDLR+P301S mice exhibit significantly reduced
brain atrophy and increased brain weight compared to LDLR-P301S
mice. ApoE level strongly correlates with ptau levels in all fractions,
and specifically correlates with less soluble tau and higher insoluble
tau. Genetic ablation of one or two alleles of ApoE in P301S mice re-
sulted in a similar ptau reduction in RAB and RIPA fractions.
Discussion

ApoE appears to play an essential role in regulating ptau accumula-
tion, which may further affect neurodegeneration. LDLR overexpres-
sion attenuates tau- mediated neurodegeneration likely by impeding
ptau generation via lowering ApoE levels.

Conclusion

Increasing LDLR levels may represent an effective therapeutic strat-
egy for AD/tauopathy treatment.
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Background

Tau inclusions comprised of aggregated, post- translationally modi-
fied tau species are one of the two pathological hallmarks of Alzhei-
mer’s disease (AD). A dysfunction of canonical protein degradation
pathways has been implicated in the tauopathies such as AD. Reen-
gaging these pathways to degrade accumulating tau could be thera-
peutically viable, however, the role of the autophagy- lysosome
system and the ubiquitin-proteasome system and their clearance of
physiological and pathological tau species still remains to be fully
determined.

Methods

We have developed several recombinant adeno-associated viral
(rAAV) vectors that enable the activation and inhibition of lysosomal
and proteosomal pathways. Using HEK293T cell models and organo-
typic mouse brain slice cultures (BSCs) we explore the effects of en-
hancing and reducing lysosomal or proteosomal activity on the
accumulation of wild-type or mutated MAPT.

Results

By using rAAVs to overexpress the herpes simplex virus type 1 (HSV-
1)-encoded neurovirulence protein ICP34.5 to inhibit autophagy and
the essential autophagy protein Beclin-1 to enhance autophagy we
are able to determine the effects of the autophagy-lysosome system
on the clearance of tau in our cell and BSC models of tauopathy. In
addition, we have developed methods to drive intracellular expres-
sion of antibody fragments known as intrabodies to target tau and
have fused these intrabodies to functional domains which target tau
for increased proteasomal or lysosomal degradation.

Discussion

By overexpressing biological inhibitors and activators of key protein
degradation pathways we can dissect mechanisms determining the
clearance of protein aggregates which can lead to neurodegenera-
tive proteinopathies such as the accumulation of tau in tauopathies.
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This rAAV toolkit provides a robust and reliable system to explore
tau degradation in biological systems.

Conclusions

Our rAAV toolkit in combination with our novel cell and slice culture
models of tauopathy can enable us to understand the mechanisms
underlying autophagy-lysosome and ubiquitin-proteasome dysfunc-
tion in the tauopathies.
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Background

Frontotemporal dementia and Parkinsonism linked to chromosome
17 (FTDP-17) is a neurodegenerative disease caused by mutations in
the microtubule-associated protein tau (MAPT) gene, which encodes
the tau protein. Among the MAPT mutations, the R406W mutation is
a unigue missense mutation whose patients have been reported to
exhibit AD-like phenotypes, rather than the more typical FTDP symp-
toms. To date, there is no treatment known to be effective for FTDP-
17, including the R406W mutation. The objective of this study is to
establish a suitable model for studying the abnormalities induced by
R406W tau, as a basis for drug screening.

Methods

Induced pluripotent stem cells (iPSCs) were generated from patients
harboring the MAPT R406W mutation and manipulated with a
genome-editing technique to create isogenic lines. Using iPSC-
derived neurons, phosphorylation and proteolysis of tau was investi-
gated with Phos-Tag SDS-PAGE or western blotting. Furthermore,
localization of tau and neurite morphology were examined using a
high-content imaging microscope.

Results

iPSC lines from patients heterozygous for the MAPT R406W mutation
were established. These lines were gene- edited to establish isogenic
lines with the mutation corrected, or homozygous for the mutation.
iPSCs were then induced into forebrain cortical neurons, with more
than 85% neuronal purity. In these neurons, R406W tau exhibited ab-
normal phosphorylation and increased fragmentation. Furthermore,
increased percentage of R406W tau was mislocalized to the den-
drites, which correlated with increased axonal dystrophy.

Discussion

Abnormal phosphorylation and fragmentation of R406W tau could
be triggers of further neurodegeneration, with tau mislocalization
and axonal dystrophy being some of the early pathological fea-
tures. The next step is to identify specific phosphorylation sites
and proteases responsible for the increased fragmentation, and
to elucidate the molecular mechanisms leading to axonal
degeneration.

Conclusions

An iPSC-derived neuronal model successfully recapitulated what are
thought to be early pathological hallmarks caused by R406W tau.
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Background

Alzheimer’s disease (AD) is characterized by the presence of amyl-
oid beta (AB) plaques and neurofibrillary tangles (NFT). SPPL2b is
a transmembrane protease involved in the processing of ITM2B
(BRI2) and TNFa, substrates involved in AR plaque and NFT for-
mation. Previously, we have shown that levels of SPPL2b were
10-fold increased in early stages of Alzheimer's disease (Braak IIl-
IV)[1], which was to a lower extent reflected in the cerebrospinal
fluid (CSF) of AD cases. We also observed co-localization of
SPPL2b with phosphorylated tau. Here, we aimed to investigate
the functional relation between SPPL2b and tau in cell and ani-
mal models.

Materials and Methods

SPPL2b was quantified in hippocampus tissue of mice models driven
by AR pathology (APP-PS1, n=5) and tau pathology (P301S, n=>5) as
well as in HEK293 cells overexpressing mutated Tau (P301S-Tau; n =
4). Corresponding wild-type mice and control cells were also in-
cluded (n = 4-5/group).

Results

SPPL2b was 10-fold increased in the hippocampus of the mice
overexpressing tau P301S (p < 0.0001) compared to wild-type. In
contrast, no changes were observed in the hippocampus of APP-
PS1 mice. Human cell lines overexpressing the mutated tau form
also showed a strong increase in SPPL2b levels (p <0.0001) com-
pared to controls.

Discussion

Our results from mice and cell models suggest that the strong
SPPL2b changes previously observed in AD post-mortem tissue
are likely driven by tau pathology and not by AR aggregates.
Conclusions

Considering that SPPL2b is a novel Tau binding protein with un-
known physiological function, it will be important to unravel
whether the strong SPPL2b changes observed in early stages of
AD aid to prevent tau pathology (i.e. via lysosomal degradation)
or contribute to the development of AD (i.e. neurotoxicity, tau
spreading).
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Background

Alzheimer’s disease (AD) is the leading cause of dementia in the
elderly, with age as a primary risk factor. Environmental and gen-
etic factors also modulate the onset of sporadic, late-onset cases
of the disease (LOAD). With respect to genetics, the APOE geno-
type, and more particularly the €4 variant of the gene, has been
identified as a major risk factor [1]. Very little is known about the
€2 variant of APOE, which has been shown to be protective
against the onset of the disease. Understanding why a factor is
protective is as important as understanding how a factor may
present a risk as this information may lead to the discovery of
new therapeutic targets.

Methods

The differences between human recombinant ApolipoproteinE
(ApoE) isoforms were investigated at the structural level using a
range of biophysical techniques (including analytical ultracentri-
fugation, circular dichroism spectroscopy, fluorescence spectros-
copy and transmission electron microscopy (TEM)) to
characterise their conformation and stability as well as their
self-assembly properties.

Results

The three isoforms adopted a tetrameric conformation in
physiological buffer and displayed a similar, high a-helix con-
tent in solution. Unfolding studies did not reveal significant dif-
ferences between ApoE3 and E4. However, the three isoforms
differed in terms of self- assembly properties, with ApoE4 hav-
ing a higher propensity to form fibrillary aggregates than
ApoE2 and ApoE3 as shown both by thioflavin-T fluorescence
and TEM.

Discussion

One of the main hypotheses behind the onset of AD revolves around
protein misfolding and aggregation, hence the observation that
ApoE4, one of the major risk factor for LOAD, is prone to fibril forma-
tion in vitro is of great interest.

Conclusions

Studying the structure of ApoE has highlighted major differences be-
tween the three isoforms, mainly in terms of aggregation propensity
which is interesting in the context of protein misfolding and aggre-
gation in AD [2].
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Background

Apolipoprotein E (APOE) is the most significant risk gene for late-
onset Alzheimer's disease (AD). APOE €4/e4 homozygosity in-
creases AD risk by >14-fold [1]. Although an association between
the APOE €4 allele and increased AD risk is well-established, the
mechanisms underlying this genetic risk on particular brain cell
types is elusive. We hypothesized that the APOE €4/e4 genotype
contributes to disease risk through cell autonomous mechanisms
in glia.

