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Summary

Alpha-synuclein is the major protein in Lewy bodies, the hallmark pathologi-
cal finding in Parkinson’s disease (PD) and dementia with Lewy bodies

"Biostatistics, William Beaumont Hospital

Research Institute, Royal Oak, MI, USA (DLB). Although normally intracellular, it also can be secreted, so extracellu-

lar alpha-synuclein may contribute to neuronal injury. Serum antibodies to
alpha-synuclein could exert protective effects by increasing alpha-synuclein’s
movement out of the brain and, if they cross the blood-brain barrier, by
inhibiting its neurotoxic effects. The objective of this study was to measure
antibody concentrations to alpha-synuclein monomer and soluble oligomers
in three intravenous immunoglobulin (IVIG) preparations, Gamunex (Tale-
cris Biotherapeutics), Gammagard (Baxter Healthcare) and Flebogamma
(Grifols Biologicals). Antibodies were measured in native IVIG preparations
and after antibody—antigen complex dissociation. IVIG’s non-specific binding
was subtracted from its total binding to alpha-synuclein to calculate specific
anti-alpha-synuclein antibody concentrations. Specific antibodies to alpha-
synuclein monomer and/or soluble oligomers were detected in all IVIG
products. In native IVIG preparations, the highest anti-monomer concentra-
tions were in Gammagard and the highest anti-oligomer concentrations were
in Gamunex; the extent to which lot-to-lot variation may have contributed to
these differences was not determined. Antibody—antigen complex dissociation
had variable effects on these antibody levels. The IVIG preparations did not
inhibit alpha-synuclein oligomer formation, although they changed the
distribution and intensity of some oligomer bands on Western blots. The
presence of antibodies to soluble alpha-synuclein conformations in IVIG
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although some later studies disputed this [6,7]. The role

Introduction L . . .
of a-synuclein is unclear; it may be involved in axonal

Alpha-synuclein (o.-synuclein) is a 140 amino acid, 17 kDa
molecular weight, heat-stable protein located primarily
within presynaptic terminals of central nervous system
(CNS) neurones [1]. Its native form is unfolded, with little
ordered secondary structure [2]. It contains seven tandem
repeat sequences in its amino-terminal half, followed by a
hydrophobic central region termed the ‘non-B-amyloid
component’ (NAC) and an acidic carboxyl terminus [3]. The
NAC was reported to be present in amyloid-beta (AP)-
containing plaques in Alzheimer’s disease (AD) [4,5],

transport [8] and/or dopamine homeostasis [9]. Insoluble
o-synuclein fibrils are the main constituents of Lewy bodies,
the hallmark pathological finding in individuals with Par-
kinson’s disease (PD) and dementia with Lewy bodies (DLB)
[10], and o-synuclein is also present in glial and neuronal
inclusions in multiple system atrophy (MSA) [11]. However,
soluble o-synuclein oligomers, rather than o-synuclein
fibrils, may be the most neurotoxic o-synuclein conforma-
tion [12,13]. Increased expression of o-synuclein (gene
duplication and triplication) and missense mutations which
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increase its aggregation have been associated with
early-onset, autosomal dominant parkinsonism [14-17].
Although o.-synuclein is primarily intracellular, it can also be
secreted [18], so its extracellular aggregates may contribute
to neuronal injury. Drugs which inhibit o-synuclein’s aggre-
gation are therefore being explored as possible therapeutic
agents [19,20]. Another potential treatment for PD and
other synucleinopathies is intravenous immunoglobulin
(IVIG), which consists of purified immunoglobulins from
thousands of clinically normal donors. IVIG has been used
to treat autoimmune disorders and immunodeficiencies for
several decades [21]. Two clinical trials in which IVIG prepa-
rations were administered to patients with AD produced
encouraging results [22,23], but these drugs have not been
evaluated in treatment of patients with other chronic neu-
rodegenerative disorders, with the exception of small
numbers of DLB and MSA patients [24,25]. Because serum
antibodies to o-synuclein have been reported in some
normal subjects as well as PD patients [26], we hypothesized
that these antibodies might be present in IVIG. The objective
of this study was to measure the concentrations of antibodies
to soluble at-synuclein conformations in IVIG preparations.

