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Abstract

Astrocytes are key players when it comes to maintaining healthy neuronal tissue. Their multitude of
functions make them truly indispensable, however they have also been implicated in the pathophysiology of
several neurological disorders. This review discusses the current literature and introduces the latest
advancements in the role of astrocytes in (1) Alzheimer’s Disease and (2) Parkinson’s Disease, from a
pathophysiological standpoint, as well as a therapeutic point of view. A PubMed literature search (2018-
2024) using the following search strings: (astrocytes) AND (Parkinson’s disease) as well as (astrocytes) AND
disease)
neuroinflammation, leading to neuronal death in Alzheimer's Disease. Similarly, astrocytes may contribute

(Alzheimer’s was performed. Astrocytes have been implicated in the contribution of

to progression of Parkinson's Disease alpha-synuclein-induced neuroinflammation. Promising therapeutic
interventions in this field make use of astrocytes, converting them into neurones to counteract the
neurodegeneration that occurs in diseases like Parkinson's Disease.
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Introduction

Astrocytes constitute the majority of cells in the
central nervous system (CNS) and have a multitude
of crucial roles in maintaining healthy neuronal
tissue. From developmental to structural, as well as
homeostatic functions, amongst others, these glial
cells prove to be essential in the overall health and
functioning of the nervous system (1-3). Indeed,
astrocytes play a role in pH and ion regulation,
maintenance of blood brain barrier, cerebral blood
flow regulation and they also express receptors for a
wide range of neurotransmitters (1,3). This makes
them key players in the uptake and metabolism of
neurotransmitters like noradrenaline and glutamate
(2). Astroglia have also been implicated in glial scar
formation, a mechanism for neuronal protection in
traumatic brain injury (TBI), in order to preserve
and limit the extent of damage (4). However,
astrocytes have also been implicated in the

pathophysiology of several neurological disorders,
(AD) and
Parkinson’s Disease (PD), just to mention a few

including  Alzheimer’s  Disease
(3,5,6). Changes in number, size and appearance of
astrocytes have all been linked to pathological
conditions (7,8). Astrocytic scar formation as a
response to TBI can also have pathologic long-term
effects (9). This review aims to discuss the latest
advancements in relation to astrocytes and their
relationship with (1) Alzheimer’s disease and (2)

Parkinson’s disease.
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Methods

A PubMed literature search using the following
(astrocytes) AND (Parkinson’s
disease) as well as (astrocytes) AND (Alzheimer’s

search strings:
disease) was performed. Case reports, clinical

studies, trials as well as meta-analysis and
randomised controlled trials published between
2018 and 2023 were analysed. The articles were
chosen according to a relevant title and abstract,
although

consideration for the selection process. Articles

conclusions were also taken into
written in English and open access articles were
analysed. The exclusion criteria included articles
older than 2018, articles which were not open access
as well as any articles that tackled different subject
matters. Additional relevant literature was also

obtained via reference snowballing.

Results/Discussion

Alzheimer’'s Disease

Alzheimer’s Disease prevalence is on the rise
worldwide, and it is the leading cause of dementia.
It is an irreversible, neuropsychiatric disorder with
characteristic ~ progressive,  global  cognitive
impairment (including memory loss, anosognosia,
executive function loss) with additional non-
cognitive symptoms including irritability, appetite

disturbances and mood disturbances.

There is conflicting data about AD incidence and
prevalence rates. On one hand, it is widely reported
that AD incidence rates are decreasing in Europe
(10-12) and North America (10,11). The Alzheimer
Europe 2019 analysis (13) reports a decline in AD
One possible hypothesis for these
around the fact that
education and health interventions are reducing risk

prevalence.

observations revolves
factors predisposing to AD (10). Additionally,
angiotensin-converting enzyme inhibition also slows
the neurodegeneration that leads to dementia, as it
influences said risk

indirectly factors (eg

hypertension, diabetes) (9).

On the other hand, several studies (14-16) report an
increased global AD prevalence, which increases
with age in view of ageing populations. In general,
whilst the AD incidence may be possibly decreasing,
it 1s still unlikely to have a significantly altered AD
prevalence in the near future (17,18).