Methods

We have differentiated astrocytes [2], microglia [3], cortical neu-
rons [4] and brain microvascular endothelial cells [5] from human
induced pluripotent stem cells (iPSC) derived from non-isogenic
and isogenic cohort of cells selected based on APOE genotype.
RNAseq was performed, and differentially expressed genes of
APOE €4/e4 compared to €3/e3 were analyzed in each cell type.
We executed Gene Set Enrichment Analysis (GSEA) to identify the
top significantly enriched genes, followed by Ingenuity Pathway
Analysis (IPA).

Results

When APOE €4/e4 transcriptomes were compared to €3/e3 by
GSEA the most significantly enriched pathways are cholesterol
biosynthesis (positive enrichment) in astrocytes and lysosomal
pathways (negative) in microglia. Overlapping pathway analysis
(FDR<0.05) of both cell types showed positive enrichment of
cholesterol biosynthesis. Functional network analysis by IPA incor-
porated with GSEA showed that APOE €4/g4 cells significantly up-
regulate cholesterol biosynthesis and lipid metabolism regulatory
networks. Consistently, lysosomal pathways of microglia enriched
in GSEA are associated with phagosome maturation and autopha-
gic function, defects of which leads to increased lipid accumula-
tion and decreased lipid catabolism.

Discussion

In addition to effects on AB APOE genotype appears to alter glial
handling of lipids including those engulfed as a result of
neurodegeneration.

Conclusions

Human CNS cell type based iPSC models allowed us to elucidate
APOE €4/e4 cell autonomous effects; astrocytes and microglia of
APOE €4/e4 compared to €3/e3 have deficits in lipid metabolism,
leading to an increased cholesterol accumulation.
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In a previous study our lab demonstrated the protective effect of tel-
omerase in the neurodegenerative disease ALS. Telomerase is a re-
verse transcriptase protein that is best known for telomere
maintenance functions in dividing cells. 1It can also shuttle from the
nucleus to the mitochondria upon oxidative stress, where it de-
creases levels of ROS, DNA damage, apoptosis, and complex | activity.
2 3 We showed that TERT protein is expressed in old mouse brain
and that increasing its expression by pharmaceutical compounds,
such as novel tri-aryl compounds designated AGS, which were devel-
oped in our lab, may protect brain cells from death. 4 It was found
that AGS compounds increase telomerase expression in a time and
dose-dependent manner and that they protect cells from oxidative
stress in vivo and in vitro. 5 Previous studies have shown that the
catalytic subunit of telomerase protects neurons from amyloid-beta
toxicity, and its apoptosis inducing effects. 6 We hypothesize that
the aforementioned protective effect can also be applied in other
neurodegenerative diseases such as Alzheimer's disease (AD).

Results

Although the exact mechanism remains unknown, using both an im-
munofluorescent staining and a Real-Time PCR based assay it ap-
pears that AGS increased the expression of telomerase in primary
neuronal cultures, and conferred a significant protective effect from
AB-induced damages of neurons in primary cultures. In further Real-
Time based analyses have shown an increase in expression of neur-
onal genes, such as Synaptophysin, GAP43, and NeuN which corre-
lates with the increase in TERT expression. These results were also
shown in mice. Further analysis is required to establish cause and ef-
fect. Preliminary results with immunofluorescent staining show that
the presence of AB affects the size and number of apoptotic cells in
the culture, while the addition of AGS mitigates the peptides nega-
tive effects. Although not-conclusive, these results, along with previ-
ous studies may imply a connection between TERT and prevention
of neurodegenerative disorders, and the potential therapeutic effect
of AGS in neurodegenerative diseases.
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Background

Acrylamide is a well-known neurotoxic compound and exposure oc-
curs through food consumption and environmental pollutants. There
is a risk for developmental neurotoxicity since acrylamide crosses the
placenta. Apart from this, many neurodegenerative diseases are in
fact believed to originate from neurodevelopmental disorders and
share a common pathophysiological cascade involving oxidative
stress and impaired hippocampal neurogenesis in mice [1].

Methods

The neural progenitor cell line C17.2 and the neuroblastoma cell line
SH-SY5Y were used to study proliferation and differentiation in vitro
as alerting indicators for developmental neurotoxicity.

Results

Acrylamide (10 fM and higher) attenuated the differentiation process
in SH-SY5Y cells and neurite outgrowth was reduced at concentra-
tions >10 pM. In the C17.2 cell line, 1 pM acrylamide significantly re-
duced the number of neurons and altered the ratio between the cell
phenotypes. Ten micromolar of acrylamide also reduced the expres-
sion of the neuronal and astrocyte biomarkers.

Discussion

Concomitantly with earlier studies [2], we showed that neurotoxic ef-
fects of acrylamide are concentration- dependent and accumulate
over time. It is not the accumulation of acrylamide, but rather the ac-
cumulation of damages over prolonged exposure time that leads to
neurotoxicity [3]. Hence, it raises the question about the develop-
mental consequences of prenatal acrylamide exposure and what the
tolerated daily intake of acrylamide should be during pregnancy. In
the SH-SY5Ycell line, acrylamide induced significant effects on differ-
entiation starting at 10 fM, which is seven orders of magnitude lower
than the estimated plasma concentration of free acrylamide in the
fetus.

Conclusions

Although the neurotoxic concentrations in the femtomolar range
seem to be specific for the SH-SY5Y cell line, the fact that micromolar
concentrations of acrylamide seem to attenuate the differentiation
process in both cell lines raises the interest to further investigations
on the possible developmental neurotoxicity of acrylamide.
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Background

Alzheimer's disease (AD) is characterized by early degeneration of
cholinergic neurons and has been associated with decreased levels
of nerve growth factor (NGF) [1]. Thus, increasing the NGF levels is a
potential treatment strategy [2]. Encapsulated cell bio-delivery (ECB)
of NGF is an emerging technique for direct drug delivery of mole-
cules. We previously tested ECB for delivery of NGF to the basal fore-
brain cholinergic neurons in ten AD patients in a first-in-human
study [3, 4]. The results from these studies were promising [5] how-
ever; there was an inter-capsule difference of cell survival and NGF-
release among the devices which needs to be investigated before
further clinical trials. Objective

The aim was to identify factors that might affect the survival of en-
capsulated cells (NGC-0295 cell) and alterations in their NGF produc-
tion, respectively.

Methods

We studied the effect of Abeta-peptides and IL- Tbeta on a cell line
(NGC-0295), overproducing NGF using apoptosis assay, flow cytome-
try, western blot, and liquid chromatography mass spectroscopy. Fur-
ther, NGC-0295 cells were exposed to AD CSF, subjective cognitive
impairment (SCI) and Lewy body dementia (LBD) patients CSF and
the effect of AD CSF on NGF release was investigated and compared
to SCl and LDB CSF.

Results

In vitro studies revealed that neither Abeta40 nor Abeta42 had any
major impact on the cell viability or NGF- production at physiological
concentrations. In contrast, there was a dose-dependent response of
IL-1beta on NGF- production over time. The exposure of NGF-
producing cells to CSF from AD patients showed significantly re-
duced NGF- release as compared to SClI and LBD patients CSF. Pre-
liminary, we identified 3 differentially expressed proteins in AD CSF
compared to SCI and LDB, which are involved in inflammatory path-
ways by mass spectrometer.

Conclusion

Cell survival and NGF-release are not affected by Abeta-peptides
while the NGF-release is affected by IL-1beta with implications for
the role of inflammation in this therapeutic platform.
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Background

Synaptic dysfunction occurs early in Alzheimer disease (AD) patho-
genesis and strongly correlates with cognitive decline [1]. Increasing
evidence suggests that some synapses are more vulnerable than
others, however, little is known about what might be causing this se-
lective vulnerability. Therefore, in this project, we studied the prote-
ome of the outer molecular layer (OML) of the dentate gyrus, which
contains the synapses of the perforant pathway that are affected
early in AD pathogenesis[2].

Methods

The OML of the dentate gyrus was cut out from 5 AD cases
and 5 nondemented controls using laser microdissection (LMD).
The microdissected tissues were dissolved, and digested by
trypsin. Peptides from each sample were labeled with different
isobaric tags, pooled together, and pre-fractionated into 72 frac-
tions using high resolution isoelectric focusing (HIRIEF) [3]. Each
fraction was then analyzed by liquid chromatography-mass
spectrometry (LC-MS).