Materials and methods

o-Synuclein disaggregation

Human recombinant o-synuclein (0-5 mg; rPeptide, Bogart,
GA, USA) was disaggregated by suspending in 0-25 ml tri-
fluoroacetic acid (hereafter, TFA; reagent grade TFA; Sigma-
Aldrich, Inc., St Louis, MO, USA) followed by an equal
volume of hexafluoro-2-propanol (Sigma-Aldrich). After
waterbath sonication for 1h, it was aliquoted into 0-6 ml
eppitubes (20 pl/tube), air-dried overnight in a fume hood,
and stored at —20°C.

Production of o-synuclein monomer

One eppitube of disaggregated a-synuclein was resuspended
in 0-6 ml high performance liquid chromatography (HPLC)-
grade water whose pH had been adjusted to 3-0 with TFA
(hereafter, “TFA water’). This was repeated twice more, yield-
ing 1-8 ml of resuspended a-synuclein; 21-8 mg of Tris base
(Trizma base; Sigma-Aldrich) was then added to bring the
Tris concentration to 100 mM. The pH of this solution was
adjusted to 8-8 by adding 12:-1 N HCIL This preparation,
whose concentration was measured with the Bio-Rad
Protein Assay (Bio-Rad Laboratories, Hercules, CA, USA) to
be 1 ug/ml, was centrifuged (11752 g for 5 min), passed
through a 0-2 um filter (GHP Acrodisc 13 mm Syringe Filter
with 0-2 um GHP Membrane; Pall Life Sciences, East Hills,
NY, USA), and used immediately.

Production of o-synuclein oligomers

Two eppitubes of previously disaggregated o-synuclein were
resuspended in a total of 5 pl of phosphate-buffered saline

(PBS, 0-01 M, pH 7-2); 50-3 pl of PBS was then added and
the o-synuclein preparation was divided equally between
two tubes. The protein concentration of this preparation was
measured to be 43 pig/ml. The tubes were incubated in a
shaking waterbath at 37°C for 4 days before use.

Western blot evaluation of a-synuclein conformations

a-Synuclein preparations were electrophoresed under
reducing and denaturing conditions through 4-20% Tris-
HCI Ready Gels (Bio-Rad). Twenty pl of the 1 pg/ml
monomer preparation or 24 ul of the 43 pug/ml oligomer
preparation was mixed with an equal volume of Laemmli
Sample Buffer (Bio-Rad), boiled briefly, and loaded onto the
gel. After electrophoresis, the proteins were transferred to
Westran S polyvinylidene fluoride (PVDF) membranes
(Whatman International Ltd, Maidstone, UK). Membranes
were then blocked with blocking buffer for near infra-red
fluorescent Western blotting (Rockland Immunocytochemi-
cals, Gilbertsville, PA, USA) for 1 h at room temperature and
incubated (overnight, 4°C, with agitation) in mouse mono-
clonal anti-oi-synuclein antibody clone syn 211 (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA; 1:200 dilution),
followed by IRDye 800 conjugated affinity purified rabbit
anti-mouse IgG (LI-COR Biosciences, Lincoln, NE; 1:15 000
dilution) for 1 h at room temperature. Bands were visualized
with LI-COR’s Odyssey Infrared Imaging System, and den-
sitometric scanning was subsequently performed using
LI-COR’s Odyssey Infrared Imaging System.

