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Stem cells and neurogenesis: Implications
in the pathogenesis and Treatment of

Alzheimer’s Disease

Winnie Ng (University of Toronto)
News Reporter (HSI 2012-2013)

Alzheimer’s disease (AD) is the most common form of
dementia and is primarily characterized by learning,
memory, and cognitive loss due to initial neuronal cell
death in the hippocampus that spreads to other areas of
the cerebral cortex and is eventually fatal. AD is progressive
and irreversible. Presently there is no cure, and many of
the available treatments only aim to modify the course
of disease. According to the Alzheimer Society of Canada,
dementia currently affects approximately 500,000
Canadians; however, this number is projected to more
than double by 2038. The economic burden of dementia
in Canada was upwards of 8 billion dollars in direct health
costs in 2008,
with an additional
1.8 billion dollars
for indirect costs
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of patients and
caregivers.! Moreover, this does not account for the physical
and emotional burden of AD for family members and other
caregivers who witness the effects of cognitive decline.
Clearly, effective strategies are needed that support all
individuals affected by AD, and significantly more research
is needed to develop and test novel treatments that may
mitigate its effects or lead to the development of a cure.

Age is one of the most important risk factors for AD,
although AD is not necessarily a disease of ageing, as
previously believed. It was over a century ago that Dr. Alois
Alzheimer found plaques and tanglesin the brain of a patient
with ‘senile dementia’ and these markers have become
hallmarks for the diagnosis of AD.? Plaques refers to beta
amyloid plaques that are comprised of beta amyloid protein
(AB) produced from the cleavage of amyloid precursor
protein (APP), whereas tangles refers to neurofibrillary
tangles that form due to tau protein aggregates.® However,

The discovery of adult neuronal stem cells in mice by Reynolds and Weiss at the
University of Alberta has opened up the possibilities for neurogenesis as a potential

treatment in response to neural injury.® (Flickr: Science3point0.com)

beta amyloid protein and tau protein have been observed
in humans post-mortem without AD dementia,* indicating
that these proteins may be necessary but insufficient to
induce AD. Nevertheless, most AD research has focused on
investigating the pathogenesis of AD in the context of the
plaques and tangles.

Stem cells have become a very exciting area of regenerative
medicine since the discovery of human embryonic stem cells
in 1998.° The inherent characteristics of stem cells, having a
high capacity for self renewal and the ability to differentiate
into various cell types, provides the potential for a unique
opportunity to treat diseases that require regeneration
or replacement of damaged cellular tissue. Neurons were
primarily considered a terminally differentiated cell type,
meaning that these specialized cells could not regenerate
themselves. However, the discovery of adult neuronal stem
cells in mice by Reynolds and Weiss at the University of
Alberta has opened up the possibilities for neurogenesis as
a potential treatment in response to neural injury.® More
recently, Fernandes et al. discovered that neuronal cells
could be generated from skin-derived precursors found in
the dermis,” which extends the potential for autologous
stem cell transplantation in the treatment of neurological
disorders. »
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Dr. Karl Fernandes, an assistant professor in the Department
of Pathology and Cell Biology at the Université de Montreal
and the Canada Research Chair in Stem Cell Neurobiology,
is taking an alternative approach to studying AD and
investigating how the biology of stem cells is affected by
neurological diseases such as AD and how they could be
involved with the pathology. “Neuronal stem cells (NSCs) are
involved in all four major areas of neuroscience; including
how the brain was built, how it works, what happens when
it breaks down, and how to fix it,” says Dr. Fernandes, which
demonstrates why it is such a good candidate to study in
the context of neurological diseases.

Since AD is very difficult to study in humans, animal models
of AD have been useful to study the mechanisms of AD.
One such model is the triple-transgenic mouse model 3xTg,
whichinshortisaPS1  knock-in mouse that containsthe
human APP_ and human tau_,  transgenes that results
in the development of the hallmark plaques and tangles
observed in AD pathology.® Using this model, Dr. Fernandes’
research group found that 3xTg mice had decreased
neurogenesis in the hippocampus and subventricular zones
through BrdU and Ki-67 labelling as compared to the wild-
type mice, and this was associated with decreased cognitive
function.® Moreover, this down regulation in neurogenesis
in the 3xTg mice was similar to what was observed in the
wild-type mice at an older age. What is more interesting is
that the decrease in neurogenesis in the 3xTg mice preceded
the development of the hallmark plaques and tangles of
AD. These findings are intriguing as it shows changes in the
NSC population in an AD-like environment and suggests
that the breakdown of neurogenesis may be implicated in

the pathology of AD.
“If activation of stem cellsis  On the other hand,

these findings can be translated to other AD models. In
terms of the big picture, “the implications of this research
are that decreased neurogenesis at an earlier time point
may accelerate cognitive defects,” says Dr. Fernandes and,
“if activation of stem cells is increased in the hippocampus it
may increase cognitive function as a whole, independent of
whether we get the disease or not.” Presently neurogenesis
cannot be measured in humans, although the technology is
getting close. Based on current research, it is more likely that
any clinical approach would involve modifying the course of
AD rather than developing a cure. Transplantation of NSCs
is also, as of yet, unlikely as there are still concerns whether
proper neurons and connections will develop or whether
NSCs will provide trophic support rather than neuronal
replacement. One area of promise may be to stimulate
neurogenesis from endogenous NSCs to treat AD using
drugs already available on the market that may activate
specific pathways required by stem cells for recruitment
and/or differentiation; as was found with thediabetes drug
metformin, which increased neurogenesis and enhanced
cognitive function in mice via the atypical protein kinase
C-CBP transcriptional co-activator (aPKC-CBP) pathway.™

Perhaps the most profound implications are that studying
the biology of NSCs, rather than focusing strictly on its
potential as a treatment, may help to understand and even
prevent debilitating neurological diseases in the future
and many of these findings could be translatable between
stem cell fields. Stem cell research has been dominated
by Canadian innovation since their discovery by Till and
McCullough in the 1960s and foundations like the Stem
Cell Network continue to support Canadian researchers
to further fuel the enormous potential for stem cells to
improve and advance human health. ®

Increased in the hippocampus it these findings do
may increase cognitive function as not rule out that AD
a whole, independent of whether pathology may lead
we get the disease or not.” to the decrease in

Dr. Fernandes neurogenesis.
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