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Abstract

Cognitive decline poses a major health concern, especially for older adults, as many do not notice the initial warning signs, which
can result in decreased quality of life and increased financial strain on society. Neural stem cells (NSCs) play a crucial role in
sustaining proper brain function by aiding in the production of new brain cells, enhancing neural connections, and providing
the brain with the ability to withstand damage. The aging process hinders the functionality of the NSCs, leading to diminished
neurogenesis and a decline in cognitive abilities. Factors such as DNA damage, changes in the epigenome, mitochondrial
dysfunction, and the onset of cellular senescence contribute to this decline. Cognitive issues, especially in neurodegenerative
conditions, are worsened by neuroinflammation and the inadequate elimination of waste products in the brain. This article
investigates the function of NSCs in preserving cognitive abilities and examines how their reduction with age contributes to
cognitive deterioration. The statement emphasizes the promise of stem cell therapies, small compounds that encourage the
growth of brain cells, and lifestyle modifications to address age-related cognitive decline. The article supports the idea of launching
a public health initiative that prioritizes early actions to promote neurogenesis, mitigate neuroinflammation, and improve waste
clearance, which could greatly enhance cognitive abilities and overall well-being for elderly individuals. By leveraging these

strategies, we can address both personal and societal challenges associated with cognitive decline.
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Introduction

Cognitive decline continues to be a critical issue linked
to aging, affecting not just individuals with dementia but
also the broader senior demographic [1-3]. Specialists
anticipate that that by 2050, dementia will affect 152 million
individuals globally, yet initial indications of cognitive
decline are frequently disregarded [4,5]. Even in its early
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phases, cognitive decline significantly impact people’s
autonomy, everyday tasks, and general wellbeing. Its effect
reach further than individuals, putting pressure on public
health systems, reducing workplace efficiency, and adding
significant economic costs [6,7]. Without effective measures,
early cognitive decline may escalate into more serious
conditions such as dementia, adding strain to healthcare
systems burdening healthcare systems and elevating societal
costs. Consequently, prompt identification and action are
critical for reducing these lasting public health and financial
impacts.

Neural stem cells (NSCs) play a crucial role in preserving
cognitive functions over a lifetime by facilitating
neurogenesis-the ongoing production of new neurons [8-
10]. This capacity to create new neurons enables the brain
to adapt to novel experiences, acquire new knowledge, and
establish memories [11,12]. NSCs function as a source for
repplacing damaged or lost neurons and also preserve the
structural and functional integrity of neural circuits, aiding
in the fight against age-associated cognitive decline and
neurodegenerative diseases (NDs) [13-15]. A fundamental
aspect of this process is synaptic plasticity, which describes
the ability of synapses to flexibly strengthen or diminish
based on experiences, an essential mechanism for learning,
memory consolidation, and preserving cognitive flexibility
[16-18]. Moreover, NSCs secrete a range of trophic factors-
such as brain-derived neurotrophic factor (BDNF), vascular
endothelial growth factor (VEGF), and fibroblast growth
factor (FGF)-that promote neuron survival, encourage
neurogenesis, and aid in tissue repair, thus creating a
neuroprotective microenvironment that supports enduring
cognitive health [19-21].

In this commentary, we analyze the importance of NSCs in
preserving cognitive abilities and their capability to reduce
age-related deterioration. We explore how NSC-mediated
neurogenesis, synaptic plasticity, and neuroprotection
strengthen brain resilience and how these processes are
influenced by aging. By accentuating the healing potential
of NSCs, we underscore their ability to serve as targets for
approaches designed to maintain cognitive abilities in aging
populations while also tackling the broader societal and
economic issues created by cognitive decline.

Neural Stem Cells (NSCs): Key Regulators of Brain
Development and Function

NSCs are essential for the brain’s development and operation,
playing a vital role in forming and maturing the cerebral
cortex [22,23]. In the early stages of brain development,
NSCs are located in the ventricular zone next to the lateral
ventricle, where they produce neural progenitor cells (NPCs)

[24,25]. These NPCs develop into new neurons, which then
travel from the ventricular surface to construct the cortical
plate, a structure that will ultimately arrange into the
functional layers of the adult brain [26,27]. Later-generated
neurons migrate through the deeper cortical layers and
settle in the upper layers near the pial surface [28,29]. This
migration helps develop brain regions for sensory processing,
cognition, and motor control, organizing cortical circuits that
are vital for higher brain functions [30,31].

NSCs persistin the adult brain, particularly in regions like the
hippocampus, where they generate new neurons throughout
life [32,33]. Adult neurogenesis plays a critical role in
synaptic plasticity and cognitive function [34,35]. While
animal studies have firmly established this phenomenon,
scientists are still exploring its extent and significance in the
human brain, particularly concerning aging and neurological
disorders [36,37]. In regions like the dentate gyrus (DG) of
the hippocampus and the subventricular zone (SVZ) near
the lateral ventricles, new neurons join existing networks,
helping with memory and cognitive flexibility [38,39].
Although scientists are still gathering definitive evidence of
ongoing neurogenesis in humans, studies suggest it persists
in certain regions, even in older individuals and those
with Alzheimer’s disease (AD) [40,41]. The ability of adult
neurogenesis to support cognitive health and potentially
slow age-related cognitive decline highlights its therapeutic
potential [42-44]. However, further studies are needed to
fully understand its mechanisms and refine methods to
harness it for clinical applications.

