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Abstract

Sporadic inclusion-body myositis (s-IBM) is the most common muscle disease of older persons. The
muscle-fiber molecular phenotype exhibits similarities to both Alzheimer-disease (AD) and
Parkinson-disease (PD) brains, including accumulations of amyloid-f, phosphorylated tau, a-
synuclein and parkin, as well as evidence of oxidative stress and mitochondrial abnormalities. Early-
onset autosomal-recessive PD can be caused by mutations in the DJ-1 gene, leading to its inactivation.
DJ-1 has anti-oxidative and mitochondrial-protective properties. In AD and PD brains, DJ-1 is
increased and oxidized.

We studied DJ-1in 17 s-IBM and 18 disease-control and normal muscle biopsies by: 1) immunoblots
of muscle homogenates and mitochondrial fractions; 2) real-time PCR; 3) oxyblots evaluating DJ-1
oxidation; 4) light- and electron-microscopic immunocytochemistry. Compared to controls, in s-IBM
muscle fibers DJ-1 was: a) increased in the soluble fraction, monomer 2-fold (p=0.01), and dimer
2.8-fold (p=0.004); b) increased in the mitochondrial fraction; c) highly oxidized; and d) aggregated
in about 15% of the abnormal muscle fibers. DJ-1 mRNA was increased 3.5-fold (p=0.034).

Accordingly, DJ-1 might play a role in human muscle disease, and thus not be limited to human CNS
degenerations. In s-IBM muscle fibers, DJ-1 could be protecting these fibers against oxidative stress,
including protection of mitochondria.
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Introduction

Sporadic-inclusion body myositis (s-IBM), the most common, progressive muscle disease
associated with aging, is manifested by pronounced muscle weakness and wasting, leading to
severe disability [reviewed in 1]. There is no successful treatment. The pathology of s-IBM
muscle biopsies is characterized by: a) vacuolar degeneration and atrophy of muscle fibers,
accompanied by intra-muscle-fiber accumulations of misfolded, ubiquitinated, congophilic,
multi-protein aggregates; and b) lymphocytic inflammation [reviewed in 2‘4]. An intriguing
feature of the s-IBM muscle-fiber phenotype is its similarity to both the Alzheimer-disease
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(AD) brain and Parkinson-disease (PD) Lewy bodies, including accumulation of aggregated
amyloid-f (AB), phosphorylated tau, and several other Alzheimer-characteristic proteins, as
well as a-synuclein (a-syn) and parkin [reviewed i in 2 ] Also S|m|IarIy to AD and PD,
oxidative stress and mitochondrial abnormalities are evident in s-IBM [ ]

DJ-1 is a ubiquitously-expressed proteln of the ThiJ/Pfpl/DJ1 superfamily, which is highly
conserved across species [reviewed in 6,7 ]. Mutations in the DJ-1 gene, €Preventlng expression
of DJ-1- protein, are a cause of early-onset autosomal-recessive PD 5 ]. In sporadic AD and
PD brains, DJ-1 was reported to be increased and highly oxidized [ ] Althou h |ts premse
functions are not yet known, DJ-1 has been proposed to act as an antioxidant [ ] and be
an important mitochondrial protective agent [1 15] The role of DJ-1 in muscle diseases has
not been studied, to our knowledge.

Because of the molecular and pathological similarities of s-IBM muscle fibers to AD and PD
brains, we asked whether alterations of DJ-1 occur in s-IBM muscle fibers.

Material and Methods

Muscle Biopsies

Studies were performed on portions of diagnostic muscle biopsies obtained (with informed
consent) from 17 s-IBM and 18 age-matched-control biopsies, including 2 dermatomyositis ,
2 polymyositis , 1 morphologically-nonspecific myopathy, 2 amyotrophic lateral sclerosis, 2
peripheral neuropathy, and 9 normal muscles (considered normal after all diagnostic tests were
performed). Not all studies were performed on all biopsies (details below). s-IBM patients were
ages 61-87 years, median age 73; normal control patients were ages 61-86, median age 72.
Diagnoses were based on clinical and laboratory investigations, including our routinely-
performed 16-reaction diagnostic hlstochemlstry of the biopsies. All s-IBM biopsies met s-
IBM diagnostic criteria, as we described [ ]

