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Abbreviations  

AD Alzheimer’s disease 
AK Adenylate kinase 
BCA Bicinchoninic acid 
DLB Dementia with Lewy bodies 
DAPI 4',6-diamidino-2-phenylindole 
Hsps Heat shock proteins  
LB Lewy body 
MEF2D Myocyte enhancer factor 2D 
NACP Non-amyloid component precursor 
NAC Hydrophobic non-Aβ component of Alzheimer’s disease 
NP-40 Nonyl  phenoxylpolyethoxylethanol 40   
PCNA Proliferating cell nuclear antigen 
PD Parkinson’s disease 
PFA Paraformaldehyde   
PIC Protease inhibition cocktail 
PNP14 Phosphoneuroprotein 14  
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Summary 
 
Alpha-synuclein, a member of the synuclein protein family together with β- and γ-
synuclein, plays a principle role in Lewy body disease such as Parkinson’s disease (PD) 
and dementia with Lewy bodies (DLB). Most evidence indicates that the accumulation 
and aggregation of α-synuclein in these disorders lead to neurodegeneration of the 
dopaminergic system leading to motor alteration and cognitive impairment. 
Immunotherapy has been implicated as a potential therapy for several neurodegenerative 
disorders with an abnormal folding and accumulation of various proteins, such as the 
presynaptic protein α-synuclein. In this study, I aimed to investigate the capacity of an α-
synuclein specific antibody, SC-211 (Santa Cruz Biotechnology, Santa Cruz, CA) to 
affect α-synuclein levels in a cellular model and to understand the molecular mechanism 
behind this event.  
 
SHSY-5Y neuroblastoma cells, overexpressing wild-type human α-synuclein, were 
treated with the antibody SC-211 for 24 hours, and then the levels of α-synuclein were 
analyzed both in medium and in lysate by western blot. Increased α-synuclein levels were 
observed in lysates from antibody treated cells, whereas lower levels were detected in cell 
medium from antibody treated cells. 
 
To further understand the mechanisms of immunotherapy, antibodies were tracked by 
using fluorescent secondary antibody in an immunocytochemistry assay, but 
unfortunately the results were somewhat inconclusive and the antibody which got into the 
cells was not able to be determined. 
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Introduction 
 
Parkinson’s disease and dementia with Lewy Bodies 
 
Parkinson’s disease (PD) was first discovered by James Parkinson who published an 
essay in 1817 to describe this new shaking palsy disease, which was later named after 
him, and then, a hundred years later, a German neurologist named Fredrik Lewy 
described intraneuronal inclusions found in the PD patients’ brain, termed Lewy bodies, 
which consist of abnormal aggregated protein (27). In 1997, biochemical analysis showed 
that a protein called α-synuclein was the main protein component of the Lewy bodies and 
further biochemical and immunohistochemical studies have verified this finding. 
 
PD is a progressive and established neurodegenerative disorder, which is characterized by 
several symptoms, including rigidity, uncontrollable tremor, postural imbalance, and 
slow movement (27). PD is the second most common neurodegenerative disease after 
Alzheimer’s disease (AD). The principle pathology feature of PD is the loss of dopamine 
neurons in the midbrain and this most likely is a result of the abnormal α-synuclein 
accumulation found in these cells. Dementia with Lewy bodies (DLB) is another 
neurodegenerative disorder which clinically shows similarities to both AD and PD (13). 
 
The pathological hallmark of PD and DLB is considered to be Lewy bodies (LB), which 
are abnormal spherical aggregates observed inside nerve cells and nigral cells (13). With 
disease development, other parts of the brain can also be affected by LB pathology, like 
the olfactory bulb, locus coeruleus, the neocortex and limbic system (3). Under electron 
microscopy, LBs exhibit a fibrillar structure with a dense core.  
 
Synuclein family 
 
The name “synuclein” relates to the fact that the protein is observed both in presynaptic 
terminals and the nuclear envelope of neuronal cells (20). All three synucleins lack 
distinctive secondary structure and are natively unfolded (18). β-synuclein and γ-
synuclein show high similarity to α-synuclein in the amino acid squence, 78% and 60% 
respectively (13).  
 
β-synuclein and α-synuclein mainly exist in the brain, especially in presynaptic nerve 
terminals. γ-synuclein, on the other hand, it can be detected in both neuronal cells and 
non-neuronal tissues (14) and is also expressed  in some breast cancer cells (16).   
 
α-synuclein structure 
 
α-synuclein is a small soluble protein with 140 amino acids and a molecular weight of 
14460 Da. It is a conserved among many different species.  
 
The primary structure of α-synuclein is commonly divided into three parts: the N-
terminal (aa 1-60), the central hydrophobic core (aa 61-95) and the C-terminal (aa 96-140) 
(Figure 1). The C-terminal region is hydrophilic and has plenty of acidic residues in form 
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of glutamic and aspartic acid (12) rendering the molecule a high net negative charge. The 
central region is also called the NAC (non-Aβ component of Alzheimer’s disease 
amyloid) region. It is highly hydrophobic and is thought to undergo a conformational 
transition from random coil to β sheet (29) during the formation of the LBs. Notably, the 
N-terminal region together with parts of the central region contain a seven repeated 
imperfect 11-residue motif (XKTKEGVXXXA, X means any amino acid), which is 
considered to be responsible for shifting random coil to α-helical conformation when α-
synuclein binds to lipid membranes.  
 
 

 
 
Fig 1: Human α-synuclein contains three parts: the N-terminal part (aa 1-60) which harbors the three 
different point mutations described for PD and DLB so far, the middle region (aa 61-95) which is 
hydrophobic and is also called the NAC region, and the C-terminal region  (aa 96-140) which is highly 
hydrophilic and unfolded. (NMR prediction from Protein data bank (PDB); 1xq8)  
 
The C-terminal part of α-synuclein is hydrophilic, variable and unfolded, which is 
suggested to be related to the chaperon activity of α-synuclein (19), while the N-terminal 
and NAC regions are more hydrophobic and greatly conserved and are thought to be 
involved in the binding activity of α-synuclein. In comparison, both the 134 amino acids 
long β-synuclein and the 127 amino acids long γ-synuclein differ in the central and in the 
C-terminal region.  
 