Aging and the Decline of Neural Stem Cells

Stem cells are uniquely defined by their remarkable ability
for both self-renewal and the generation of specialized cell
types. This division can happen in two ways: symmetrically,
resulting in two daughter stem cells, or asymmetrically,
yielding one stem cell and one specialized cell type. The latter
process is essential for sustaining or increasing the stem cell
population through self-renewal. These unique qualities
make stem cells crucial during embryonic development,
where they assist in forming tissues, and throughout
adulthood, where they play an important role in maintaining
tissue balance, repair, and regeneration [45-47].

A growing collection of evidence indicates that the decline
in adult neurogenesis associated with aging significantly
impacts cognitive abilities [41-43,48]. While various factors
may influence the reduction of mature neurons incorporated
into brain networks over time, the predominant evidence
suggests that aging mainly affects the growth of NSCs
[49,50]. Nevertheless, the exact mechanisms underlying
this decline remain not fully understood. Proposed
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contributing factors include NSC quiescence, cellular
senescence, elongation of the cell cycle, or loss due to cell
death or a change in cell fate [51-53]. The existing research
is characterized by inconsistent findings and uncertainties
regarding which of these mechanisms primarily drive the
decrease in NSC proliferation as individuals age. To improve
our comprehension in this developing field, it is essential to
thoroughly investigate these differences.

In particular, the elements influencing NSC proliferation
could greatly influence the reduction of neurogenesis linked
to aging. Aging-related changes may disrupt the balance
between symmetric and asymmetric divisions in NSCs
[54,55]. For example, a rise in symmetric divisions, in which
two differentiated cells are produced, could deplete the NSC
pooland diminish the count of functional stem cells accessible
for neurogenesis [56,57]. This disruption could especially
affect regions like the hippocampus, which is crucial for
learning and memory [58,59]. By investigating the impact
of alterations in division patterns on NSC proliferation as
we age, we can enhance our understanding of the essential
mechanisms and uncover possible therapeutic strategies
focused on preserving neurogenic capacity and mitigating
cognitive decline related to aging.

Various fundamental hallmarks of aging result in cellular and
tissue malfunction over time, facilitating the examination
of the decrease in NSC function as people grow older [60-
62]. A significant hallmark, genomic instability, is vital for
comprehending the aging process of NSCs [63,64]. Studies
have shown that DNA damage gradually builds up in NSCs
over time, frequently due to oxidative stress and factors
[65,66]. For instance, aging NSCs gather DNA damage, which
impairs their self-renewal capabilities and diminishes their
neurogenesis potential, especially in the hippocampus, an
area essential for learning and memory. The build-up of DNA
damage diminishes neurogenesis and is strongly associated
with the cognitive deficits seen in older individuals [67,68].
Moreover, telomere shortening, a further hallmark of aging,
also impacts NSCs [69,70]. The shortening of telomere length
in NSCs limits their proliferation potential and shorten their
lifespan, leading them to enter senescence or experience
cell death, thereby decreasing the stem cell reservoir and
hindering regenerative capabilities [71,72].

Epigenetic alterations also contribute to the aging of NSCs.
Research indicates that aging leads to significant changes
in DNA methylation patterns, alterations in histones, and
chromatin remodeling in NSCs [73,74]. These epigenetic
alterations can hinder the expression of essential required
for NSC upkeep, such as those governing the cell cycle and
differentiation, rendering NSCs less reactive to external cues.
Furthermore, the dysruption in proteostasis, a significant
hallmark of aging, plays a role in the impairment of NSCs.

As proteostasis deteriorates with age, misfolded proteins
accumulate in NSCs, resulting in cellular stress that impairs
their function and neurogenesis. The failure to ensure proper
protein folding and sustain quality control processes further
reduces the regenerative capacity of NSCs [75-77].

Mitochondrial dysfunction (MD) significantly contributes to
the aging process of neural stem cells (NSCs) [78-80]. As we
age, the efficiency of mitochondria diminishes, leading to a
reduction in energy output that negatively impacts the growth
and differentiation of NSCs. Increased oxidative stress damages
mitochondria and disrupts the NSC cell cycle, reducing
their ability to generate new neurons. Cellular senescence
plays a considerable role in the decline of NSC function as
we age. Aging NSCs, along with nearby niche cells, release
pro-inflammatory cytokines and various factors that have a
detrimental effect on the activity of adjacent healthy NSCs.
These senescence-associated secretory phenotypes (SASPs)
obstruct neurogenesis and tissue regeneration, contributing
to cognitive decline associated with aging [81-83].

