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Abstract Alternative splicing is an important mechanism
to generate a large number of mRNAs, thus increasing
proteome diversity and tissue specificity. Three transcript
variants of alpha-synuclein, a neuronal protein mainly
involved in synapses, have been described so far. Whereas
alpha-synuclein 140 is the whole and main transcript,
alpha-synuclein 112 and 126 are short proteins that result
from in-frame deletions of exons 3 and 5, respectively.
Because the aforesaid alpha-synuclein isoforms show
differential expression changes in Lewy body diseases
(LBDs), in the present work, we searched for a fourth
alpha-synuclein isoform and studied its expression levels in
LBD brains. By using isoform-specific primers, isoform co-
amplification and direct sequencing, we identified alpha-
synuclein 98, which lacks exons 3 and 5. mRNA

expression analyses in non-neuronal tissue revealed that
alpha-synuclein 98 is a brain-specific splice variant with
varying expression levels in different areas of fetal and
adult brain. Additionally, we studied alpha-synuclein 98
expression levels by real-time semi-quantitative RT-PCR in
the frontal cortices of LBD patients and compared them
with those of Alzheimer disease (AD) patients and control
subjects. Overexpression of alpha-synuclein 98 in LBD and
AD brains would indicate its specific involvement in the
pathogenesis of these neurodegenerative disorders.
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Abbreviations
AD Alzheimer disease
LB Lewy body
cLBD common Lewy body disease
pDLB dementia with Lewy bodies, pure form
NFTs neurofibrillary tangles
NPs neuritic plaques
PD Parkinson disease

Introduction

Neuropathologically, Lewy body diseases (LBDs) are
characterized by the presence of Lewy bodies (LBs) in the
brain. LBDs include Parkinson disease (PD), dementia with
Lewy bodies in its pure form (pDLB), and common Lewy
body disease (cLBD). Because cLBD brains contain both
LBs and amyloid plaques, cLBD is thought to represent a
mixed form of DLBp and Alzheimer disease (AD). LBs are
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intraneuronal inclusion bodies and, whereas the substantia
nigra is the most affected area in PD [1, 12], widespread
distribution of LBs throughout almost all brain areas is
observed in DLBp and cLBD [18].

The most prominent component of LBs is alpha-synuclein
and its aggregation is thought to represent a key event in LB
formation [31]. Predominantly expressed in central nervous
system neurons, alpha-synuclein is localized to the cytosol
and presynaptic terminals at axonal termini [8, 15] with
some fractions associated with synaptic-vesicle membranes
[15, 41]. On the other hand, accumulating evidence
suggests that alpha-synuclein may influence the size of
presynaptic vesicular pools and, consequently, alpha-synu-
clein could play an important role in the organization and
regulation of synaptic vesicles [6, 26].

Alpha-synuclein is a very conserved, small unfolded
protein encoded by the six-exon SNCA (PARK1) gene,
which is located on chromosome 4q21 [34]. In its primary
structure, alpha-synuclein is characterized by six repeat
sequences predicted to form five amphipathic helices on the
N-terminal half [9, 16, 27, 40] and by an acidic, glutamate-
rich C-terminal region that remains unstructured even in the
presence of membranes. Alternative SNCA splicing gives
rise to three major isoforms (alpha-synuclein 140, alpha-
synuclein 126, and alpha-synuclein 112). Both short tran-
scripts are the result of in-frame deletions lacking the
intermediate isoform exon 3 [7], and the smaller isoform
exon 5 [38]. Specific functional changes can be predicted as
a result of these deletions [2, 4, 5]. Alpha-synuclein 126
shows interruption of the N-terminal protein-membrane
interaction domain, and therefore a less aggregation prone
protein is to be expected. In contrast, enhanced aggregation
properties can be expected for alpha-synuclein 112, an
isoform with a significant shortening of the unstructured C-
terminal (supplementary data include the schematically
representation of alpha-synuclein).

Differential roles of alpha-synuclein isoforms in pDLB
pathogenesis are suggested by three facts: first, LB
formation is preceded by accumulation of a specific
alpha-synuclein isoform [19]; second, membrane-bound
alpha-synuclein is able to form insoluble fibrils while the
free cytosolic form is not [20]; and third, pDLB brains
show alpha-synuclein 112 overexpression [5], in addition to
alpha-synuclein 126 downregulation [4]. A further proof of
the involvement of SNCA overexpression in LB formation
was provided by the development of α-synuclein immuno-
reactive inclusions in transgenic mice [11, 25].