Immunoblots

These were performed to: a) evaluate the specificity of DJ-1 antibodies rabbit polyclonal
[Abcam, Boston, MA] and mouse monoclonal [Stressgene, Victoria, BC, Canada] in human
muscle, both havmg been previously characterized in human and mouse brain and in various
cultured cells [9 151 ] and b) determine the content of DJ-1 in s-IBM and normal-control
muscle biopsies. Because previous studies reported a difference of DJ-1 content between the
soluble and insoluble fractions of brain tissue and in cells overexpressing DJ-1 [ ] in the
present study we performed immunoblots of DJ-1 on soluble and insoluble fractlons of total
homogenates of 5 s-IBM and 5 age-matched normal-control muscle biopsies. The detergent-
soluble/insoluble fractionation was modified from a method described previously [ ] In brief,
20 10um-thick frozen-muscle sections were collected at —25°C, rapidly suspended in lysis
buffer (20 mM HEPES [pH 7.4] containing 120 mM NaCl, 5 mM EDTA, 10% glycerol, 1%
Triton X-100 and supplemented with complete protease inhibitors [Roche Diagnostics,
Mannheim, Germany]). Muscle fibers and their intracellular organelles were disrupted using
an ultrasonic homogenizer. After incubation for 30 min at 4°C, the suspensions were separated
by centrifugation at 16,0009 for 1 h at 4°C. Supernatants were collected as the soluble fraction,
and were considered to contain cytoplasmic proteins, as well as the content of the disrupted
organelles, including mitochondria.

The insoluble pellet was washed four times with ice-cold lysis buffer, solubilized in SDS (final
concentration 1%) for 1 hr at 60°C, and centrifuged at 16,0009 for 30 min at 4°C. The
supernatants were collected as the insoluble fraction.
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20 g of protein (measured by the Bradford method) was loaded on 109% NuPAGE gels
(Invitrogen, Carlsbad, CA), electrophoresed, transferred to nitrocellulose or PVDF
membranes, and immunoprobed with an antibody against DJ-1 diluted 1:1500, as we described
[20 22] The blots were developed using the enhanced chemiluminescence system (Amersham
Bioscience, Piscataway, NJ). Protein loading was evaluated by actin bands visualized with a
rabbit polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA), diluted 1:2000.
Quantification of immunoreactivity was performed by densitometric analysis using NIH Image
1.310 software. Intensity of the band of interest was calculated in relation to intensity of the
actin band. Omission of a primary antibody was the control for reaction specificity.

RNA isolation and qRT-PCR

Total RNA from 5 s-IBM and 6 age-matched control muscle biopsies was |solated using an
RNA isolation kit (BD Pharmingen, San Diego, CA), as recently described [ ] 1ug of RNA
was subjected to genomic-DNA removal, and then cDNA synthesis using the QuantiTect
Reverse Transcription Kit (Qiagen, Valencia, CA), according to manufacturer’s instructions.
Real-time PCR (gRT-PCR) was performed in duplicate at total volume of 25 pul, using 1 pl of
cDNA, QuantiTect Primers (Qiagen) for PARK7/DJ1 or GAPDH, and QuantiFastSYBR Green
PCR Master mix (Qiagen). PCR runs were performed on an Eppendorf Mastercycler®
realplex2. Cycling conditions were 95°C for 5 minutes, followed by 40 cycles of 95°C for 10
seconds and 60°C for 30 seconds. Relative gene expression was calculated by using the
27AACT method, in which the amount of DJ-1 mRNA was normalized to an endogenous
reference (GAPDH). The results are expressed as fold induction relative to controls. Correct
PCR products were confirmed by agarose gel electropheresis and melting curve analysis.

Light-microscopic immunocytochemistry

To determine the localization of DJ-1 in human muscle fibers, we performed
immunofluorescence on 10 |§m -thick unfixed sections of fresh-frozen diagnostic muscle
biopsies, as described [ ], using either the rabbit polyclonal or mouse monoclonal
antibodies, diluted 1:100. In addition to the DJ-1 immunofluorescence, some sections were
counterstained with the nuclear marker Hoechst 33342 (Invitrogen/Molecular Probes).
Immunostainings were performed on 4 s-IBM, 4 age-matched normal-controls and all disease-
controls listed above. To block nonspecific-binding of an antlbody to Fc receptors, sections
were preincubated with normal goat serum diluted 1:10 [ 20-23 1. Controls for staining
specificity were omission of the primary antibody, or its replacement with non-immune sera
or irrelevant antibody; these were always negative.