Results

In total, we calculated the relative expression levels of 7460 proteins
in AD cases compared to controls. We are now in the process of ana-
lyzing the data to identify proteins with significantly altered levels in
AD and controls, and to further subject them to Ingenuity Pathway
Analysis.

Discussion

Pre-fractionation reduces sample complexity and increases the
number of low-abundant proteins that can be identified and
quantified, increasing the possibility to reveal proteins and path-
ways of importance for disease pathogenesis. This study shows
that LMD combined with MS is a powerful tool to assess region-
specific changes.

Conclusions

To our knowledge, the proteome of the OML of the dentate gyrus
has not been studied before and can provide invaluable insights into
the mechanisms behind the dysfunction of synapses of the perforant
pathway.
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Background

Radiation therapy enables long term control or cure for pa-
tients with primary or metastatic head and neck tumors[1].
However, around 30% of these patients suffer from deteriorated
and progressive neurological complications [2]. The underlying
mechanism of radiation induced brain injury (RBI) remains un-
clear. Our preliminary data displayed radiation induced de-
crease of cerebral blood perfusion in mice and human.
Pericytes are essential for regulation of vascular integrity,
angiogenesis and cerebral blood flow (CBF) [3-6]. In this study
we investigate how pericytes get involved in neurovascular un-
coupling and lead to RBI.

Methods

Mice exposed to 30 Gy whole brain radiation were assessed by 7T-
MRl scan and behavior test[7]. The cerebral hemodynamics
changel8], blood brain barrier (BBB) permeability[9], structure and ac-
tivity of neurons[10] were measured using two-photon microscope.
Pathophysiological change of the brain was measured by immuno-
fluorescence and transmission electron microscope. Protein expres-
sions of marker of pericytes were measured by western blot.

Results

In mice, after whole brain single radiation, the CBF decreased and
erythrocyte trapped. Both indexes were negatively correlated with
the expression of PDGFR, pericytes density and coverage rate.
Besides, dysfunction of pericytes evoked capillary constriction,
followed by BBB disruption. Increase of spine elimination and de-
crease of spine formation were also seen in mice with hypoperfusion
and vascular leakage after radiation.

Discussion

PDGFRp is essential for the survival, migration, proliferation of
pericytes. Radiation caused loss of pericytes by disrupting the
PDGFBB-PDGFRpB pathway[11]. Beyond that, the residual pericytes
showed abnormal contract properties [12]. This causes reduction
of blood oxygen supply to the neighboring cells, causing damage
to BBB and neuronal spine, eventually resulted in cognition and
learning dysfunction[13]. Thus, targeting pericytes might be the
potential therapeutic strategy and shed light on the treatment of
RBI.

Conclusions

Degeneration of Pericytes resulted in neurovascular uncoupling and
contributed to development of RBI.
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Background

The myelin sheath is an essential plasma membrane compaction
made by Schwann cell (SC), the only glial cell in the peripheral
nerves, for rapid conduction of electrical impulse through the axon.
SCs have the unique ability to dedifferentiate and to destroy the
myelin sheath under various demyelination condition. [1]

Methods

In the present study, we investigated ultrastructural morphology of
demyelinating SC in Wallerian degeneration and chronic inflamma-
tory demyelinating polyneuropathy (CIDP) using SBFscanning elec-
tron microscopy and immunoelectron microscopy. In addition,
biochemical assays and fluorescence analysis on LC3-GFP-RFP mice
were employed for the analysis of autophagic flux in Wallerian
degeneration.

Results

We observed many electron microscopic findings showing diverse
modes autophagy-mediated myelin clearance in demyelinating SC in
Wallerian degeneration and inflammatory segmental demyelination.
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LC3-GFP-RFP mice showed the activation of autophagic flux in non-
compact myelin regions of SC in Wallerian degeneration. Inhibition
of autophagy in SC via SC-specific deletion of atg7 gene delayed de-
myelination in Wallerian degeneration. Finally, inhibition of lysosome
resulted in a significant delay in SC demyelination in Wallerian de-
generation and a CIDP mouse model.

Discussion

Demyelination of the peripheral nerves appears to require active
phenotype changes of SC for efficient myelin clearance in lesioned
nerves.

Conclusions

Our findings suggest that the autophagic flux in SC is required for
demyelination in Wallerian degeneration and inflammatory segmen-
tal demyelination.
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Background

TBK1 is a multifunctional serine/threonine protein kinase that
modulates various cellular functions including inflammation, au-
tophagy, and cellular homeostasis. Recently, our group and other
research groups worldwide found mutations in the TBK1 gene to
be associated with amyotrophic lateral sclerosis (ALS) with or
without frontotemporal dementia (FTD). However, little is known
about its potential role in the regulation of synaptic structure
and function.

Methods

To analyze synaptic morphology in the TBK1 mutants, third instar lar-
val NMJs were visualized using the neuronal membrane marker anti-
HRP antibody. The morphological phenotypes were quantified by
two parameters; total bouton number and NMJ length normalized
with muscle area at third instar larval NMJs onto muscle 6 and 7 of
abdominal segment 2.

Results

To address synaptic roles of TBK1, we analyzed synaptic morph-
ology of Drosophila TBK1 mutant allele Loss of TBK1 causes syn-
aptic overgrowth with increase of total boutons number and NMJ
length. These phenotypes were highly penetrant in all type | syn-
apse examined. To determine whether TBK1 is required pre- or
postsynaptically, we knocked down TBK1 in a tissue-specific fash-
ion using a transgenic RNA interference (RNAi) approach. When
UAS- TBK1RNAi was driven by a pan-neuronal C155-GAL4 driver,
we observed presynaptic overgrowth phenotypes similar to those
observed in TBKI1P mutant. In contrast, expression of UAS-
TBKT1RNAi with the muscle-specific BG57-GAL4 or glia- specific
Repo-GAL4 driver had no significant effect on overall bouton
number. These data suggest that TBK1 function is required pre-
synaptically for normal synaptic growth at the NMJ. In addition
to presynaptic morphological defects, TBK1 mutant NMJs also dis-
plays increase of synaptic levels of GIuRIIA subunits. A similar
phenotype is induced by glia- specific knockdown of TBK1
expression.
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Conclusions

Taken together, our results provide evidence for cell-type specific
roles of TBK1 in the modulation of synaptic growth and organization
P2-K10 HYPERCHOLESTEROLEMIA AND 27-HYDROXYCHOLESTEROL
ENHANCE S100A8 AND RAGE EXPRESSION IN BRAIN: A LINK TOWARDS
AMYLOID-BETA ACCUMULATION

Rauil Loera-Valencia', Muhammad-Al-Mustafa Ismail', Maria Lodeiro,
Patricia Rodriguez-Rodriguez’, Silvia Maioli', Laura Mateos', Paula
Merino-Serrais', Ingemar Bjorkhem?, Elena Puerta'”, Angel Cedazo-
Minguez'

' Karolinska Institutet, Center for Alzheimer Research, Department of
Neurobiology Care Sciences and Society, Division of Neurogeriatrics,
Stockholm, Sweden; 2 Department of Laboratory Medicine, Division of
Clinical Chemistry, Karolinska University Hospital, Huddinge, Sweden; 3
Department of Cellular and Molecular Neuropharmacology, Division of
Neurosciences, Center for Applied Medical Research (CIMA), University of
Navarra, Pamplona, Spain

Molecular Neurodegeneration 2019, 14(Suppl 1):POSTER

Correspondence: Raul Loera-Valencia, Muhammad-Al-Mustafa Ismail,
Angel Cedazo-Minguez

Background

Growing evidence suggest that alterations in cholesterol metabolism
and in inflammatory responses have an important role in some neu-
rodegenerative disorders including Alzheimer’s disease (AD) [1]. In
the present study, to give insight on how high plasma cholesterol
levels contribute to neurodegeneration and AD, we investigated the
effects of high cholesterol diet and high 27- hydroxycholesterol (27-
OH) concentration on the levels of ST00A8 and RAGE in the brain.
Methods

For this purpose we have used hippocampal samples of WT mice fed
on a high fat diet. In addition, rat primary neurons and glial cultures
treated with 27- hydroxycholesterol were used together with siRNA
of retinoid receptor X gamma (RxRg) to find the mechanism influen-
cing amyloidogenic pathways in vivo.