In the present study, we describe a new alpha-synuclein
isoform lacking the sequences corresponding to exons 3
and 5. This isoform would result in a 98 amino acid protein
and therefore should be named alpha-synuclein 98 or
SNCA98 when referring to its mRNA. We have also
determined SNCA98 expression levels in non-neuronal

tissues as well as in different areas of the fetal and adult
brains. Finally, we have studied relative SNCA98 expres-
sion levels in the frontal cortices of LBD brains in
comparison with those of AD and controls.

Materials and methods

Source of tissues

Frontal cortex postmortem samples were facilitated by the
Institute of Neuropathology brain bank and University of
Barcelona/Hospital Clinic brain bank, Barcelona, Spain.
They had been obtained from six patients with pDLB, eight
patients with cLBD, five patients with PD, and eight patients
with AD. Whereas DLB brains showed LBs and no evidence
of either neurofibrillary tangles (NFTs) or neuritic plaques
(NPs), AD patients presented numerous NFTs and NPs and
lacked LBs. LBs, NPs, and NFTs were present in cLBD
brains. Complete characterization and pathological details
are provided as Electronic Supplementary Material.

As for controls, frozen postmortem prefrontal cortex
samples from 13 volunteers devoid of neurological signs or
symptoms and with negative neuropathological examina-
tions were used (see “Electronic Supplementary Material”).
In 4 of the 13 cases, one sample from the temporal cortex,
frontal cortex, caudate nucleus, and cerebellum were also
studied. Tissue was facilitated by the University of
Barcelona Neurological Tissue Bank (two prefrontal cortex
samples), the Bellvitge Brain Bank (four prefrontal cortex
samples, and all non-prefrontal cortex samples), and the
Department of Pathology, Hospital Germans Trias i Pujol
(seven prefrontal cortex samples). Brains had been donated
by volunteers following the guidelines of the local ethics
committees.

Also included in the study was a tissue from two fetal
brains (frontal and parietal cortex in each case) and two
samples of each of the following adult organs: skin, lung,
kidney, spleen, heart, liver, and muscle. All were obtained
from the Tumor Bank of the Germans Trias i Pujol
University Hospital in agreement with the requirements of
the local ethics committees.

RNA isolation and reverse transcription

TRI-reagent (MRC, Cincinnati, USA) was used for RNA
isolation according to the manufacturer’s protocol. Briefly,
100 mg tissue samples were homogenized in a 1.5-ml tube
with a sterile piston in 1.0 ml of TRI-reagent. Homogenates
were incubated 5 min at room temperature and then
centrifuged at 12,000×g for 10 min at 4°C to pellet
insoluble material and high-molecular-weight DNA. After
phase separation, RNA was precipitated with isopropanol
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and resuspended in an appropriate volume of DEPC-treated
water. RNA quantity was determined spectrophotometrical-
ly at A260, RNA purity was ascertained from optical
density ratio at 260 and 280 nm and RNA integrity was
checked by electrophoresis on an agarose gel. The samples
were stored at −80°C until use.

First-strand cDNA synthesis was carried out using
Ready-to-go™ You-Prime First-Strand Beads (Amersham
Pharmacia Biotech, Uppsala, Sweden). For alpha-synuclein
isoform detection, 3 μg of RNA were incubated at 37°C
during 1 h with 40 pmol of the primer SNCA 6L (Table 1)
and the First-Strand Beads. For relative expression analy-
ses, 2 μg of RNA were incubated with random hexamers
and the First-Strand Beads at 37°C during 1 h. In both
cases, the resulting cDNA was either immediately used for
PCR or stored at −20°C until use.

Specific SNCA98 amplification by PCR

Primers were designed for specific detection of SNCA 98. The
forward primer was constituted by sequences of exons 2 and 4
(SNCA2/4U), and the reverse primer contained sequences of
exons 4 and 6 (SNCA4/6L; Table 1). Their sequences were
checked against the GenBank database to ensure lack of
cross reactivity with other known human sequences. A 40-
cycle PCR program with an annealing temperature of 50°C
was carried out for standard reactions containing 10 pmol of
each primer in a final volume of 15 μl.