IVIG preparations

Three IVIG preparations were evaluated: Gamunex immune
globulin intravenous (human), 10% (Talecris Biotherapeu-
tics, Inc., Research Triangle Park, NC, USA), Gammagard
liquid [immune globulin intravenous (human)] 10%
(Baxter Healthcare Corp., Westlake Village, CA, USA) and
immune globulin intravenous (human) Flebogamma 5%
DIF 2-5 g (Grifols Biologicals Inc., Los Angeles, CA, USA).

Dissociation of antibody—antigen complexes in IVIG
preparations

The procedure described by Li etal. [27] for antibody—
antigen dissociation (hereafter, ‘dissociation’) was followed
with slight modifications, as reported in our previous study
[28]. Anti-o-synuclein antibodies were measured in dissoci-
ated, as well as native, IVIG preparations because an earlier
study [27] found that dissociation of anti-AB antibodies
from AP by brief incubation of serum under acidic condi-
tions (pH 3-5) led to an increase in detectable anti-A anti-
body levels, apparently by unmasking antibody previously
bound to antigen. This procedure should be applicable for
other antibodies as well as those to Ap.
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Measurement of IVIG antibodies to a-synuclein
monomer

Antibody (IgG) concentrations to o-synuclein monomer
were measured by indirect enzyme-linked immunosorbent
assay (ELISA) in four experiments for each IVIG
preparation. IVIG preparations were randomized as to the
order in which these experiments were performed.
o-Synuclein monomer was resuspended to 1 pg/ml in Tris
buffer (0-1 M, pH 8-8), passed through a 0-2 um filter, and
incubated on a 96-well Nunc Maxisorp plate (Nalge Nunc
International, Rochester, NY, USA). As a ‘specificity control’,
the same concentration of bovine serum albumin (BSA,
98%; Sigma-Aldrich) in Tris buffer was filtered and placed in
adjacent wells. After incubation overnight at 4°C, wells were
washed three times with PBS with 0-1% Tween-20 (Sigma-
Aldrich) (hereafter, PBS-T; this wash step was repeated after
all subsequent incubations), then treated with SuperBlock
(SuperBlock Blocking Buffer in PBS; Thermo Scientific,
Rockford, IL, USA), as per the manufacturer’s instructions,
followed by native or dissociated IVIG preparations, diluted
in PBS-T with 1% BSA (hereafter, PBS-T-BSA). Two dilu-
tions of each IVIG preparation were evaluated in each
experiment, as follows: Gamunex, 1:100 and 1:200; Gamma-
gard, 1:100 and 1:200; and Flebogamma, 1:50 and 1:100.
Three wells were incubated for each condition. Fourfold
dilutions of rabbit anti-o-synuclein antibody (Millipore, Bil-
lerica, MA, USA), from 1:1000 (2000 ng/ml) to 1:256 000
(7-8 ng/ml) were included for the standard curve on each
plate; blank wells received PBS-T-BSA only. Secondary anti-
sera were biotinylated goat anti-human IgG (Jackson Immu-
noresearch Laboratories, West Grove, PA, USA; 1:1000
dilution) for wells with IVIG preparations and biotinylated
goat anti-rabbit IgG (Vector Laboratories, Inc., Burlingame,
CA, USa; 1:1000 dilution) for wells with the standard curve.
The remaining steps in the ELISA were as described in our
previous study [28]. To calculate specific anti-a-synuclein
monomer antibody concentrations, the mean antibody con-
centration measured when each IVIG preparation was incu-
bated on BSA-coated wells was subtracted from antibody
concentrations measured on wells coated with o-synuclein
monomer.

Measurement of IVIG antibodies antibodies to
o-synuclein soluble oligomers

In separate experiments (four for each IVIG preparation) in
which specific antibodies were measured to o.-synuclein oli-
gomers, the procedure was as described above for anti-
monomer antibodies except that ELISA plates were coated
initially with both the a-synuclein monomer and the oligo-
mer preparations at 1 pg/ml. Because densitometric analysis
of Western blots indicated that approximately 50% of the
total band intensity in the oligomer preparation was due
to a-synuclein monomer (see below), 50% of the mean

IVIG antibodies to alpha-synuclein

anti-monomer antibody concentration was subtracted
from the specific antibody concentrations to the oligomer
preparation.