Potential function of α-synuclein 
 
So far, the normal function of α-synuclein is poorly understood, but evidence suggesting 
some potential roles for α-synuclein has been discovered recently.  
 
Firstly, α-synuclein is associated with synaptic vesicles suggesting that it plays a potential 
role of transporting or releasing neurotransmitters (15), such as dopamine (31). Secondly, 
α-synuclein regulates the catalytic ability of tyrosine hydroxylase, a rate-limiting enzyme 
in dopamine synthesis and hence it is primarily involved in the dopamine synthesis in 
nigrostriatal dopamine neurons (7). Thirdly, α-synuclein also has been suggested to be a 
down-regulator of the anti-apoptotic p53 pathway (1). Fourthly, some studies indicated 
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that α-synuclein may have a chaperone activity (2). Finally, α -synuclein has been 
suggested to be involved in DNA repair by interacting with PCNA (Proliferating Cell 
Nuclear Antigen) in the nucleus (37). 
 
Genetics of α-synuclein 
 
Apart from a variety of factors including environmental toxins, mitochondrial 
dysfunction and oxidative stress, genetic factors are very important in causing PD and 
DLB. The gene encoding α-synuclein is SNCA (also know as PARK1) and is mapped at 
the 4q21 region of chromosome 4 and five of its six exons are transcribed (33).  
 
So far, three different point mutations have been found in this protein; A30P and A53T 
which lead to familial forms of PD, and E46K, which leads to a familial form of DLB 
(see Figure 1.). All of these mutated forms of α-synuclein aggregate faster than the wild 
type protein, most likely due to the fact that the amino acid substitutions lead to a 
conformational change of the native structure. 
 
A53T was the first mutation described, in which the alanine is substituted by threonine at 
the 53rd amino acid. It is linked to an autosomal dominant inherited form of disease (26). 
Unlike the A30P mutation, which leads to less binding to lipid membranes, the A53T 
mutation does not influence α-synuclein’s lipid binding ability (38). The E46K mutation 
on the other hand has been shown to promote α-synucleins binding to negatively charged 
liposomes (5). 
 
Moreover, it has been shown that duplications or triplications of the wild type SNCA gene 
lead to early onset PD or DLB, respectively (32).  
 
Aggregation of α-synuclein 
 
Neither β-synuclein nor γ-synuclein form fibrils readily, but α-synuclein does so (36). 
Alpha-synuclein strongly tends to self-associate, a process where it shifts from a soluble 
native unfolded monomer into β-sheet-rich oligomeric structure and finally into the 
amyloid-like fibrils found in the LBs (figure 2). Its ability to aggregate is unique, but 
varies slightly between the different mutations. In electron diffraction studies, α-
synuclein filaments exhibit a cross beta structure that is similar to other types of amyloid 
fibrils (24).  
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Fig 2: α-synuclein aggregation from misfolded monomer to insoluble amyloid-like fibrils. Oligomers or 
protofibrils serve as seeds to promote the rate of the aggregation process. (Picture from Thomas Näsström) 
 
It has been reported that α-synuclein readily binds to synaptosomal membranes (4), and it 
is suggested that the membrane-bound α-synuclein serve as a seed which leads to 
aggregation and result in a buildup of α-synuclein fibrils along the bilayer surface (18). 
 
In addition to the point mutations in α-synuclein, many other factors may contribute, 
rendering the molecule more prone to aggregate. For example, oxidative damage to α-
synuclein can promote aggregation (23). Moreover, alternative splicing of α-synuclein 
could potentially affect its aggregation as well. If exon 3 is spliced out, α-synuclein will 
partly lose its ability to bind to membranes. Additionally if exon 5 is spliced out, this will 
result in α-synuclein lacking a part of the C-terminal, which increases aggregation as 
shown in some studies (6). 
 
α-synuclein toxicity  
 
There are still a lot of questions about how misfolded α-synuclein mediates cytotoxicity. 
For instance, an observation suggests that overproduction of α-synuclein observed with 
increasing age is correlated with a less efficient proteosomal and lysosomal degradation 
system (34), meaning that the normal protein transportation and degradation might be 
disrupted hence causing plenty of α-synuclein to accumulate in the cells.  
 
Many hypotheses have been suggested to explain the cell death observed in affected areas 
of the brain in PD and DLB patients. One hypothesis is about MEF2D (myocyte enhancer 
factor 2D), an important transcription factor. The role of MEF2D is to be transported to 
the cytoplasm to interact with the heat shock protein Hsp70 and help degrading cytosolic 
proteins, hence regulating the survival of the cell. Yang et. al (28) have shown that α-
synuclein disturbs the normal interaction between MEF2D and Hsp70, therefore leading 
to cell death. Another hypothesis is that α-synucleins form a soluble protein complex 
with other proteins rendering endogenous dopamine toxicity, hence leading to cell loss 
(17). However, the leading hypothesis is that the small soluble forms of aggregated α-
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synuclein, oligomers or protofibrils, directly damage cell membranes leading to cell 
toxicity. 
 
Therapy strategies 
 
Several drugs that mimic the activity of dopamine are applied widely, for instance L-
DOPA, a synthetic dopamine precursor. However, patients experience that these drugs 
loose their effect in the late stage of PD (22), which forces them to move to other 
therapies. 
 
Based on the fact that the aggregated forms of α-synuclein are toxic, it is desirable to find 
a way to inhibit this aggregation, and a lot of research is being done in this area. 
Recombinant single chain Fv antibody fragments were described to inhibit α-synuclein 
aggregation (10). Moreover, Hsp70 has also been shown to reduce the amount of 
misfolded α-synuclein (11), most likely through direct binding and inhibition of the 
aggregation process. It has also been shown that a short modified peptide, originally 
derived from the NAC region, can bind to full length α-synuclein and prevent the 
formation of α-synuclein oligomers and amyloid-like fibrils (8). 
 