PCR, gel band extraction, and sequencing

To achieve the coamplification of the four SNCA isoforms,
PCR primers with very different efficiencies and high
amounts of cDNA (5 μl of the RT reaction carried out with
primer SNCA6L1) were used. Two PCR reactions with the

same exon 2 forward primer but different reverse primers
(SNCA6L1 and SNCA6L3) were designed (Table 1). Both
SNCA6L1 and SNCA6L3 were based on exon 6 sequences,
but their amplification efficiency at 56°C annealing
temperature differed substantially. To assure these differ-
ences, PCR amplification of various cDNA amounts (0.5,
1.0, 2.0, 4.0, and 8.0 μl) was carried out for both primer
pairs. Amplification of SNCA140, the most abundant
SNCA transcript, was inhibited using high cDNA amounts
and the PCR efficient primer SNCA6L1. In these con-
ditions, lesser amounts of transcripts (including SNCA98)
could be amplified. In contrast, the less efficient primer
SNCA6L3 amplified greater amounts of SNCA140 and
allowed additional detection of SNCA112.

To verify the identity of the various PCR products, PCR
fragments were separated on 2% agarose gels and extracted
by the use of the NucleoSpinExtractII Band Extraction Kit
(Macherey Nagel, Düren, Germany).

PCR products extracted from gels, as well as those
amplified with isoform specific primers, were submitted to
sequencing with the aid of the BigDye Terminator vs 1.1
Cycle Sequencing Kit (Perkin Elmer, Boston, USA) and the
ABI PRISM 310 system (Perkin Elmer).

Real time PCR

Beta-actin served as housekeeping gene for the adjustment
of relative expression data and the QuantumRNA™ β-actin
Internal Standards with Competimer technology was used
to solve the problem posed by the low SNCA98 expression
levels (Ambion, Boston, USA) [4, 14]. Real-time PCR
reactions were carried out on a LightCycler System (Roche
Applied Science, Mannheim, Germany) with the aid of the
FastStart DNA Master SYBR Green I kit (Roche Applied
Science). Reaction mixes had a final volume of 10 μl and
contained 3 mM MgCl2, 10 pmol of each primer, and 0.5 μl
of cDNA obtained during reverse transcription. A standard
LightCycler program set of 29 cycles and 50°C as
annealing temperature was used. All assays were performed
twice and independently to assure their reproducibility and
minimize possible errors and a negative control was
included in each run.

Non-neuronal tissue and brain area distribution of SNCA
98 mRNA

A standard PCR program with annealing temperature of 50°C
and 40 cycles was carried out for samples with a final volume
of 15 μl. Reaction mixes contained, in addition to 10 pmol of
each isoform specific primer (SNCA-2/4U and SNCA-4/6L),
3 mM MgCl2 and 1 μl of cDNA obtained during reverse
transcription (Table 1). Additionally, the presence of
SNCA140, SNCA126, and SNCA112 was also analyzed in

Table 1 Primer sequences used for SNCA isoform PCR amplification

Primer name"" Primer sequence
(5′-3′)

PCR use

SNCA-2U GGGTGTTCTCT
ATGTAGGC

SNCA140

SNCA-6L1 GAGCACTTGTA
CAGGATGG

SNCA140, 126, and
112; high efficient

SNCA-6L2 GGATGGAACAT
CTGTCAGC

sequencing

SNCA-6L3 AGGCTTCAGGT
TCGTAGTC

low efficient

SNCA-2/4U CTCTATGTAGTG
GCTGAGAA

SNCA126 and 98

SNCA-4/6U GTTGGGCAAGG
AAGGGTAT

SNCA112

SNCA-4/6L ATACCCTTCCTT
GCCCTTC

SNCA98
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each sample. Table 1 includes primer sequences used for the
amplification of these isoforms (SNCA140: 2U + 6L;
SNCA126: 2/4U + 6L; SNCA112: 4/6U + 6L). To assure
that possible differences were the result of different mRNA
amounts of the SNCA isoforms, a beta-actin fragment was
amplified for all samples. The annealing temperature was
50°C for SNCA126 amplification and 56°C for SNCA140,
SNCA112, and beta-actin amplification.

Alpha-synuclein 98 protein sequence analysis

To predict the protein sequence of all alpha-synuclein
isoforms, the program “Translator” (JustBio: http://www.
justbio.com) was used. Afterwards, obtained sequences were
aligned by the “Aligner” program from the same web site.

