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Parkinson’s disease (PD) is a common, progressive neurodegenerative disorder characterized by the selective 
death of dopaminergic neurons in a small region of the brain called the substantia nigra. The death of these 
cells results in a number of debilitating motor symptoms, including a distinctive tremor, bradykinesia, and 
joint rigidity. One of the enduring mysteries of PD is the cause of death of dopaminergic neurons. Many dif-
ferent mechanisms have been proposed, including oxidative stress, mitochondrial dysfunction, proteasome 
dysfunction, and inappropriate immune activation. However, the late diagnosis of PD makes it hard to sepa-
rate cause from effect. This paper describes several mechanisms related to mitochondrial dynamics that have 
been suggested by neurobiology, metabolism, and immunology researchers. Following a brief introduction of 
the key players—the proteins α-synuclein, Pink1, and parkin—this paper explores the emerging relationships 
between PD and the mitochondrial autophagy and antigen presentation pathways. 
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In the brains of Parkinson’s disease (PD) pa-
tients, the protein α-synuclein forms neuronal ag-
gregates, called “Lewy bodies,” that have been 
linked to disease pathogenesis [1]. Although α-
synuclein is predominately cytosolic, the fraction 
that is associated with mitochondrial membranes is 
increased in PD [2]. Furthermore, there appears to 
be a bidirectional association between α-synuclein 
accumulation and the function of the mitochondrial 
electron transport chain. Chemical inhibition of mi-
tochondrial Complex I results in α-synuclein accu-
mulation and development of Parkinson’s-like 
symptoms in both mice and humans [3]. A pro-
found example of the neurological effects of dis-
rupting mitochondrial activity is 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) a mitochondrial 
poison that is a contaminant of improperly pro-
duced synthetic heroin and produces permanent 
parkinsonism [4]. Conversely, α-synuclein accumu-

lation has been shown to impair mitochondrial 
function by inhibiting TOM20, an essential subunit 
for the mitochondrial import of cytosolically-
produced proteins [5]. Taken together, these mech-
anisms suggest that α-synuclein and mitochondrial 
dysfunction may be linked in Parkinson’s disease. 

Several related mitochondrial pathways have al-
so been implicated in the function of the proteins 
Pink1 and parkin, which are two proteins mutated 
in rare, hereditary forms of PD. Pink1 is a kinase 
targeted to the outer mitochondrial membrane 
(OMM), but it is usually rapidly removed by other 
proteins on the membrane. If Pink1 remains, it 
phosphorylates and activates the ubiquitin E3 ligase 
parkin, which marks the mitochondrion for lysoso-
mal autophagy (“mitophagy”). Extreme mitochon-
drial stress may cause the collapse of the proton 
gradient (“mitochondrial depolarization”), inhibit-
ing normal protein import from the cytosol. Pink1 
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is left on the OMM, allowing it to trigger mitophagy 
[6]. These later steps have not been well studied, 
but there is emerging evidence suggesting that au-
tophagy may be dysregulated in PD. If key autopha-
gy proteins are knocked out (such as Atg5 and 
Atg7), mice develop progressive motor and behav-
ioral deficits and begin to accumulate unspecified 
protein inclusion bodies [7,8]. Of note, Pink1 and 
parkin are also involved in mitochondrial fis-
sion/fusion dynamics, which are believed to be im-
portant for mitochondrial repair [6,9]. This repre-
sents yet another way in which the mitochondrial 
stress response may be suppressed in PD. 

These fascinating results are consistent with 
many potential models. One possibility is as fol-
lows: 

1. α-synuclein dynamics are disrupted in the 
substantia nigra. Multiple cells may be af-
fected, or the defect may be transferred be-
tween neurons by a prion-like mechanism. 
2. α-synuclein misfolding inhibits Tom20, 
disrupting mitochondrial protein import. 
3. Mitochondria start to break down inter-
nally, causing them to depolarize. 
4. Pink1 accumulates on the OMM, activat-
ing parkin and leading to mitophagy.  
5. If enough mitochondria are damaged, the 
neuron may die. 
6. Ongoing neuronal death results in the 
progressive symptoms of PD. 

Recent research on the immune response to mi-
tochondrial antigens suggests an alternative to steps 
4-6 outlined above. In 2012, Soubannier et al. re-
ported a novel pathway by which small “mitochon-
dria-derived vesicles” (MDVs) are produced and 
targeted to lysosomes via an autophagy-
independent mechanism [10]. In a later paper, the 
authors showed that the MDV pathway is responsi-
ble for mitochondrial antigen presentation in prima-
ry biliary cirrhosis, a rare autoimmune disease in 
which the immune system becomes sensitized to 
the mitochondrial protein α-ketoglutarate dehydro-
genase. Furthermore, this pathway is inhibited by 
both Pink1 and parkin [11]. This suggests that in 
the context of cellular stress, dysregulation of Pink1 
and parkin might favor the production of MDV’s 
over mitophagy, increasing mitochondrial antigen 

presentation. Therefore, the mechanism of dopa-
minergic cell death may be immune attack, rather 
than direct mitochondrial damage. In this light, PD 
itself may be an autoimmune response to mito-
chondrial proteins. Although this is a bold idea, 

many recent papers have also suggested that inap-
propriate immune activation may be involved in PD 
pathogenesis [12]. 

The study by Matheoud et al. 2016 raises a basic 
question that remains unanswered [11]: why have 
humans evolved an elaborate mechanism to present 
mitochondrial proteins to the immune system? 
Three possibilities include the following: 

(a) The pathway may have evolved to com-
bat intracellular pathogens, but mitochon-
dria still resemble their bacterial ancestors 
enough to be mistaken for a pathogen.  
(b) The pathway may be important for self-
tolerance. 
(c) The immune system may help destroy 
cells that have a large number of slightly 
damaged mitochondria.  

Current literature makes certain possibilities 
more or less likely. First, Pink1 and parkin are in-
deed associated with protection against intracellular 
pathogens. However, this process is dependent up-
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on classical autophagy proteins like Atg5, rather 
than the mitochondria-derived vesicle pathway. 
This makes option (a) less likely [13]. Similarly, 
mitochondrial proteins are included in a self-
tolerance pathway involving thymic medullary epi-
thelial cells (TMECs) and the autoimmune regula-
tor “Aire,” but this pathway is also dependent upon 
the autophagy pathway via Atg5 [14]. Option (b) 
could still be true if another mechanism of self-
tolerance were involved, perhaps involving the pe-
ripheral immune system. Finally, the option of de-
liberate immune targeting could explain the ob-
served immune response in PD, but this has not 
been directly studied on its own. If a study were to 
find that immune infiltration of tumors correlates 
with mitochondrial dysfunction, this would 
strengthen the likelihood of option (c).  

Though the mechanisms of Parkinson’s disease 
remain uncertain, it seems very likely that mito-
chondria and mitochondrial proteins play an im-
portant role in disease pathogenesis. The research 
described here suggests the intriguing possibility 
that changes in the mitochondrial stress response 
may alter the balance between mitochondrial de-
struction and repair, potentially recruiting immune 
cells in a larger systemic response. Changes in α-
synuclein, Pink1, parkin, Tom20, and mitochondria-
derived vesicles may trigger this shift, or they may 
become dysregulated later in disease pathogenesis. 
Either way, this research brings to light a novel mo-
dality for targeting PD and invites important and 
collaborative projects between neurobiology, im-
munology, and metabolism researchers. 
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