Results

In this study, we report that high fat diet and excess 27-
hydroxycholesterol (27-OH), a cholesterol metabolite passing from
the circulation into the brain, induce the upregulation of the glial in-
flammatory mediator S100A8 as well as its receptor RAGE both
in vivo and in vitro. STO0OA8 is observed as extracellular aggregates,
similar to those previously reported in the hippocampi of amyloid-8
(AB) overproducing mouse models. We found that RxRg mediates
the effects of 27-OH, in a mechanism involving NF-kB activation.
Moreover, 27-OH treatment enhances ADAM10, APP and reduces
sAPP-alpha as a result of the same pathological cascade.

Discussion and Conclusions

These results, together with our recent finding that ST00A8 escalates
the production of AB [2], may indicate that the S100A8/RAGE in-
crease in the brain, is one of the mechanisms behind the association
of high peripheral cholesterol and excessive 27-OH in the pathogen-
esis of AD.
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Background

Alzheimer’s disease (AD) is one of the most common types of
dementia characterized by progressive memory loss, cognitive
decline and aberrant behavior. Currently, there is no effective
treatment of AD. Type 2 diabetes mellitus was reported to be a
risk factor for AD, and anorexigenic and anti-diabetic insulin
and glucagon-like peptide 1 agonists were found to prevent AD
features in animal models of AD [1]. In this study, we examined
the role of novel anorexigenic lipidized analog of prolactin-
releasing peptide (PrRP) in the development of neurodegenera-
tive changes.

Methods

6-8 months-old APPSWE/PS1dE9 (APP/PS1) transgenic mice (n=9-10
per group) were once-daily subcutaneously injected with saline, 0.2
mg/kg liraglutide or 5 mg/kg [N-palm-yGlu-Lys11] prolactinreleasing
peptide 31 (palm11-PrRP31). After 2 months of treatment, the mice
were transcardially perfused with saline. One hemisphere of each
brain was post-fixed in 4% paraformaldehyde and used for immuno-
histochemistry analysis of B-amyloid (AB) plaque load and neuroin-
flammation. The other hemisphere was used for western blot
analysis.

Results

Both liraglutide and palm11-PrRP31 were shown to significantly re-
duce both number and size of the B-amyloid deposits in the hippo-
campus and cortex of the APP/PST mice. Both anorexigenic
lipopeptides also reduced inflammatory response associated with the
AB plaques, namely microglia and astrocytes activation.

Discussion

The results demonstrate clear neuroprotective effects of palm11-
PrRP31 which were comparable to the previously published effects
of liraglutide [2].

Conclusions

Treatment with palmitoylated PrRP analog seems to be a promising
tool for therapy of AD.
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Background

Shortage of nerve growth factor (NGF) in the basal forebrain in Alz-
heimer’s disease causes degeneration of cholinergic neurons [1]. NGF
is a potential treatment for Alzheimer’s disease, but peripheral noci-
ceptive signaling prevents therapeutic doses of NGF [2, 3]. In the Her-
editary Sensory and Autonomic Neuropathy type V (HSAN V) the
mutant NGF-R100W displays conserved neurotrophic properties and
decreased pain signaling [4, 5]. A variant of the HSAN V mutant,
NGF-R100E [6], was examined along with NGF mutants NGF-W99A
[7] and NGF-K95A/Q96A, to determine TrkA signaling and neurite
outgrowth abilities.

Methods

Recombinant U20S cells were used to study activation of TrkA. PC12
cells and human fetal dorsal root ganglion (DRG) neurons were used
to study cell survival and neurite outgrowth.

Results

NGF-R100E displayed potent effects on studied functions, generally
more potent than wild-type NGF. The double mutant NGF-K95A/
Q96A displayed increased signaling via the TrkA receptor but had no
effect on ERK1/2 phosphorylation, cell survival or neurite outgrowth.
NGF- W99A activated TrkA but was unable to increase cell survival
and neurite outgrowth to the same extent as NGF.

Discussion

NGF-R100E improved TrkA activation as well as signaling and func-
tional effects in human DRG neurons compared with NGF. Neither
TrkA-SHC1 nor TrkA-PLCy1 signaling or phosphorylation of ERK1/2
was affected in a way that can explain the effects of the NGF-R100
mutant in HSAN V. Alterations in loop 4 of NGF were studied using
the NGF- K95A/Q96A mutant. Interestingly, the TrkA signaling of
NGF- K95A/Q96A is conserved and improved at high concentrations,
while the neurite outgrowth abilities are completely abolished.
Conclusions

Differentiated activation of the TrkA signaling cascade and the neur-
ite outgrowth capacity by NGF mutants suggest that there are possi-
bilities to obtain selective NGF/TrkA modulation.
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Background

Alzheimer’s disease (AD) is the most common form of dementia,
impacting at least 5 million Americans. It is estimated that by 2050,
16 million Americans will be affected by the disease. Currently there
is no effective treatment or preventative strategy. One of the major
obstacles facing the development of these therapeutics, is a lack of
predictive animal models. One reason for this may be that the exist-
ing models are based on familial mutations, which account for only
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2-5% of the AD population. The Model Organism Development and
Evaluation of Late-onset Alzheimer’s Disease (MODEL-AD) center has
been established as a consortium, consisting of Indiana University,
The Jackson Laboratory, Sage Bionetworks and University of Califor-
nia Irvine. Our goal is to develop panel of at least 50 mouse models
for late onset AD (LOAD) that more faithfully recapitulate the human
condition.

Methods

There are three cores: the Bioinformatics and Data Management Core
(BDMC), the Disease Modeling Project (DMP) and the Preclinical Test-
ing Core (PTC). Each core has specific aims to developing new testing
pipelines and models for LOAD.

Results

The BDMC is charged with prioritizing novel variants, developing
analytical pipelines for human-mouse phenotype comparisons, and
analyzing phenotypic data. Biomarkers and disease endophenotypes
will be compared to patient data wherever possible. The DMP will
create new models for LOAD, based on variants identified by the
BDMC, and will be phenotypically characterized through standard-
ized pipelines. The PTC has established a pipeline for tertiary screen-
ing. This pipeline includes predetermined go/no-go criteria to
evaluate the efficacy of novel compounds in newly developed
models, that show an AD-like phenotype.

Discussion

All models, protocols, and data are to be made widely available
through the Sage-Synapse portal.

Conclusions

We aim to seek input and collaborations from the AD community.
For more information see http://www.model-ad.org
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Background

Genetic analyses have identified that loss-of- function mutations in
the RAB39B gene are responsible for X- linked mental retardation
(XLMR) associated with autism, epilepsy and macrocephaly, and more
recently, for early- onset parkinsonism. But the physio/pathological
functions of RAB39B remain unknown.

Methods

We generated Rab39b knockout mice using the TALEN technique
and characterized them by using electrophysiological analyses, be-
havioral tests and biochemical assays.

Results

We found that Rab39b-/Y males were viable and fertile, and born in
an expected Mendelian pattern of inheritance. Rab39b-/- females
were also viable but there seemed to be a trend of reduction in their
born rate. There were no obvious morphological differences between
Rab39b KO mice and littermate controls. Behavioral tests revealed
that Rab39b-/Y males had deficiency in learning and memory, and in
balancing and gait status. In addition, synaptic plasticity was mark-
edly impaired in Rab39b-/Y mice. Moreover, loss of Rab39b resulted
in impaired autophagy.

Discussion

RAB39B is neuronal-specific RAB GTPase protein with undetermined
function. Here we show that loss of RAB39B leads to impaired au-
tophagy and synaptic plasticity. Since autophagy deficiency has been
found to compromise synaptic functions, these results suggest that
autophagy deficits may be an important molecular mechanism
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underlying loss of function RAB39B mutation-caused XLMR and
parkinsonism.

Conclusions

Our study reveals a novel role of RAB39B in regulating autophagy
and thus synaptic plasticity.

P2-K16 AUTOPHAGY-MEDIATED AR METABOLISM AND
NEURODEGENERATION IN ALZHEIMER'S DISEASE
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Background

Autophagy is dysregulated in Alzheimer’s disease (AD). We have
previously shown that autophagy, in addition to its degradative
function, mediates the secretion of AP and hence directly influ-
ences AP plaque formation [1]. This was shown using trans-
genic APP overexpressing mice. Immunoelectron microscopy
data indicated the involvement of multi-vesicular bodies (MVB)
in this secretion [2]. Since the APP overexpression induces a
number of artifacts that may influence the results we have here
investigated the role of autophagy in AP metabolism using a
novel APP knock-in mouse model of AD, APPNL-F, recently gen-
erated [3].

