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Abstract
Our objective was to test the hypothesis that aberrantly modified forms of superoxide dismutase
(SOD1) influence the disease course for sporadic amyotrophic lateral sclerosis (SALS). We
probed for anti-SOD1 antibodies (IgM and IgG) against both the normal and aberrantly oxidized-
SOD1 (SODox) antigens in sera from patients with SALS, subjects diagnosed with other
neurological disorders and healthy individuals, and correlated the levels of these antibodies to
disease duration and/or severity. Anti-SOD1 antibodies were detected in all cohorts; however, a
subset of ~5–10% of SALS cases exhibited elevated levels of anti-SOD1 antibodies. Those SALS
cases with relatively high levels of IgM antibodies against SODox exhibit a longer survival of 6.4
years, compared to subjects lacking these antibodies. By contrast, SALS subjects expressing
higher levels of IgG antibodies reactive for the normal WT-SOD1 antigen exhibit a shorter
survival of 4.1 years. Anti-SOD1 antibody levels did not correlate with disease severity in either
the Alzheimer’s or Parkinson’s disease cohorts. In conclusion, the association of longer survival
with elevated levels of anti-SODox antibodies suggests that these antibodies may be protective.
By extension, these data implicate aberrantly modified forms of WT-SOD1 (e.g. oxidized SOD1)
in SALS pathogenesis. In contrast, an immune response against the normal WT-SOD1 appears to
be disadvantageous in SALS, possibly because the anti-oxidizing activity of normal WT-SOD1 is
beneficial to SALS individuals.
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Introduction
Amyotrophic lateral sclerosis (ALS) is the most common motor neuron disease, marked by
progressive degeneration of motor neurons.1 Approximately 20–25% of familial ALS
(FALS) cases are due to mutations in SOD1, of which more than 150 have been reported to
date (http://alsod.iop.kcl.ac.uk/index.aspx). While 10% of ALS cases are classified as FALS,
the vast majority of cases are sporadic in nature. Although FALS and SALS are clinically
similar, the causative factors involved with SALS remain largely unknown.

An abundance of evidence supports the view that FALS-linked mutations alter the
conformational stability of the SOD1 protein and render it neurotoxic through mechanisms
that involve misfolding,2;3 mutant specific protein interactions,4 and/or altered subcellular
localization.5 Recent studies suggest that similar cytotoxic mechanisms may be implicated
in SALS as a consequence of adverse post-translational modifications of wild-type (WT)
SOD1.6 For example, using a monoclonal conformation-specific antibody (C4F6),7 we
showed that an oxidized form of WT-SOD1 (SODox)8 is conformationally similar to FALS-
linked mutant SOD1 proteins, and that aberrant WT-SOD1 proteins are present in post
mortem SALS spinal cord tissues.9 Moreover, SODox and FALS-linked mutant SOD1
proteins exert a similar toxic effect in an in vitro assay for fast-axonal transport.9;10 These
observations suggest that a common link between FALS and SALS is the presence of toxic
variants of the SOD1 protein, arising respectively from germline mutations and aberrant
post-translational processing.

To further address the role of aberrantly modified WT-SOD1 in SALS pathogenesis, we
performed an enzyme-linked, immunosorbant assay (ELISA) for the detection of anti-SOD1
antibodies against both normal WT-SOD1 and SODox, and determined whether the levels of
these anti-SOD1 antibodies correlate with SALS patient survival. Although SOD1 is
normally an intracellular protein, data indicate that mutant SOD1 interacts aberrantly with
chromogranin proteins and is thereby secreted into the extracellular milieu where it is
potentially accessible to the immune system.3 Since modified forms of WT-SOD1 (e.g.
SODox) in SALS mimic mutant SOD1 in FALS, we hypothesized that the modified WT-
SOD1 protein is also secreted, and that SALS individuals may generate antibodies against
the modified protein. If the putative antibodies reduce the level and toxicity of the offending
modified WT-SOD1, then the antibody levels are expected to correlate with phenotypic
features of the disease. That these antibodies could be neuroprotective is suggested by
immunization and immunotherapy studies in ALS mouse models,7;11 including a recent
report demonstrating a neuroprotective effect in G93A-SOD1 transgenic mice that were
vaccinated with misfolded WT-apo SOD1.12

