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Dear Editor,
Parkinson’s disease (PD) is one of the most common

neurodegenerative diseases. Here, we suggest that beyond iron
deposition, emerging evidence further supports the involvement
of ferroptosis in PD. A detailed understanding of ferroptosis in PD
will help to predict the onset and progression of disease and
establish personalized treatments.
A basic axis of cellular antioxidant defense depends on the non-

ribosomal tripeptide glutathione. Although controllable ROS
signaling may be beneficial, when ROS and iron co-accumulate,
highly toxic free radicals and lipids peroxidation reaction
produced eventually trigger cell death. Within the cell, cystine is
reduced to cysteine, and the inhibition of system Xc− leads to the
consumption of GSH and the inactivation of GPX4, which can
cause or sensitize to ferroptosis (Fig. 1). It has been noted that PD
has a close connection with ferroptosis as evidenced by iron
deposition in the brain causing degeneration of dopaminergic
neurons. However, this degeneration always occurs in the
substantia nigra pars compacta; other iron-rich areas are not
affected, and extensive neocortical changes constitute a much
more complex pattern of iron dysregulation than was expected,
emphasizing that is a complex biological process, and more
factors are yet to be discovered.
It is exciting that increasing evidence shows that PD risk genes

have a potential link with ferroptosis (Fig. 1). For example,
misfolding or excess alpha-synuclein (α-syn) accumulation is a
primary pathological hallmark of PD, and its encoding gene SNCA
has multiple mutations, ultimately impairing neuronal function in
specific regions of the brain. Recently, one study has investigated
that in human iPSC-derived neurons with SNCA triplication,
excessive α-synuclein oligomers into the cell membrane cause
abnormal calcium signaling. The inhibitor Ferrostatin-1 (Fer-1) can
prevents the interaction of aggregate-membrane, reduces iron-
dependent free radical accumulation, and further prevents
humans neuron death [1], suggesting that ferroptosis might be
the missing piece of the puzzle explaining the vicious cycle
between α-syn and subsequent cell death in PD. However, in
neurodegenerative ferroptosis, the interdependence of protein
aggregation, membrane damage, and oxidative stress may be the
reason why models based only on a single factor do not show
neurodegeneration. Further research is essential to establish
whether α-syn regulate both iron and lipid homeostasis are also
implicated in the ferroptosis pathway in PD.
It has been well documented that there is a large deletion and

missense mutation in the DJ-1 (also known as PARK7) gene in PD

patients. Our findings prove that DJ-1 depletion markedly inhibits
GSH levels only when cystine import is blocked. Glutamate is a
natural inhibitor of SLC7A11, which is increased in PD [2], further
suggesting that neuronal cells with DJ-1 mutations experience
high levels of ferroptosis. Actually, Vallerga et al. analyzed
thousands of PD patients and this recent high-profile study found
that a high degree of cg06690548 methylation on chromosome 4
is associated with downregulation of the SLC7A11 gene, thereby
identifying SLC7A11 as a reasonable biological target in PD [3].
SLC7A11 has been considered a key regulator of ferroptosis for
decades and the activation of transsulfuration pathway can
protect dopaminergic neurons. We hypothesize by these evidence
that the GSH metabolic network may be a bridge connecting
ferroptosis and PD.
Emerging research has found that autophagy plays an

important role in the induction of ferroptosis. Recent studies
have provided evidence that, autophagy promotes HMGB1
release, and targeting HMGB1 can limit the inflammatory response
to increased ferroptosis [4]. Although the direct link between
HMGB1 gene mutations and PD development is unknown,
elevated protein levels of HMGB1 have been detected in
cerebrospinal fluid (CSF) and serum from PD patients [5]. In
addition, the PINK1/PARKIN pathway has been implicated in
HMGB1-induced mitophagy dysfunction in humans. This suggests
understanding how autophagy promotes ferroptosis sensitivity in
the pathological environment can improve therapeutic interven-
tions by targeting ferroptosis pathways. On the other hand,
ferroptosis can promote apoptosis at the early stage of PD, which
might be associated with the phosphorylation of p53 signaling
pathway. This is the first time that linked ferroptosis and p53
directly in PD. Ferroptosis inhibition could abolish subsequent
apoptosis, while not vice versa [6]. Lipid peroxidation caused by
ROS accumulation can induce apoptosis through NF-κB, MAPK,
and PKC pathways; while ferroptosis is iron-dependent, higher
levels of iron transporters increase iron-mediated ROS and
subsequently lead to ferroptosis. The connectivity between ROS-
induced lipid peroxidation and apoptosis and ferroptosis suggests
that they help balance the life and death of neuro cellular stress.
Aside from these known PD risk genes, many studies aimed to