Methods

Autophagy-deficient APP knock-in mice were generated by condi-
tional genetic deletion of autophagy- related gene 7 (Atg7) in a
novel APP knock-in mouse model of AD (APPNL-F). Exosome iso-
lation is ongoing to measure the AR content. The intracellular AR
is identified by immunoelectromicroscopy. Knock down of au-
tophagy genes is performed in SHSY-5Y cells.

Results

Autophagy-deficient APPNL-F mice exhibit drastically lowered Af
plague load as well as pronounced intracellular AR accumulation. Ma-
nipulation of MVB biogenesis in SHSY- 5Y cells altered the secretion
of AB.

Discussion

The use of non-overexpressing mouse models facilitates interpret-
ation of in vivo data. The lowered AR plaque load and the increased
intracellular AB accumulation of the autophagy-deficient APPNL-F
mice confirm our previous data and establish that autophagy plays a
key role in AR secretion even under physiological APP levels.
Conclusions

Autophagy influences secretion/transfer of AB in neuronal cells and
causes neurodegeneration in APP knock-in mouse model of AD.
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Background

Multiple sclerosis (MS) is a chronic inflammatory disease affecting the
central nervous system (CNS). While multiple effective immunomodula-
tory therapies for MS exist today, they lack the scope of promoting CNS
repair, in particular remyelination. Microglia play a pivotal role in regu-
lating myelination processes, and the colony-stimulating factor 1 (CSF-
1) pathway is a key regulator for microglia differentiation and survival.
Methods: We investigated the effects of the CSF-1 receptor kinase in-
hibitor, BLZ945, on central myelination processes in the 5-week mur-
ine cuprizone model by non-invasive and longitudinal magnetic
resonance imaging (MRI) and histology.

Results

Therapeutic 2-week BLZ945 treatment caused a brain region-specific en-
hancement of remyelination in the striatum/cortex, which was absent in
the corpus callosum/external capsule. This beneficial effect correlated posi-
tively with microglia reduction, increased oligodendrocytes and astrogliosis.
Prophylactic BLZ945 treatment prevented excessive demyelination in the
corpus callosum by reducing microglia and increasing oligondendrocytes.
In the external capsule oligodendrocytes were depleted but not microglia
and a buildup of myelin debris and axonal damage was observed.
Discussion

BLZ945 treatment seems to induce prompt differentiation of oligo-
dendrocyte precursor cells (OPCs) as NG2-positive OPCs were re-
duced but mature oligodendrocytes (ODs) increased. Furthermore,
discrepancy between MRI signal and MTR might indicate poor myelin
debris removal in a given area, pointing to the importance of asses-
sing both parameters. Prophylactic BLZ945 treatment and TREM2
knock-out animals in the cuprizone model displayed similar results
indicating that the CSF1R and TREM2 pathway may converge and
even interact to exert similar downstream events.

Conclusions

Our data suggest that a short-term therapeutic inhibition of the CSF-
1 receptor pathway enhances central remyelination by modulating
neuroinflammation. Hence, BLZ945 might be considered clinically for
promoting myelination in combination with standard-of-care treat-
ments in MS patients.
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Background

It has been demonstrated that there is an epidemiological associ-
ation between traumatic brain injury (TBI) and the development of
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Alzheimer’s disease (AD) later in life, but the cellular mechanism be-
hind this link remains elusive [1].

Methods

In this study we aimed to investigate the cellular connection be-
tween TBI and AD by using an in vitro TBI model. Primary neurons,
astrocytes and oligodendrocytes, derived from E14 wild-type mouse
cortices, were exposed to synthetic AB42 protofibrils for 24h and
then mechanically injured by scalpel cuts. The cellular response to
the injury was investigated by immunocytochemistry and Western
blot analysis.

Results and discussion

Previously, we have demonstrated that the astrocytes in the co-
culture engulf dead cells following the scratch injury [2]. Moreover,
astrocytes readily engulf AB42 protofibrils, but are unable to degrade
the ingested material effectively [3]. Hence, TBI and AB42 protofibril
exposure result in high loads of engulfed material in astrocytes,
which led us to focus this study on autophagy. Our results show that
the number of puncta/cell and the total expression of LC3B was in-
creased following AR42 protofibril exposure and TBI, indicating that
the autophagy pathway was affected. However, the LC3BII/LC3BI ra-
tio was unchanged. Importantly, there was no effect on the number
of apoptotic cells following injury, AR42 protofibril exposure or a
combination of both treatments, indicating that there is no wide-
spread AB-induced cell death in direct response to the injury. To fur-
ther clarify the effect on the autophagy pathway we will perform
LC3B tandem sensor assays to monitor autophagic flux and also
examine p62 levels. Moreover, we will investigate the long-term ef-
fect of APB42 protofibril exposure and TBI on cell survival and
autophagy.

Conclusion

In order to prevent the onset of AD, a better understanding of the
cellular and molecular mechanisms triggering the first steps of the
disease is highly desirable. Our data suggest that phagocytic astro-
cytes and the autophagic processes may be interesting to study in
this context.
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Background

Glutathione transferases (GSTs) comprise a superfamily of enzymes
prominently involved in detoxication by making toxic electrophiles
more polar and therefore more easily excretable. Ubiquitously
expressed throughout the organism, GSTs counteract pathology in all
organs and tissues, including the CNS [1]. Furthermore, some GSTs
have developed alternative functions, augmenting the protective ef-
fect. Thus GSTs are involved in the biosynthesis of steroid hormones
including progesterone, a neurohormone the CNS levels of which are
altered in pathologies including Parkinson, Alzheimer, Huntington
disease, multiple sclerosis, and other neurodegenerative disorders.
Estradiol triggered formation of progesterone in neurons has been
found to provide important protection against oxidative stress [2].
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Methods

To complement the characterization of the horse enzyme EcaGST A3-3
[3] with inhibition studies, 1096 FDA- approved compounds were
screened for inhibitory effect on EcaGST A3-3 activity. The in vitro mea-
surements of enzyme activity were followed spectrophotometrically.
Results

Our experiments have revealed that a member of the Alpha class
GSTs in human, horse and pig is catalyzing the obligatory double-
bond isomerization of A5-androstene- 3,17-dione to A4-androstene-
3,17-dione and of A5- pregnene-3,20-dione to A4-pregnene-3,20-
dione on the biosynthetic pathways to testosterone and progester-
one. Five FDA-approved compounds had IC50 values in the nanomo-
lar range and two in the micromolar range.

Discussion and Conclusion

The equine GST A3-3, as well as the human enzyme, is the most effi-
cient steroid double-bond isomerase known so far in mammals, sug-
gesting a physiologically significant role in the synthesis of steroid
hormones. This notion is supported by significant suppression of pro-
gesterone synthesis in a cell line by the inhibition of GST A3-3 activ-
ity by drugs as well as by RNAi [4]. The inhibition pattern of EcaGST
A3-3 is similar to that of HsaGST A3-3.
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Background

Efficient functioning of signal transduction networks within living
cells is provided, among other processes, by its dynamic regulation
in space and time. This factor is particularly prominent in morpho-
logically and functionally polarized cells, such as neurons. For in-
stance, spatially and temporally limited activation of apoptotic
proteases of caspase family has been implicated in neuronal differen-
tiation and degeneration. Among the most popular tools for asses-
sing protein activation in live cells are genetically encoded probes
based on fluorescent proteins.

Methods

Being highly efficient at detecting signaling events in general, con-
ventional fluorescent reporters typically cannot provide information
on the spatiotemporal dynamics of these events. Addressing this
issue, we have constructed and evaluated Tau-anchored FRET-based
caspase sensors (TAFSs)[1].

Results

In human neuroblastoma cell lines, TAFSs are concentrated at cyto-
skeleton and are enriched in the processes of neuronally differenti-
ated SH-SY5Y cells. Thereby, as compared to conventional reporters,
TAFSs provide increased total signal as well as information on subcel-
lular variations in caspase activation [1]. Furthermore, we have cre-
ated caspase activity reporters based on dimerization-dependent red
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fluorescent proteins (ddRFP) with the anchoring tags for microtubular
or synaptic localization.

Discussion

Coexpressing TAFSs and ddRFP-based sensors targeting different
compartments or different caspases within the same cell, we expect
to characterize spatiotemporal dynamics of caspase signalling in cell
models of neurodegeneration.

