
www.nrronline.org

815

NEURAL REGENERATION RESEARCH 

PERSPECTIVE

The role of DJ-1 complexes and 
catecholamine metabolism: relevance 
for familial and idiopathic Parkinson’s 
disease 

Autosomal recessive mutations in the PARK7 gene, which encodes 
for the protein DJ-1, result in a loss of function and are a cause of 
familial Parkinson’s disease (PD), while increased wild-type DJ-1 
protein levels are associated with some forms of cancer. Several func-
tions of DJ-1 have been described, with the greatest evidence indicat-
ing that DJ-1 is a redox-sensitive protein involved in the regulation of 
oxidative stress and cell survival. We have recently reported that the 
levels of DJ-1 oxidized at cysteine 106 (C106) was decreased in the 
cortex of idiopathic PD brains (Piston et al., 2017). Furthermore we 
found that DJ-1 forms high molecular weight complexes in human 
brain and the dopaminergic SH-SY5Y neuroblastoma cell line, and 
that these complexes could be oxidized at C106. Proteomics indicated 
that proteins involved in RNA transcription/translation were associ-
ated with these DJ-1 complexes, and the composition of complexes 
was affected by oxidation of DJ-1. RNA sequencing highlighted that 
transcripts associated with the catecholamine system, including do-
pamine (DA) metabolism, tended to be increased when complexes 
contained DJ-1 mimicking oxidation at C106. DJ-1 knock down (KD) 
cells also had increased intracellular DA and noradrenaline (NA) 
levels. In this perspective we will discuss the implications of DJ-1 
acting as a redox sensor directly affecting RNA metabolism, and with 
respect to PD, how dysregulation of catecholamine metabolism in 
both familial and idiopathic PD, might contribute to some prodro-
mal features of the disease and the increased susceptibility of specific 
neuronal populations to neurodegeneration.

DJ-1 complexes associated with RNA metabolism and affected by 
oxidation at C106: We have found that DJ-1 forms high molecular 
weight complexes in human brain and neuroblastoma cells, with 
these complexes appearing to contain RNA metabolism proteins such 
as heterogeneous ribonucleoproteins (hnRNP) and polyadenylate 
binding protein 1 (PABP1). Association of DJ-1 with these proteins 
was affected by the oxidation status of DJ-1 (Piston et al., 2017). Our 
finding adds to previous reports of DJ-1 being directly associated 
with RNA (Hod et al., 1999; van der Brug et al., 2008) and likely adds 
another level of transcriptional/translational control to signaling 
pathways previously reported to be affected by the redox-status of 
DJ-1 such as antioxidant defence and survival/apoptosis (Biosa et al., 
2017), in addition to our finding in neuroblastoma cells on catechol-
amine metabolism. 

Several DJ-1 complexes were detected in human brain lysates and 
could well reflect the different compositions in neurons and glia, 
where several different functions of DJ-1 are described in the two 
cell types. It is likely that alternate complex composition might also 
contribute to the differing effects of DJ-1 described in several types of 
cancer and cardiomyocytes following ischaemia. 

It is becoming increasingly apparent that the oxidation status of 
C106 is not a simple ‘on-off’ switch, but rather biphasic. C106 resides 
in a pocket, and the transition from oxidised C106 (SO2

–) to over 
oxidised C106 (e.g., SO3

–) has been proposed to change the local con-
formation of the protein resulting in DJ-1 becoming destabilized and 
losing function (Cao et al., 2014; Kiss et al., 2017). Therefore it can 
be envisaged that the composition of DJ-1 complexes under acute 
or mild oxidative stress will differ from that of chronic excessive 
oxidizing conditions, thus altering the physiological response of the 
cell over time, for example from pro-survival to apoptotic (Cao et al., 
2014). 