Ultimately, alterations in intercellular communication, which
is a characteristic of aging, may influence NSC function [84].
The process of aging creates a pro-inflammatory environment
that interferes with the interactions between NSCs and the
supportive niche cells [85,86]. This increase in inflammation
reduces the accessibility of essential growth factors, which
may hinder the proliferation and differentiation of NSCs.

The findings collectively underscore the significance of
aging-related traits in the dysfunction of neural stem
cells (NSCs). The build-up of DNA damage, shortening of
telomeres, modifications in epigenetics, disruptions in
proteostasis, mitochondrial dysfunction, cellular senescence,
and changes in intercellular communication all play a role in
the reduction of neurogenesis as individuals age. Gaining a
deeper understanding of these mechanisms paves the way
for developing therapeutic strategies aimed at rejuvenating
NSCs and maintaining cognitive function in older adults.

Memory and Neurogenesis: The Fragile Connection
in the Aging Brain

The connection between memory and neurogenesis is
essential yet delicate, particularly because the aging process
diminishes neurogenesis in the hippocampus, a key area for
memory development [40,41]. For memory and learning
to function properly, new neurons must incorporate into
the existing neural networks. Nevertheless, as one ages,
the rate of neurogenesis decreases, resulting in difficulties
with memory tasks such as spatial memory and pattern
separation [87]. This drop is notably more pronounced in
neurodegenerative diseases (NDs) like Alzheimer’s, where
disrupted neurogenesis accelerates memory deterioration.
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In addition to the decline in neurogenesis, inflammation in
the brain significantly contributes to memory deterioration
associated with aging. As people get older, there is a rise in
persistent, low-grade inflammation in the brain, commonly
known as “neuroinflammation” [88,89]. Activated microglia,
the immune cells of the brain, cause this type of inflammation
and can produce pro-inflammatory cytokines over time. These
cytokines interfere with neuronal function and impair the
brain’s capacity to facilitate neurogenesis [90-92]. Specifically,
neuroinflammation disrupts the conditions essential for NSCs
to multiply and differentiate, further restricting the formation
of new neurons. This establishes a harmful feedback loop
where neuroinflammation not only hinders neurogenesis but
also leads to cognitive decline [93-95].

Additionally, the process of waste removal during sleep,
mainly through the glymphatic system, is crucial for reducing
both inflammation and neurodegeneration [96,97]. While
we sleep, the glymphatic system aids in the elimination of
harmful metabolites, such as B-amyloid, which can build
up and intensify neuroinflammation. This waste removal
mechanism is vital for NSC health and function, as it clears
away debris that could trigger inflammation and cause
harm. When aging or inadequate sleep disrupts this process,
toxins build up, worsening neuroinflammation. This, in turn,
further hinders neurogenesis and memory function [98,99].

Consequently, a variety of factors—decreased neurogenesis,
heightened neuroinflammation, and compromised waste
removal—plays a role in the age-related deterioration of
memory. Prioritizing a healthy sleep pattern to facilitate
effective waste clearance, along with controllinginflammation
through lifestyle choices (such as diet and physical activity),
are crucial approaches to maintain cognitive abilities
[100,101]. By fostering conditions that encourage NSC
growth and minimizing inflammation, it may be feasible to
lessen the impact of aging on memory and neurogenesis,
ultimately aiding brain health throughout one’s life.

Public Health Approach to Age-Related Memory
Decline

A comprehensive public health strategy to address age-
related cognitive decline integrates stem cell therapy, small
molecule treatments, and lifestyle changes. Stem cell therapy
holds promise for regenerating NSCs and encouraging
the process of neurogenesis, which could potentially
reverse cognitive decline by reinstating lost neurons. Small
molecules that target neurogenesis, inflammation, and waste
management—such as those that boost BDNF or assist the
glymphatic system—can play a role in safeguarding brain
health. Lifestyle elements, including regular physical activity,
a diet abundant in antioxidants, mental engagement, and
adequate sleep, are crucial for sustaining cognitive function

by promoting neurogenesis, reducing oxidative stress, and
enhancing memory. Together, these strategies can offer a
holistic approach to preventing and alleviating cognitive
decline, with public health initiatives focusing on early
intervention and prevention to improve the quality of life for
seniors.

Conclusion

Cognitive decline associated with aging presents a significant
challenge for both individuals and worldwide public health
systems. As neurogenesis, particularly in the hippocampus,
declines with age, the brain becomes increasingly prone to
memory issues and reduced cognitive flexibility. Elements
like neuroinflammation, mitochondrial impairment, and
cellular aging exacerbate this deterioration, highlighting the
need for specific treatments. The potential of NSC therapy,
along with small molecules that boost neurogenesis and
lifestyle changes, presents a complete approach to mitigate
these impacts. Promoting healthy aging via early actions
aimed at maintaining neurogenesis, reducing inflammation,
and enhancing waste clearance may significantly improve
cognitive results [102-104]. As progress in these areas
persists, adopting a public health strategy that includes
these treatment techniques could not only decelerate
cognitive decline associated with aging but also rejuvenate
brain health, resulting in enhanced quality of life for elderly
populations worldwide [105,106].
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