Materials and methods
Human subjects

Sera from 298 ALS patients with probable or definite sporadic ALS according to revised El
Escorial criteria, were obtained from the Clinical Trials Unit, Massachusetts General
Hospital (MGH, Table 1). MGH also provided sera from 61 healthy controls (HC) and 13
disease controls with neurological disorders (OND) other than ALS. Additionally, the sera
for 50 individuals with a definite diagnosis of Alzheimer’s disease (AD), 50 patients with
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Parkinson’s disease (PD) and 50 age-matched HC from the Harvard NeuroDiscovery Center
Biomarker Study, Brigham and Women’s Hospital, Cambridge, MA, USA (HBS, Table 5)
were obtained. All subjects signed an informed consent. More information is provided in the
Supplementary Materials and methods, which are only available in the online version of the
journal. Please find this material with the following direct link to the article:
http://www.informahealthcare.com/ (DOI: 10.3109/17482968.2011.585163).

Production of SOD1 antigens
WT-SOD1 was expressed as a glutathione-S-transferase (GST)-fusion protein in Escherichia
coli as described.13 GST-SOD1 was purified with glutathione- agarose (Sigma) according to
the manufacturer’s instructions. Cleavage of the GST tag was accomplished with the
PreScission Protease (GE Healthcare Life Sciences), and glutathione-agarose was
subsequently employed to remove the protease and cleaved GST. Q-sepharose fast-flow was
used as the final step in the purification of WT-SOD1 as described.14 Recombinant SODox
was then prepared from purified WT-SOD1 as described.9

ELISA
Immulux medium binding flat bottom plates (Dynex Technologies, USA) were coated (50
μl/well) with 5 μg/ml WT-SOD1 or SODox in NaCO3 buffer (pH 9.6).15 Coated plates were
incubated for 3 h at 37°C, after which they were stored at 4°C overnight, and then washed in
0.01 M phosphate-buffered saline (PBS, pH 7.4) with 0.05% Tween-20 (polysorbant-20,
Fisher Scientific) (PBS-T) for 1 h to block the non-specific binding.16 Serial dilution of
human serum was prepared in PBS-T and 50 μl of the diluted serum was added to SOD-WT
or SODox-coated wells. The remainder of the assay was performed as described.17–20 A
detailed description is given in the Supplementary Materials and methods, which are only
available in the online version of the journal. Please find this material with the following
direct link to the article: http://www.informahealthcare.com/ (DOI:
10.3109/17482968.2011.585163).

Statistical analysis
All statistical tests used in this study are listed in the tables and figures. Parametric methods
were used in the analyses where distributional assumptions were met, using the SAS
Statistical Package (SAS Institute Inc., V9.1). Where normality, variance, or sample size
requirements were not met, comparable non-parametric methods available in SAS, the
StatXact Statistical Package,21 or GraphPad Prism software were employed. For all
analyses, p-values below 0.05 were considered significant. More information can be found
in the Supplementary Materials and methods, which are only available in the online version
of the journal. Please find this material with the following direct link to the article:
http://www.informahealthcare.com/ (DOI: 10.3109/17482968.2011.585163).

Results
Anti-SODox IgG antibodies are elevated in SALS

The first ELISA screen quantified anti-SOD1 antibodies against the normal WT-SOD1 and
aberrantly oxidized SOD1 (SODox)8;9 antigens in sera obtained through the MGH Clinical
Trial Unit (Table 1 and Methods). WT-SOD1 and SODox were used to probe levels of IgM
antibodies, which are generated during the primary antibody response upon acute exposure
to antigens, as well as IgG antibodies that are produced during the secondary antibody
response.22 Anti-SOD1 antibodies were detected in all three cohorts (Figure 1, Table 2), and
those cases with the highest concentrations of anti-SOD1 antibodies tested were consistently
within the SALS cohort (Figure 1). Mean levels of anti-SODox IgG antibodies are
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significantly higher in SALS patient sera (0.11 μg/ml) compared to healthy controls (0.07
μg/ml; p = 0.03), with approximately 5–10% of subjects from the SALS cohort exhibiting
anti-SODox IgG levels above those detected in the HC and OND cohorts.

