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Parkinson’s disease (PD) is the second most common neu-
rodegenerative condition worldwide, and the number of
cases is expected to rise as the population ages (1). It is
defined pathologically by the loss of the dopaminergic (DA)
neurons in the ventral midbrain (VM) and their projection
into the dorsal striatum, especially posterior putamen (2).
This degeneration of the nigrostriatal pathway is accompa-
nied by the presence of pathological protein inclusions
called Lewy bodies and neurites whose main component is
a-synuclein (a-syn). a-syn is found at high concentrations in
the normal adult brain, but in PD, it changes into a toxic
oligomeric form that not only causes dysfunction within
the cell where it is generated but also, may affect neigh-
boring cells through cell-to-cell spread and seeding in the
“infected” cell (reviewed in ref. 3). Consequently, much pre-
clinical work, as well as a number of clinical trials, has been
undertaken based on the premise that stopping a-syn
spread will slow down disease progression in PD, and this
publication by Yang et al. (4) explores this.

a-syn pathology:

It is well known that a-syn is not restricted to the neuro-
nal compartment but is also found in most glial cell popu-
lations. The glial expression can even define the pathology
in another a-synucleinopathy: multiple system atrophy
with its pathognomonic glial cytoplasmic inclusions. In PD,
on the other hand, there is a clear link established
between a-syn pathology, reactive gliosis, and the inflam-
matory response, possibly though pathogenic species of
a-syn directly activating toll-like receptors on microglia
(5-8). Moreover, astrocytes have been shown to play a crit-
ical role in preventing neuronal a-syn accumulation by
phagocytosis, endocytosis, and proteolysis, and it is specu-
lated that it may also prevent a-syn transfer between
neurons (9). However, the exact role that astroglia and
microglia play in the development of a-syn pathology in PD
still needs to be defined (10). Indeed, in this new study (4),
Lee and colleagues have sought to investigate the mecha-
nism by which rodent astrocytes take up and degrade
a-syn employing various in vitro and in vivo models of
PD.Their results have implications for also using glial cell
therapies to treat this condition, in contrast to current
therapeutic strategies that focus mainly on the dopaminer-
gic neurons themselves (11).

Astrocytes:

Astrocytes are a type of glia that exists in all levels
of the Central Nervous System (CNS), where they exert
important roles in maintaining extracellular homeostasis,
regulation of blood flow, brain metabolism, and regulation
of synaptic transmission. Upon brain insult, astrocytes
undergo molecular, cellular, and functional changes in a
process called reactive astrogliosis. It is also becoming rec-
ognized that astrocytes can have both neurotoxic and
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neuroprotective effects in neurodegenerative diseases,
such as PD, amyloid lateral sclerosis (ALS), Alzheimer's dis-
ease, and Huntington'’s disease (12, 13).

Mechanistic action of astrocytes ina-syn pathology

In the current study by Lee et al. (4), developed an
in vitro model system based on neural stem/precursor cul-
tures isolated from the developing ventral midbrain(VM) of
mice and rats at a time point when the DA neurons nor-
mally arise. a-syn pathology was subsequently generated
in the cells using viral vector-mediated transfer of a-syn
combined with pathogenic preformed a-synuclein fibrils
(PFFs) based on a method specifically developed for stud-
ies of a-synucleinopathy in the DAergic system (14). In this
cellular model, a-syn aggregations could be detected in a
substantial number of cells within 2 wk (but without cell
death), which is a time frame suitable for mechanistic stud-
ies and evaluation of therapeutic interventions. When
grown in cocultures with astrocytes from the mouse brain,
the proportion of neurons with a-syn pathology was
reduced when the astrocytes were derived from the VM,
suggesting that these cells were having some effect on the
a-syn aggregation process. Combined with previous find-
ings reported from the same group, it was concluded that
the astrocytes inhibit intraneuronal a-syn aggregation, reg-
ulate a-syn aggregation/disassembly, and eliminate mono-
meric and aggregate forms of a-syn in the neurons via
both cell-autonomous and paracrine activities.

This first set of experiments was carried out in a reduc-
tionist culture model with limited cell type diversity and lack
of microglia, and the relevance to the process underlying
what happens in the human PD brain remains to be estab-
lished. However, the key findings were confirmed in vivo
using a PD mouse model where pathology was established
by bilaterally injecting a-syn PFF + adeno-associated virus
into the terminal site of the DA nigrostriatal pathway. In this
paradigm, it was shown that transplantation of VM astro-
cytes increased the number of surviving DA neurons and
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reduced the degree of nigrostriatal DA denervation as well
improved behavioral deficits, thus supporting the data from
the cell culture model and suggesting that astrocyte trans-
plantation may be a useful therapeutic strategy in PD work-
ing to modify disease progression (13).

Of particular interest is the mechanistic insights these
studies report. In the cell culture model, the work suggests
that the astrocytes not only directly affect the intracellular
pathology of a-syn but also, prevent its spread by phagocy-
tosing and removal of extracellular a-syn (which provides
the source for propagation of the pathology between neu-
rons). This is further explored in a transplant study, with
the hypothesis that astrocytes could reduce or block trans-
fer of host-to-graft pathology to grafted VM DA cells. This
part of the study is especially timely given that stem cell
therapies for PD are now entering first in human (FIH) trials
(10) following decades of experimental and clinical work
using fetal tissue (15), which has shown the presence of
Lewy body-like pathology within some of the transplanted
neurons (16, 17). For these fetal VM transplants, the per-
centage of neurons containing a-syn pathology was low
(2 to 12%) and appears to have had no significant impact
on graft function. Thus, while of interest, this spread of
pathology is unlikely to represent a major deterrent in the
development of such allogeneic therapies should they
show safety and efficacy in these FIH trials. This of course
may change in autologous grafting paradigms where the
patients’ own cells are used, given that such DA cells already
possess a vulnerability to developing PD pathology (18).
The data in this study by Yang et al. (4) suggest that one
strategy to try and overcome this problem of a-syn spread
into the autologous transplants is to cograft astrocytes. This
has been considered previously with DA transplants for
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treating PD, but in these cases, the rationale has been
that these cells provide critical trophic factors to support
the differentiating dopamine cells (e.g., ref. 19) rather than
protecting them for the a-syn pathology.

Future therapies:

Astrocytes are increasingly being recognized to play
important roles in neurodegenerative disorders. They have
previously been shown to help protect motor neurons in
models of ALS (20) as well drive the development of a
Huntington’s disease phenotype in a chimeric model of dis-
ease (21). This study, therefore, adds to this literature, and
while of great interest, it should be noted that such thera-
pies for PD are still in their infancy and that a number of crit-
ical steps remain to be taken, including performing studies
using human glia and their capacity to abrogate o-syn
pathology. Indeed, it is curious that the VM astrocytes in this
rodent study perform so well in preventing a-syn pathology
when the midbrain is the primary site of pathology in PD,
suggesting at least that their function in the adult human PD
brain is not that effective. Moreover, as both fetal- and stem
cell-derived DAergic transplants mature, they contain a high
proportion of glia even without cotransplantation, and it
should be investigated why these glia, which also have an
midbrain identity, do not seem to protect the graft in the
same way (22, 23). Nevertheless, this study, as well as others
in the field, clearly shows that a better understanding of the
role of glia in neurodegenerative disorders is much needed,
including the regional properties of different astrocytes
(24, 25) and their interaction with microglia—all of which
may put forward important avenues of therapeutics in PD.
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