Conclusion

Tau-anchored FRET-based caspase sensors (TAFSs) give spatiotempo-
ral information and when coexpressed with ddRFP-based sensors is
expected to increase our understanding of signal transduction net-
works within living cells.
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Background

Corticospinal motor neurons (CSMN) are large excitatory neurons lo-
cated in layer V of the motor cortex, with unique abilities to collect,
integrate and translate cerebral cortex’s input into a signal that is
conveyed to targets in the spinal cord, initiating and modulating vol-
untary movement. CSMN degeneration is the characteristic of many
neurodegenerative diseases, which manifests itself with paralysis and
early death. Therefore, understanding the molecular and cellular
basis of CSMN degeneration is critically important for building effect-
ive treatment strategies.

Methods

We first generated a reporter line for CSMN, in which CSMN are gen-
etically labeled with eGFP expression that is stable and long-lasting.
We then crossed this reporter line with motor neuron disease
models, which closely recapitulate human pathology and display pro-
gressive CSMN degeneration (e.g. TDP43A314T, hSOD1G93A, AlsinKO
mice). Using FACS-mediated approaches CSMN are isolated as pure
neuron populations and their gene expression profile is investigated
at different stages of disease initiation and progression by microarray
and RNASeq.

Results

Our results reveal that in CSMN that degenerate due to different
underlying genetic causes, different cellular events are activated at
distinct stages of disease initiation and progression. There are signa-
ture of events that are specific either to one type of diseased CSMN
or events that occur at distinct stages of the disease. For example,
cellular events that support survival and maintenance of homeostasis
is upregulated at earlier time points, whereas apoptosis is initiated
just prior to symptom onset.

Discussion

Neuronal degeneration is an active event with the involvement of
numerous cellular pathways and events. Some of these pathways are
common, but some are unique to the neuron and to the disease.
Conclusions

It is important to decipher the common and unique aspects of neu-
rodegeneration at a cellular level, so that effective treatment strat-
egies can be developed.
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Background

Data are now converging to suggest an important contribution of
Endoplasmic Reticulum (ER) Ca2+ homeostasis deregulation in Alzhei-
mer’s disease (AD) pathological process. This combines pathological ER
Ca2+ release via the Inositol 1,4,5-trisphosphate and the Ryanodine
(RyR) Receptors. Importantly, the molecular mechanisms underlying
RyR2-mediated ER Ca2+ leak in AD were not fully understood.
Methods

We studied post-translational remodeling of RyR2 in brains of AD patients,
in two murine models of AD (3xTg- AD and APP +/- /PS1 +/-), and in
in vitro AD model (SH-SY5Y neuroblastoma cells expressing the harboring
the familial APP with the double Swedish mutations (APPswe)). RyR2- me-
diated ER Ca2+ leak was investigated by imagery and single channel ana-
lyses. We used pharmacologic (stabilization of calstabin2 on RyR2 complex)
and genetic approaches (RyR2 phosphorylated and unphosphorylated mu-
tants) to modulate RyR2 macromolecular complex remodeling.

Results

We showed that post-translational modifications (phosphorylation,
oxidation, and nitrosylation) occur on RyR2 in human brains and in
AD models [1, 2]. We identified the molecular cascade in which
Amyloid B (AP) activates 2- Adrenergic receptors leading to neur-
onal RyR2 channels post- translational remodeling thereby enhancing
the ER Ca2+ leak and activating Ca2+ dependent signaling pathways
which contribute to AD pathogenesis [1, 2]. We also showed that
pharmacological or genetic rescue of RyR2-mediated ER Ca2+ leak
reduced A load, normalized behavioral and cognitive functions and
improved synaptic plasticity. [2]

Discussion

Our data support the hypothesis that intracellular Ca2+ leak can be
an early factor in the development of AD.

Conclusions

Data from the present study and from others raise the possibility of
a vicious circle in which leaky RyR2 channels promote AR production
and AB enhances RyR2 leak. This study also provides a mechanism
underlying leaky RyR2 channels, which could be considered as a po-
tential therapeutic target for AD.
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Background

The deposition of amyloid-B (AP) peptide in extracellular senile pla-
ques is a hallmark of Alzheimer’s disease (AD). AB is derived from the
cleavage of amyloid precursor protein (APP) by the B- and y-
secretases. It has been proposed as the key trigger in the complex
cascade of events which lead to AD.

Genome-wide association studies have recently identified BINT as a
major susceptibility locus for late-onset AD (LOAD) We previously re-
ported a predominant expression of BIN1 in mature oligodendro-
cytes and the white matter tracts. Interestingly, recent in vitro
studies described a role for BIN1 in APP processing by BACE1 and A
production. However, the role of BIN1 in AR generation in vivo re-
mains to be reported.

Methods

In this study, we explored BIN1 localization within the amyloid de-
posits in different model for Alzheimer disease. We explored the
change of solubility properties of BIN1 using sequential detergent ex-
traction. We investigated BIN1 localization within the deposits using
confocal and STED microscopy. We confirmed our observations by
immunoEM.

Results

Here, we report an increase in the levels of insoluble BIN1 in the
brains of 5XFAD transgenic mice. We also observe a striking ac-
crual of BINT within the amyloid deposits in multiple transgenic
models of AD and in the human brain. This aberrant BIN1
localization was distinct from dystrophic neurite accumulation of
APP and BACE1. Our immunoEM results suggest that the accumu-
lation of insoluble BINT appears along the amyloid processes. We
hypothesize that BIN1 insolubility and accumulation is a conse-
quence of myelin destruction and the extracellular release of
BINT.

Discussion

Altogether, our results suggest a reorganization of myelin proteins
surrounding the amyloid deposit and the change of BIN1 biophysical
properties in relation to AR accumulation in the brain.

Conclusions

Our results bring new evidence of myelin protein reorganization as-
sociated with amyloid deposition. This work opens new avenues re-
lated to myelin pathology observed in AD.
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Background

BIN1 was identified as the second most prevalent risk factor for late-
onset Alzheimer’s disease (AD) in genome-wide association studies. A
reduction in neuronal BIN1 isoform has been reported in patients
with AD. Though little is known about BIN1 function in the brain, the
loss of BINT expression has been proposed to influence BACE1 traf-
ficking and AP production in vitro.

Methods

Mice with germline deletion of a single Bin1 allele were analysed for
BACET and APP distribution by immunofluorescence microscopy. Fol-
lowing crossing to the 5XFAD model of amyloidosis, the amyloid bur-
den was assessed at 4 months of age using mAb-3D6 (anti-Af) and
ThioflavinS staining. Endogenous AB and soluble and insoluble A
were measured using MesoScale Multi-plex assays.

Results

Deletion of a single Bin1 allele in mice, resulted in 50% reduction in
BINT protein levels in the brain. However, the partial loss of BIN1 ex-
pression did not grossly affect BACE1 distribution in mouse brain,
alter endogenous Af levels or cause significant cognitive or motor
deficits in a range of behavioural paradigms.

The loss of a single Bin1 allele in 5XFAD mice resulted in no signifi-
cant difference in amyloid burden, as observed by immunofluores-
cence microscopy or ELISA, compared to littermate controls with two
Bin1 alleles. The partial reduction in BIN1 expression did not alter be-
havioural deficits in 5XFAD mice associated with amyloid deposition
in vivo.

Discussion

Despite prior reports of reduced neuronal BIN1 levels associated with
AD and a role in BACE1 trafficking and AB generation in vitro, reduc-
tion of BIN1 protein within the brain of non-transgenic and 5XFAD
mice resulted in no significant change in amyloid production or
deposition.

Conclusions

Our results indicate that the mechanism(s) through which risk is con-
ferred by polymorphisms in the BIN1 gene is not through a role in
amyloid generation or deposition.
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Background

The ability of estrogens to improve hippocampus-dependent cogni-
tive function, including learning and memory, is not well understood.
Here we report a novel sex-dependent and estrogen-sensitive effect
of the novel retroposed human gene RPS23RG1 [1,2] on synaptic
function and plasticity in mouse hippocampus.

Materials and Methods

We used slice electrophysiology to study late-LTP (L- LTP) in hippo-
campal slices from young (21-28-days-old) and adult (2-3 months
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old) male and female mice transgenically expressing human
RPS23RG1.

Results

We observed no significant difference in L-LTP between young WT
and TG female (WT vs TG: 147.7 + 2.8 vs 162 + 4.8, p= 0.558) and
male mice (WT vs TG: 159.9 + 3.4 vs 157.5 + 2.5, p= 0.9587). How-
ever, there was a large and significant difference in L-LTP between
adult WT and TG female mice (147.0 £ 6.51 vs 205.8+3.13, p=0.0085),
but not between adult WT and TG male mice (WT vs TG: 162.0 + 2.6
vs 153.6 + 31.62, p= 0.6380). In addition, we observed that the ef-
fects of 17-B estradiol on L- LTP was dependent on RPS23RG1 ex-
pression, even in male mice.