We were able to detect SOD1 antigens by a western blot analysis, but only under native
(non-denaturing) conditions (data not shown). Under native conditions the specific three-
dimensional segment of the SOD1 antigen that is recognized by the antibody
(conformational epitope) is conserved, as opposed to a denaturing western blot analysis that
disrupts this conformation and only allows recognition of linear sequences. Thus, our
findings indicate that human anti-SOD1 antibodies in these cases are reactive for a
conformational epitope of SOD1. Native western blot analysis are inherently insensitive and
the biological samples employed here were limited, and thus only those serum samples with
the highest levels of anti-SOD1 antibodies were able to detect SOD1 antigens by a native
western blot analysis (data not shown).

We subjected a subset (n = 7) of cerebrospinal fluid (CSF) samples to our ELISA, and
included CSF from individuals who exhibited relatively high levels of serum anti-SOD1
antibodies. Anti-SOD1 antibodies were not detected in any of our CSF samples (data not
shown). Since antibody levels in CSF are approximately 1000-fold lower than in human
serum,23 it is likely that potential anti-SOD1 antibodies in our CSF samples are below the
limit of detection of our ELISA.

Demographic analyses confirmed that race and gender are not confounders for the mean
anti-SOD1 antibody levels (Table 1, Supplementary Tables 1, 2 – only available in the
online version of the journal. Please find this material with the following direct link to the
article: http://www.informahealthcare.com/ (DOI: 10.3109/17482968.2011.585163).
Although the mean age for sera-sample collection is higher for the SALS compared to HC
cohort (Table 1), this difference is not a confounder for the elevated levels of anti-SODox
IgG detected in SALS because these antibody levels do not correlate with age of collection
(Supplementary Table 2 – only available in the online version of the journal. Please find this
material with the following direct link to the article: http://www.informahealthcare.com/
(DOI: 10.3109/17482968.2011.585163).

Moreover, in the healthy controls cohort, anti-SOD1 antibody levels do not correlate with
age of collection. For the SALS cohort, we have also analyzed the interval between age of
collection and onset of symptoms. The mean interval between these time-points was 2.1
years (± 0.11) and no correlation with the antibody level was detected.

Anti-SOD antibodies levels predict survival
For those SALS subjects with detectable levels of anti-SOD1 antibodies, we sought to
determine whether their antibody levels have an impact on the SALS disease course. First,
we investigated whether anti-SOD1 antibody levels correlate with SALS disease duration
(survival). The 153 (55%) SALS subjects that expressed SODox IgM antibodies (IgM > 0)
were compared to the 127 (45%) SALS subjects without SODox IgM antibodies (IgM = 0)
for which survival data were available, and the survival analysis (Figure 2A) revealed that
subjects expressing SODox IgM antibodies have a longer survival of 6.4 years (CI 4.1–12.5)
compared to those SALS subjects without SODox IgM antibodies, who have a mean
survival of only 4.0 years (CI 3.5–5.5). This 2.4-year difference results in a hazard ratio of
1.3, and indicates that higher IgM SODox antibody levels may confer a survival advantage.

In contrast, there is an inverse correlation between survival and WT-SOD1 IgG antibody
levels. The 182 (65%) SALS subjects expressing WT-SOD1 IgG antibodies (IgG > 0)
exhibit significantly shorter survivals than the 97 (35%) SALS subjects who lack WT-SOD1
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IgG antibodies (IgG = 0). The median survival for SALS patients without WT-SOD1 IgG
antibodies is 5.6 years (CI 4.5–16.0), whereas survival is only 4.1 years (CI 3.6–5.8) for
subjects with WT-SOD1 IgG antibodies (Figure 2B). This 1.5-year difference in the mean
survival corresponds to a hazard ratio of 0.6, and suggests that antibodies against the normal,
WT-SOD1 protein may be disadvantageous to individuals with SALS.

We note the difference in antibody isotype (IgM vs. lgG) for the aforementioned antibodies.
An analysis of IgM versus IgG antibody levels revealed an inverse correlation between anti-
SODox IgM and IgG antibodies (Spearman’s rank = −0.46, p < 0.0001), and between WT-
SOD1 IgM and IgG antibodies (Spearman’s rank = −0.13, p = 0.02). Thus, SALS
individuals express elevated levels either of anti-SOD1 IgM or IgG antibodies, but rarely
elevated levels of both antibody isotypes. The differential expression of anti-SOD1 IgM and
IgG antibodies suggests that the immune repertoires of these SALS patients are bimodal,
exhibiting either predominantly primary (IgM) or secondary (IgG) responses to SOD1
antigens.

