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ABSTRACT

Neurogenesis in the adult brain has been reported to occur within three distinct regions, of which Hippocampus is the
most studied one because of its importance in cognition and memory. Alzheimer’s disease attributes to almost 62% of
all dementia cases. A recent study has established a link between adult hippocampal neurogenesis and alzheimer’s
disease wherein a sharp decline in AHN is observed in patients suffering from alzheimer’s. This review summarizes
alzheimer’s disease, the decline in AHN in alzheimer’s patients and probes into the efficacy of the newly generated
hippocampal neurons in the context of memory and cognition. It also discusses the potential of targeting reduced
AHN in alzheimer’s patients using neural stem cell-based therapy.
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INTRODUCTION

Dementia is the decline in cognitive abilities such as
memory, learning, language, etc., which hinders the
normal day-to-day functioning of humans.! It is more
common in elderly people. The risk factor increases with
ageing and by the age of 100, dementia is almost
inevitable.? Most of the neurodegenerative diseases are
usually sporadic, i.e., late onset diseases that are caused
by a combination of various genetic and environmental
factors. Alzheimer’s disease is the most common form of
dementia.> Some other forms of dementia include
vascular dementia, mixed dementia, dementia with Lewy
bodies, frontotemporal dementia, parkinson’s disease, etc.
Alzheimer’s is a deadly neurodegenerative disease which
occurs due to the loss of connectivity in the brain. The
signs and symptoms of alzheimer’s include memory
impairment, slow decision-making, decline in language
skills, increased depression, anxieties, phobias, anger,
agitation, sleep problems, disrupted circadian rhythms,
poor motor coordination.*¢ There are only five drugs
approved to help the disease.” Not much progress has
been made since 2003 when the last drug was approved.

For most of the twentieth century, it was believed that
adult neurons are fully differentiated and post-mitotic i.e.
they lack the ability to divide. It was accepted that brain
cells couldn’t renew themselves post their development in
embryonic and early postnatal life.® Later on, there was
evidence in favor of adult neurogenesis occurring in some
specific parts of the brain i.e., within the sub granular
layers the hippocampal dentate gyrus and in the
subventricular zone of the olfactory bulb.® In a recent
study, it was reported that there is a decline in adult
hippocampal neurogenesis (AHN) in patients suffering
from alzheimer’s disease.’® Recent findings also suggest
that stem cell-based therapies could possibly be used for
treating certain  neurodegenerative  diseases like

alzheimer’s.'

ALZHEIMER’S
TREATMENT

DISEASE: CAUSES  AND

Alzheimer’s disease (AD) is characterized by the
accumulation of extracellular amyloid plaques and
intracellular neurofibrillary tangles, and brain atrophy
(substantial loss of brain volume, enlarged ventricles,
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widened sulci, thinned gyri).*?> The major component of
amyloid plaques is the beta-amyloid peptide and the main
component of neurofibrillary tangles is the microtubule
stabilizing protein tau (hyperphosphorylated). The
amyloid precursor protein (APP) is processed either by
the amyloidogenic or the non-amyloidogenic pathway.'®
APP processing by the amyloidogenic pathway results in
the accumulation of the amyloid-beta protein into the
extracellular space. Additionally, the hyperphos-
phorylation of tau under the control of genes such as
MARK, CDK5 and GSK3p results in the destabilization
of the microtubules and also affects axonal transport and
neuronal function.!*'> There are two forms of AD to
which genetic factors are attributed, early-onset or
familial AD and late-onset or sporadic AD. Familial AD
is rare, with only 5% of the Alzheimer’s patient
population suffering from it, while the rest 95%
corresponds to sporadic AD.* Familial AD is caused by
mutation in the following three genes, amyloid precursor
protein-APP, presenilin 1 and 2-PS1, PS2. On the other
hand, sporadic AD is caused by a combination of genetic
and environmental factors. The strongest genetic risk
factor for sporadic AD is the apolipoprotein E &4
(APOEe4) allele.r” APOE is a lifestyle protein involved
in the catabolism of lipids and lipoproteins.'®'® AD is
incurable so the treatment focusses on reducing the
symptoms and the progression of the disease.?’ Some of
the therapeutic strategies for treating AD target amyloid-
beta accumulation (immunotherapy, metal chelators
(clioquinol), BACE inhibitors (ATg-Z1) etc.), tau
hyperphosphorylation/microtubule dysfunction (CDK5
inhibitors, GSK3p inhibitors etc.), acetylcholine signaling
(acetylcholine inhibitors (donepezil, galantamine, taurine,
rivastigmine), muscarinic receptor agonists(NGX267),
etc.,) glutamate signaling (NMDA receptor antagonists,
ampakines), other neurotransmitter receptors and ion
channels (serotonin receptor antagonists, calcium channel
blockers, etc.,), inflammation, oxidative stress, preventive
measures (for e.g. cholesterol lowering agents; lovastatin,
pravastatin), neuroprotective mechanisms (NGF gene
therapy, neural stem cell therapy, etc.,).2° Apart from this,
physical activity plays a major role in improving the
overall function of the brain; it enhances neurogenesis
and prevents cognitive decline thus delaying and
lessening the symptoms of AD.2*% There are fewer
known targets of AD due to the lack of connectome data
which  further corresponds to fewer treatment
opportunities.