The observation that DJ-1 complexes are oxidized in idiopathic 
PD brains, and that DJ-1 oxidation appears to be decreased in fron-
tal cortex of PD brains, raises the prospect that changes in RNA 
metabolism also occur in idiopathic PD. Oxidised DJ-1 at C106 by 
immunohistochemistry has also been reported in neurons and glia of 

PD brains, and seems to diminish with disease progression (Saito et 
al., 2014). DJ-1 has been proposed as a biomarker for PD and certain 
types of cancer such as breast and lung. Given the apparent import-
ant role of C106 oxidation in controlling DJ-1 function, in future, 
measuring the ratio of oxidized to reduced DJ-1 in cerebro-spinal 
fluid (CSF)/serum might prove more informative.  

DJ-1 and the catecholamine system: In terms of PD, the finding 
in neuroblastoma cells expressing an oxidation mimic of C106 that 
several transcripts associated with catecholamine metabolism were 
affected fits well with both the motor and non-motor symptoms of 
the disease. Upregulated transcripts included dopa decarboxylase 
(DDC) involved in DA synthesis, vesicular monoamine transporter 
1 (VMAT1), required for the sequestration of DA into vesicles;  and 
dopamine beta hydroxylase (DBH) which converts DA to NA in 
vesicles (Piston et al., 2017). Furthermore in DJ-1 KD cells, in which 
no DJ-1 complexes were detectable, and presumably resulting in the 
loss of transcriptional/translational control of transcripts, both the 
levels of DA and NA were significantly increased (Piston et al., 2017). 
DJ-1 function has previously been associated with DA metabolism, 
including both transcriptional control of tyrosine hydroxylase (TH), 
the first step in DA synthesis, and direct binding to and activation 
of TH and DDC by DJ-1. DJ-1 knockout mice also exhibit increased 
DA reuptake, linked to increased activity of the DA transporter DAT, 
and perhaps the inhibition of DA D2 receptor, involved in the con-
trol of DA synthesis and release. Further work is required to establish 
whether the elevation in these two neurotransmitters in DJ-1 KD 
cells is due to increased synthesis, decreased turnover, and/or accu-
mulation of these molecules in the cytoplasm, rather than vesicles. 

Dysregulated catecholamine metabolism in familial and idiopathic 
PD: Both DA and NA are readily oxidized, forming toxic interme-
diates that are implicated in neurodegeneration. It is notable that 
two brain regions with considerable neuronal loss in PD are the DA 
neurons of the substantia nigra pars compacta and NA neurons of 
the locus coeruleus. Both neuronal populations contain the pigment 
neuromelanin, which contains oxidation products of DA and NA, 
and is formed when these neurotransmitters are not sequestered in 
vesicles. Furthermore, many of the non-motor functions associated 
with PD including prodromal features such as constipation, sleep 
disruption and depression, and later features such as cognitive im-
pairment can all be linked to DA and/or NA systems (Schapira et al., 
2017) (Figure 1). It has been proposed that the broad action poten-
tials and autonomous pacemaking, which results in large oscillations 
of cytosolic calcium, contribute to the selective vulnerability of DA 
neurons in the substantia nigra pars compacta. Recently Burbulla 
et al. (2017) have shown that levels of oxidised DA in the cytosol 
increase over time in midbrain DA neurons with DJ-1 KO or DJ-1 
mutations. They propose that increased oxidative stress as a result of 
dysfunctional DJ-1 and high calcium levels is responsible. Intriguing-
ly, one consequence of this is inhibition of the lysosomal enzyme glu-
cocerebrosidase (GCase). Mutations in the GBA gene, which encodes 
GCase, cause 5–10% of all PD cases. Furthermore, GCase activity is 
decreased in idiopathic PD brains, with the substantia nigra showing 
the greatest deficit (Gegg et al., 2012). In light of our findings, we pro-
pose that dysregulation of catecholamine homeostasis, and in partic-
ular increased DA levels, might also contribute to this phenomenon 
(Figure 1). Indeed, Burbulla et al indicate that increasing DA levels 
in mouse neurons with L-DOPA elevated DA oxidation and inhibi-
tion of GCase. Oxidised DA was also increased but to a lesser extent 
in neurons with PINK1 and parkin mutations, and GCase activity is 
diminished in dopaminergic cells lacking these functional proteins 
(Gegg et al., 2012; Burbulla et al., 2017). Mutations in both proteins 
are also associated with increased oxidative stress and mitochondrial 
dysfunction and likely contribute to the phenomena. DJ-1,  PINK1 
and parkin mouse models all exhibit perturbed striatal DA function, 
that precedes nigral-striatal degeneration, once again implicating 
dysregulated catecholamine metabolism (Kitada et al., 2009).