It is understood that AD causation involves both
environmental and genetic factors (19,20). The
pathophysiology includes extracellular toxic Beta-
amyloid peptide accumulation and plaque
formation, which damage neuronal cells, causing
synapse loss and chronic neuroinflammation. There
1s also intracellular hyperphosphorylated tau
neurofibrillary bundles, which are hallmark of AD
(21-23). These abnormal proteins contribute the
aforementioned cognitive symptoms. In addition to
this, studies suggest that Beta-amyloid plaques
activate astrocytes, as part of the brain’s immune

response, in order to clear said plaques (24,25).

In neuropathology, whether acute or chronic
neurological disease, reactive astrocytes undergo
prominent remodelling in a process known as
‘reactive astrogliosis’ (26). This astrocyte reaction is
a way of responding to central nervous system
(CNYS) insults and disease, in order to restore
homeostasis, in a process fully regulated through
signalling pathways (7). The mechanism of reactive
astrogliosis varies depending on the disease context
and its severity.

Generally, following astrocyte activation, they

undergo changes in molecular expression,
hypertrophy and, at times, proliferation with scar
formation. This scar physically contains any areas
of tissue damage and inflammation (27). It has been
proven that one cytoskeletal protein called glial
fibrillary acid protein (GFAP) is essential for
reactive astrogliosis, and in fact, there is GFAP
upregulation during this process. GFAP is specific
to astrocytes (28). The reactive astrogliosis process
is hallmark of AD and it potentially contributes to
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the disease progression as well as severity.



In fact, the intensity of GFAP levels, and therefore
of astrogliosis, were reported to increase with

increasing progression of AD Braak stages, which
classify the disease into different phases, from pre-
clinical AD to stage AD (29).
Additionally, the inflammatory signals secondary to

advanced

reactive astrogliosis may also have neurotoxic
effects (30). However, recent evidence shows that
reactive astrocytes can also be beneficial, and can be
used to regenerate neuronal tissue (31,32,33).

The role of Astrocytes in Alzheimer’s Disease

Neuroinflammation is hypothesized to play a role in
the development and/or the progression of AD.
Regarding the contribution of astrocyte-mediated
inflammation to neuronal loss by Beta-amyloid
plaques, Garwood et al. (34) conclude that reactive
astrocytes are triggers for the production of APB-
induced tau phosphorylation. This is because there
is an association between the neurotoxicity caused
by the plaques and the increased activity of caspase-
3, a key player in the apoptotic pathway.
Interestingly, astrocytes further exacerbated this
which

neuronal death in vitro. Lian et al. (35) conclude

increased caspase-3 activity, leads to
that there is increased astrocytic activation of NF-
KB pathway by AB plaques,

upregulation of C3

resulting in
complement protein by
astrocytes, which ultimately results in altered
intraneuronal  electrolyte  balance and the
consequent impaired synaptic transmission seen in
AD. Contrasting evidence has also shown that one
astrocyte phenotype also plays an active role in
plaque clearance, in response to chemokines
released by the A3 plaques in AD mice models (36).
These highlight the multiple roles of astrocytes in
AD albeit both  detrimental and

neuroprotective functions; understandably making

having

them potential therapeutic targets in future studies.
Past human post-mortem studies have investigated
the role of astrocytes in the entorhinal cortex of AD
patients, responsible for memory function.

One might hypothesise that this conflicting evidence
1s possibly due to the age of the post-mortem
patients from whom the samples were taken. The
cohort contained more elderly patients in the study
by Porchet et al. (37), compared to Rodriguez et al.
(41), with a discrepancy of about 10 years. The
studies have different sample sizes, with that of
Rodriguez et al. (41) and Hsu et al. (42) being larger
than that of Porchet et al. (37) and therefore more
representative of the population. Additionally, the
study by Rodriguez et al. (41) was performed 20
years following that of Porchet et al. (37), and
therefore

discrepancies due to technological

advancements cannot be excluded. Therefore,
enhancing our understanding of the precise
functioning of astroglia in the context of
neurodegenerative disease is evidently the way
forward, allowing the introduction of astrocyte-
targeted therapy for AD patients. Being able to
perform such studies on living patients would also

be revolutionary in this aspect (42).