Evaluation of binding curves of a-synuclein monomer
to IVIG and BSA: specific versus non-specific binding

A sandwich ELISA was performed to determine if binding
curve characteristics could be used to distinguish between
o-synuclein’s specific binding to wells coated with mono-
clonal anti-mouse o-synuclein, its non-specific binding to
wells coated with BSA and its binding to wells coated with
one of the IVIG products, Gammagard. Gammagard was
chosen because our studies indicated that it contained the
highest specific antibody levels to o-synuclein monomer
among the IVIG products studied (see Results, Fig. 3). Spe-
cific, receptor-mediated binding of antigen by antibody
should be saturable; when antigen is in excess then this
binding should plateau, and with increasing antigen concen-
trations the binding should decrease because of the prozone
effect [29]. The ELISA plate was coated overnight with
mouse monoclonal clone 211 anti-o.-synuclein [diluted to
1:160 (1-25 pg/ml), because a preliminary experiment
showed this dilution to be in excess when the o-synuclein
concentration was 1 ng/ml (data not shown)], Gammagard
(1:100 dilution; = 1 mg/ml, or BSA (1 mg/ml). After over-
night incubation, the plate was treated with Superblock, then
incubated overnight with o-synuclein monomer serially
diluted from 10 ug/ml to 78 ng/ml in Tris buffer. All wells
then received rabbit anti-o.-synuclein (1:500; 1 h, 37°C), fol-
lowed by biotinylated goat anti-rabbit IgG (Vector), avidin-
conjugated alkaline phosphatase and PNPP as described
above.

Influence of IVIG preparations on o-synuclein
oligomer formation

Gammagard, Gamunex and Flebogamma were diluted 1:50,
1:50 and 1:25, respectively, in PBS (0-01 M, pH 7-4, with
0-02% sodium azide) to obtain total protein concentrations
of 2mg/ml. Rabbit anti-o-synuclein was diluted 1:250
(=500 ng/ml) in PBS/azide, because preliminary experi-
ments found this concentration to be in excess when incu-
bated with 1ug/ml of o-synuclein monomer. Mouse
monoclonal anti-o-synuclein 5C2 (Santa Cruz Biotechnol-
ogy) was diluted 1:80 (=1-25 ug/ml) and normal mouse
immunoglobulin (clone MOPC-21, IgGl kappa from
murine myeloma; Sigma-Aldrich) was diluted 1:720
(1-25 pug/ml) in PBS/azide. Of these antibodies, 27-7 pl (and,
as a negative control, PBS alone) were placed in tubes con-
taining 1-8 ug of disaggregated o-synuclein, which was then
vortexed to resuspend it. These preparations were placed in a
shaking waterbath (37°C) for 4-5 days, then evaluated by
Western blot as described above.
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Statistics

Data from typical experiments were analysed. Between-group
significance was evaluated for antibody concentrations (ug of
specific antibody/g total protein) to monomeric and oligo-
meric o-synuclein between IVIG products. Two dilutions for
each IVIG were used in each experiment (1:100 and 1:200 for
both Gamunex and Gammagard, and 1:50 and 1:100 for
Flebogamma). Because the calculated antibody concentra-
tions were similar for the two dilutions, the data from both
dilutions were pooled, resulting in six values per condition in
each experiment. To compare results between experiments,
data from each experiment were adjusted for interassay varia-
tion by multiplying them by a normalization factor. This
factor was derived by first determining the observed (calcu-
lated) concentration in each experiment of ‘positive control’
wells which had received a 1:16 000 dilution (125 ng/ml) of
rabbit anti-a-synuclein antibody. To calculate the normaliza-
tion factor for each experiment, the mean calculated concen-
tration for this antibody for all experiments was divided by its
observed concentration in each experiment. Data for anti-o-
synuclein monomer antibodies were normalized separately
from those for anti-oligomer antibodies. The distribution of
each data set was first analysed to determine if it met the
assumptions of the statistical tests proposed to analyse it.
Either standard one-way analysis of variance (ANOVA) or the
Welch test was used to assess differences among the three
IVIG preparations. Post-hoc pairwise comparisons of anti-
monomer antibodies between dissociated IVIG preparations
used Tukey’s multiple comparison procedures, and other
post-hoc comparisons used the T3’ procedure for pairwise
multiple comparisons for normal data with unequal vari-
ances [30,31].