Immunotherapy on α-synuclein and PD has been developed notably in recent years. In 
one paper report, mice overexpressing human α-synuclein were vaccinated with 
recombinant human α-synuclein, and the authors could show the mice produced high 
affinity antibodies against α-synuclein and that this led to diminished α-synuclein 
pathology in both neuronal bodies and synapses (9). This result shows that active 
vaccination has some inhibitory effects on α-synuclein aggregation, so the focus turned to 
passive vaccination by using various specific antibodies against α-synuclein and that was 
also the aim of this project.  
 
 
Aim 
 
My aim was to investigate the mechanisms of passive immunization by testing the ability 
of an α-synuclein antibody to affect levels of α-synuclein in a neuroblastoma SHSY-5Y 
cell line stably overexpressing α-synuclein. Specifically, I studied the α-synuclein levels 
in the cell lysate and cell medium after antibody treatment. 
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Results 
 
Confirmation of α-synuclein overexpression in the transfected SH-SY5Y cell line 
 
A stably transfected SH-SY5Y cell line harboring the wild-type human α-synuclein gene 
was used. Theoretically, the α-synuclein level should be higher in these cells compared to 
that in untransfected SH-SY5Y cells, although SH-SY5Y cells normally express rather 
high levels of endogenous α-synuclein. Therefore I collected cell lysates of transfected 
cells and analyzed on Western blot in comparison with cell lysates from untransfected 
cells. As Figure 3 shows, the α-synuclein was successfully overexpressed in wild-type 
transfected cells.   
 

 
 
Figure 3. The α-synuclein level was much higher in the transfected cells. Cell lysates were subjected to 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot, using anti-　-
synuclein antibody SC-211 as primary antibody. Lanes 1 and 2, lysates of stably transfected cells, lane 3, 
lysate of untransfected cells, lane 4, size marker. Sizes of proteins in some marker bands are shown to the 
right. 
 
Investigation of α-synuclein location  
 
To determine whether α-synuclein was bound to the cell membrane a biotinylation assay 
was performed on transfected WT SH-SY5Y cells.  Biotin could bind  unspecifically 
to any protein located on the cell membrane and avidin, which particularly interacts with
biotin,  could  pull  this biotin-protein complex from the total protein pool. After 
detaching  the  biotin  part,  any α-synuclein in the membrane-binding protein pool can be
caught by an anti-α-synuclein antibody. As indicated by western blot analysis (Figure 4), 
very  little α-synuclein was bound to the cell membrane in stable transfected SH-SY5Y 
cells  harboring  WT  human α-synuclein gene, whereas the majority of the α-synuclein 
was located inside the cell and could be detected in cell lysate. 
 

 
 
Figure 4. The majority of α-synuclein was located inside the cell. Intact SH-SY5Y cells were treated with 
biotin, which binds non-specifically to membrane proteins, and subsequently lysed. Avidin-coupled 
agarose beads, to which biotin and thereby indirectly any proteins bound to the biotin would bind, were 
added and subsequently centrifuged out. Then one part protein incubated with avidin and anther part 
without avidin was subjected to SDS-PAGE and western blot using anti-α-synuclein antibody SC-211. 
Lane 1, Odyssey molecular weight marker (Li-Cor Biosciences, Lincoln, NE ); lane 2, total α-synuclein 
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protein (incubated without avidin beads); lane 3, membrane-binding α-synuclein proteins (incubated with 
avidin). 
 
Analysis of α-synuclein levels in cell lysates and cell medium from antibody treated 
and control treated SH-SY5Y cells 
 
When SH-SY5Y cells were incubated with SC-211 antibody for 24 hours, the α-
synuclein level increased insignificantly compared to non-treated control samples as 
judged by using SC-211 primary antibodies in a western blot analysis (Figure 5). When 
the same samples were analyzed in western blot by using a different primary anti-α-
synuclein antibody (Syn-1), the α-synuclein levels in the antibody treated cells 
significantly increased (Figure 6). 
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Figure 5. Increased α-synuclein level was detected in antibody-treated lysates. After 24 hours of treatment 
with α-synuclein antibody SC-211 at 37 °C, cell lysates were then collected and analyzed by SDS-PAGE 
and western blot, using anti-α-synuclein antibody SC-211 as primary antibody. A and B, replicates of 
lysates from treated (211) and untreated (PBS) cells. C, mean α-synuclein levels in treated and untreated 
cells, calculated from data shown in panels A and B. Error bars show standard error, n = 8. The results from 
treated and untreted cells were not significantly different (p=0.0508). 

 10



C

211 treatment PBS control
0

1000

2000

al
ph

a-
sy

nu
cl

ei
n 

(A
.U

.)

 
 
 Figure 6. Increased α-synuclein level was detected in antibody-treated lysates by using anti-α-synclein 
antibody (Syn-1) as primary antibody. After 24 hours of treatment with α-synuclein antibody SC-211 at 37 
°C, cell lysates were collected and analyzed by SDS-PAGE and western blot, using anti-α-synuclein 
antibody Syn-1 as primary antibody. A and B, replicates of lysates from treated (211) and untreated (PBS) 
cells. C, mean α-synuclein levels in treated and untreated cells, calculated from data shown in panels A and 
B. Error bars show standard error, n = 8. The results from treated and untreted cells were significantly 
different (p=0.0404). 
 
In the cell medium from the controls, a lone monomeric α-synuclein band could be 
detected (arrow 1 in Fig. 7A). A monomeric α-synuclein band was also observed in the 
cell medium from the antibody-treated cells, but additionally two bands with apparent 
lower molecular weight appeared below the monomeric α-synuclein band (pointed by 
arrows 2 and 3 in Figure 7A). These two low molecular weight bands were not 
recognized by an anti-α-synuclein antibody raised against the N-terminal part of the 
molecule (data not shown). The level of monomeric α-synuclein in the treated and 
untreated samples were different (Figure 7B). 
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 Figure 7. Two unknown low molecular weight bands were detected in antibody treated medium samples 
by using primary anti-α-synuclein antibody syn-1. After 24 hours of treatment with α-synuclein antibody 
SC-211 at 37 °C, the medium were analyzed by SDS-PAGE and western blot using Syn-1 as primary 
antibody. Panel A, replicate of lysates from treated (211) and untreated (PBS) cells. Size of three bands, 1,2 
and 3 were calculated from positions of the same standards in figures above, included on this gel as well 
but not shown. Arrow 1 in A, the monomeric α-synuclein band; arrow 2 and 3, bands with lower molecular 
weight were also observed in the antibody-treated samples. B, mean monomeric α-synuclein levels in 
treated and untreated cells, calculated from data shown in panels A. Error bars show standard error, n = 3. 
The results from treated and untreated cells were significantly different (p=0.0039). .  
 