Discussion

This preliminary data and our previous observation that RPS23RG1
expression, like estrogen function, also declines during normal brain
aging [3], strongly support a role for RPS23RG1 on the pro-cognitive
effect of estrogen in hippocampus.

Conclusions

Here we describe a plasticity promoting effect of RPS23RG1 that is
sensitive to estrogens and limited to the sexually mature female
brain.
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Background

The neurodegenerative Alzheimer's disease (AD) is characterized by
cerebral deposition of amyloid 8 which, suggested by a large body
of evidence, plays an important role in disease progression. (-site
APP cleaving enzyme (BACE1) is the initiating enzyme in the produc-
tion of AB and thus a prime therapeutic target of AD. However,
BACE1 deletion is known to cause neurological phenotypes in germ-
line BACE1 knockout mice due to insufficient cleavage of its vast var-
iety of substrates. While BACE1 inhibitors have advanced into clinical
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trials, little is known about function of BACE1 in adults. The pheno-
types observed in BACE1 knockout mice could result from the role of
BACE1 in developmental stages. On the other hand, developmental
compensation could also mask phenotypes that would be otherwise
detected when BACE1 is inhibited in a later age.

Methods

In order to dissect the roles of BACE1 in the brain and in adult life,
we generated BACE1fl/fl mice in which BACE1 gene exon 2 was
flanked by loxP sites and crossed them to either CamKlla-iCre mice
to generate fore-brain specific BACE1 knockout or R26CreERT2 mice
to generate tamoxifen-inducible BACE1fl/fl, R26CreERT2 mice.

Results

We evaluated BACE1 conditional knockout mice for phenotypes pre-
viously reported in germ-line BACE1 knockout mice and both condi-
tional knockout mice appeared to be largely normal, with one
notable exception. Surprisingly, despite having normal memory and
LTP, both conditional knockout mice have abnormalities in hippo-
campal mossy fiber organization as reported in germ-line BACE1
knockout mice. Importantly, this abnormality is correlated with the
levels of CHL1, a BACET substrate involved in axon guidance. Discus-
sion Future studies will be required to understand potential func-
tional effects of BACE1-associated mossy fiber abnormalities.
Conclusion

Our results agree with early clinical trials that BACE1 inhibition in
adults may be well-tolerated, yet caution is warranted for long-term
side-effects.
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Background

Synaptic mitochondrial dysfunction in Alzheimer's disease (AD) is
strongly associated with FIFO ATP synthase (F1IFO ATPS) deregula-
tion, which results in inefficient OXPHOS and collapsed mitochondrial
membrane potential, as well as excess mitochondrial Permeability
Transition pore (mPTP) formation. Recent studies from our lab have
determined the physical interaction between a FIFO ATPS subunit
Oligomycin Sensitivity Conferring Protein (OSCP) and Amyloid B (AB),
as well as the interaction between AP and the key mPTP regulator
Cyclophilin D (CypD) in AD brains (1, 2). Given the known interplay
of OSCP with CypD raises an intriguing question that whether AR is a
factor promoting the formation of OSCP/CypD complex in AD- re-
lated pathological settings, thus inducing excess mPTP formation
and aggravating synaptic mitochondrial dysfunction in AD.

Methods

CypD deficient mice were crossed with 5xFAD mice (an AD mouse
model). The mice at different ages were used to isolate synaptic
mitochondria brain to perform mitochondrial studies & brain cryosec-
tions for immunostaining and interaction studies.

Results

We found that the interaction between OSCP/CypD elevates in
AB-rich conditions in AD mouse brains along with reduced synap-
tic mitochondrial function and F1FO ATPS dysfunction. Moreover,
OSCP/AB interaction decreases with CypD depletion in a dose
dependent manner in AD conditions. Lastly, dose-dependent
CypD depletion restored the decreased OSCP levels in AD mice
brain together with attenuated mitochondrial OXPHOS function,
restored ATP levels, and mitigated mitochondrial calcium hand-
ling capacity as well as alleviated FIFO ATPS enzymatic activity
in AD mouse brains.

Discussion

We have determined the binding interplay of the proteins- OSCP,
CypD and AP and revealed the deleterious impact of such interac-
tions on mitochondrial function in AD conditions.
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Conclusions

These results convey a triad of the proteins interactions and depicts
that AR promotes CypD/OSCP interaction, which is potentially a crit-
ical cause of mitochondrial dysfunction in AD brain.
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Background

Recent studies showed that amylin, a pancreatic amyloidogenic hor-
mone co-secreted with insulin, forms mixed amylin-AB plaques in
the brains of patients with sporadic Alzheimer’s disease (AD) [1-3].
Here, we tested the hypotheses that amylin dyshomeostasis affects
the brains of individuals with familial AD (fAD) and that reducing
amylin dyshomeostasis ameliorates brain dysfunction in a rat model
of amylin-Ap interaction.

Methods

Brains from fAD patients (n=27) and controls (n=5) were investigated
for amylin deposition by immunohistochemistry and immunoconfo-
cal microscopy. Rats that overexpress human amylin in the pancreas
(HIP) rats were crossed with AD rats to generate AD-HIP rats. Litter-
mate AD rats expressing the non-amyloidogenic rat amylin served as
negative controls for brain amylin deposition. Pharmacological up-
regulation of epoxyeicosatrienoic acids, which are metabolites
formed by endothelial cells and have anti-aggregation properties,
was used to reduce amylin deposition in the brain in AD-HIP rats (16
months old; n=6/group). Behavior changes were assessed by rotarod,
inclined plane and hind limb clasping tests.

Results

fAD brains showed amylin plaques in the white matter and mixed
amylin-AB deposits in the gray matter and in blood vessel walls. Ele-
vated aggregated human amylin in the periphery greatly accelerated
behavior changes in the AD- HIP rats compared to AD and WT litter-
mate rats. Brain dysfunction in AD-HIP rats correlated with the forma-
tion of mixed amylin-Ap deposits in brain parenchyma, mirroring our
findings in fAD patients. Treatment improved motor coordination (P=
0.02), ability to maintain the balance (P=0.04) and lowered the hind
limb clasping score (P=0.03).

Discussion

fAD brains contain amylin plaques in the white matter and mixed
amylin-AB deposits in gray matter and blood vessels. Reducing

Page 70 of 73

amylin dyshomeostasis ameliorates behavior changes in a rat model
of amylin-Af interaction.

Conclusions

Amylin dyshomeostasis is a contributing mechanism to AD and rep-
resents a potential therapeutic target to slow the progression of AD.
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Background

FUS (fused in sarcoma) is a multifunctional nuclear RNA-binding pro-
tein, expressed in neuronal and non- neuronal tissues [1; 2]. Muta-
tions in the FUS gene cause familial amyotrophic lateral sclerosis
(FALS) type 6 [3; 4]. This leads to almost abolished or significantly re-
duced nuclear import of FUS and due to repeated stress to cytoplas-
mic accumulation of FUS aggregates in neurons and glial cells of ALS
patients. Mislocalized FUS mutants sequester RNA- binding proteins,
resulted in the extensive pre-mRNA processing defects in cells [5;
6; 7]. One of the FUS function is to activate core canonical his-
tone genes expression during the DNA replication phase in com-
plex with U7 snRNP [8]. Therefore, we hypothesize that one of a
consequences of the loss of the nuclear function of ALS-linked
FUS mutants is U7 snRNP mislocalization and de-regulation of
histone gene expression.

Methods

SH-SY5Y neuroblastoma cells (wild type (WT) and FUS KO cell lines)
were grown in Dulbecco’s modified Eagle medium (DMEM). Cells
were differentiated per ten days with the use of retinoic acid (RA) at
the concentration of 75 umol/mL RA to obtain neuron-like cells. After
that, using a quantitative reverse transcription PCR (RT-qPCR) tech-
nique, we investigated the effects of FUS on the 3’end processing ef-
ficiency of the histone gene transcripts in differentiated cells in
comparison to undifferentiated cells.

Results

FUS influences the expression of histone genes in neuroblastoma
cells by affecting the 3’end processing of their transcript. The effect
was different in undifferentiated SH- SY5Y neuroblastoma cells and
differentiated neuron-like cells.