Correlation of anti-SOD1 antibodies with age and site of SALS onset
Subsequently, we evaluated additional clinical features, including age of disease onset and
site of onset, for SALS individuals expressing anti-SOD1 antibodies (IgG, IgM > 0)
compared to individuals lacking these antibodies (IgG, IgM = 0). There was no significant
difference in age of onset or site of onset for SALS individuals expressing anti-SODox and
WT-SOD1 IgM antibodies compared to individuals lacking these antibodies (Table 3).

Sera samples containing anti-SODox and WT-SOD1 IgG antibodies corresponded to a mean
age of onset of 55.8 ± 1.0 and 56.2 ± 0.9 years, respectively, whereas the respective mean
age of onset for individuals lacking these antibodies was 52.1 ± 1.1 and 51.1 ± 1.3 years
(Table 3). The age of onset for these four groups is similar to the mean age of onset (55
years) for this disease,24 and thus it is unlikely that the age differences alone could make a
significant impact on the disease course. There were no significant differences for site of
onset between groups expressing anti-SOD1 IgG antibodies and those that do not (Table 3).

Anti-SOD1 antibodies do not correlate with disease severity for OND
The small sample size and heterogeneous nature of the initial OND cohort precluded us
from evaluating whether anti-SOD1 antibodies are significantly elevated in non-ALS cases.
Therefore, a second ELISA screen was performed with sera from 50 AD, 50 PD, and 50 HC
cohorts, obtained through the HBS (Methods and Table 4). A separate HC cohort was
screened to account for potential differences in sample handling/storage between the MGH
and HBS facilities. Anti-SOD1 antibodies were detected in all HBS cohorts (Table 5 and
Supplementary Figure 1) as observed for the MGH cohorts (Figure 1, Table 2). The mean
level of anti-SODox IgG antibodies is higher in PD patient sera (0.09 μg/ml) compared to
HC (0.04 μg/ml, p = 0.02; Table 5). However, this statistical significance is dependent upon
one case (IgG = 3.8 μg/ml; Supplementary Figure 1) and is not statistically significant after
a Bonferroni correction (Table 5).

When we combined data from both ELISA screens, we observed that cases with the highest
(top 10%) anti-SOD1 antibodies are consistently within the SALS cohort (n = 298) relative
to all other cohorts (n = 224) (Supplementary Figure 2 and Supplementary Table 3 – only
available in the online version of the journal. Please find this material with the following
direct link to the article: http://www.informahealthcare.com/ (DOI:
10.3109/17482968.2011.585163).

In contrast to the correlations observed between SALS survival and anti-SOD1 antibodies
(Figure 2), there are no statistically significant correlations between anti-SOD1 antibodies
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and AD or PD disease severity, as measured by the Mini Mental State Exam (MMSE) and
the lower Unified Parkinson’s Disease Rating Scale (UPDRS), respectively. Therefore, the
clinical impact of anti-SOD1 antibodies is more relevant to SALS survival than to the
disease severity measures of other neurodegenerative diseases.

Discussion
Aberrant WT-SOD1 is associated with SALS

SOD1 mutations acquired through Mendelian inheritance play an unequivocal role in FALS
pathogenesis, and recent lines of evidence suggest an analogous role for WT-SOD1 in the
more common SALS. In vitro studies document that aberrant post-translational
modifications to the WT-SOD1 proteins, including oxidation,8;9;25 de-metallation,26;27

disulfide reduction,28 and loss of dimer-subunit integrity29 can induce the WT-SOD1
protein to acquire mutant-like properties. Moreover, misfolded WT-SOD1 has been detected
in post mortem human SALS spinal cord tissues by immunohistochemistry.5;9 Vaccination
against WT-apo SOD1 has been shown to reduce the load and toxic effects of FALS-linked
SOD1-G93A in the respective transgenic ALS mouse model,12 further demonstrating that
modified WT- and mutant-SOD1 proteins share a similar ‘toxic’ conformation.