Cell viability measurement 
 
I quantitatively measured the release of AK (adenylate kinase) from damaged cells in cell 
medium of both antibody-treated and control cells to determine cell viability. The more 
cells damaged, the more adenylate kinase will be released. The results showed that in 
cells treated with the anti-α-synuclein antibody SC-211, there was less adenylate kinase, 
meaning less dead cells than in untreated samples (Figure 8).  
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Figure 8. Less adenylate kinase concentration in antibody treated samples reveals higher cell viability. 
After treatment with either the antibody SC-211 or PBS for 24 hours at 37 °C, the cell viability was 
analyzed by determining the AK concentration in cell-free medium. Error bars show standard error, n = 4. 
The results from treated and untreated cells were significantly different (p=0.0398). 
 
Investigation of the intracellular presence of the SC-211 treatment antibody  
  
In addition to the biotinylation assay, indicating membrane bound α-synuclein, I also 
performed immunocytochemistry to try to visualize both the intracellular localization of 
this protein, and the antibody SC-211 used for treatment (Figure 9). The anti-α-synuclein 
antibody FL-140 was used to detect α-synuclein location and visualized by goat-anti-
rabbit IgG conjugated to 594 red. In addition, a weak green fluorescent signals was seen 
in the antibody-treated cells when a goat-anti-mouse IgG conjugated to 488 green was 
used to visualize the treatment antibody SC-211.  
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Figure 9. Detection of the treatment antibody and α-synuclein location by immunocytochemistry. After 
treatment with antibody SC-211 or PBS for 24 hours at 37 °C, cells were visualized by fluorescent 
secondary antibody goat-anti-mouse IgG conjugated to 488 green for detecting the location of treatment 
antibody SC-211 (A and B). C and D, replicate of the α-synuclein location in treated and control cells by 
using primary anti-α-synuclein antibody FL-140 and fluorescent secondary antibody goat anti-rabbit IgG 
conjugated to 594 red (blue shows the cell nucleus which was colored by DAPI dye). 
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Discussion 
 
Antibody mediated higher cell viability results in higher α-synuclein level 
 
As shown in Figures 5 and 6, more α-synuclein was detected in the antibody-treated cells. 
Moreover, the cell viability result (figure 8) showed that the treated cells exhibit higher 
cell viability. Taken together, these results indicate that the higher α-synuclein levels in 
the antibody-treated cells, the higher cell viability in treated samples. It is plausible that 
the anti-α-synuclein antibody SC-211 somehow helps the cell to avoid the toxicity of the 
overexpressed α-synuclein and therefore fewer cells died in the treated samples. A 
contradictory result has been claimed in a study where antibodies specific against Aβ, the 
peptide forming the plaques found in Alzheimer brains, reduced the intracellular Aβ level 
in culture, but the mechanism of this antibody-mediated decrease is still unclear (35). The 
finding that the cellular levels of α-synuclein differed when two different primary 
antibodies were used in the western blot analysis serves as a reminder that this technique 
is an immunologic method relying on primary antibodies that may exhibit varying 
affinity for different molecular species and that may lead to discrepancy as the ones 
observed in my study. 
 
The explanations above relate to a potential antibody uptake. I performed 
immunocytochemistry to investigate whether I could detect α-synuclein antibodies inside 
the treated cells. Unfortunately there was no direct proof that antibody had been taken up 
into cells, though it is quite possible that antibody can be internalized from the cell 
medium. If so, the increased α-synuclein level may also be due to the antibody binding 
directly to α-synuclein and hence helping to avoid its cellular degradation. Another 
possibility is that the antibody binds α-synuclein and affects the cells mechanisms to 
regulate the α-synuclein production, thus leading to higher intracellular α-synuclein 
levels. 
 
The same number of cells was seeded in each cell plate before treatment, but I didn’t 
count the cells before cell lysis, so any direct influence of the antibody on the number of 
cells was not tracked. For further studies, it would be better to differentiate them to stop 
the cells from dividing, so that the effect of the antibody could be measured more 
accurately. One way to improve the immunocytochemistry experiments would be to use a 
fluorescently-labeled α-synuclein antibody which would greatly help to determine 
whether or not there is any evidence of antibody uptake. 
 
Antibody may help the truncation of α-synuclein in medium  
 
My study directly shows that α-synuclein can be exported into the cell medium (Figure 7). 
Similar findings have been reported by other researchers as well. For example, it has been 
reported that α-synuclein can be transferred from neuron to neuron, a transmission that 
doesn’t require cell-to-cell contact (25). In another paper (30), it was demonstrated that 
small amount of α-synuclein could be released from cells through lipid vesicles, 
furthermore indicating that under some conditions like oxidative stresses and failed 
quality control, α-synuclein indeed can be exported to the medium. 
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Considering that the levels of α-synuclein monomers in the antibody treated medium 
samples were lower than in the controls, obviously the treatment antibody plays a role in 
reducing the levels of monomeric α-synuclein. One explanation for the decreased α-
synuclein level could be that since the cell viability is increased in the antibody treated 
cells, less α-synuclein would be released in comparison to the untreated cells and there 
may be more necrotic cells leaking α-synuclein into the cell medium. Another 
explanation is that the antibody somehow promotes α-synuclein degradation in the cell 
medium, possibly the complex of treatment antibody and α-synuclein in the medium can 
be recognized better by some enzymes than α-synuclein itself. I found some evidence 
supporting this hypothesis. I identified truncated α -synuclein forms in cell medium that 
were not detected in cell lysates. Moreover, truncated forms of α-synuclein were only 
detected in samples from antibody-treated cells. The bands observed by western blot 
analysis can not be C-terminally truncated fragments, because the antibody SC-211, 
which is a antibody against the C-terminus, recognized both bands in the western blot 
analysis. Finally, an antibody directed against the N-terminal part of α-synuclein only 
recognized monomeric α-synuclein and failed to recognize either of the two fragments, 
strongly suggesting that the observed fragments were N-terminally truncated.I can 
exclude the possibility that these bands represent alternatively spliced forms of α-
synuclein, because the C-terminal antibody applied should not recognize one of the 
spliced forms and the N-terminal antibody used should recognize both bands, and I found 
no such evidence. 
 