Gold-immuno-electronmicroscopy

This was performed on 10-pm unflxed frozen sections adhered to the bottom of 35-mm Petri
dishes, as detailed previously [ ] For double immunostaining, sections were incubated
concurrently in rabbit polyclonal antibody against DJ-1, combined with mouse monoclonal
antibody against the mitochondrial marker porin/\VVDAC (Invitrogen/Molecular Probes),
followed by incubation in two different specie-specific secondary antibodies, one conjugated
to 12-nm gold particles and the other conjugated to 6-nm gold particles. Subsequently, the
sections were fixed in a 2% paraformaldehyde-1.25% glutaraldehyde mixture, postfixed in 1%
osmium tetroxide, and Epon-embedded in situ in the Petri dish. The embedded sections in the
dish were viewed under phase-contrast microscopy, and the muscle fibers of interest were
marked, drilled-out, and processed for electron microscopy, as described [ 23].

Isolation of mitochondrial fractions

This was performed from four s-IBM and four age-matched control muscle blopsy samples
using a four steps procedure, essentially as previously described by others [ ] Briefly, 30
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10pm sections of fresh-frozen human muscle biopsies were placed in a pre-chilled
microcentrifuge tube containing 200 pl of isolation medium (320 mM sucrose, 1 mM EDTA,
10 mM Trizma-base, pH 7.4). Step 1: after thorough but gentle manual homogenization on ice,
the homogenate was centrifuged at 3000 g for 5 min at 4°C, and the pellet discarded. Step 2:
the supernatant was centrifuged at 12,000 g for 10 min at 4°C. Step 3: the resulting pellet (crude
mitochondrial fraction) was re-suspended in 1 ml isolation medium, and centrifuged at 3000
g to remove nuclear contamination. Step 4: the resulting pellet was discarded and the
supernatant was centrifuged at 12, 000 g for a further 10 min. Steps 3—4 were repeated to further
purify the mitochondrial fraction. The resulting pellet from the last 12, 000 g spin constituted
the mitochondria-enriched fraction [24].

Immunoprecipitation, 2,4- Dinitrophenyl (DNP) derivatization, and Oxyblot

To evaluate the presence of carbonyl groups indicative of DJ-1 oxidation, we performed an
immunoprecipitation/protein-derivatization/ immunoblot procedure in four s-IBM and four
age-matched control muscle biopsies, and in one dermatomyositis muscle biopsy. Because
human muscle biopsies are rather sparse, we were not able to perform this procedure on more
samples. 100 pg of muscle homogenate prepared as for immunoblots (above), were
immunoprecipitated for 1 hour at 4°C with the DJ-1 rabbit polyclonal antibody that had been
cross-linked to protein-A Dynabeads (Invitrogen), according to the manufacturer’s protocol.
After extensive washing, the DJ-1- immunoprecipitated complex was eluted from the beads
by boiling for 10 minutes, followed by 5 minutes centrifugation at 16,000g. The supernatant
was saved, and the pellet discarded. To determine the carbonyl content of DJ-1, we used the
OxyBlot Protein Oxidation Detection Kit (Chemicon International, Temecula, CA), as directed
by the manufacturer. The assay is based on an established method utilizing derivatization of
carbonyls with 2,4-dinitrophenylhydrazine (DNPH) and subsequent immuno-detection of
hydrazones with anti-DNP antibody [10]. To derivatize the sample, 10pl of DJ-1-
immunoprecipitated complex was added to 10 pl of 10mM 2,4-dinitrophenylhydrazine
(DNPH) solution for 15 minutes. As a control, 10ul of a duplicate sample was added t010 pl
of a control solution not containing DNPH. Both samples were subsequently incubated with
7.5 pl of a neutralization solution to stop the derivatization reaction. After neutralization, the
samples were loaded onto 109% NuPAGE gel (as above for immunoblots) and immunoprobed
with an antibody against DNP (according to the manufacturer’s protocol). The immunoblots
were then developed and processed as above.

Statistical Analysis

Results

In all experiments these analyses were performed using Student t-test. Significance level was
set at p<0.05. For all experimetns, data are reported as mean + SEM.