Our ELISA screen revealed that the mean levels of anti-SODox IgG antibodies are
significantly higher in SALS patient sera (Table 2). We note that while the significance of
this result is diminished with a Bonferonni correction, the correlations between anti-SODox
antibodies and SALS both in Figure 1 and the survival analysis (discussed below) provide
cumulative evidence that implicate modified WT-SOD1 species in SALS pathogenesis. That
anti-SOD1 antibodies are not detected in all SALS samples suggests that modified WT-
SOD1 may be involved in a subset of SALS cases, consistent with previous
immunohistochemical results.9

Anti-SOD1 antibody production and antibody isotypes
Since SOD1 is intracellular, it is somewhat surprising a priori that the immune system
should mount a response to this protein. At least three factors may be important in this
regard. First, it is conceivable that the process of cell death simply releases the SOD1
protein within the CNS, which would account for the presence of anti-SOD1 antibodies in
healthy control cohorts, as well as in the disease (SALS and OND) cohorts. Secondly, recent
data indicate that SOD1 is actively secreted.30;31 The neurosecretory chromogranin proteins
promote the selective secretion of mutant SOD1 over WT-SOD1 in cultured cells.3 In light
of the observation that SODox mimics FALS-linked SOD1 mutants,8;9 enhanced secretion
of SODox or other modified WT-SOD1 species by chromogranins may explain the elevated
levels of anti-SODox IgG antibodies detected in our SALS cohort (Table 2). Finally, a third
factor that may contribute to the genesis of anti-SOD1 antibodies is neurodegenerative
disease-dependent loss of integrity of the blood-brain and blood-spinal cord barriers, which
has been documented in ALS mouse models.32

Given that there appears to be a robust humoral immune response to SOD1 in ALS, can we
understand the patterns of immunoglobulin isotypes that we detect? Our ELISAs reveal that
SALS subjects differentially express IgG and IgM anti-SOD1 antibodies, indicative of an
isotype class-switch. In addition, younger SALS subjects express higher levels of anti-SOD1
IgM antibodies, whereas older subjects express higher levels of anti-SOD1 IgG antibodies
(Supplementary Table 2 – only available in the online version of the journal. Please find this
material with the following direct link to the article: http://www.informahealthcare.com/
(DOI:10.3109/17482968.2011.585163).
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A longitudinal study, like that reported by Zhang et al.,33 is needed to further address the
possibility that the differential expression of IgM and IgG antibodies reflects early and late
stages, respectively, of a SALS immune response to SOD1.

The impact of anti-SOD1 antibodies on disease course
Anti-SOD1 antibodies can potentially play a therapeutic or pathogenic role in SALS. Both
active and passive immunization with the recombinant SOD1 antigens have delayed disease
onset and/or prolonged survival in ALS mouse models.7;12 Intracerebroventricular infusion
of monoclonal anti-SOD1 antibodies also prolongs the lifespan of ALS mice.11 These
studies support a therapeutic role for anti-SOD1 antibodies. By contrast, several reports have
described aberrant accumulation34;35 and toxicity of IgG isolated from SALS samples. For
instance, purified human ALS IgG is toxic to neural cells in culture,36;37 and induces
profound ultrastructural changes to spinal motor neurons when injected into mice.38

Our results are consistent with the view that some categories of anti-SOD1 antibodies may
attenuate the rate of progression of ALS. Specifically, SALS subjects with anti-SODox IgM
antibodies survive longer than subjects lacking these antibodies (Figure 2A). A possible
mechanism for this beneficial influence is that anti-SODox IgM antibodies reduce SODox
levels in the CNS, which in turn permits longer survival, reminiscent of the studies by
Urushutani et al..7 Therefore, the correlation between anti-SODox antibodies and prolonged
survival further supports the hypothesis that aberrant WT-SOD1 proteins exhibit toxicity in
SALS pathogenesis. In contrast, WT-SOD1 IgG antibody levels correlate with reduced
survival for the SALS cohort (Figure 2B). By analogy, it may be disadvantageous to reduce
levels of WT-SOD1, which may play a role in ameliorating the high levels of oxidative
stress associated with SALS.39

The role of anti-SOD1 antibodies: SALS versus non-SALS
An important issue in understanding the biological significance of the anti-SOD1 antibodies
we have detected is their specificity. Our data clearly show that anti-SOD1 antibodies are
present in subjects with other neurological diseases, and to a lesser extent in healthy control
subjects. While anti-SOD1 antibodies correlate with SALS survival, they do not appear to
impact disease severity measures associated with AD and PD. The results of our study
indicate that the influence of anti-SOD1 antibodies may be more significant to ALS than
other neurodegenerative diseases.