The finding that antibody treatment lowered extracellular levels of a-synclein is 
intriguing. Recent evidence has shown that aggregated forms of α-synuclein can be 
transferred from neuron to neuron via the extracellular space and hence antibodies 
recognizing such forms potentially could degrade these molecular species. In the only 
active vaccination study performed so far with α-synuclein on transgenic mice with Lewy 
body disease, the antibodies found to be effective in reducing the symptoms caused by α-
synclein were directed against the C-terminal part of the molecule (21). Consequently, to 
further elucidate the exact mechanisms for antibody-mediated degradation of α-synuclein  
it would be of greatest interest to use antibodies directed against other parts of the 
molecule, such as the NAC region and the N-terminal part, to see if these antibodies also 
could affect intra- and/or extracellular α-synuclein  levels.   
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Materials & Methods  
 
Cell lines and cell culture 
 
SH-SY5Y neuroblastoma cell line which is stably transfected to express wild type α-
synuclein (bought from Danzer KM, Biberach, Germany), was cultured in a cell culture 
flask (25 cm2 Canted Neck flask, Corning) in medium containing DMEM (Dulbecco’s 
minimum essential medium, Sigma Aldrich, St. Louis, MO) supplemented with 10% FBS 
(fetal bovine serum, Sigma), 1% antibiotics (10,000 units penicillin and 10 mg/mL 
streptomycin solution, Sigma) and 1% G418 solution for selecting transfected cells 
(Sigma). 
 
Cell counting 
 
Cells were washed three times with 1xPBS (130 mM NaCl, 7 mM NaH2PO4, 3 mM 
Na2HPO4, pH 7.4) followed by addition of 1 mL 0.25% Trypsin-EDTA (Sigma) to detach 
cells from the bottom of the flask. Cells were collected and transferred to a falcon tube 
and centrifuged at 1500 x g for five minutes at room temperature. The cell pellet was 
resuspended in 3 mL 37 °C warmed cell medium and was 10-fold diluted on a Burker 
chamber with 90 μL 0.4% Trypan Blue (Sigma) which can freely get into dead cells and 
color them into blue. Living cells were counted under a light microscope. 
 
Antibody treatment of cells  
 
WT SH-SY5Y cells stably transfected with α-synuclein gene were thawed and cultured in 
a flask (25 cm2 canted neck cell culture flask, Corning) until 90 % confluence and then 
the cells were seeded into 24 well plates. When the cell confluence reached 70 %, 
antibody SC-211 (see Table 1) was added to 2 μg/mL final concentration to the wells and 
incubated for 24 hours. For control, the same amount of 1xPBS was added to control 
wells.  
 
Sample collection 
 
Cells attached to the flask bottom were washed with 1 mL 1xPBS containing 20 μL PIC 
(Protease Inhibit Cocktail, Roche) once and scraped off in another 1 mL 1xPBS. After 
centrifugation in a 4 °C precooled centrifuge at 20800 x g for one minute, the supernatant 
(containing the cell medium) was aliquoted and frozen at -20 °C. The cells were then 
lysed with NP lysis buffer (1 % NP-40 (Nonyl Phenoxylpolyethoxylethanol), 1 tablet PIC 
in 25 mL 1xTBS (20 mM Tris-HCl, 137 mM NaCl, pH 7.6)) by incubation on ice for five 
minutes. After five minutes centrifugation at 20800 x g, supernatants were collected and 
frozen upon usage. All experiments were performed on ice.  
 
Cell medium was collected from antibody-treated SH-SY5Y cell samples and transferred 
into tubes on ice, and then centrifuged at 4 °C at 20800 x g for one minute to get rid of 
cell fractions. After that the supernatant was transferred into new tubes, which were 
stored at -20 °C before usage. To further concentrate the medium samples, they were 
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lyophilized. The covered tubes which contained 500 μL were covered with parafilm that 
had several tiny holes on it. These tubes were lyophilized overnight using a VirTis 
lyophilizer (Chemical Instrument AB, Stockholm, Sweden). The next day, the freeze 
dried powder was dissolved in 50 μL 1xPBS solution. 
 
Protein concentration assay 
 
Protein concentrations were determined using the Bicinchoninic acid (BCA) Protein 
Assay according to the manufacturer’s instructions (Thermo Scientific, Waltham, MA).  
 
Western blot analysis 
 
Cell samples were thawed, mixed with 4 x sample buffer  (1x Bromophenol Blue, 86%, 4 
x Laemli’s buffer (2 mL 20% sodium dodecyl sulfate, 2 mL 99% glycerol, 1 mL 1M 
Tris-HCl, pH7.5) and 4% mercapotoethanol) containing SDS and boiled for five minutes. 
Samples were run on a 10-20 % Tris-tricine gel (Invitrogen, Carlsbad, CA) and 
electrically transferred from the gel onto 0.2 μm nitrocellulose membrane (Biorad, 
Hercules, CA) under 45V for two hours. The membrane was boiled for five minutes in 1x 
PBS and blocked in Odyssey Blocking buffer (Li-Cor Biosciences). Proteins were labeled 
with primary anti-α-synuclein antibodies and visualized by fluorescent secondary goat-
anti-rabbit IgG Green antibody (see Table 1). The membrane was scanned at 700 nm 
using an Odyssey imaging system (Li-Cor Biosciences, Lincoln, NE). 
 