To determine statistical significance between mean optical
density (OD) values for binding of IVIG products to wells
coated with a-synuclein preparations versus wells coated with
buffer alone, P-values were obtained by applying the Holm
procedure (stepdown Bonferroni) to the P-values obtained
from two-sample t-tests with the Satterthwaite approxima-
tion, to adjust for multiple comparisons. Statistical analyses
involving OD values were performed on the more concen-
trated dilution for each IVIG preparation (1:100 for
Gamunex and Gammagard, and 1:50 for Flebogamma).

Statistical analyses were performed using the sas system
for Windows version 9-2 and Minitab Release 14. P-values
= 0-05 were considered statistically significant; all P-values
were two-tailed.

Results
Production of o-synuclein monomer and soluble
oligomers

The o-synuclein monomer preparation, generated as
described above, produced one band on Western blot with a
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Fig. 1. Western blot: ai-synuclein monomer (lane A; 0-02 pg) and
oligomer (lane B; 1-03 ug) preparations. The oligomer preparation
was not pure; densitometric analysis indicated that approximately
50% of the total band density in this preparation was due to
o-synuclein monomer.

molecular weight of approximately 16-17 kDa. The «-
synuclein oligomer preparation contained monomer, dimer
and trimer bands, as well as faint higher molecular weight
bands (Fig. 1).

IVIG antibodies to o-synuclein monomer

Specific antibody concentrations in IVIG preparations to
o-synuclein monomer were calculated by subtracting their
binding to BSA-coated wells from binding to wells coated
with the same concentration of o-synuclein monomer.
Although serum antibodies to BSA have been reported in
some normal subjects [32,33], we found no difference
between the binding of IVIG preparations to wells coated
with BSA versus wells coated with buffer in more than 20
ELISAs which we performed in our previous study [28].
Thus, if these IVIG preparations contain anti-BSA antibod-
ies, then the levels are so low as to be undetectable in our
ELISA. IVIG binding to BSA-coated wells in the present
study was therefore considered be non-specific. This
accounted for 98% of native Gamunex’s binding, 44% of
native Gammagard’s binding and 67% of native Flebogam-
ma’s binding to o.-synuclein monomer (mean OD values for
binding of native IVIG preparations to o-synuclein
monomer and BSA are shown in Fig. 2). The IVIG prepara-
tions differed in their mean concentrations of specific
anti-monomer antibodies (P < 0-01 for all pairwise com-
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Fig. 2. Assessment of specific versus non-specific immunoreactivity of intravenous immunoglobulin (IVIG) preparations in enzyme-linked

immunosorbent assay (ELISA) measuring antibodies to o.-synuclein monomer. Data shown are optical density values (means * standard error of

the mean) for binding of native and antibody-antigen-dissociated IVIG preparations to wells coated with o-synuclein monomer or bovine serum
albumin (BSA). *P < 0-001 versus BSA; P < 0-01 versus BSA; °P < 0-05 versus BSA (GX = Gamunex, 1:100 dilution; GG = Gammagard, 1:100 dilution;
FG = Flebogamma, 1:50 dilution; n =2 for binding of dissociated Gammagard to BSA, n =3 for other conditions).

