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Abstract

INTRODUCTION

Neurodegenerative disease has multiple variations, including
frontotemporal dementia, microvascular atherosclerosis, and
Huntington’s (HD) disease. The most common are Alzheimer’s
(AD), and Parkinson’s (PD): more than six million Americans live
with Alzheimer’s disease, and at least one million Americans live
with Parkinson’s disease. Since age is the primary risk factor,
dementia resulting from these diseases is an increasing problem
as the population of the country ages. Dementia affects 7-10%
of persons over age 65 with a higher risk in more developed
countries due to longer life span [1-3].

Dementia is a syndrome with multiple aspects, as indexed
by the Diagnostic and Statistical Manual of Mental Disorders-V:
activity changes such as purposeless motion, loss of ability
to perform daily living tasks, inattention, wandering, mood
changes, and thought disorders. It is characterized by a decrease
in cognition that leads to a loss of prior performance standards
in social, occupational or domestic functioning [2,4]. Alzheimer
designated patients with dementia and findings of neurofibrillary
tangles and neuritic plaques (NP) in the central nervous system
(CNS), often are thought to be on a vascular basis. AD was
considered a ‘pre-senile’ dementia for decades but by the 1970’s
AD and dementia occurring in old age came to be viewed as a
single process [5-7] because of common manifestations and CNS
findings. Presently 60-80% of diagnoses for dementia are defined
as AD. Because the findings in AD and senile dementia are the
same histologically and behaviorally, we will treat AD in this
discussion as a valid model for dementia seen with aging.

Although the major predisposing risk factor for dementia is
age [8,9], it appears that some of the risk factors for dementia,
for example hypertension, affect onset by age 65, but may be of
diminished effect after age 85 [10,11]. Intriguingly, tissues from
‘normal’ aged brains may show histological findings associated
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we conclude that the manifstations of dementia are the result of an intersection of defects.

with AD, and not all clinical diagnoses of AD show the typical
tissue findings of neurofibrillary tangles and NP [12]. Improved
imaging methods hold the promise of better pre-symptomatic
detection [4,12-16].

Pre-clinical research has been hampered by the lack of
suitable animal models for dementia and the working field has not
defined the specific underlying causes of these diseases. Why is
this? Perhaps because of excessive focus on the late-stage disease
pathology, and not on discovery of the triggering etiologies. The
field has become ‘entangled in CNS tangles’, composed of proteins
such as B-Amyloid, a-synuclein, tau bodies, and Huntingtin in
the different diseases. These protein deposits are evident in the
brain of advanced neurodegenerative disease patients and serve
as pathologic and diagnostic markers for AD or PD, for example.
Such marker proteins may be seen as endpoint consequences of
disease etiology. They do, however, contribute to the severity of
the symptoms because deposits of amyloid, synuclein, and tau
share a 3-D structure that has been reported to impair entry
into the proteasome and its function [17]. These aggregate
proteins also interfere with synapse connections and functions
when secreted into the brain extracellular space. Such findings
emphasize the importance of efficient cellular proteolysis for
brain function. Recent research indicates that these protein
structures can seed in a prion-like manner and also spread via
exosomes, trans-synaptically and via axons from affected cells to
normal [18-24]. Attempts to decrease late-stage accumulation of
B-Amyloid by use of antibody agents have been unsuccessful in
slowing the pace, onset, or progression of AD [25,26].

There are several schools of thought regarding the primary
causes of dementia. The categories include metabolic, familial,
vascular, inflammatory, hypertension, blood brain barrier,
lymphatic and toxic [4,15,27-31]. Our hypothesis is that there
are several mechanisms for loss of neuronal function and when
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the sum effect on the aging cell creates sufficient impairment of
neuronal function, and enough cells are affected, then dementia
becomes clinically apparent. Based on that hypothesis, we
think that dementia is a neuropathy caused by accumulation
of defects in any of several interactive processes, defining it
as a multifactorial, intersectional neuropathy. For dementia
to become apparent it is not necessary that neurons die; only
that sufficient numbers become defective in function to a great
enough degree. Here we will address several major hypotheses
for neurodegeneration leading to dementia with particular
attention on protein homeostasis.

GENETIC/FAMILIAL

A minority of cases of AD are of a dominant heritable basis
and early onset, for example patients with mutations in Amyloid
Precursor Protein (APP) [32,33]. Patients with familial AD
(FAD) have a mutation in one of three genes known to act in the
development of AD: PS1, PS2 and AAP. Another predisposing
mutation is in the ApoE4 protein [34,35]. Carriers of APOE4 are
more likely to develop AD; although APOE4 is present in only
15% of the population, it is present in a majority of late onset AD;
a single allele increase risk for AD by 2-4-fold and two alleles by
8-12-fold [36].