Biotinylation assay 
 
To detect the membrane-binding protein, the cell medium was gently discarded and cells 
were washed with ice cold 1xPBS-PIC twice on ice and incubated with 0.5 mg/mL biotin 
solution (Pierce) for 20 min on ice. The solution was removed and cells were washed 
with ice cold 1xPBS-PIC three times to get rid of unbound biotin. Cells were then lysed 
with a NP-lysis buffer as described above. Part of the lysate was mixed with 4 x sample 
buffer,and boiled for five minutes, and was then saved in the freezer for measuring the 
total concentration of α-synuclein. The rest of the lysate was mixed with 10 μL PIC stock 
solution and 140 μL Avidin beads (NeutrAvidin Agarose Resin, Thermo) and the mixture 
was rotated overnight in a 4 °C cold room. The following day, the tube was centrifuged 
for two minutes at 20800 x g in 4 °C pre-cooled centrifuge. This was repeated three times, 
discarding the supernatant and washing the pellet (beads) with NP-lysis buffer. Washed 
beads were then resuspended in 1x sample buffer and boiled for five minutes. Next, the 
sample was transferred into a new tube by using a gel-loading tip to avoid beads. 
 
Toxilight cell viability assay 
 
The Toxilight bioassay is a non-destructive cytotoxicity assay that measures the amount 
of adenylate kinase (AK) released from cells as a measurement of cell viability. AK is an 
abundant protein that exists in all kinds of eukaryotic cells and can be detected by AK 
Detection Reagent (Lonza, Basel, Switzerland), only damaged cells release AK proteins. 
Adenylate kinase converts ADP to ATP, then ATP and luciferin work as the substrate of 
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luciferase and be catalyzed, thus emitting light and which is linearly related to AK 
concentration.  
 
Cell medium was collected from cells that had been treated with 2 μg/mL of antibody 
SC-211 (see Table 1) for 24 hours. The cell medium was centrifuged at 1500 x g for one 
minute to pellet the cells. Then, following the instruction of toxilight kit (Lonza, Basel, 
Switzerland), medium samples were mixed with the AK reagent solution and incubated 
for five minutes at room temperature without light. Next, the plate was analyzed using 
Luminescence software. 
 
Immunocytochemistry 
 
Cells were counted and seeded as mentioned above into three or eight well ADCELLS 
slides (Thermo) with a sufficient number of cells in each well (10000-20000 cells/well). 
The next day, the antibody SC-211 was added to serum free medium to a final 
concentration of 2 μg/mL and 100 μL of this medium was added to each well. Wells 
treated with serum-free medium not containing the antibody served as controls. After 24 
hours of incubation, the cells were washed three times with 1xPBS and fixed with 4% 
ice-cold paraformaldehyde for one to five minutes. Cells were then washed again and 
permeabilized with 0.5 % Triton-X100 in PBS for five minutes. Some cells were not 
permeabilized, in an effort to determine whether the SC-211 antibody was associated 
with the cell membrane or not. Cells were then washed and blocked with one to two 
drops Background Snipper (Biocare Medical, Concord, CA) for ten to fifteen minutes. 
Next, the slides were gently agitated and incubated with with the primary antibody FL-
140 (see Table 1; 1:100 dilution) for one hour at room temperature. After this, the slides 
were incubated with the respective fluorescent secondary antibodies (Table 1) which 
were 1:250 diluted, goat anti-mouse IgG conjugated to 488 green or goat anti-rabbit IgG 
conjugated to 594 red (Alexa Fluor), for 30 minutes at room temperature with gentle 
shaking. Unbound antibodies were washed off and cells were counterstained with one 
drop DAPI mounting medium (Vectasshield, Vector Laboratories, CA) which could stain 
cell nucleus. Finally, coverslips were mounted and the slides were analyzed by 
fluorescent microscopy.    
 
Antibodies 
 
The following antibodies against α-synuclein were used in this study, Table 1: 
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Table 1: Antibodies 
 

Antibody                    Property                                                  Vendor 

SC-211 
 

monoclonal mouse antibody, 
recognizing α-synuclein at position 
121-125 aa. 

Santa Cruz Biotechnology, 
Santa Cruz, CA 

FL-140 
 

polyclonal rabbit antibody, 
recognizing the following epitopes 
on α-synuclein 1-60 aa, 1-95 aa, 61-
140 aa or 96-140 aa. 

Santa Cruz Biotechnology, 
Santa Cruz, CA 

Syn-1 (BD) monoclonal mouse antibody, 
recognizing the epitope 91-99 aa on 
α-synuclein. 

Santa Cruz Biotechnology, 
Santa Cruz, CA 

Goat-anti-mouse IgG 
conjugated to 488 
green 

secondary green fluorescent 
antibody from goat against mouse 
antibodies  

Alexa Fluor 

Goat-anti-rabbit IgG 
conjugated to 594 
red 

secondary red fluorescent antibody 
from goat against rabbit antibodies 

Alexa Fluor 

 
 
Statistical analysis 
 
For Western blot and experiments linked to Western blot, all the membranes were 
exposed and scanned by an Odyssey imaging system, and the intensities of correlative 
membranes were regulated to the same condition. After that, all the bands were measured 
by software ImageJ, and data were normalized within each experiment and analyzed with 
t-test using Graph Pad Prism software. Data are presented as mean values ± SEM.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 19



 
Acknowledgements  
 
I would like to give my appreciation and hugs to: 
 
My supervisors: Charlotte Sahlin, great thanks for your time, patient guidance, valuable 
experience and discussion, on the other hand you like a big sister, each sweet and 
thoughtful consideration and help will not be forgotten. Joakim Bergström, for your 
always encourage and positive scientific attitude, for your sparking drawing on board, 
and the spirited “cool~ cool~” ☺ 
 
Paul O’Calloghan, for your resourceful discussion, mathematic explanation and 
amazing after-service on software and languages, for your warmhearted help  ☺ 
Thomas Näsström, for your time squeezed from your busy schedule to help me, for your 
“Topen” greeting every morning ☺ 
Ola Philipson, for you always patiently answer my questions, whether big or small, for 
your pleasant help ☺ 
For each joke and laugh made by you guys :D 
 
Sai Vineela Bontha, for your gentle company which definitely colored my lab life, for 
our girls sharing, tears and giggle ☺  
 
Xiao Zhang, for your generous help and guidance as a friend, for our nice talking in 
Chinese, haha ☺ 
 
