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Abstract
Mutations in DJ-1 lead to a monogenic form of early onset recessive parkinsonism. DJ-1 can respond
to oxidative stress, which has been proposed to be involved in the pathogenesis of sporadic Parkinson
disease (PD). We have recently reported that DJ-1 interacts with mRNA in an oxidation dependent
manner. Here, we confirm interaction of DJ-1 and RNA in human brain using immunoprecipitation
followed by quantitative real time PCR. We confirmed previous reports that DJ-1 is more oxidized
in cortex from cases of sporadic PD compared to controls. In the same samples, protein and RNA
expression was measured for four DJ-1 target genes GPx4, MAPK8IP1, ND2 and ND5. While no
alterations in mRNA expression were observed, an increase in protein expression was observed in
PD cases for GPx4 and MAPK8IP1. In the same patients, we saw decreased mRNA and protein
levels of two mitochondrial targets, ND2 and ND5. These results suggest that these proteins undergo
regulation at the post-transcriptional level that may involve translational regulation by DJ-1.

Mutations in DJ-1 cause a rare form of recessive parkinsonism in humans [3]. Increased levels
of DJ-1 protein are reported in both spinal fluid [14] and brain [5] of sporadic Parkinson disease
(PD) patients, suggesting a role in the pathogenesis of sporadic PD.

DJ-1 protein has been shown to protect against oxidative stress in a number of models and
organisms [4,7,8,13]. This protection is dependent on the facile formation of a cysteine-sulfinic
acid at cysteine-106 of the human protein under mildly oxidative conditions [4,8]. The
oxidation of cysteine 106 to a cysteine-sulfinic acid can be monitored using 2-D gel
electrophoresis as a shift from in the pI of the protein [4,9]. In sporadic PD cases, higher
proportions of oxidized DJ-1 have been shown in cortex compared to controls [1,5].

We recently reported that DJ-1 interacts with several RNA species in neuroblastoma cell lines
and mouse brain, including transcripts coding for mitochondrial complex I components,
selenoproteins, and PTEN/Akt cell signaling proteins [12]. Furthermore, we showed that this
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interaction was abolished under oxidative conditions and led to oxidation dependent increases
in translation of anti-oxidant and pro-survival proteins [12].

In order to examine whether these RNA species were associated with DJ-1 human brain, we
examined human tissue obtained from the archive at the Queen Square Brain Bank for
Neurological Disorders, collected with the ethical approval of the London Multicentre
Research Ethics Committee and with the informed consent of next-of-kin (Supplementary
Table 1). Ethical approval for studies of gene expression in archival tissue was obtained from
the National Hospital for Neurology and Neurosurgery and Institute of Neurology Joint
Research Ethics Committee.

RNA immunoprecipitations (IP) were performed using either a DJ-1 specific antibody or a
non-specific IgG antibody (Fig 1A) as described [12] on frozen brain tissue protein lysates
homogenized in PLB buffer (0.5% Nonidet P-40, 10 mM Hepes, 100 mM KCl, 5 mM MgCl2,
1 mM DTT, RNase OUT and protease inhibitors). cDNA was produced by Oligo dT priming
and Superscript III enzyme reaction (Invitrogen) as directed. Quantitative real time PCR (qRT-
PCR) using specific probes (Supplementary Table 2) was performed as described [12]. As a
control for non-specific pulldown in the IP, we measured amplification of β-actin, (Fig 1B).
The abundance of β-actin mRNA in DJ-1 and IgG IPs differed by less than one PCR cycle
value, consistent with previous observations [12]. Comparing DJ-1 and IgG IP samples after
correction for β-actin amplification in the same IP, revealed significant (see figure 1 for P
values) enrichment of previously identified transcripts in the DJ-1 IP sample, including
selenoproteins (GPx4, SepW1, GPx3 and SEPHS2; Figure 1C-F) and mitochondrially encoded
complex I components (ND1, ND2, ND4 and ND5; Figure 1G-J). While mRNA levels for
PTEN/Akt pathway modifiers MAPK8IP1 (Fig 1J), JunD (Fig 1K) PPP2R2C (Fig 1L) and
BAD (Fig 1M) were measurable in the DJ-1 IP samples, these same mRNAs were not detected
in the IgG IP sample. Each target was repeated in at least three independent IPs from normal
human brain with four replicate amplifications per IP. These consistent enrichments suggest
the interaction between DJ-1 and RNA also occurs in human brain.