NEUROGENESIS IN THE ADULT BRAIN

For a long time, it was believed that adult neurons do not
regenerate.?* However, Joseph Altman, in 1962, found
evidence of adult hippocampal neurogenesis in rodents.?®
Later, Eriksson et al discovered the birth of new neurons
in the adult brain.?® Adult neurogenesis has now been
described within the sub-granular layer of the
hippocampal dentate gyrus, in the subventricular zone of
the olfactory bulb and in the amygdala. Evidence for the
occurrence of adult neurogenesis in the amygdala was
found later on.?72 However, adult neurogenesis is quite

controversial because the rate of neurogenesis declines
after birth and also the function of the little number of
new neurons generated is not clearly identified. Most
research studies focus on adult hippocampal neurogenesis
because hippocampus is the most likely region to
contribute to a significant part of brain function.?62 Adult
hippocampal neurogenesis decreases with ageing, while
physical exercise has a positive effect on the neurogenic
capacity of the brain.®® The newly born neurons in the
hippocampus may play some role in cognitive processes
like memory, learning, regulation of mood, etc. but there
is no direct evidence to back it up.*® Some studies have
established a co-relation between dysregulated adult
hippocampal neurogenesis and mental illness such as
anxiety, depression etc.332 But these experiments are
focused on rodent models and as a result, they don’t
necessarily give a clear picture of the scenario in humans.

DECLINE OF ADULT HIPPOCAMPAL NEURO-
GENESIS IN AD

The hippocampus is severely affected in patients
suffering from AD.® Due to difficulties in conducting
experiments on a human brain; there is a lack of insights
on the integration of neutrons into the dentate gyrus of the
hippocampus. While a majority of research studies in the
past revealed a decrease in the number of new born
hippocampal neurons in AD, a few also claimed opposite
results.®*%% A recent study used tightly controlled human
brain samples to compare between adult hippocampal
neurogenesis in a healthy brain to that in a diseased brain
(Figure 1).

Normal Hi 1 Neur

Decline in Hippocampal Neurogenesis

Normal Neurons

. peurofibe-
illary
e Tangles

Amyloid
Plagues

A B

Figure 1: (A) A healthy brain (coronal cut, at basal
ganglia). The healthy brain produces normal healthy
neurons. Also, adult hippocampal neurogenesis takes