DJ-1is increased in the soluble fraction of s-IBM muscle fibers

Both anti-DJ-1 antibodies recognized a 23 kDa DJ-1 monomer and 46 kDa DJ-1 dimer in both
control and s-IBM muscle fibers. To determine whether, DJ-1 is increased in s-IBM muscle
fibers, as was recently reported for AD and PD brains [10118], we performed immunoblot
analysis of soluble and insoluble fractions of five s-IBM and five control muscle biopsies. As
compared to controls, DJ-1 monomer in the s-IBM soluble fraction was increased 2-fold
(p=0.01), and DJ-1 dimer was increased 2.8-fold (p=0.004) (Figure 1). Those bands were
specific since they were not present after the primary antibody was omitted from the
immunoblotting (Figure 1). There was no difference in DJ-1 expression between the insoluble
fractions of control and s-IBM muscle fibers (not shown).
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DJ-1 mRNA is increased in s-IBM muscle fibers

In addition to the increased DJ-1 protein, by quantitative RT-PCR, mRNA of DJ-1 in s-IBM
muscle biopsies was increased 3.5-fold (p=0.034) as compared to the control human muscle
biopsies (Figure 2).

DJ-1is aggregated in only a minority of s-IBM muscle fibers

In all s-IBM muscle biopsies, only about 10 to 15% of the abnormal muscle fibers contained
various-sized DJ-immunoreactive cytoplasmic aggregates (Figure 3 A, B,C). Those fibers also
often had a slightly and diffusely increased cytoplasmic DJ-1 immunoreactivity (Figure 3 A,C).
Aggregated DJ-1 was not associated with the nuclei (Figure 3 C). Mononuclear cell infiltrates
were not immunoreactive for DJ-1 in either s-IBM, polymyositis or dermatomyositis. Under
our staining conditions, in normal muscle biopsies DJ-1 was very weakly and diffusely
distributed in the cytoplasm, and nuclei were not highlighted by the DJ-1 immunoreaction (Fig.
3D). In none of the disease-control or normal-control biopsies were there muscle fibers
containing DJ-1 immunoreactive-aggregates.

In both control and s-IBM muscle biopsies DJ-1 associates with mitochondria by immuno-
electronmicroscopy, and its amount is increased in s-IBM mitochondrial fractions

To determine whether DJ-1 is present within mitochondria, we performed double-label gold
immuno-electronmicroscopy of DJ-1 with the mitochondrial marker porin/VDAC. Co-labeling
with porin was used to identify mitochondria, since our gold immunostaining performed on
frozen sections often does not permit proper morphological preservation of mitochondria. We
found that DJ-1 was present in porin-labeled mitochondria, in both control and s-IBM muscle
fibers (Figure 4 A,B,C) - - however, the precise localization of DJ-1 within the mitochondria
could not be determined. The non-mitochondrial part of the muscle fibers did not contain gold
particles (Figure 4C). (Since cytoplasmic DJ-1 aggregates are present only in the minority of
s-IBM muscle fibers, we were not able to localize them by immuno-electronmicroscopy.) Even
though it appeared that some of the mitochondria in s-IBM biopsies had more gold particles
representing DJ-1 that control mitochondria, immuno-electronmicroscopic preparations are
not suitable for quantification. To verify our morphologic observations, and to determine
whether mitochondrial DJ-1 might have contributed to the increased DJ-1 we observed on the
immunoblots of the soluble fractions of muscle fibers, we isolated mitochondria from four s-
IBM and four age matched control muscle biopsies (because human muscle biopsies are rather
sparse we were not able to isolate mitochondria from more samples). Immunoblots of
mitochondrial fractions revealed that DJ-1 monomer was substantially increased in s-IBM
muscle mitochondria as compared to the mitochondria isolated from the age-matched normal
muscle biopsies (Figure 4 D). DJ-1 dimer was not detectable in the mitochondrial fraction.
Considering that the total amount of DJ-1 dimer is usually much lower than that of the DJ-1
monomer, we postulate that our inability to detect DJ-1 dimer in the mitochondrial fraction
might be due to the small amount of mitochondrial proteins that we were able to obtain from
our mitochondrial fractions; much more loading of of the mitochondrial protein might be
required to visualize DJ-1 dimer in those preparations. Another possibility is that DJ-1 dimer
is present in the cytoplasm but not in the mitochondria.