A number of genes have also been identified as
possible risk factors for AD, including amyloid
precursor protein (APP) gene, presenilin-1 (PSENT)
and presenilin-2 (PSEN2) genes as well as
apolipoprotein E (APOE) (43). APOE originates
from astrocytes, and allelic variation in this gene is
the most prevalent of all genetic risk factors
identified to date. One of the functions of APOE is
lipid transport throughout the body. Having
investigated the effects of the different APOE
1soforms with reference to AD, Simonovitch et al.
(44) demonstrate that the ApoE4 allele in mice
astrocytes renders them less able to clear AP
plaques, possibly driven by impaired endocytosis,
autophagy and lysosomal degradation.
Interestingly, the contrary applies for the ApoE2
isoform, which is protective against AD (45). Using
this information, mice models were developed in
order to further understand the mechanisms

underlying this neurodegenerative disorder (34,46).
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The Role of Astrocyte-induced cytokines in
Alzheimer's Disease Progression

Neuroinflammation involves the release of ‘TIC’
cytokines, ie. tumour necrosis factor (TNF),
Interleukin-1a (IL-1a) together with complement
protein 1q (Clq) (47). Neuroinflammation has been
closely linked to AD, and it has been recently
speculated to contribute majorly to the early phase
of AD pathogenesis (48,49). Astrocytes play a
crucial role in this neuroinflammatory process, by
increasing astrocyte-derived cytokines (including
[IL-6]) (5,50). This is
sphingomyelinase-mediated in astrocytes (34). This

Interleukin-6

neuroinflammatory response might precede A3
evident that
neuroinflammation becomes more severe as plaques

plaques in AD, but it is

accumulate and the disease develops. In human
neurodegenerative diseases, including AD, the TIC
cytokines were also found to induce Al neurotoxic
reactive astrocytes, which drive neuronal and
death
neurotoxin release (51), reactive oxygen species,

oligodendrocyte through  unidentified
nitric oxide and proteolytic enzymes, amongst
others (52). At present, the scope behind the
production of a neurotoxic astrocyte remains
unclear. However, it is evident that these processes
influence later stages of the disease, driving its

progression with ever-evolving complications (48).

A high level of astrocytic IL-6 secretion was
observed in mild and moderate AD patients (53). A
2022 study (54) investigated the effects of astrocytic
IL-6 overexpression in transgenic mice from ages 3
months to 1 year of age, in relation to neuronal
degeneration. Although IL-6 is typically considered
to be “neuroprotective” (5,52), it was concluded
that with increased astrocytic IL-6 expression, there
was a significantly decreased cerebellar volume with
possible cerebellar neuronal loss for mice aged 1
year (54). This is in keeping with (47), where TIC
cytokines were found to contribute to the
maintenance of neuroinflammation, and in fact, this
decreased when TIC cytokines were removed, in the
context of a stroke, in 8-week-old mice.

On the other hand, Interleukin-4 (IL-4) plays the
role of an “anti-inflammatory” cytokine in vitro,

contributing to the enzymatic clearance of Af
plaques (53). Interleukin-10, for instance, also plays
an important neuroprotective role in AD (55).
Therefore, one can conclude that whilst astrocytes
produce a multitude of cytokines which are crucial
and necessary for the host defence, it is the
imbalance between the pro- and anti-inflammatory
mediators that is evidently pathologic. Although the
cytokines benefit the CNS to a great extent, being
non-specific, the surrounding neurones confer some
inevitable damage in this way.