Statistical analysis

Melting peak areas were obtained on the LightCycler
instrument using polynomial analysis with background
corrections. Relative expression levels for total SNCA and
SNCA isoforms were obtained as ratios between the
respective RNA melting peak area and the β-actin:
competimer melting peak area. All data are shown as
mean+SEM values. Analyses of variance (ANOVA) were
used to evaluate differences among means. If ANOVA
showed significant differences, pair-wise comparisons
between means were tested by Tukey B post-hoc test. Null
hypothesis was rejected at the 0.05 level.

Results

Identification of the new alpha-synuclein isoform SNCA98

The main hypothesis of the present study was the existence
of an additional alpha-synuclein transcript variant. Because
SNCA126 and SNCA112 are alpha-synuclein isoforms that

present in-frame deletions as a result of the splicing out of
exon 3 or exon 5, respectively, the fourth isoform would be
the shortest, lacking exons 3 and 5. With the aim of
detecting this transcript, we designed specific primers. The
forward primer contained sequences of exons 2 and 4
(SNCA2/4U) and the reverse primer sequences of exons 4
and 6 (SNCA4/6L). We obtained a 163-bp fragment
(Fig. 1a) and direct sequencing of this PCR product
confirmed deletions of both exons 3 and 5. As the known
SNCA transcripts are named according to the amino acid
content of the expected protein, this novel isoform should
be called SNCA98.

Then we tried to coamplify the different SNCA mRNAs.
Whereas the use of cDNA obtained with random primers
resulted in the amplification of SNCA140 only, SNCA
specific cDNA amplified with high efficiency PCR primers
allowed the detection of all SNCA transcripts. Figure 1b
shows the coamplification of the four SNCA isoforms. When
high-efficient primers were used in addition to high cDNA
concentrations, the whole transcript (SNCA140) was very
poorly amplified, but the SNCA126 as well as the SNCA98
fragments were detected. In this PCR reaction, the fragment
corresponding to SNCA112 was identified in pDLB samples
only (Fig. 1b). Direct sequencing confirmed that the smallest
fragment corresponded to SNCA98 (Fig. 1c).

SNCA140 was found to be the most abundant alpha-
synuclein transcript, followed by SNCA112 and SNCA126.
It is interesting to note that after coamplification, SNCA112
was detected in pDLB samples only, a result in complete
concordance with our earlier finding of SNCA112 over-
expression in this disease. As shown by isoform coampli-
fication and comparative brain area expression, SNCA98
was present in the frontal cortex only at low levels.

SNCA 98 expression in non-neuronal tissue

After its identification, we analyzed SNCA98 expression in
non-neuronal tissue to find out whether SNCA98 is a brain

Fig. 1 Identification of SNCA 98. a SNCA98 amplification by the use
of isoform-specific primers. Lanes 1, 2, and 3: a single band of 163 bp
is observed in control brain (lane 1) and pDLB brains (lanes 2 and 3);
lane 4 blank, lane 5 100-bp ladder. b Co-amplification of the four

SNCA isoforms. Whereas SNCA112 was not amplified in control
brains (lanes 2 and 3), all four fragments were amplified in pDLB brains
(lanes 4 and 5). Lane 1 contains a 100-bp ladder. Fragment length is
indicated on the right. c Graphical representation of the SNCA isoforms
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specific isoform. SNCA98 expression levels were com-
pared with those of SNCA140, SNCA126 and SNCA112,
as well as beta-actin as a housekeeping gene. As expected,
the brain expressed all four SNCA isoforms (Fig. 2).
SNCA140 was found in all skin, lung, kidney, spleen, heart,
liver, and muscle. Although SNCA140 was present at high
amounts, all skin, lung, kidney, spleen, heart, liver, and
muscle samples, its brain expression levels were even
higher. As for SNCA126, intermediate levels were present
in the lung, kidney, spleen, heart, and muscle, but this
isoform could not be detected in the skin or liver (Fig. 2).
SNCA112 was expressed at very low levels in the skin,
lung, kidney, heart, and muscle, but it could not been
detected in the spleen or liver (Fig. 2).

In contrast to all other SNCA isoforms, SNCA98 was
detected in the brain only (Fig. 2) and therefore seems to be
a brain-specific SNCA isoform.