parisons); the highest levels were in Gammagard and the
lowest were in Gamunex (Fig. 3). Because only one IVIG
dilution could be used for the statistical analysis of OD data
in Fig. 2, this resulted in a discrepancy with the data for
specific anti-monomer antibody concentrations shown in
Fig. 3, in which data from both dilutions were used. In Fig. 2,
binding of dissociated Flebogamma to monomeric
o-synuclein achieved marginal statistical significance com-
pared with its binding to BSA (P =0-042) but, as shown in
Fig. 3, when all six OD values were converted to specific
antibody concentrations, no specific binding for dissociated
Flebogamma to monomeric o-synuclein was found. Mea-
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o-synuclein 100} ' cde
monomer IgG 8ot
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IVIG product

Fig. 3. Specific anti-o-synuclein monomer concentrations

(means * standard error of the mean), n = 6 wells/condition; pg of
specific antibody/g total protein) in native and antibody-antigen
complex-dissociated intravenous immunoglobulin (IVIG)
preparations. *P < 0-01 versus dissociated Gamunex; °P < 0-01 versus
dissociated Gammagard; °P < 0-01 versus dissociated Flebogamma;
4P < 0-01 versus native Gamunex; °P < 0-01 versus native Gammagard;
P < 0-01 versus native Flebogamma (no specific antibodies to
o-synuclein monomer were detected in native Gamunex and
dissociated Flebogamma).

surements of specific anti-o-synuclein monomer antibodies
in IVIG after dissociation of antibody—antigen complexes
also required subtraction of non-specific binding, as indi-
cated by the OD values produced when the dissociated IVIG
products were incubated on BSA-coated wells (Fig. 2). Non-
specific binding accounted for 26% of dissociated Gamun-
ex’s binding, 46% of dissociated Gammagard’s binding and
89% of dissociated Flebogamma’s binding to o-synuclein
monomer. Dissociation increased the detectable anti-
monomer antibody concentrations in Gamunex, while
decreasing them in the other IVIG products (all P <0-01;
Fig. 3). The antibody levels to o-synuclein monomer
differed between the three dissociated IVIG products
(P =0-0011 for Gamunex versus Gammagard; P < 0-0001 for
comparisons involving Flebogamma), with the highest levels
in Gamunex and the lowest levels in Flebogamma.

IVIG antibodies to o-synuclein soluble oligomers

Extensive non-specific binding of the IVIG products (e.g. to
BSA-coated as well as oligomer-coated wells) was present,
similar to the ELISAs for antibodies to o-synuclein
monomer (data not shown). Specific anti-o.-synuclein oligo-
mer concentrations in native IVIG products were signifi-
cantly different from each other, with the highest levels in
Gamunex and the lowest ones in Flebogamma (Fig. 4,
P<0-01 for all comparisons). Antibody—antigen complex
dissociation significantly altered the anti-oligomer concen-
trations in all IVIG preparations, increasing them only in
Flebogamma (P <0-01 for Gamunex and Gammagard;
P <0:05 for Flebogamma). For dissociated IVIG products,
the highest anti-a-synuclein oligomer concentrations were
in Flebogamma and Gammagard (differences between these
two did not achieve significance); statistical significance
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Fig. 4. Specific anti-o-synuclein oligomer concentrations

(means =* standard error of the mean), n = 6 wells/condition; pug of
specific antibody/g total protein) in native and antibody-antigen
complex-dissociated intravenous immunoglobulin (IVIG)
preparations. *P < 0-01 versus dissociated Gamunex; °P < 0-01 versus
dissociated Gammagard; °P < 0-05 versus dissociated Flebogamma;
4P < 0-01 versus native Gamunex; °P < 0-01 versus native Gammagard;
P < 0-01 versus native Flebogamma; ¢P < 0-05 versus dissociated
Gamunex; "P < 0-05 versus native Flebogamma.
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Fig. 5. Binding curves for wells coated with intravenous
immunoglobulin (IVIG) (Gammagard, 1 mg/ml), mouse monoclonal
anti-o-synuclein clone syn 211 (1-25 pg/ml), or bovine serum
albumin (BSA) (1 mg/ml), followed by increasing concentrations of
o-synuclein monomer. Levelling-off of the curve with increasing
a-synuclein concentrations was observed with all three conditions.

was present only between Flebogamma and Gamunex
(Flebogamma > Gamunex, P < 0-05).