Neuronal regeneration from astrocytes in
the treatment of Alzheimer’s disease

Much of the existing literature has revolved around
the generation of new  neurones from
neuroprogenitor cell transplants (56-58). However,
novel reprogramming tools using viral vectors to
target astrocytes are being introduced to establish
neurogenesis in vivo. The latest advancements
include the work of Zhang et al. (31), who
demonstrated the in vivo astrocyte

conversion into neurones at the injury site, in the

reactive

context of TBI. This not only generates neuronal
tissue, but also simultaneously decreases the
amount of reactive glial cells. TBI mice models
induced reactive astrogliosis at the injury site, with
astrocyte proliferation and accumulation. An AAV
Cre-FLEX vector system was developed, which
targets astrocyte DNA, specifically at the loxP site.
The aim was to integrate NeuroD1 transcription
factor, which induces the change to neuronal cells.
In order to monitor the expression of NeuroDI, a
separate vector including a dye (mCherry) was
developed, FLEX-CAG::NeuroD1-P2A-mCherry
together with a control AAV mCherry, without
NeuroD1. The reactive astrocytes were exposed to
the virus 10 days post-injury, as well as 21 days
post-injury, in separate experiments. The results
show that in both cases, ie. both before and after
the formation of the glial scar, reactive 75



astrocytes  were converted into

functional

successfully

neurones, expressing NeuroD1 and
NeuN, with large sodium and potassium currents as
well as repetitive action potentials. Such therapy
can potentially be used for neuronal repair in the
days and months following neurotrauma.

Similarly, Liu et al. (32) make use of the glial scar
formed during reactive astrogliosis post-TBI and
reprogram it, to form neural tissue. The aim was to
target astrocytes, not neurones, using modified
adenoviral (AAV9PI1) vectors, having an astrocyte-
targeting Pl peptide on their surface. TBI was
induced in mice using controlled cortical impact
and immunostaining confirmed reactive astrocyte
formation. AAVIP1-shPTBP1 vector was injected
which

polypyrimidine tract-binding protein 1 (PTBPI)

intra-venously, reduced expression of
and consequently astrocyte reprogramming was

observed, forming neuronal cells.

This was confirmed by comparing the uptake of
enhanced green fluorescent protein in mice treated
with AAVI9P1-shPTBP1 compared to control mice
given AAVI9PI-shCtrl. Although this proves that
astrocyte-to-neurone conversion is possible in vivo
using modified adenoviral vectors, no motor
function improvement was observed in the mice,

when tested on a beam walk.

The evidence reviewed here suggests a pertinent role
for the therapeutic targeting of astrocytes in neural
Such  approaches,
however, have failed to address reactive astrogliosis

regeneration  post-injury.

secondary to neurodegenerative pathologies,
including AD. There was no significant motor
function amelioration seen in mice models either,
indicating the need for more definitive evidence.
Additionally, one must keep in mind the multitude
of limitations when it comes to mouse models of
human disease. The most important of which is the
varying similarity to human pathology, especially
when it comes to reproducing neuronal loss (59,60)
as well as gene inconsistencies between mouse vs

human reactive astrocytes (61).

These, with other
contributes to the low predictability of animal

together limiting factors,

research in human clinical trials.

BACE-1 Targeted Therapy for Alzheimer's
Disease Prevention

Toxic Beta-amyloid peptide accumulation and
plaque formation is one of the features of AD. It is
the Beta-site amyloid precursor protein cleaving
(BACE-1) that contributes to the
formation of Beta-amyloid peptide, and there is

enzyme-1

BACE-1 overexpression during periods of chronic
stress (52,62). Animal and human studies revolving
around BACE-1 targeted therapy
ongoing for around 20 years. The advancements

have been

that have been made in the past few years have been

promising. In terms of  pharmaceutical
developments, Neumann et al. (63) investigated the
effects of BACE-1 inhibitor CNP520 for the long-

term prevention of AD.

At present, approved AD medications control the
In the
previously mentioned study (63), APP-23 transgenic

symptoms, but do not prevent AD.
mice were exposed to CNP520 for over 6 months.
Its effects were monitored using a Beta-amyloid
specific antibody. Compared to controls, the treated
mice were found to have reduced insoluble Beta-
amyloid APB40 and AP42 levels. This study also
concludes that CNP520 also shifts metabolism away
from the amyloidogenic pathway. Additionally,
plaque-associated neuroinflammation, mediated by
activated astrocytes, was reduced by the BACE-1
inhibitor in the brains of mice amyloidosis models.
This therefore targets the prevention of impaired
neurologic function and cognitive deficits in AD.
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Parkinson’s Disease

PD is one of the
neurodegenerative disorders worldwide with both

leading  progressive,
physical and neuropsychiatric symptoms (64,65).
There is a global rise in PD prevalence, with WHO
reporting a double in PD prevalence since 1997 (66).
Interestingly however, a steep rise in PD cases was
reported in China (65,67,68) as well as in high-
income European countries (65,69). The 2017
Global Burden of Disease Study (70) attributes the
latter to their increasingly ageing population, when
compared to the global population.