SNCA 98 expression in different brain areas

We tried to determine whether there are significant SNCA98
expression differences among various brain areas and
whether SNCA98 is present in the fetal brain. SNCA140,
SNCA126, SNCA112, and beta-actin expression was ana-
lyzed in the same tissue samples. Figure 3 shows that
SNCA140 and beta-actin show similar high expression
levels in all brain areas studied (frontal cortex, temporal
cortex, parietal cortex, caudate nucleus, and cerebellum) and
in the fetal brain (frontal cortex and parietal cortex).
SNCA126 and SNCA112 expression levels were lower in

the adult caudate nucleus and the fetal parietal cortex. It is
interesting to note that SNCA98 showed marked expression
differences in the various brain areas. Thus, whereas its
expression levels were high in the adult temporal and parietal
cortices and the fetal parietal cortex, only low SNCA98
amounts could be detected in all other brain areas studied
(Fig. 3).

SNCA 98 expression levels in frontal cortices of LB
diseases and AD

Because we have reported altered differential expression of
both SNCA112 and SNCA126 in pDLB, cLBD, and AD
[4, 5], in this work we have investigated SNCA98
expression in LBDs in comparison with AD and controls.
It is interesting to note that both LBDs and AD showed
important differences in SNCA98 brain expression in
comparison with controls (Fig. 4). SNCA98 expression
was markedly increased in pDLB and PD when compared
with controls (2.61±0.45 in pDLB, 2.38±0.11 in PD vs
0.96±0.12 in controls; p<0.001). AD frontal cortices
showed also elevated SNCA98 expression, although with
a marked standard deviation between samples (2.07±0.76

Fig. 2 SNCA isoform (SNCA 140, SNCA 98, SNCA 126, and
SNCA 112) expression in non-neuronal tissue, with beta-actin
expression as housekeeping gene. Lane 1 100-bp ladder as molecular
weight marker; lane 2 skin; lane 3 lung; lane 4 kidney; lane 5 spleen;
lane 6 heart; lane 7 liver; lane 8 muscle; lane 9 control brain; lane 10
AD brain; lane 11 DLB brain; and lane 12 blank

Fig. 3 SNCA isoform (SNCA 140, SNCA 98, SNCA 126, and
SNCA 112) expression in different areas of adult and fetal brains, with
beta-actin expression as housekeeping gene. Lane 1 100-bp ladder as
molecular weight marker; lane 2 frontal cortex; lane 3 temporal
cortex; lane 4 parietal cortex; lane 5 caudate nucleus; lane 6
cerebellum (all from adult brain); lane 7 frontal cortex; lane 8 parietal
cortex (both from fetal brain); and lane 9 blank

Neurogenetics (2008) 9:15–23 19



vs 0.96±0.12 in controls; p=0.013). Finally, cLBD cases
showed only slightly increased SNCA98 expression when
compared with controls (1.52±0.38 vs 0.96±0.12 in
controls; p=0.038). Whereas differences in SNCA98
expression among pDLB, PD and AD were not significant,
cLBD showed significantly lower SNCA98 expression
levels in comparison with pDLB (1.52±0.38 in cLBD vs
2.61±0.45 in pDLB, p=0.032).

SNCA98 expression levels in relation to polyT length
on intron 2

Recently, we have characterized a polyT sequence of
variable length on SNCA gene intron 2 [3]. This polyT
sequence consists of 5T, 7T, or 12T, and it is located in the
vicinity of exon 3, excluded from SNCA126 by alternative
splicing. Moreover, we have shown that the polyT length
correlates with SNCA126 expression levels. Whereas the
7T/7T genotype was associated with intermediate
SNCA126 expression levels, allele 5T carriers showed
diminished and 12T allele carriers increased SNCA126
expression [3]. In the case of SNCA98, exon 3 is spliced
out also from the pre-mRNA. Therefore, we analyzed
SNCA98 expression levels in relation to polyT length.
Results showed similar SNCA98 expression levels in all
three 7T/7T genotype, 5T allele and 12T allele carriers
(0.99±0.06, 0.97±0.08, and 0.84±0.03, respectively;
Fig. 5), suggesting that SNCA98 expression is independent
of polyT length.