Discussion

FUS influences the replication dependent histone gene expression
both in proliferating neuroblastoma cells and in terminally differenti-
ated neuron-like cells, that might correspond to glial cells and motor
neurons, respectively. We suggest, that ALS-linked FUS mutations



Molecular Neurodegeneration 2019, 14(Suppl 1):30

result in de-regulation of histone gene expression and lead to altered
cell homeostasis in ALS patients.
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Background

iDISCO volume imaging (immunolabelling- enabled three-dimensional
imaging of solvent-cleared organs), combined with light sheet micros-
copy, is a powerful method enabling three-dimensional (volume) im-
aging of cleared and immunolabelled structures in complex tissues
(e.g. entire human locus coeruleus (LC), or pieces of neocortex in the 1-
10 mm range, including all layers). Its short clearing time makes iDISCO
especially suitable for immunostaining [1]. A recent hypothesis sug-
gests that the LC region represent an early starting point for Alzhei-
mer’s disease pathology, even preceding the occurrence of cortical
lesions [2]. Our earlier studies emphasized the role of the somatostatin
receptor 2 in the maintenance of LC neurons [3].

Methods

Here we show preliminary results with iDISCO+ volume immuno-
staining of hyperphosphorylated tau in neocortex and LC as well as
beta-amyloid 3D staining in the neocortex from short post-mortem
time subjects with neuropathologically verified late-stage Alzheimer’s
disease. We worked out a special way of tissue fixation that allows a
highly efficient epitope-preservation.

Results

Amyloid plaques of various sizes were distributed throughout all
layers of the Brodmann 4 cortical area with no apparent layer prefer-
ence, and a subset of layer Il pyramidal neurons exhibited intracellu-
lar beta-amyloid accumulation. Particularly high density of tau-AT8-
immunoreactive tangles and dystrophic neurites were found in the
upper cortical layers of the same Brodmann area. We also observed a
subset of neurons containing intracellular tau-AT8 accumulation in
the LC, dorsal raphe and in the medial parabrachial nucleus.
Discussion

The method here described allows a deeper analysis of the 3D pat-
tern of these (and other) pathological protein inclusions, including
their spatial distribution compared to various cell types (pyramidal
neurons/interneurons), innervations or vasculature.

Conclusion

Taken together, studies of this type, involving subjects also with earl-
ier stages of neurodegenerations, may provide novel information
concerning generation and spreading of hyperphosphorylated tau
and beta-amyloid in the human brain.
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Background

Synaptic degeneration and neuronal loss are believed to be early
events in Alzheimer’s disease (AD), probably long before symptom on-
set. Thus, synaptic proteins are highly relevant for enabling early diag-
nosis. The postsynaptic protein neurogranin (Ng) has recently emerged
as a promising cerebrospinal fluid biomarker for AD, even during the
prodromal phase. [1] Here we aimed to quantify endogenous peptides
and full-length (FL)-Ng in AD, familial AD (FAD), pathological aging (PA,
brains with Ap and tau deposition but no cognitive impairment) and
healthy controls in two different brain regions.

Methods

Brain tissue from parietal lobe included AD (n=10) and age matched
healthy controls (Co) (n=10) while samples from temporal cortex in-
cluded AD (n=9), FAD (n=10, mutations in PSN1 or APP), PA (n=5)
and Co (n=4). Samples were homogenized in TBS and analyzed by
WB, ELISA and immunoprecipitation combined with mass spectro-
metric analysis. All antibodies were in-house-generated monoclonal
antibodies.

Results

In AD parietal lobe, there was an inverse relationship between Ng
fragments and FL-Ng; 10 endogenous Ng peptides were increased
whilst FL-Ng was decreased. In temporal cortex, AD and FAD showed
similar trends. PA, however, had significantly increased FL-Ng accord-
ing to immunoprecipitation and WB, but peptide concentrations
were similar to Co.

Discussion

As both CSF and brain Ng peptides seem to increase in AD, and pos-
sibly FAD, combined with a decrease of FL-Ng, this might reflect both
ongoing synaptic loss and perhaps an increased enzymatic activity
that digests Ng. PA, however, showed fewer peptides and higher
amounts of FL- Ng. Considering that PA patients have a degree of
AD pathology without cognitive impairments, the increased amount
of FL-Ng could be compensating for the spreading neurodegenera-
tive disease process.

Conclusions

The inverse relationship between endogenous Ng peptides and FL-
Ng in AD brains suggests that Ng degradation may play a role in AD-
related synaptic degeneration.
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Background

The Braak and Braak staging of neurofibrillary tangle (NFT) pathology
in Alzheimer disease (AD) proposes that tauopathy in the form of
NFTs develops early in the medial temporal lobes in cognitively nor-
mal (CN) adults. However, in vivo quantification remains unexamined
in individuals with preclinical AD. Understanding both the spatial
pattern and severity of tauopathy in brain positron emission tomog-
raphy (PET) scans in this at-risk group is of great importance in the
context of designing clinical trials and pharmacological interventions.
Therefore the aim of this study was to Leverage the recent develop-
ment of tau-PET to examine the distribution and severity of tauopa-
thy in CN adults with preclinical AD as determined by positive beta-
amyloid biomarkers.

Methods

One hundred and ten CN older adults underwent 18F-AV-1451-
tau-PET and florbetapir-beta-amyloid-PET imaging. Tau-PET data
were processed with 34 cortical and 9 subcortical FreeSurfer re-
gions and averaged across both hemispheres. Individuals were
classified as being beta amyloid-positive (preclinical AD) or nega-
tive (control) based on a beta-amyloid-PET value. We compared
the tau-PET binding in the two groups using linear regressions,
adjusting for age and sex.

Results

After adjustment for multiple comparison correction, the preclinical
AD cohort had higher tau- PET binding within 8 regions: precuneus
(B=0.115, p=0.003), amygdala (B=0.133, p=0.004), banks of the super-
ior temporal sulcus (B=0.107, p=0.002), entorhinal cortex (B=0.173,
p=0.003), fusiform gyrus (B=0.096, p=.001), inferior parietal cortex
(B=0.114, p=0.002), inferior temporal cortex (B=0.111, p=.002), and
middle temporal cortex (B=0.108, p=0.001).

Discussion

Our study reports elevated patterns of tauopathy in preclinical AD in
the medial temporal lobe and parietal lobe and association regions,
suggestive of more widespread tauopathy early in the disease
process.

Conclusions

These results suggest that therapies targeting tauopathy could be
considered earlier in the disease course in order to prevent or ameli-
orate cognitive decline.
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Background

Alzheimer’s disease (AD) is the most common reason for elderly de-
mentia, and its prevalence will continue to increase with aging popu-
lation of the world. Previously we observed that reduced
postsynaptic neuronal store-operated calcium entry (nSOC) is respon-
sible for mushroom spine loss in knock-in AD mice model expressing
mutant human presenilin 1 (PS1-M146V-KI)[1].

Results

In previous studies we observed downregulation of mushroom den-
dritic spines in hippocampal neurons in conditions of low amyloid
toxicity [2] and in newly generated APP-KI mice model of AD [3, 4].
We reasoned that the loss of mushroom spines occurs due to im-
paired dendritic spine nSOC, which is mediated in hippocampal neu-
rons by STIM2 endoplasmic reticulum resident protein. SOC is
relatively well studied in non-excitable cells, but still little is known
about its regulation in neuronal cells. In our recent study we found a
new STIM2 binding partner - tubulin associated protein EB3[5]. EB3
protein transiently enters dendritic spines at the end of growing
microtubule (MT) [6]. We shown that STIM2- EB3 association is neces-
sary for normal dendritic spines morphology and nSOC, therefore
new potential nSOC regulating pathways in neurons and link be-
tween neuronal cytoskeleton and calcium signaling were identified.
We further demonstrated that EB3 overexpression rescues mushroom
dendritic spine deficiency in PS1-M146V-KI neurons [5]. Therefore, in-
fluencing dynamic microtubules and dendritic spine nSOC through
overexpression of tubulin plus-end binding partner EB3 showed
promising result in AD mouse model.

Conclusions

We propose that loss of mushroom dendritic spines and dysregula-
tion of calcium homeostasis is a common driving mechanism of AD
pathogenesis in both APP and presenilin-based models [7]. Finding
ways which will helps to restore detected calcium signaling abnor-
malities is under urgent need. Observed by us link between MT, den-
dritic spines morphology and calcium signaling indicate that
development of MT-targeting drugs is potential strategy for treat-
ment of AD and other neurodegenerative diseases. Targeting of
neuron-specific MTbased signaling pathways may help to overcome
toxicity of such compounds.
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