The pathophysiology of this movement disorder
involves neuroinflammation in the substantia nigra
pars compacta as well as early death of the
dopaminergic nigrostriatal pathway neurones, in
the midbrain (71-73). The cause of this is still not
entirely clear, however, like AD, environmental
factors as well as genetics seem to play a role
(9,74,75). To date, several genetic mutations were
found to have an association with PD. Initially, 26
years ago, it was the association of SNCA gene
mutations with early-onset PD (76) that hinted to a
hereditary component of PD. Indeed throughout
the years to follow, the emergence of mutations in
Parkin (PARK2 gene) (77), PTEN induced putative
kinase 1 (PINK1 gene) (78), Daisuke-Junko-1 (DJ-1
[PARK-7 gene]) (79), Leucine-rich repeat kinase 2
(LRRK2 [PARKS gene]) (80) and vacuolar protein
sorting 35 (VPS35) (81) have further confirmed this.

Do Mutated Genes in Astrocytes Play a Role
in Parkinson's Disease Pathophysiology?

In an effort to understand how mutations in these
genes cause PD, several theories have emerged.
Interestingly, certain PD-associated genes were
found to be expressed in high levels within
astrocytes of PD patients. For instance, DJ-1, which
is involved in the regulation of astrocyte signal
transduction (82); LRRK2 missense mutations were
linked to lysosomal dysfunction and protein
degradation (83);

parkin mutations are hypothesized to lead to

astrocytic dysfunction and therefore, neuronal
death (5). This raises the question of whether having
mutated genes contributes to the pathophysiology
of PD, and if so, to what extent.

In 2021, Bartyl et al. (84) found no variants of
glucocerebrosidase (GBA), LRRK2 and SNCA,
which are risk genes for PD, within their study
which
immunoassay analysis of 252 PD patients and 115

cohort, included cerebrospinal  fluid
healthy control patients, over a timespan of 4 years.
On the other hand, Di Maio et al. (85) investigated
the possibility of the contribution of LRRK2 kinase
gene mutation to PD. In fact, they used rodent
models to show that there is an increased wildtype
LRRK2 kinase activity in neurones, as well as in the
nigral microglia, in idiopathic PD cases. This was
causative  of

lysosomal  dysfunction and

phosphorylated alpha-synuclein protein
accumulation, which are hallmarks of PD. One
might attribute these conflicting results possibly due
to a small sample size, patients at varied PD stages

and animal model discrepancies.

The role of astrocytes in Parkinson’s Disease

Idiopathic PD is characterised by cytoplasmic
alpha-synuclein in brainstem neurones (86). These
proteins are main components of Lewy bodies,
when aggregated (87) and these aggregates
negatively affect astrocytes in terms of function
(5,88). Research has shown that astrocytes take up
alpha-synuclein released from neurones, primarily
via endocytosis (87,89-92), and subsequently this
causes the

production of pro-inflammatory

cytokines and chemokines leading to
neuroinflammation in PD patients (93,94). PD
development (91). Of all brain cells, it is microglia
that are the most efficient in the uptake of alpha-
synuclein, and not astrocytes (95). However,
recently the focus has shifted towards the potential

spread of toxic molecules during aggregate
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clearance by astrocytes (92,94,96) in a prion-like

propagation, following their internalization (88). It
is the release of aggregated alpha-synuclein that
exerts toxic effects, compared to the monomeric
form (96). The
hypothesized to be due to the astrocytes’ inability to

spread has recently been
completely eliminate alpha-synuclein (97,98). It is
therefore possible that astrocyte-mediated spread of
alpha-synuclein plays a role in the pathophysiology
or progression of PD (99,100). Further in-depth
research about the molecular mechanisms by which
astrocytes interact with alpha-synuclein in the
context of PD is vital for the development of
potential therapies, including vaccines to clear
extracellular alpha-synuclein, alpha-synuclein gene
silencing (92), reduction (101) and immunotherapy
(102,103).