IVIG’s binding curve to ¢-synuclein monomer

Using a sandwich ELISA, a-synuclein’s binding to wells
coated with the IVIG product Gammagard was compared to
its binding to wells coated with mouse monoclonal anti-c-
synuclein clone syn 211 or with BSA, to determine if Gam-
magard’s binding to o-synuclein could be characterized as
specific or non-specific on the basis of its binding curve.
However, all three curves followed a similar pattern,
levelling-off with increased o.-synuclein concentrations
(Fig. 5). [A similar curve was seen when wells were coated
with buffer alone, although the plateau occurred at lower
concentrations of o-synuclein (data not shown).]

Influence of IVIG preparations on o-synuclein
oligomer formation

Disaggregated ot-synuclein was incubated for up to 4 days at
37°C with IVIG preparations (Gammagard 1:50, Gamunex
1:50, Flebogamma 1:25), mouse monoclonal anti-o-
synuclein (clone 5C2), rabbit anti-o-synuclein, normal
mouse IgG (MOPC-21 mouse myeloma) or PBS, then
analysed with Western blot (Fig. 6). Oligomer formation
was detected in all conditions, although incubation of
a-synuclein with the IVIG preparations changed the distri-
bution of the oligomer bands. Similar results were obtained
with all three IVIG preparations. The band migrating
between the 28 kDa and 39 kDa standards (probable dimer)
was unchanged after incubation with Gammagard or
Gamunex (lanes D and E, respectively), but appeared darker
after incubation with Flebogamma (lane F). The band which
ran slightly below the 60 kDa standard (probable trimer) was
detected when oi-synuclein was incubated in the presence of
commercial anti-o-synuclein antibodies, but was not seen
when it was incubated with the IVIG preparations. In con-
trast, the band which migrated between the 60 kDa and
84 kDa standards (probable tetramer) was more prominent
when o-synuclein was incubated with IVIG products than
with the commercial anti-o-synuclein antibodies or PBS.

Discussion

The major finding in this study is that IVIG products contain
specific antibodies to o-synuclein monomer and soluble

kDa
215 —
120 —
84 ——

60 —

39 —
28 —

18 —

Fig. 6. Effect of incubation intravenous immunoglobulin (IVIG)
preparations on o-synuclein oligomer formation. Western blot shows
products resulting from incubation of disaggregated o.-synuclein with
IVIG products, commercial anti-o-synuclein antibodies, normal
mouse IgG or buffer. Lane A: a-synuclein monomer (0-02 ug),
prepared as described in text; lanes B—I, oi-synuclein oligomer
preparations (total oi-synuclein loaded in each lane: 1-6 pg) after
incubation with the following (duration of incubation: lane B, 1 day;
other lanes, 4 days): lanes B and C, phosphate-buffered saline (PBS);
lane D, Gammagard (1:50 dilution); lane E, Gamunex (1:50); lane F,
Flebogamma (1:25); lane G, rabbit-anti-o-synuclein (1:250); lane H,
mouse monoclonal anti-o-synuclein 5C2 (1:50), lane I, MOPC-21
[normal mouse IgG; 1:720 (1-25 ug/ml)].
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oligomers. There were marked differences between the native
IVIG products with respect to these antibody levels, and
their relative order differed between anti-monomer and
anti-oligomer levels. The issue of variability in specific anti-
body concentrations between IVIG preparations has been
raised by previous investigators [34-36], and may be due
to differences in preparation methods and/or donor
populations. Because lot-to-lot variability for specific anti-
body levels in IVIG preparations has also been reported
[37,38], the possibility cannot be ruled out that the differ-
ences we detected in anti-o-synuclein antibody levels
between IVIG preparations could be due, at least in part, to
lot-to-lot variation. Examination of the lot-to-lot variability
of the three IVIG preparations for antibodies to o.-synuclein
monomer and soluble oligomers was beyond the scope of
this study.