identify other novel genes that are potential targets in PD
treatment. Upon imbalance between the transcription of protec-
tive genes and iron-mediated damage accumulation, BACH1
stimulates ferroptosis at the transcriptional level [7]. A lack of
BACH1 partially prevents the loss of the substantia nigra, which
suggests that BACH1 represents a target for ferroptosis-related
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disease therapeutics, including PD. In addition, tyrosine hydro-
xylase is a tetrahydrobiopterin (BH4)-requiring monooxygenase
that catalyzes the first step in the dopamine biosynthesis. Studies
have shown that PD is associated with a decrease in BH4 in
the CSF. Recently it have been shown that the GCH1-BH4-
phospholipid axis can be used as the main regulator of ferroptosis,
suppressing ferroptosis by selectively preventing consumption of
phospholipids with two polyunsaturated fatty acyl tails [8]. This
provides a unique protection mechanism that is independent of
the GPX4/glutathione system by which some neuronal cells
prevent death through ferroptosis.
In PD patients, the level of iron is significantly increased in the

dense parts of the substantia nigra of the brain. The level of iron is
positively correlated with the severity of the disease; thus, the
therapeutic role of iron chelators in PD has received much
attention. Ferroptosis inhibitors such as Fer-1 are used to inhibit
ferroptosis occurrence in animal models of PD, and clinical trial
showed improvements in iron deposition in the substantia nigra
and the exercise ability of patients treated with deferiprone, but
the ability of these small-molecule inhibitors to cross the blood-

brain barrier may be one of the prerequisites for their mitigation
of PD.
In addition to removing iron deposits directly, currently,

researchers expect glial reprogramming to become a promising
approach for treating neurodegenerative diseases. It is known that
glial cells have the ability to accumulate and store large amounts of
iron and have high resistance to iron-mediated toxicity. In addition
to store iron via ferritin efficiently, astrocytes also release iron by
FPN1 to achieve iron redistribution. Meanwhile, neurotoxin 6-
hydroxydopamine, inducing iron accumulation in neurons, might
also be capable of promoting iron transport rate in astroglia,
indicating a different response between neurons and astroglia in
PD. Interestingly, recent studies have found that M1 phagocytes
are more resistant to pharmacologically induced ferroptosis than
M2 phagocytes due to inducible nitric oxide synthase/nitric oxide
(iNOS/NO) enrichment [9]. This finding may allow us to reconsider
the role of iNOS inhibitors in PD treatment. The inflammatory
environment around neuronal cells exhibits two-way character-
istics; expanding the clinical value of targeted cell–cell crosstalk has
the opportunity to providing treatment solutions for PD.

Fig. 1 Ferroptosis and cell death mechanisms in Parkinson’s disease. Some normal functions of PD risk genes and relationship of cell–cell
crosstalk maintain neuronal activity, while the specific dysfunctions will cause the higher levels of lipid peroxidation and/or lower levels of
glutathione (GSH), finally may induce neuronal network ferroptosis. BH4 tetrahydrobiopterin, DFO defetoxamine, DFP deferiprone, DMT1
divalent metal transporter 1, FPN1 ferroportin-1, GPX4 glutathione peroxidase 4, GSH glutathione, Lipid ROS lipid reactive oxygen species,
ROS reactive oxygen species, α-syn alpha-synuclein.
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Finally, we hope that confirming the relationship between PD
risk genes and ferroptosis also benefits the future treatment of the
disease. With the current knowledge and evidence, it is difficult to
predict whether other known PD risk genes are linked to
ferroptosis. Further experiments are urgently needed to evaluate
these genes. Negative results might suggest that there are at least
two subtypes of PD based on ferroptosis status (“ferroptotic PD”
and “nonferroptotic PD”), which might present an opportunity to
precisely predict disease progression and formulate personalized
treatments, including designing rational medication regimens and
diet plans, to alleviate neuronal degeneration in patients.
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