Our previous data using reporter constructs suggests that DJ-1 has effects on translation in an
oxidation-dependent fashion, with decreased RNA interaction as DJ-1 is increasingly oxidized
[12]. We therefore examined the oxidation state of DJ-1 in cortical tissue from nine idiopathic
PD patients and nine controls. Cortical tissue was chosen due to availability and miminal cell
loss compared to regions such as the substantia nigra. We separated protein lysates from PD
and control brains based by isoelectric point by 2-D gel electrophoresis as described [4] prior
to Western blotting with an antibody against DJ-1 (Fig 2A). The presence of low pI, highly
oxidized isoforms was observed (arrows). The percentage of total DJ-1 in each isoform was
quantified (Fig 2B) and significant decrease (P<0.01 by t-test, n=9) in reduced DJ-1 was
observed. More total oxidized DJ-1 was present in PD patients compared to controls at several
pI isoforms, although none of these reached statistical significance individually.

To examine the post-translational effects of oxidation on DJ-1 targets, RNA and protein were
isolated from frontal cortex of the same nine PD patients and nine controls. Four target
transcripts, GPx4, MAPK8IP1, ND2 and ND5, were investigated for changes in expression at
both the protein and RNA levels. We observed no statistically significant difference in RNA
expression levels for GPx4 or MAPK8IP1 using qRT-PCR (Fig 3B,D). Although expression
levels overlapped, significantly higher expression of both GPx4 and MAPK8IP1 protein was
observed in PD patients as a group compared to controls (Fig 3A,C,E) using Western blotting
with antibodies specific to GPx4 (Abnova), MAPK8IP1 (Santa Cruz Biotechnology), after
normalization to β-actin (Sigma). Significantly lower mRNA and protein expression of ND2
and ND5 (Santa Cruz Biotechnology) was observed in controls compared to PD patients (Fig
3F-I).
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Here, we have confirmed the interaction of DJ-1 with specific mRNA species [12] in the human
brain. We confirmed that oxidation of DJ-1 increases in the cortex of sporadic PD patients
compared to controls, and showed that in these same patients, mRNA levels for known DJ-1
targets GPx4, MAPK8IP1 are not altered while protein levels are significantly different,
suggesting a translational regulation mechanism that may be related to DJ-1 oxidation. This is
consistent with previous observations of MAPK8IP1 protein levels associated with aging in
mice, which is also associated with increased oxidation of DJ-1 [12]. We also saw decreased
protein expression of ND2 and ND5, which is opposite in direction to the GPx4 and MAPK8IP1
data. However, this result is difficult to interpret in the context of DJ-1 oxidation as the mRNA
levels for these two genes were lower in sporadic PD, presumably indicating damage to
mitochondria in the disease state.

The observations linking oxidation of DJ-1 to altered protein vs mRNA levels in sporadic PD
they are consistent with our previous observations that DJ-1 acts by modifying translation of
pro-survival and anti-oxidant in response to the presence of oxidation. This would result in
increased cell survival and improved anti-oxidant defense and in a rapid, localized and direct
response to oxidative injury. Protein levels of cell survival and anti-oxidant pathway targets
of DJ-1 are upregulated, while protein levels of mitochondrially-encoded oxidative
phosphorylation targets appear downregulated. This may be related to the previously reported
shift of localization of DJ-1 under stress, from cytoplasm to mitochondria [4]. The regulation
of these transcripts simultaneously by DJ-1 would require DJ-1 to target different transcripts
when oxidized versus unoxidized state, which will require further studies. It should also be
noted that post-mortem studies are correlative in nature, limiting our ability to determine if
DJ-1 regulates translation directly. Further studies would also benefit from having larger
sample series. To date, we have not been able to amplify RNA from immunoprecipitated DJ-1
from PD brains (data not shown), although whether this relates to a specific change in DJ-1 in
the disease state or is due to variability in post-mortem tissue quality is unclear.

In summary, these data from human brain provide evidence that DJ-1 participates in the cellular
response to sporadic Parkinson disease through oxidation dependent translational regulation
of oxidation responsive and mitochondrial mRNA transcripts.
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Figure 1. Immunoprecipitation of RNA bound to DJ-1 from human brain
Brain tissue was homogenized and anti-DJ-1 and non-specific IgG antibodies (Santa Cruz
Biotechnology) were used to immunoprecipitate RNA bound to DJ-1 or background,
respectively. (A) Representative western blot using anti-DJ-1 antibody of input (upper panel),
DJ-1 IP (mid panel) and IgG IP (lower panel). Each lane is a different brain sample. Molecular
weights are on the right of all blots. (B-N) Quantitative real time PCR was used to measure
abundance of transcripts associated with each sample. As a non-specific control, we measured
levels of β-actin (B), which amplified at similar cycle numbers in qRT-PCR. Correcting for
β-actin levels in each sample, we saw enrichments of RNA in DJ-1 IP samples (solid black)
compared to IgG IP samples (checkered) for selenoproteins (C) GPx4, (D) SepW1, (E) GPx3
and (F) SEPHS2, mitochondrially encoded complex I components ND1 (G), ND2 (H), ND4
(I) and ND5 (J), and PTEN/Akt modulators (K) MAPK8IP1, (L) JunD (M) PPP2R2C and (N)
BAD. While measurable in DJ-1 IP samples, no detection (nd) of PTEN/Akt modulators was
observed after 40 cycles in IgG IP samples. Statistical significance was determined by Student's
t-test comparing DJ-1 to IgG IP; * P<0.05, ** P<0.01, *** P<0.001.
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Figure 2. Increased oxidation of DJ-1 in sporadic PD
(A) 2-D gel electrophoresis was performed on cleared lysate extracted from PD and control
cortices, then Western blotted with an anti-DJ-1 antibody. Three representative blots from nine
samples are shown. DJ-1 is shifted in PD brains to lower pI isoforms than in control brains as
a result of increased oxidation as indicated by arrows. (B) Quantification of pI isoforms as a
proportion of total DJ-1 protein reveals significantly less DJ-1 at the 6.6 pI isoform, indicating
cumulatively more DJ-1 in more oxidized isoforms in PD cortex. Statistical significance was
determined by Student's t-test, ** P<0.01 comparing control and PD (n=9).