The protein: α-synuclein 98 sequence analysis

Protein sequence alteration resulting from alternative splicing
was analyzed with a translator program offered by the
JustBio webpage. Results showed that α-synuclein 98 is
characterised by in-frame deletions of the amino acid
sequences corresponding to SNCA gene exons 3 and 5
(Fig. 6). No premature stop-codon is introduced, so that the
production of a C-terminal truncated protein could be
excluded. Further alignment analysis permitted to compare

alpha-synuclein 98 with the whole protein. Figure 6 shows
that this isoform would be characterized by changes different
from those of alpha-synuclein 126 and alpha-synuclein 112.
On the one hand, the four-helical protein-membrane interact-
ing domain is interrupted by the deletion of most of helix 3
and part of helix 4. The 60 amino acid C-terminal found in
alpha-synuclein 140 would have only 46 amino acids in the
case of alpha-synuclein 98. On the other hand, an important
shortening of the unstructured N-terminal would take place.
Instead of 45 amino acids, only 17 amino acids remain
within the substantially shortened C-terminal, so that the
resulting protein would consist almost only of the central
region containing NAC (residues 61–96).

Discussion

In the present study, we have identified a new alpha-
synuclein isoform, SNCA98. This splice variant is the
smallest of all alpha-synuclein isoforms known so far.
Moreover, SNCA98 shows the lowest expression levels
when compared with the other alpha-synuclein isoforms.
SNCA98 was found to be a brain specific isoform, present
with varying amounts in different adult as well as fetal
brain areas. This finding is in full agreement with the fact
that alternative splicing, although observed in all tissues, is

Fig. 5 PolyT length-dependent relative SNCA 98 expression levels in
frontal cortices of control brains. Genotypes to which correspond the
different expression levels are indicated below each bar

Fig. 4 Relative SNCA 98
expression levels in LBDs, AD
and controls. Expression levels
are represented as ratios be-
tween the SNCA 98 melting
peak area and the beta-actin:
competimer melting peak area
(*p<0.05, **p<0.001),
*comparison between disease
and control samples, # compar-
ison between pDLB and cLBD
samples
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most prevalent in brain cells [36, 42]. About 75% of all
human genes are alternatively spliced, with an average of
two to three transcripts by gene [17]. Gene regulation
through alternative splicing is more versatile than is
regulation through promoter activity, because it can alter
the structure of the gene product by inserting or deleting
protein parts [35]. In fact, approximately 75% of alternative
splicing events occur in the translated region of mRNAs,
affecting the protein-coding region. The scale of structural
changes evoked can range from a complete loss to a very
subtle modification of function [28, 43].

In the last few years, an increasing number of genes
involved in neurodegenerative disorders have been shown to
express more than one splice variant differentially. This is so
for the presenilin (PS) genes (PS1 and PS2); both of which
undergo alternative splicing. Of the PS1 isoforms, one of
them lacks exon 9 and the other two variably incorporate
four amino acids (VRSQ) on exon 4 [29]. Recently, it has
been shown that the four amino acid VRSQ-lacking
isoform binds to the RabGDP dissociation inhibitor
(rabGDI), whereas the VRSQ-containing isoform does
not, a finding that is the first evidence of a specific function
for the different isoforms [30]. On the other hand, one of
PS2 transcript variants lacks exon 5 and results in a short,
truncated protein. This isoform is differentially overex-
pressed in AD and, therefore, it has been proposed that it
contributes to neurodegeneration [32]. Another alternative-
ly spliced gene is tau, of which six isoforms resulting from
complex splicing events are expressed in the adult brain
[10, 22, 23]. The inclusion of exon 10, which codes for an
additional microtubule-binding domain, causes frontotem-
poral dementia with parkinsonism [13]. Finally, it has been
recently shown that differential expression of parkin and
synphilin transcript variants is altered in LBDs [14, 21].

Transcribed alpha-synuclein 98 would be characterized
by two deletions, one of 14 amino acids at the N-terminal
and the other of 28 amino acids at the C-terminal. Alpha-
synuclein 98 would then be characterized by a shortened C-
terminal and only the central part of the protein would
remain intact. As in the case of alpha-synuclein 112,
deletion of exon 5 would result in an important shortening

of the alpha-synuclein C-terminal and, as in the case of
alpha-synuclein 126, deletion of exon 3 would lead to the
interruption of the membrane protein-binding domain. It is
interesting to note that alpha-synuclein 112 is an aggrega-
tion-prone protein [2, 5] and alpha-synuclein 126 shows
diminished aggregation properties [4], and alpha-synuclein
98 seems to combine structural changes of both. It may
then be surmised that alpha-synuclein 98 would be unable
to bind to membranes, an event necessary before alpha-
synuclein aggregation [44].