place as usual in the healthy brain, (B) a diseased
brain (affected by AD). AD is accompanied by the
aggregation of neurofibrillary tangles and amyloid
plaques as shown in figure. The brain also suffers
from a dysfunctional adult hippocampal neurogenesis
wherein there is a decline in the number of immature
neurons in the hippocampus and their rate of
maturation.
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It was found out that immature neutrons are integrated
into the dentate gyrus of hippocampus which exhibits
some level of maturation. On the other hand, in subjects
with AD, it was observed that as AD progressed, there
was a characteristic decline in the number of immature
neutrons and their rate of maturation.’® Although adult
hippocampal neurogenesis declines with ageing, but the
number and maturation of immature neurons within the
dentate gyrus of hippocampus of healthy adults of any
age are still higher than that of alzheimer’s patients.'°
This information opposes the idea that alzheimer’s is
caused due to ageing. Also, the decline in hippocampal
neurogenesis is observed early in patients with AD and it,
henceforth, can be used as a diagnostic tool for AD.%
Some researchers also have contrasting views to the
aforementioned study and argue that the cells that were
found within the hippocampus are nothing but mature
neurons that have been present since birth.%

TARGETING ADULT NEURAL STEM CELLS

The occurrence of neural stem cells in the adult brain and
persistence of adult neurogenesis opened up huge
potential for stem-cell based therapy aimed at improving
the condition of a diseased brain.” But there are also
multiple challenges that come in way of stem-cell based
therapy, one important being the potential to develop
tumors.®” Also, the newly formed neurons must integrate
into the correct circuit or it could have detrimental
effects.®” Embryonic stem cells, brain derived neural stem
cells, mesenchymal stem cells and induced pluripotent
stems cells are mostly used in AD research studies out of
which mesenchymal stem cells are the most studied
ones.38‘41
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Figure 2: Abnormal neural stem cells can be isolated
from the diseased brain. They can be then corrected
by gene therapy. These corrected NSCs will produce
more new healthy neurons and less reactive
astrocytes. This method was used in alzheimer’s
mouse models to improve the conditions of the
diseased brain.'*

Modern strategies focus on correcting both Neural Stems
and their niche.3” Adult neural stem cells mitigate several
brain disorders like epilepsy, mental disorders,
intellectual disability, etc.'* A recent study conducted on

mouse models showed that enhanced hippocampal
neurogenesis corresponded to the rescue of some diseased
phenotypes.*> However, inducing adult hippocampal
neurogenesis alone can’t improve the conditions of the
diseased brain; it requires exercise induced improvement
in cognition which is achieved by the over-expression of
the brain derived neurotropic factor (BDNF).*? But this
study clearly doesn’t demonstrate the percentage of
improvement in cognition. It could possibly be just a
minor improvement which doesn’t sound promising as far
as the treatment of AD in human is concerned.

CONCLUSION

There have been recent advances in the field of AD
especially in terms of its association with AHN. Given
the sharp decrease in the number of neurons that is
observed as AD progresses, correcting the neural stem
cells and niche seems to be a potential therapy for treating
alzheimer’s. However, this area demands further research.
Researchers should carry out a more extensive study to
accurately determine the number of new-born neurons in
the hippocampal circuit and compare it with the decline in
alzheimer’s patients to find out if there is a significant
difference. It’s quite skeptical to consider that the small
numbers of newborn hippocampal neurons are sufficient
to impact important brain functions such as memory,
learning, cognition etc. The rarity of these new born
neurons needs to be examined alongside the proper
evaluation of their functions. Adult hippocampal
neurogenesis declines with ageing or not is still a
controversy. Some recent study claims that it continues
even in old age. But, if this is not the case and AHN does
decline during ageing, then researchers would need to
concentrate on the earlier neurogenesis event that occurs
during childhood and adolescence to see if this could help
improve brain function. Additionally, the impact of
improving hippocampal neurogenesis in AD mouse needs
further research as to how strong the impact is or what is
the percentage of improvement that is observed and if it’s
big enough to create an impact. Besides, most of the
studies on animal models with successful results have
been centered on rescuing familial AD phenotypes, which
accounts only for about 5% of AD cases. The focus
should be on sporadic AD instead. Human hippocampal
neurogenesis needs to be studied in depth using various
marker combinations. Addressing these questions would
take some good amount of research and time but this
arena holds the potential required to create a huge impact
in the field of neurosciences.
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