None of the IVIG preparations prevented formation of
o-synuclein soluble oligomers, and neither did commercial
anti-o-synuclein sera. This contrasts with our earlier finding
that Gamunex (1:100 dilution) prevented formation of Af3
soluble oligomers [39] (the effects of the other IVIG prod-
ucts on AP oligomer formation were not evaluated in that
study), as well as a previous report that some antibodies are
able to prevent o-synuclein aggregation [40]. Interference
with the C-terminal region of a-synuclein or its hydropho-
bic core region can influence o-synuclein folding and aggre-
gation [41], so perhaps these regions of o-synuclein were not
bound by IVIG; or, if they were bound, then the affinity of
this binding was not sufficient to prevent oligomer
formation. This does not explain why the rabbit and mouse
anti-o.-synuclein antibodies in our study, which were gener-
ated against amino acid residues 111-131 and 61-95, respec-
tively, did not inhibit oligomer formation; perhaps higher
antibody concentrations were required. Determination of
the significance of the changes that were seen in o-synuclein
oligomer bands when oligomer development was allowed to
proceed in the presence of IVIG (in particular, the increased
intensity of the tetramer band) requires further study.

Because o-synuclein is produced primarily by neurones
[42], its presence in peripheral blood [43] suggests that it
may move across the blood-brain barrier in a bidirectional
manner. Anti-o.-synuclein antibodies in peripheral blood,
whether naturally occurring or due to IVIG treatment, could
reduce CNS o-synuclein levels by increasing its efflux from
the brain, similar to the ‘peripheral sink’ hypothesis pro-
posed for AP [44], and/or by reducing the entrance of cir-
culating o-synuclein into the brain through the formation of
antibody—antigen complexes. If antibodies to a-synuclein
are able to enter the brain in synucleinopathies, then they
could block o-synuclein’s activation of glial cells [45,46] or
reduce the neurotoxicity of extracellular o-synuclein. The
possible benefits of anti-a-synuclein antibodies for treat-
ment of synucleinopathies were suggested by a study by
Masliah etal. [47], in which vaccination with human
o-synuclein in transgenic mice expressing the gene for this

IVIG antibodies to alpha-synuclein

protein prevented synaptic loss; this protective effect was
associated with production of high-affinity anti-o-synuclein
antibodies.

Much of the binding of IVIG products to a-synuclein-
coated wells was non-specific. We reported similar findings
in our measurements of anti-AB antibodies in these same
IVIG preparations [39]. This non-specific binding must be
subtracted in order to measure accurately IVIG’s specific
antibodies to o-synuclein. We performed a sandwich ELISA
to determine if the curve for the IVIG product Gammagard’s
binding to o-synuclein would be indicative of specific or
non-specific binding. Levelling-off of the binding curve
occurred with either Gammagard or mouse anti-o-
synuclein as the capture antibody, but it was also present
when o-synuclein was incubated on wells coated initially
with BSA; the plateau in this case was due probably to steric
hindrance. This indicates that binding curve characteristics
are not of value for determining the specificity of Gamma-
gard’s binding to o.-synuclein.

We conclude that specific antibodies to soluble conforma-
tions of o-synuclein are present in, and may differ between,
IVIG preparations. These results suggest that an investiga-
tion of IVIG’s therapeutic effects in animal models of
synucleinopathies, and perhaps eventually in patients with
these disorders, is warranted.
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