INFLAMMATION

Some observations favor the concept that neuroinflammation
is the initial step in loss of central nervous system function and
dementia [37,38]. There is evidence supporting the concept of
the inflammasome as a driving etiology for neurodegeneration
[39,40]. Glial cells and astrocytes become inflamed and secrete
inflammatory cytokines leading to loss of neuronal function.
Inflammation could sponsor more (-Amyloid deposition,
promoting neurodegeneration. Improved imaging techniques
may allow inflammation to be detected and tracked [37]. It seems
reasonable to favor the inflammasome as one of the driving
factors, but not the sole initiating one, for dementia.

ATHERSCLEROSISAND MICROVASCULAREVENTS

The original obervations of AD favored the idea that loss of
blood flow and mini-strokes led to loss of neuronal function and
hence to dementia. Atherosclersis-based microvascular defects
are a major basis for loss of neuronal capability [13,41,42] and
there is robust evidence for microvascular defects in AD. It has
been suggested that neuritic plaques cause a decrease in blood
flow, and thus amyloid plaques and microvasuclar strokes, along
with decreased cerebral blood flow due to atherosclerosis, would
act synergistically to hamper neuronal function.

METABOLIC

There are several long-recognized metabolic deficiencies
associated with dementia. For example, Korsakoff syndrome
secondary to chronic alcoholism (deficiency of B1), and pellagra
(deficiency of B3). Low NAD+ may be one final common step of
these processes [1, 43-46]. With age, intracellular NAD+ levels
decline and mitochondrial function is known to be decreased, as
in later stages of dementia. A possible interaction between NAD+
and reactive oxygen species (ROS) in the mitochondrial has been
speculated to affect AD [45]. Overall we favor the idea that the

energy state of the neuron is a central factor in neuronal health
and that a decrease in NAD+ with age [43,46] favors development
of dementia.

DECREASED PROTEOSTASIS

With age, people gradually experience accumulating
dysfunction of their biological processes. We become less able to
do physical (muscular) work, to react quickly and coordinately,
to calculate, to recall names rapidly, to sleep soundly and to
accommodate stress.

Protein turnover is a regulated cellular process and nowhere
more so than in the brain. Both cytoplasmic and mitochondrial
proteins undergo a programmed destruction by autophagy
and mitophagy, producing components for re-use by the cell,
conserving energy. The regulated maintenance of protein
homeostasis is referred to as proteostasis. A major factor in
the ordered and accurate turnover is the 26S proteasome [47].
We have described an alternate proteasome pathway whose
deficiency may play a significant role in plaque accumulation, the
REGy pathway that is ATP- and Ub- independent [48]. The loss
of programmed protein turnover may promote the appearance
of B-Amyloid plaques; therefore, we choose to place plaque
formation and synaptic decay under this rubric [21, 49-52].

Aberrant or partially degraded proteins accumulating due to
loss of proteostasis elicit a cellular endoplasmic reticulum (ER)
stressresponse, the unfolded protein response (UPR). The ER UPR
depends on several pathways [53] with the X Box binding protein
(XBP1) acting as a master regulator of the stress response. This
pathway is essential for maintenance of homeostasis for protein
degradation, and hence mitochondrial mitophagy. A decrease
of the ER stress response, normal with increasing age, plus the
secondary lack of proteostasis have been suggested to be drivers
of AD [54,55]. The UPR leads to an inflammatory cascade. This
supports the concept that accumulation of normal or aberrant
proteins, as is common in neurodegenerative disease, is a late
marker of disease and not the primary cause. We conclude that
evidence favors defective proteostasis as an initiating and main
driving element for neurodegeneration.

CONCLUSIONS AND PREDICTIONS

The evidence leads us to propose that clinical dementia
results from cumulative defects in any of several pathways that
lead to a clinical presentation when the sum crosses a functional
threshold (See Figure 1). Our conclusions support several
predictions.

e Our multifactorial model of dementia yields targets for
early diagnosis and potential therapeutic approaches that can be
aimed at preventing initiation of the degeneration.

e The subdivision of independent but cumulative causes of
dementia, coupled with improved pre-clinical diagnostics, can
provide improved metrics to monitor evolving dementia.

o Cell death is not an absolute requirement for dementia.

e New therapies that rejuvenate the cell are likely to be
drugs that return the cell to an early and more embryonic/
developmental transcriptional state.
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Figure 1 Loss of neuronal function leading to dementia is based on accumulation of defects in any of several systems. Once a threshold of dysfunction

is crossed, and enough cells are affected, dementia is established.
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