Targeting Astrocytes Therapeutically

In order to counteract the neuronal loss that occurs
in neurodegenerative disorders, including PD,
therapeutic neuronal replenishment has been
A 2013 in vitro (104)
demonstrated the trans-differentiation of fibroblasts

attempted. study
to functional neurones through repression of a
single RNA binding protein (Polypyrimidine tract-
binding protein). Less than a decade later, Zhou et
al. (105) have demonstrated the in vivo neuronal
induction, from glial cells, in PD model mice.
Initially, the researchers were able to virally deliver
a novel RNA-targeting CRISPR system CasRx to
mice retinas, causing a Ptbp 1 knockdown. This, in
turn, resulted in the conversion of Miiller glia into
retinal ganglion cells (RGCs) as well as amacrine
cells. This led to resolution of disease symptoms
associated with RGC loss, although 2022 studies
(106,107) argue that this was unlikely due to Ptbpl
knockdown in Miiller glial cells. This paved the way
for the similar conversion of astrocytes into
tissue, for the

neuronal therapeutic use in

neurodegenerative diseases including PD.

In a similar manner, the conversion of astrocytes to
dopaminergic neurones was subsequently attempted
by (105), also in vivo, in order to induce neurons in
the striatum of PD model mice. The aim was to
resolve  disease symptoms associated  with
dopaminergic neuronal loss in PD, by targeting
astrocytes. PD was induced in the mouse model
using 6-hydroxydopamine and striatal injection
with AAV-GFAP-CasRx-Ptbpl (or AAV-GFAP-
CasRx as a control) was performed 3 weeks later.
the Ptbpl

astrocytes, and consequently, their conversion into

The latter causes knockdown in
neurones. Astrocytes were fluorescently labelled, in
order to check for expression of the mature
which,
interestingly, most induced neurones expressed. The

dopaminergic  marker  glutaminase,
PD mice showed an improved motor function and

therefore, significantly reduced motor dysfunction.

Another example of successful direct conversion of
astrocytes to dopaminergic neurones is the work of
Qian et al. (108). Following chemical PD-induction
which
contributed to the reactive astrocytic response were
treated with AAV-shPTB (or AAV-empty as a
control). The aim was to decrease PTBP1 levels,

using  6-hydroxydopamine, astrocytes

and therefore reverse the inhibition on the neural
induction loop. Indeed, the percentage of cells
expressing NeulN protein, ie. that were transformed
neurones, was found to increase with increasing
time post-infection, reaching 80% of AAV-shPTB
infected cells after 10 weeks. These converted
neurones were also found to express mature
neurone markers, including glutamatergic or
GABAergic neuronal markers. These neurones
expressed DA neurone markers including DAT,
and upon testing their electrical activity, it resulted
in repeated action potential firing and
characteristics of mature DA neurones. Mice
treated with AAV-empty did not show a significant
increase in nerve fibres in the striatum, on the
contrary to AAV-shPTB mice, which demonstrated

a 33% restoration of damaged neurones.
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Activity-induced dopamine levels were also restored

in 75% of mice, which also demonstrated correction
of motor phenotypes post-PD induction. Similar
successful results are seen in (109-111).

Although this provides a therapeutic potential for
degenerative diseases including PD, additional
order to

investigations are warranted in

comprehensively understand the therapeutic
reprograming of astrocytes and the implications
associated with it. In fact, many have challenged
these studies, and have not observed such results
(106,107,112). For instance, Wang et al. (113)
hypothesise that previous studies that reported a
supposed increase in astrocyte-converted neurones,
were actually detecting endogenous neurones. In
their experiment, brain injury was induced in adult
mice and bromodeoxyuridine (BrdU) was given,
which was used as a dye to label reactive astrocytes,
as well as other proliferating cells. After 1 week,
AAYVS viral vectors were used to induce the co-
expression of NEURODI, a transcription factor
which induces neuronal development. Whilst 74%
of labelled cells did express NeulN protein, only 2%
of them were positive for BrdU and NeuN proteins,
ie. originating from reactive astrocytes. There were
no significant changes in the density of either
astrocytes or neurones, in the cortex exposed to the
virus. This research also challenges the shRNA-
based approach seen in (108). Apart from the low
percentage of converted neurones, they were also
found to be non-astrocytic in origin, using astrocyte
lineage reporter yellow fluorescent protein, and
PTBP1 knockdown resulted in no astrocyte-neuron
conversion in vivo. This highlights the importance
of lineage-tracing in order to confirm the cell origin,
apart from detection of immature neurones and
pre-labelling of reactive cells.