Conclusion
We found that auto-antibodies against an aberrant form of SODox are associated with
SALS, and that levels of anti-SOD1 antibodies correlate with ALS disease duration. These
findings have important therapeutic implications in light of the observations that aberrant
WT-SOD1 proteins are associated with SALS pathogenesis, and that immunotherapeutic
approaches against aberrant SOD1 proteins exhibit beneficial effects in mice. Therefore, it
may be possible to implement immunotherapeutic strategies against misfolded SOD1 for
both SALS and FALS.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Serum antibody levels are elevated in sporadic amyotrophic lateral sclerosis (SALS) cases
compared to healthy controls (HC) and subjects with other neurological disorders (OND).
Sera samples for all subjects reported in this figure were obtained through the Clinical Trials
Unit at Massachusetts General Hospital (Methods). Sera concentrations (μg/ml) of IgG
antibodies against the SODox antigen (A) and WT-SOD1 antigen (B), and concentrations of
IgM antibodies against the SODox antigen (C) and WT-SOD1 antigen (D), are shown in a
dot-graph representation for the SALS, HC and OND cohorts. Each dot denotes the antibody
concentration for a single subject; multiple subjects with the same concentration are
represented by horizontal rows of dots. Mean antibody concentrations (Table 2) for the
specified cohort are represented by gray bars. *Mean levels of anti-SODox IgG antibodies
are significantly higher in SALS patient sera (0.11 μg/ml) compared to controls (0.07 μg/
ml, p = 0.03).
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Figure 2.
Anti-SOD1 antibody levels predict disease duration in the SALS cohort. Sera samples for all
subjects reported in this figure were obtained through the Clinical Trials Unit at
Massachusetts General Hospital (Methods). (A) SALS subjects with SODox IgM antibodies
(IgM >0; n = 153) exhibit significantly longer median survival (6.4 years; CI 4.1–12.5; gray
curve) compared to subjects without SODox IgM antibodies (IgM = 0; n = 127) (median
survival 4.0 years; CI 3.5–5.5; black curve). The parameter corresponding with IgM rank in
a Cox proportional hazards model of survival had a p-value of 0.05. (B) SALS subjects with
WT-SOD1 IgG antibodies (IgG >0; n = 182) exhibit significantly shorter median survival
(4.1 years; CI 3.6–5.8; gray curve) compared to subjects without WT-SOD1 IgG antibodies
(IgG = 0; n = 97) (median survival 5.6 years; CI 4.5–16; black curve). The parameter
corresponding with IgG rank in a Cox proportional hazards model of survival had a p-value
of 0.04. The p-value remained significant when age was included in the model. (A,B) Black
arrows indicate the impact of elevated anti-WT SOD1 IgG or anti-SODox IgM antibody
levels on survival.
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Table I

Demographic characteristics of the study subjects from Massachusetts General Hospital

SALS Healthy controls Other neurological diseases

Number of subjectsa 298 61 13

Ratio white/other (%) 92/8 97/3 85/15

Ratio male/female (%) 38/62b 62/38 54/46

Age of collection (mean years, ± SE) 56.6 ± 3.5c 47.3 ± 1.7 50.9 ± 4.0

a
Sera samples for all subjects reported in this table were obtained through the Clinical Trials Unit at Massachusetts General Hospital (Methods).

b
The difference in male/female ratio between the SALS and healthy control cohorts is statistically significant (p=0.0005) as determined by the Chi-

square test.

c
The difference in mean age of serum sample collection (years) between the SALS and healthy control cohorts is statistically significant

(p<0.0001) as determined by the Wilcoxon Z-test.

b,c
Statistically significant differences between cohorts are highlighted in bold.
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Table IV

Demographic characteristics of the study subjects from the Harvard NeuroDiscovery Center

Alzheimer’s disease Parkinson’s disease Healthy controls

Number of subjectsa 50 50 50

Ratio male/female (%) 54/46 54/46 54/46

Age of collection (mean years, ± SE) 74.8 ± 1.1 74.6 ± 1.1 74.6 ± 1.1

a
Sera samples for all subjects reported in this table were obtained through the Harvard NeuroDiscovery Center (Methods). There is no significant

difference in male/female ratio or mean age of serum sample collection (years) between subjects with Alzheimer’s disease, Parkinson’s disease or
healthy controls, as determined by Chi-square test and the Wilcoxon Z-test respectively.
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