Can other genetic causes of PD or the idiopathic forms of the dis-
ease also be linked to catecholamine dyshomeostasis? The accumu-
lation of α-synuclein in Lewy bodies is a hallmark of PD. While the 
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Figure 1 Pathogenic pathways of idiopathic and familial forms of 
Parkinson’s disease (PD).
TH: Tyrosine hydroxylase; DDC: dopa decarboxylase; DBH: dopamine 
beta hydroxylase; GBA: glucosylceramidase beta (also known as gluco-
cerebrosidase); LRRK2: leucine rich repeat kinase 2; ATP13A2: ATPase 
cation transporting 13A2; VPS35: VPS53, retromer complex compo-
nent; SNCA: synuclein alpha.

exact function(s) of α-synuclein is still unclear, the protein is known 
to predominantly localize to presynaptic terminals and bind highly 
curved membranes, including neurotransmitter vesicles. α-synuclein 
has been proposed to be involved in neurotransmitter release, but in 
a regulatory, rather than an essential role, as it is generally lacking in 
inhibitory neurons, is one of the last proteins to reach the synapse 
and is absent in invertebrates (Burré, 2015). α-Synuclein has been 
proposed to play roles in vesicle filling, clustering, soluble N-ethyl-
maleimide-sensitive factor attachment protein receptor (SNARE) 
complex formation and the synaptic vesicle cycle (Burré, 2015). In-
creased levels of α-synuclein, as a result of duplication or triplication 
of the α-synuclein gene, or aberrant membrane binding due to point 
mutations, could all disrupt the loading/release of catecholamines 
and increase toxic oxidized species. Lysosomal function is known to 
decline with age, the greatest risk factor for PD, and inhibition of the 
autophagy-lysosomal pathway causes accumulation and/or oligo-
merization/fibrillation of α-synuclein. Mutations in GBA, LRRK2, 
VPS35 and ATP13A2 are all known to inhibit autophagy, resulting 
in accumulation of α-synuclein. Lrrk2 has also been linked with rab 
proteins, which are important for vesicle trafficking. Midbrain DA 
neurons containing Lrrk2 mutations or triplication of the α-synuclein 
gene exhibit increased levels of oxidised DA (Burbulla et al., 2017). 
Therefore in addition to the mitochondrial dysfunction and oxidative 
stress discussed above, impaired lysosomal function and impaired 
vesicle trafficking could also contribute to dysregulated intracellular 
catecholamine levels and neurodegeneration, and likely feedback on 
one another in both genetic and idiopathic PD (Figure 1). 

Conclusion: Measuring the levels of monomeric and oxidized DJ-1 
described above, as well as DA, NA and their metabolites in cell mod-
els and CSF of PD patients could provide an insight to disease mecha-
nisms. For example the ratio of DA to its precursor DOPA or oxidized 
forms such as 3,4-dihydroxyphenylacetic acid (DOPAC), which 
results from the oxidation of cytosolic DA in neurons by monoamine 
oxidase A, might indicate the points at which  DA/NA metabolism 
are affected (e.g., synthesis or cytosolic accumulation of neurotrans-
mitters). Furthermore, given the involvement of the catecholamine 
system in several prodromal features of PD, measurement of these 
metabolites in the CSF from at risk individuals such as mutant GBA 
carriers could help identify useful biomarkers for disease progression.
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