Therapeutic Potential of LRRK2 Inhibition in
Parkinson's Disease

Missense LRRK2 mutations are the leading cause
of autosomal dominant PD (80) and LRRK2
activation is a common finding in vulnerable
dopaminergic neurons in human idiopathic PD
(85). This has led to investigations regarding the
therapeutic targeting of LRRK2. Jennings et al.
(114) have established LRRK?2 inhibition using
DNL201, an LRRK2 kinase inhibitor. Astrocytes
from mice that were treated with DNL201 showed
reduced

lysosomal protein degradation, and

therefore i1mproved function, in contrast to
untreated mice. Jennings et al. have subsequently
performed a clinical study where this inhibitor was
evaluated in both healthy and PD patients, however
further clinical studies with larger sample sizes are
still needed (115). Similarly, Sanyal et al. (116)
investigated  the autophagic
in GBA1l gene

(encoding for glucocerebrosidase enzyme) as well as

lysosomal and
pathways, mainly mutations
LRRK2 gene (encoding for the leucine-rick repeat
kinase 2 enzyme). Autosomal recessive mutations in
the GBAIl
lysosomal storage disorder and the heterozygous

gene cause Gaucher’s disease, a

phenotype is a risk factor for PD. This study shows
that inhibition of LRRK2 reversed lysosomal
deficits caused by GBAl mutations in mice
astrocytes, making it a promising strategy for PD
treatment.

Conclusion

Astrocytes are truly indispensable cells when it
health
exhibiting diverse roles and contributions. This

comes to neuronal and functioning,
literature review discusses the complex interplay
between  astrocytes and the two  main
neurodegenerative disorders; AD and PD. In AD,
Beta-amyloid peptide accumulation and plaque
formation is the main pathophysiological

mechanism of the disease.
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As part of the brain’s innate response to CNS

insult, astrocytes attempt to respond through
‘reactive  astrogliosis’ in order to restore
homeostasis. However, although being inherently
beneficial, this process has been linked to the
neurotoxicity and impaired synaptic transmission
seen in AD. Additionally, astrocyte-derived
cytokines were found to contribute to the
progression of AD. Similarly, in PD, astrocytes
indirectly contribute to neuroinflammation and
subsequent neuronal death through endocytosis of
neuronal alpha-synuclein aggregates, in an effort of
astrocytes to clear these aggregates. In light of this,
astroglia have been largely targeted therapeutically
for AD and PD, with the latest advancements
revolving around the conversion of reactive
astrocytes and glial scars into potential neuronal
tissue. However, challenges and limitations still
persist, highlighting the need for more definitive
evidence surrounding astrocytic involvement in
order to ultimately have improved, effective clinical
strategies.
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List of Abbreviations

Abbreviation

Definition

AD Alzheimer’s Disease
PD Parkinson’s Disease
TBI Traumatic Brain Injury
GFAP Glial Fibrillary Acid Protein
APP Amyloid Precursor protein
PSEN1 Presenilin-1
PSEN2 Presenilin-2
APOE Apolipoprotein E
TNF Tumour Necrosis Factor
IL-1a Interleukin-1a
IL-6 Interleukin-6
IL-4 Interleukin-4
Clq Complement Protein 1q
CNS Central Nervous System
PTBP1 Polypyrimidine Tract-Binding Protein 1
BACE-1 Beta-site Amyloid Precursor Protein Cleaving
Enzyme-1
RGCs Retinal Ganglion Cells
BrdU Bromodeoxyuridine
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