DJ-1 is oxidized in s-IBM muscle fibers

Because in both AD and PD brains DJ-1 was reported to be oxidized [10], and was proposed
to act as a redox-dependent chaperone [25], we performed immunoprecipitation/protein-
oxidation detection-blot experiments to evaluate carbonyl groups of DJ-1 in s-IBM muscle
fibers. The presence of carbonyls groups is a commonly-used indicator of oxidative damage
to proteins [26]. Four control and four s-IBM muscle-biopsy homogenates were
immunoprecipitated with anti-DJ-1 antibody (each sample in duplicate). Successful
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immunoprecipitation of DJ-1 is indicated in Figure 5A, which indicates a strong band
corresponding to the DJ-1 monomer, and a very faint band corresponding to the DJ-1 dimer.
For oxyblot procedure, one duplicate-sample underwent derivatization with 2,4-
dinitrophenylhydrazine (DNPH+); the other one was not derivatized and served as a negative
control (DNPH-) (Figure 5B). All samples, each from four s-IBM and four control biopsies,
were electrophoresed and immunoblotted with an anti-DNP antibody. The resulting oxyblot,
demonstrating protein carbonyl content, as an indicator of oxidation of the protein, showed
that DJ-1 is highly oxidized in s-IBM muscle fibers, but not in the four control muscles (Figure
5B). Similarly to the immunoblots of the mitochondrial fractions, DJ-1 dimer was not detected
on oxyblot preparations. This might be due to the fact that either a) only a part of the total DJ-1
present in s-IBM muscle is oxidized, or b) much more protein loading would be required to
detect oxidized dimer.

An additional oxyblot was also performed on one muscle biopsy from a 38-old dermatomyositis
patient and an age-matched normal biopsy - - this did not reveal oxidized DJ-1 in either sample
(not shown).

Discussion

In this study we demonstrate for the first time that in s-IBM muscle fibers DJ-1 is: a)
significantly increased on the protein and mRNA levels; b) highly oxidized; c) increased in the
mitochondria.

Previously, DJ-1 was studied in Parkinson and Alzheimer disease brains, mouse models and
in varlous non-muscle cultured cells, most of which were overexpressing DJ-1 [ 10,11,14,
1518,2 ] Even though the exact biological functions of DJ-1 are not yet firmly established,
it is now generally thou%ht that DJ 1 plays arole in oxidative-stress responses, either as a redox
or antioxidant protein [ ] DJ-1 seems to OX|d|ze itself to protect cells from oxidative
stress, but its over-oxidation Ieads to its inactivation [ ] Experimental downregulation of
DJ-1 sensitizes cells to OX|dat|ve stress, and its overexpression protects cells from oxidative-
stress-induced cell death 1 ] Oxidative stress is considered to play a role in PD and AD
brains [rewewed in67.27- ] and in them DJ-1 has been reported increased and oxidatively
damaged [ ]

The presence of DJ-1 monomer and dimer in normal human muscle fibers suggests that this
protein plays a physiological role in this tissue. It has been proposed that even under
physiological conditions DJ-1 might be a free radical scavenger [ ]

However, both DJ-1 mRNA, and its monomers and dimers are substantially increased in s-
IBM muscle fibers as compared to control biopsies. We attribute these increases to a self-
defense of s-IBM muscle fibers against cellular stresses. Previously demonstrated in s-IBM
fibers were: a) nltrlc oxide induced stress [ ] and b) oxidative stress as indicated by mcreased
redox factor -1 [ ] increased anti-oxidative enzymes SOD-1, GSHPx and catalase[ 33]
abnormalities of NF-xB [ 34, 5] and oxidative nucleic acid damage [ ] Our present studies
demonstrating in s-1IBM fibers increase of DJ-1 mRNA and the increase of both the DJ-1 protein
monomers and dimers, and DJ-1 oxidation, together strongly suggest that DJ-1 might play a
novel role attempting to protect s-IBM muscle fibers from oxidative stress. However, in s-IBM
it is not known whether oxidation of DJ-1 leads to its inactivation, and/or is responsible for its
increased dimerization.

In s-1IBM fibers, the increase of DJ-1 is mainly occurring in the soluble fraction of the whole
muscle-fiber homogenate, and this correlates with the relative paucity of the immuno-
histochemically detectable DJ-1 aggregates. By contrast, in previous studies DJ-1 monomer
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was reported increased in the insoluble fraction of PD brain. Whether this difference depends
on the difference in the tissues examined or other factors remains unknown.