Therese Wahlberg, Sofia Söllvander & Astrid Gumucio, for your kind help, for our 
volleyball games in that beautiful late summer ☺  
 
Mimmi, Barbro, LarsN, Martin, Vilmantas, Sofie, Dag…everybody in Molecular 
Geriatric group, for your help anytime and anywhere, without your friendly help things 
could not go such smoothly for me. For the lovely fika time and the Gong ☺ 
 
My friends & classmates in Uppsala, for our time together ♫ 
 
My family and Zhitao, for companying me across seven time zones, for sharing each 
tiny happiness with me, for being my dearest backup ♥ 
 
 
 
 
 
 
 

 20



References 
 
(1) Alves Da Costa, C., Paitel, E., Vincent, B. and Checler, F. 2002. Alpha-synuclein 

lowers p53-dependent apoptotic response of neuronal cells. Abolishment by 6-
hydroxydopamine and implication for Parkinson’s disease. J Biol Chem 277:50980-
50984. 

(2) Apetri, M.M., Maiti, N.C., Zagorski, M.G., Carey, P.R. and Anderson, V.E. 2006. 
Secondary structure of alpha-synuclein oligomers: characterization by Raman and 
atomic force microscopy. J Mol Biol 355:63-71. 

(3) Braak, H., Del Tredici, K., Rub, U., de Vos, R. A., Jansen Steur, E. N., Braak, E. 
2003. Staging of brain pathology related to sporadic Parkinson's disease. Neurobiol 
Aging 24: 197-211. 

(4) Bussell, R. Jr. and Eliezer, D. 2003. A structural and functional role for 11-mer 
repeats in alpha-synuclein and other exchangeable lipid binding proteins. J Mol Biol 
329:763-778.  

(5) Choi, W., Zibaee, S., Jakes, R., Serpell, L.C., Davletov, B., Crowther, R.A. and  
Goedert, M. 2004. Mutation E46K increases phospholipid binding and assembly into 
Wlaments of human alpha-synuclein. FEBS Lett 576:363-368. 

(6) Crowther, R.A., Jakes, R., Spillantini, M.G. and Goedert, M. 1998. Synthetic 
filaments assembled from C-terminally truncated alpha-synuclein. FEBS Lett 
436:309-312  

(7) Drolet, R.E., Behrouz, B., Lookingland, K.J. and Goudreau, J.L. 2006. Substrate-
mediated enhancement of phosphorylated tyrosine hydroxylase in nigrostriatal 
dopamine neurons: evidence for a role of alpha-synuclein. J Neurochem 96:950-959. 

(8) El-Agnaf, O.M.A., Paleologou, K.E., Greer, B., Abogrein, A.M., King, J.E., Salem, 
S.A., Fullwood, N.J., Benson, F.E., Hewitt, R., Ford, K.J., Martin, F.L., Harriott, P., 
Cookson, M.R. and Allsop, D. 2004. A strategy for designing inhibitors of α-
synuclein aggregation and toxicity as a novel treatment for Parkinson's disease and 
related disorders. FASEB J 18: 1315-1317. 

(9) Eliezer, M., Edward, R., Anthony, A., Michael, A., Leslie, C., Makoto, H., Peter, S., 
Michael, L., Jason, G., Tamie, C., Dora, G. and Dale S. 2005. Effects of alpha-
synuclein immunization in a mouse model of Parkinson’s disease. Neuron 46: 857-
868. 

(10) Emadi, S., Barkhordarian, H., Wang, M.S., Schulz, P. and Sierks, M.R. 2007. 
Isolation of a human single chain antibody fragment against oligomeric alpha-
synuclein that inhibits aggregation and prevents alpha-synuclein-induced toxicity. J 
Mol Biol 368:1132-1144. 

(11) Flower, T.R., Chesnokova, L.S., Froelich, C.A., Dixon, C. and Witt, S.N. 2005. Heat 
shock prevents alpha-synuclein-induced apoptosis in a yeast model of Parkinson's 
disease. J Mol Biol 351:1081-1100.  

(12) George, J.M., Jin, H., Woods, W.S. and Clayton, D.F. 1995. Characterization of a 
novel protein regulated during the critical period for song learning in the zebra finch. 
Neuron 15:361-372. 

(13) Goedert, M. 2001. Alpha-synuclein and neurodegenerative diseases. Nature Rev. 
Neurosci 2: 492-50  

 21



(14) Hsu, L.J., Sagara, Y., Arroyo, A., Rockenstein, E., Sisk, A., Mallory, M., Wong, J., 
Takenouchi, T., Hashimoto, M. and Masliah, E. 2000. Alpha-synuclein promotes 
mitochondrial deficit and oxidative stress. Am.J.Path 157: 401-410  

(15) Iwai, A. 2000. Properties of NACP/alpha-synuclein and its role in Alzheimer's 
disease. Biochim. Biophys. Acta 1502: 95-109. 

(16) Ji, H., Liu, Y.E., Jia, T., Wang, M., Liu, J., Xiao, G., Joseph, B.K., Rosen, C. and 
Shi, Y.E. 1997. Identification of a breast cancer-specific gene, BCSG1, by direct 
differential cDNA sequencing. Cancer Res 57: 759-764. 

(17) Jin, X., Shyan Y, K., Frank J.S, L., Weihong, S., Lee W, J. and Bruce A, Y. 2002. 
Dopamine-dependent neurotoxicity of alpha-synuclein: a mechanism for selective 
neurodegeneration in Parkinson disease. Nature Med 8: 600-606.  

(18) Katrin, B. 2006. Alpha-synuclein structure, posttranslational modification and 
alternative splicing as aggregation enhancers. Acta Neuropathol 112: 237-251. 

(19) Kim, T.D., Paik, S.R. and Yang, C.H. 2002. Structural and functional implications of 
C-terminal regions of alpha-synuclein. Biochemistry 41:13782-13790. 

(20) Maroteaux, L., Campanelli, J.T. and Scheller, R.H. 1988. Synuclein: a neuron-
specific protein localized to the nucleus and presynaptic nerve terminal. J.Neurosci 
8:2804-2815. 

