Discovery of Genes Regulating the Progression
of Alzheimer's Disease

Co-directed by Martin Sadowski, MD, PhD, and Sunnie Kenowsky, DVM, the Zachary and Elizabeth M. Fisher Alzheimer’s
Disease Education and Research Program at the NYU Grossman School of Medicine takes a two-pronged approach to

Alzheimer’s disease.

While Sadowski focuses on researching the underlying causes of Alzheimer’s in order to identify therapeutic targets and
development treatments, Kenowsky focuses on patient-centered caregiving and the education of caregivers, family and

friends. This comprehensive approach has led to exciting discoveries, as illustrated in the following pages.

Vital Discoveries Being Made

Accumulation of b-amyloid peptide in the brain is a prerequisite of Alzheimer’s disease, but its mere presence does not
produce disease symptoms. Instead, b-amyloid initiates an insidious neurodegenerative cascade involving intraneuronal
accumulation of hyperphospho-rylated tau (p-tau), acquisition by microglia features of neurodegenerative microglia
(MGnND), loss of synapses, and nerve cell bodies, which all tightly correlate with severity of dementia symptoms. Genes

regulating the brain's susceptibility to b-amyloid and the tempo neurodegeneration progresses are largely unknown.

To identify genes regulating the rate of Alzheimer’s disease progression, linear mixed modeling of longitudinal cognitive
data from Alzheimer’s patients whose genome has been sequenced is used. The KL-VShet+ variant of the Klotho’s gene

is an example of a gene whose protective effect on Alzheimer’s disease we have recently

established. KL-VShet+ promotes physical and mental longevity during normal aging,
but its role in Alzheimer’s disease has been unknown. A discovery was made that the
KL-VShet+ variant significantly retards progression of Alzheimer’s disease in male
patients who do not carry the APOE e4 allele. Both Klotho and apoE4 are pleiotropic
proteins exerting opposing effects on a number of biological processes involved

in Alzheimer’s disease: neuroinflammation, oxidative stress, p-tau accumulation,
and synaptic plasticity. A protective effect of KL-VShet+ in respect to all these
processes cancels out the negative effects of the e4 allele encoding the apoE4 protein.
KL-VShet+ endowed protective effects also are absent in female patients. Results from

this research were published in the scientific journal Genes.

Role of Peroxiredoxin 6 (PRDX6) in Alzheimer’s
disease.

Accumulation of p-tau protein in neurons is a hallmark of Alzheimer’s
disease. P-tau-bearing neurons are accompanied by neurodegenerative
microglia (MGnD) and neurotoxic astrocytes (A1), which both perpetuate
tau accumulation and directly contribute to neuronal demise. P-tau
accumulation and neuronal loss directly correlate with severity of

dementia. Factors, endowing astrocytes with resistance to acquire the
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neurotoxic Al state and thus attenuating the inflammatory cascade associated with p-tau accumulation are unknown. We
hypothesize the PRDX6 protein, which restores cells damaged by oxidative stress, can be such a factor. In the brain PRDX6
is expressed by astrocytes and becomes highly upregulated in astrocytes associated with b-amyloid plaques and p-tau-

bearing neurons. However, the precise role of PRDX6 in Alzheimer pathogenesis is unknown.

To explore the effect of PRDX6 on p-tau pathology, its expression level was genetically modulated with intraneuronal
p-tau accumulation and the appearance of neurodegenerative microglia (MGnD) and Al neurotoxic astrocytes. It was
determined that PRDX6 overexpression reduces acquisition of the Al state by astrocytes, which is associated with reduced
p-tau accumulation and expression of A1 and MGnD defying genes, while reduced PRDX6 expression has opposite results..
A manuscript detailing this work is currently in preparation. The prospect of conditional overexpression of PRDX6 as a

therapeutic approach for Alzheimer’s disease is also being explored.

Comprehensive, Individualized, Person-Centered Management (CI-PCM)

Program for Patients with Advanced Alzheimer’s Disease

Patients with advanced Alzheimer’s disease decline quickly, posing multiple challenges for providing appropriate care.
They gradually lose the ability to perform basic activities of daily living and become completely caregiver-dependent.
In addition, over the course of disease 90% of patients develop Behavioral and Psychological Symptoms of Dementia
(BPSD), which cause substantial distress for both the person living with Alzheimer’s disease and their caregiver. Thus, the
CI-PCM Program has been developed to improve the care of patients with advanced Alzheimer’s disease. This program
was developed by Drs. Sunnie Kenowsky and Barry Reisberg at NYU and relies on teaching the care partners to properly

recognize and respond to patients’ needs by appropriately managing their medical problem:s,

and also re-educating the patients how to perform basic skills and activities of daily living.

A 28-week, single-blinded, randomized, controlled trial testing efficacy of CI-PCM
and memantine treatment on functional and behavioral symptoms in advanced
Alzheimer’s patients has been completed. It showed that CI-PCM+memantine is
~7.5 times more beneficial than memantine alone. Recently, a 24-week extension
study has been performed, and showed that benefits of the CI-PCM program are
retained at 52 weeks both on FAST and ADCS-ADL-sev-abv functional scales. The
benefits of CI-PCM on the risk of emergency room visits and hospitalizations
have been analyzed, which in CI-PCM subjects are decreased by 80% and

75% respectively, compared to the control group.

Role of apoE in Regulating Characteristics of
Neurodegenerative Microglia.

An exploration of whether apoE expressed by astrocytes and by activated
microglia exert oppositional control on the behavior of neurodegenerative
microglia (MGnD) in Alzheimer’s disease has begun, as well as an
examination of therapeutic merit of apoE-based approaches to attenuate

inflammatory character of microglia.
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Effects of 40-Hz Light Stimulation on Alzheimer’s Pathology

There is a growing interest in non-invasive brain stimulation to ameliorate Alzheimer’s disease symptomes. In collaboration

with the Buzsdaki Laboratory, previously claimed effects of 40-Hz flickering light on reducing b-amyloid deposition in
Alzheimer’s have been validated. A 40-Hz flickering simulation did not engage native gamma oscillations in those brain
areas, which are important for Alzheimer’s disease and also, in contrast to previously published reports, no reliable changes
in b-amyloid plaque count or microglia activation were found. Though the study presented mainly negative findings, due
to strong interest in noninvasive brain stimulation, it gained attention of the scientific journal Nature Neuroscience, where

it was published.

Accomplishments
In the past year, the Zachary and Elizabeth M. Fisher Alzheimer’s Disease Education and Research Program scientists
created two publications, three manuscripts under preparation, six presentations for international meetings, and provided

critical data to secure a prestigious grant.
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