Another important aspect of our study is the demonstration that DJ-1 is substantially increased
in s-IBM mitochondria as compared to age-matched controls. Previously, DJ-1 has been found
in a) mitochondria of mouse brain, and b) mitochondria of cells overexpressing DJ-1, |n which
experimentally-induced oxidative stress increased the amount of mitochondrial DJ-1 [ 4]
The latter observation led to the proposal that oxidative-stress stimulates translocatlon of DJ-1
from cytoplasm into mitochondria in order to mitigate mitochondrial damage [ 4]
Overexpressing cells can be subject to artefacts, but our morphological and fractionation
studies of human muscle biopsies clearly demonstrated that DJ-1 was localized within
mitochondria, and DJ-1 was substantially increased in the mitochondrial fractlon of s-IBM
fibers. DJ-1 is believed to migrate to loci where oxidative stress occurs [ ] - - this could
explam its mitochondrial localization in s-IBM muscle fibers. Similarly to AD and PD braln
[7 38,3 ] mltochondrlal abnormalities are a prominent feature of s-IBM muscle fibers [ 0]
Ragged-red fibers [ ] cytochrome-c-oxidase - negative muscle fibers, and multiple
mitochondrial DNA deletlons in muscle fibers are more common in s-IBM than in the age-
matched normal subjects [ ] Even though the exact mechanisms leading to mitochondrial
abnormalities in s-IBM are still not known, under experimental conditions amyloid-f precursor
protein, amyloid-p and a-synuclein -- all of which are accumulated in s-IBM muscle fibers --
are capable of inducing mitochondrial abnormalities [ , 424 ] We propose that DJ-1 is
attempting to mitigate mitochondrial damage in s-IBM.

Conclusion

Our studies suggest that DJ-1 might play a novel role in human muscle disease, and thus is not
limited to human CNS degenerations. Therapeutic enhancement of DJ-1 to diminish oxidative
stress might provide a novel therapeutic opportunity in s-IBM.

Our future experimental studies employing our IBM human muscle culture model, which
exhibits several aspects of biopsied s-IBM muscle fibers, could possibly provide a better
understanding of the role of DJ-1, not only in s-IBM, but also, by analogy, in AD and PD.
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Figure 1.

Immunoblots of DJ-1 in muscle homogenates of Control and s-IBM muscle biopsies. A -
demonstrates that a 23 kDa band corresponding to DJ-1 monomer, and 46 kDa band
corresponding to DJ-1 dimer are present in the soluble fractions of both control and s-IBM
muscle biopsies. There are 3 non-specific bands, which are also present after a primary antibody
has been omitted from the immunoblotting, of the soluble fractions of s-IBM and Control
muscle. The actin bands (below) serve as the protein-loading control. A’ indicates the same
monomer bands as in A but exposed for a shorter time. B, and C - densitometric analysis of
DJ-1 dimer and monomer, both of which are significantly increased in s-IBM muscle fibers.
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Real-time PCR of DJ-1 mRNA in Control and s-IBM muscle fibers. Data are presented as the
mean + SEM, normalized to the GAPDH expression.
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Control

Figure 3.

Immunofluorescence of DJ-1 in s-IBM and Control normal muscle fibers. A and B - single-
label immunofluorescence illustrates DJ-1-immunoreactive aggregates in two vacuolated
muscle fibers. C — immunofluorescence for DJ-1 (red) in another muscle fiber co-stained with
the nuclear marker Hoechst (blue), indicates that DJ-1 immunoreactivity is not related to nuclei.
Some of the DJ-1 aggregates are indicated by arrows in A—C. D, Control normal muscle fibers,
in which DJ-1 immunoreactivity is very weak and uniform. A-C x1100; D x 850.
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Figure 4.

A-C. Double-label gold-immuno-electronmicroscopy of DJ-1 and porin in mitochondria of
control and s-IBM muscle fibers. This illustrates that DJ-1 (12 nm gold particles) and a
mitochondrial marker porin (6 nm gold particles) are both associated with mitochondria of
control (A) and s-1BM (B, C) muscle fibers. All x 85,000. D - Immunoblots of isolated
mitochondrial fractions of four age-matched control and four s-IBM muscle fibers. DJ-1
monomer is substantially increased in s-IBM mitochondria as compared to controls, while
dimer is not detectable. Immunoblots of porin were used as the mitochondria protein loading
control.
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Figure 5.

Immunopreciptitation (A) and oxidation (B) of DJ-1 in s-IBM and Control muscle biopsies.
A- immunoprecipitation (IP) was performed using an anti-DJ-1 rabbit polyclonal antibody,
followed by immunoblotting (IB) using an anti-DJ-1 mouse monoclonal antibody. #, the
primary antibody was omitted from the immunoprecipitation reaction in order to ascertain the
specificity of the reaction. B-The oxyblot, demonstrating protein carbonyl content, as an
indicator of oxidation of the protein, shows that DJ-1 is highly oxidized in s-IBM muscle fibers,
but not in age-matched Control muscles (details in text).
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