Blackinton et al. Page 6

Neurosci Lett. Author manuscript; available in PMC 2010 March 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. GPx4 and MAPK8IP1 protein expression, but not RNA expression, is higher in PD
patients
(A) Protein and RNA were extracted from cortex of nine human PD patients and nine controls
and expression of GPx4, MAPK8IP1, ND2 and ND5 was examined as indicated. Protein levels
of β-actin were used as a control; because the GPx4/MAPK8IP1 and ND2 blots were run on
different occasions from replicate extracts, separate β-actin blots are shown. Each lane is a
different brain sample. Molecular weights are on the right of all blots. (B-I) Using quantitative
real time PCR, no differences were observed in abundance of mRNA for (B) GPx4, (D)
MAPK8IP1 but mRNA levels of (F) ND2 or (H) ND5 were significantly lower. At the protein
level, (C) GPx4 and (E) MAPK8IP1 showed increases in PD patients compared to controls
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while (G) ND2 and (I) ND5 showed decreases in PD patients compared to controls. Statistical
significance determined by Student's t-test, * P<0.05, ** P<0.01, ns=not significant (P>0.05).
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Table 1
Case/Control details for patient samples.

Sample Gender Age PMI

PD1 M 85.1 15

PD2 F 74 5

PD3 M 78 22

PD4 F 82.4 15

PD5 M 58 3

PD6 M 79 20

PD7 M 63 2

PD8 M 80 6

PD9 M 83 -

CON1 M 75 19

CON2 F 85.9 15

CON3 M 86 18

CON4* M 85.3 2

CON5* M 80.8 4

CON6 M 81.4 7

CON7 M 91.3 7

CON8* F 80.7 1

CON9 F 97 16

Age = age at death (years); PMI = post mortem intervals (unknown for sample PD9, indicated by -); PD = Parkinson disease; CON = control; M = male;
F = female.

*
samples were used for RNA immunoprecipitations.
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Table 2
Sequence of qRT-PCR primers used to quantify abundance of RNA in DJ-1 and IgG RNA immunoprecipitations

Gene Start (F) Sequence Start (R) Sequence

BAD 411F TCCGGAGGATGAGTGACGAGTT 546R AAGTTCCGATCCCACCAGGACT

β-actin 219F AGAAGGATTCCTATGTGGGCG 319R CATGTCGTCCCAGTTGGTGAC

GPx3 12887F GTGCTGGACAGTGACAACCCT 1439R GGAGGCAGTGGGAGATGCT

GPx4 450F GAGATCAAAGAGTTCGCCGC 605R GGTGAAGTTCCACTTGATGGC

JUND 1068F GAAAGTGAAGACCCTCAAGAGTCA 1167R GTGGCTGAGGACTTTCTGCTT

MAPK8IP1 1517F TGATGAACCCGACGTCCATT 1627R CCGTTGATGATGCAGGAGAAC

MTND1 50F TGGCATTCCTAATGCTTACCG 202R TGGTAGATGTGGCGGGTTTTA

MTND2 359F AAGGCACCCCTCTGACATCC 509R AATCCACCTCAACTGCCTGC

MTND4 1101F CGCCTTACCCCCCACTATTAA 1253R GAGCCCCATTGTGTTGTGGT

MTND5 1245F TACCTCCCTGACAAGCGCC 1395R TCCTGCGAATAGGCTTCCG

PPP2R2C 1296F GAACATCATTGCCATCGCC 1440R TTGCGGTCGTGAAGGTCAT

SEPHS2 2010F CTGGCTCTTTCCTGCTCTGG 2161R GGGCTCTGAGGCTTGCTCT

SEPW1 550F GGACACCTGGTCTTTCCCTGA 701R GATGAAACCACGGGACAGGA
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