At this point, it is interesting to mention that before alpha-
synuclein was detected as the major LB component, its
highly hydrophobic central region comprising residues 61 to
95 was isolated fromAD senile plaques and named precursor
protein of non-A-beta component of AD amyloid [37]. As
shown in Fig. 6, alpha-synuclein 98 would preserve mainly
this probably nonfunctional N-terminal fragment of the
protein, flanked by a 46 amino acid, and a 17 (instead of
45) amino acid C-terminal. The remaining central part
would correspond to the protein-protein interaction domain
(Fig. 6) and, therefore, it seems reasonable to propose that
alpha-synuclein 98 could be a protein with increased
amyloidogenic properties, able to either enhance protein
aggregation or strength existing aggregation nuclei. Be-
cause alpha-synuclein 98 expression is specific to the brain,
a highly specific function is to be expected for this isoform.
Overexpression of SNCA98 in LBDs, as well as in AD, is
an additional fact in support of this hypothesis.

Recently, we have shown that the length of a variable
polyT sequence located on intron 2 in the vicinity of exon 3
directly influences SNCA 126 expression levels in the
normal brain [3]. Contrariwise, the polyT length does not
modulate SNCA98 expression levels. These findings
strongly indicate that different alternative splicing mecha-
nisms are responsible for the generation of SNCA126 and
SNCA98. The brain-specific regulation of splicing, as by
Nova proteins [39], could be responsible for the generation
of SNCA98.

Based on the results of the present work and two earlier
studies of ours [4, 5], it can be claimed that alteration of
alpha-synuclein isoform expression plays a key role in the

Fig. 6 Sequence alignment of alpha-synuclein 140 and alpha-synuclein
98. (1) Protein-membrane interacting domain (four alpha-helices); (2)
fifth alpha helix (protein-protein interacting domain); (3) central fragment

NAC; and (4) unorganized C-terminal. Alpha-synuclein 98 is character-
ized by in-frame deletions of exon 3 (interruption of the protein-
membrane interacting domain) and exon 5 (C-terminal shortening)
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pathogenesis of LBDs and AD. It is important to note that
the same samples, and often even the same cDNAs, have
been used in all our studies, so that results are directly
comparable.

In addition to the SNCA98 overexpression observed,
SNCA126 expression was shown to be drastically down-
regulated in the present study. It is interesting to note that
both SNCA126 and SNCA98, in contrast to SNCA112,
were expressed at relative low levels. Nevertheless, a shift
of their normal expression levels seems to cause important
changes within the cell. It has been proposed that alpha-
synuclein 126, with diminished aggregation properties,
could be necessary for normal brain functioning during
normal aging [3, 4]. Alpha-synuclein 126 diminution, in
addition to the over-representation of alpha-synuclein 98,
could result in interaction with more proteins than neces-
sary and disable those for their normal function.

In addition to SNCA126 down-regulation and SNCA98
up-regulation, we have previously reported specific
SNCA112 overexpression in pDLB [5]. In contrast, cLBD
frontal cortices share drastic SNCA126 down-regulation,
but show only slightly high SNCA98 levels in conjunction
with unaltered SNCA112 expression. These findings
suggest that differential expression of alpha-synuclein
isoforms could be primarily involved in LBD pathogenesis.

Very thorough studies are being performed on the struc-
ture and function of alpha-synuclein, particularly on its
aggregation properties and fibril formation capacity [24,
33]. Nevertheless, the vast majority of these studies are
carried out on the whole protein (alpha-synuclein 140).
Most antibodies recognize alpha-synuclein 140 only and
the low levels of the other isoforms would not allow their
co-detection by the use of only this antibody. Consequently,
there is a growing need for the design and production of
isoform-specific antibodies.

In summary, SNCA98 is a new, brain-specific alpha-
synuclein isoform that is overexpressed in the frontal
cortices of LBD and AD brains. This finding provides
further evidence of brain-specific splicing and the involve-
ment of differential isoform expression changes in the
pathogenesis of LBDs. Although minimally altered expres-
sion of only one isoform would be insufficient to produce a
significant cell imbalance, the combined effect of several
overregulated or downregulated isoforms would lead to the
substantial protein–protein interaction changes underlying
neurodegeneration.
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