(21) Masliah, E., Rockenstein, E., Adame, A., Alford, M., Crews, L., Hashimoto, M., 
Seubert, P., Lee, M., Goldstein, J., Chilcote, T., Games, D. and Schenk, D. 2005. 
Effects of alpha-synuclein immunization in a mouse model of Parkinson’s disease. 
Neuron 46: 857-868. 

(22) National Institution of Health, 2009. Novel drug discovery tool could identify   
promising new therapies for Parkinson’s disease. WWW document 13th July 2009: 
http://www.nih.gov/news/health/jul2009/ninds-13.htm. Date visited 29th Dec. 2009. 

(23) Ostrerova-Golts, N., Petrucelli, L., Hardy, J., Lee, J.M., Farrer, M. and Wolozin, B. 
2000. The A53T alpha-synuclein mutation increases iron-dependent aggregation and 
toxicity. J Neurosci 20: 6048-6054.  

(24) Paleologou, K.E., Irvine, G.B. and El-Agnaf, O.M. 2005. Alpha-synuclein 
aggregation in neurodegenerative diseases and its inhibition as a potential therapeutic 
strategy. Biochem Soc Trans 33: 1106-1110. 

(25) Paula, D., He J, L., Eun J, B., Christina, P., Edward, R., Leslie, C., Brian, S., Eliezer, 
M. and Seung J, L. 2009. Inclusion formation and neuronal cell death through 
neuron-to-neuron transmission of alpha-synuclein. PNAS 106: 13010-13015. 

(26) Polymeropoulos, M.H., Lavedan, C., Leroy, E., Ide, S.E., Dehejia, A., Dutra, A., 
Pike, B., Root, H., Rubenstein, J., Boyer, R., Stenroos, E.S., Chandrasekharappa, S., 
Athanassiadou, A., Papapetropoulos, T., Johnson, W.G., Lazzarini, A.M., Duvoisin, 
R.C., Di Iorio, G., Golbe, L.I. and Nussbaum, R.L. 1997. Mutation in the alpha-
synuclein gene identified in families with Parkinson's disease. Science 276:2045-
2047. 

(27) Popescu, A., Lippa, C.F. 2004. Parkinsonian syndromes: Parkinson’s disease  
dementia, dementia with Lewy bodies and progressive supranuclear palsy. Clinical 
Neuroscience Research 3:461-468. 

(28) Qian, Y., Hua, S., Marla, G., Emanuela, C., Michael, L., John J, S. and Zixu, M. 
2009. Regulation of neuronal survival factor MEF2D by chaperone-mediated 
autophagy. Science 323: 124-127. 

 22

http://www.nih.gov/news/health/jul2009/ninds-13.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Paleologou%20KE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Irvine%20GB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22El-Agnaf%20OM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract


(29) Serpell,L. C., Bemman, J., Jakes, R., Goedert, M. and Crowther, R.A. 2000. Fiber 
diffraction of synthetic alpha-synuclein filaments shows amyloid-like cross-beta 
conformation. Proc Natl Acad Sci U.S.A. 97: 4897-4902. 

(30) Seung Jae Lee. 2009. Propagation of Lewy pathology through cell-to-cell 
transmission of alpha-synuclein. F3-02-02. The Journal of the Alzheimer’s 
association 5: Issue 4, Supplement, Page 124. 

(31) Sidhu, A., Wersinger, C., and Vernier, P. 2004. alpha-Synuclein regulation of the 
dopaminergic transporter: a possible role in the pathogenesis of Parkinson’s disease. 
FEBS Lett 565:1-5. 

(32) Singleton, A.B., Farrer, M., Johnson, J., Singleton, A., Hague, S., Kachergus, J., 
Hulihan, M., Peuralinna, T., Dutra, A., Nussbaum, R., Lincoln, S., Crawley, A., 
Hanson, M., Maraganore, D., Adler, C., Cookson, M.R., Muenter, M., Baptista, M., 
Miller, D., Blancato, J., Hardy, J. and Gwinn-Hardy, K. 2003. alpha-Synuclein locus 
triplication causes Parkinson’s disease. Science 302: 841. 

(33) Spillantini, M.G., Divane, A. and Goedert, M. 1995. Assignment of human alpha-
synuclein (SNCA) and beta-synuclein (SNCB) genes to chromosomes 4q21 and 5q35. 
Genomics 27:379-381. 

(34) Stefanis, L., Larsen, K.E., Rideout, H.J., Sulzer, D. and Greene, L.A. 2001. 
Expression of A53T mutant but not wild-type alpha-synuclein in PC12 cells induces 
alterations of the ubiquitin-dependent degradation system, loss of dopamine release, 
and autophagic cell death. J Neurosci 21: 9549-9560. 

(35) Tampellini, D., Magrane, J., Takahashi, R.H., Li, F., Lin, M.T., Almeida, C.G. and 
Gouras, G.K. 2007. Internalized antibodies to the Abeta domain of APP reduce 
neuronal Abeta and protect against synaptic alterations. J Biol Chem 282: 18895-
18906. 

(36) Uversky, V.N., Li, J., Souillac, P., Millett, I.S., Doniach, S., Jakes, R., Goedert, M. 
and Fink, A.L. 2002. Biophysical properties of the synucleins and their propensities 
to fibrillate: inhibition of alpha-synuclein assembly by beta- and gamma synucleins. J 
Biol Chem 277: 11970-11978.  

(37) Yoo,H.S. 2009. functional mechanisms of nuclear translocated alpha-synuclein. F3-
02-03. The Journal of the Alzheimer’s association 5: Issue 4, Supplement, Page 124. 

(38) Yoon, S.K., Emmanuelle, L., Wendy, W. and Seung, J.L. 2006. A novel mechanism 
of interaction between alpha-synuclein and biological membranes. J Mol Biol 360: 
386-397. 

  

 23

http://www.alzheimersanddementia.com/issues/contents?issue_key=S1552-5260(09)X0005-1
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uversky%20VN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Souillac%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Millett%20IS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doniach%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jakes%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goedert%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fink%20AL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.alzheimersanddementia.com/issues/contents?issue_key=S1552-5260(09)X0005-1



