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Abstract: Azaspiracid-1 is an algal toxin that accumulates in edible mussels, and ingestion may
result in human illness as manifested by vomiting and diarrhoea. When injected into mice, it causes
neurotoxicological symptoms and death. Although it is well known that azaspiracid-1 is toxic to
most cells and cell lines, little is known about its biological target(s). A rat PC12 cell line, commonly
used as a model for the peripheral nervous system, was used to study the neurotoxicological effects
of azaspiracid-1. Azaspiracid-1 induced differentiation-related morphological changes followed by
a latter cell death. The differentiated phenotype showed peripherin-labelled neurite-like processes
simultaneously as a specific isoform of peripherin was down-regulated. The precise mechanism
behind this down-regulation remains uncertain. However, this study provides new insights into
the neurological effects of azaspiracid-1 and into the biological significance of specific isoforms
of peripherin.
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1. Introduction

The algal toxin azaspiracid-1 (AZA-1) was discovered in 1995 when it caused an outbreak
of diarrhetic shellfish poisoning (DSP)-like disease in humans. The symptoms included nausea,
vomiting, diarrhoea and stomach cramps [1]. Oral administration of AZA-1 to mice induced
histopathological changes of the intestine [2] and revealed a tumour promoting activity by
the toxin [3]. Unlike DSP-causing toxins, intraperitoneal injections of AZA-1 extracts in mice
produced neurological symptoms such as respiratory difficulties, spasms, paralysis and death [1,4].
Additionally, AZA-1 did not, unlike DSP-causing toxins, inhibit protein phosphatases 1 and 2A [5].
This led to the recognition that AZA-1 and its analogues produce a distinct disease named azaspiracid
shellfish poisoning [6].

AZA-1 is cytotoxic in the nanomolar range to a range of different mammalian cell types [5,7,8],
including neuroblastoma cells [7–9] and primary neurons [10–12]. The toxin is able to activate both
necrotic and apoptotic cell death pathways [8,11]. The c-Jun-N-terminal protein kinase (JNK) has
been shown to be implicated in AZA-1-induced neuronal cell death [13]. Two global studies, in which
changes in the transcriptome [14] and proteome [9] after AZA-1 treatment were studied, revealed that
AZA-1 induces changes in metabolic processes. However, the biological target of AZA-1 and its mode
of action still remain elusive.
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AZA-1 affects neuronal signalling in different cell types. The toxin is able to inhibit neurological
signalling in spinal cord neuronal networks, in young cerebellar granule cell cultures and in primary
neocortical neurons, and at high concentrations it acts as a hERG (human ether-à-go-go related gene)
channel blocker [11,12,15,16]. In a recent study, glutarylcarnitine, the main metabolite of glutaric acid,
was identified in azaspiracid-contaminated shellfish extracts [17]. Following this, Chevallier et al. [17]
showed that in the presence of glutaric acid, nanomolar concentration of AZA-1 could inhibit the
activity of sodium channels in vitro.

In mice orally exposed to AZA-1 the largest concentration of toxin was found in the
gastrointestinal tract [18]. Since AZA-1 has been shown to have a toxic effect on neuronal cells and
their derivatives [7–12], the enteric nervous system of the gastrointestinal tract might be a target for
the toxin. To further elucidate the neurotoxic effect of AZA-1 we have therefore used PC12 cells,
a cell line commonly used as a model for the enteric nervous system [19] and in studies focusing
on intestinal neuronal-epithelial interaction [20]. AZA-1 exposure induced an early differentiation
followed by cell death in PC12 cells. When elucidating markers known to be involved in PC12
differentiation, we found that AZA-1 specifically down-regulated an isoform of the neurospecific
intermediate filament protein peripherin. Peripherin is mainly expressed throughout the peripheral
nervous system, but it is also found in confined populations of neurons in the central nervous system,
particularly in neurons involved in motor function [21–25].

2. Results

2.1. AZA-1 Induces Morphological Alterations in PC12 Cells

In our initial dose-response experiments, PC12 cells exposed to 15 nM showed a significant
reduction in cell viability after 24 h as compared to control (Figure 1).
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Figure 1. Concentration-dependent effect of AZA-1 on PC12 cell viability. PC12 cells were exposed
to increasing dosages of AZA-1 or corresponding solvent control. Cell viability was determined by
CCK-8 assay. Values are the mean ˘ SD (n = 2–3).

Further experiments were therefore performed using 15 nM AZA-1 or solvent control for 24–72 h.
AZA-1-exposed cells had a more rounded morphology and neurite-like outgrowths when compared
to control cells (Figure 2A,B).

Approx. 17% of the AZA-1-treated cells were scored positive for neurite-like outgrowths
(Figure 2B). However, at 48 h of exposure, the viability and cell number in AZA-1-treated cells were
reduced, although some cells seemed to survive AZA-1 treatment (Figure 2C,D).
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Figure 2. Effect of AZA-1 on PC12 morphology and cell viability. PC12 cells were treated with 15 nM
AZA-1 for 6 h to 72 h, or negative control. (A) Cell morphology after AZA-1 exposure. AZA-treated
cells appeared more differentiated with neurite-like protrusions compared to controls. Bar, 20 µm.
(B) Quantitation of neurite-like protrusions. C.d. = cell diameter. (C) Cell viability as determined
based on dehydrogenase activity using CCK-8 assay. Data are presented as mean ˘ SD (n = 9) of
three independent experiments. Statistical analysis was performed using one-way ANOVA followed
by Tukey’s post hoc test (* p < 0.01). (D) Reduction of cell number after AZA-1 exposure. Data are
shown as mean ˘ SD (n = 3).

2.2. AZA-1 Down-Regulates a Specific Peripherin Isoform

Since AZA-1-exposed cells appeared more differentiated compared to control cells, we elucidated
the expression of the PC12-associated neuronal differentiation marker, peripherin [26]. In untreated
cells, peripherin was observed in patches of the whole cell with little specific organisation or filament
structures (Figure 3A–C). In cells exposed to AZA-1, neurite-like protrusions with condensed
bundles of peripherin filaments were frequently observed (Figure 3E–G) and mean cell fluorescence
was increased compared to control (Figure 3D). Furthermore, AZA-1-exposed cells showed more
condensed labelling of peripherin in close proximity to the nucleus.
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Figure 3. Neurite-like protrusions are strongly stained with peripherin. AZA-1 exposed (15 nM, 24 h)
PC12 cells (E-I) and controls (A-C) were processed for immuno-labelling using anti-peripherin (red).
Panel D shows relative mean cell fluorescence ˘ sem (n = 30). Panel H/I show negative control with
no primary antibody added. Nuclei were stained with DAPI (blue).

The peripherin filaments observed in the protrusions further support the possibility that AZA-1
triggers a differentiation process, as peripherin is known to label neurites in differentiated PC12
cells [27].

To observe possible changes in peripherin isoform levels after AZA-1 exposure cell lysates
were analysed by Western blotting. The peripherin antibody used recognised three different bands,
ranging from 50 to 60 kDa (Figure 4A). This is in accordance with Robertson et al. [28] who used the
same antibody.

The differentiation-inducing effect of AZA-1 was also tested by analysing the effect on the
neuronal markers tyrosine hydroxylase and tubulinβ3 [29]. Tyrosine hydroxylase showed an early
transient increase after AZA- exposure (Figure 4C), whilst little effect was observed on tubulinβ3
(Figure 4B).
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Figure 4. Time-dependent effect of AZA-1 on the neuronal differentiation markers peripherin,
tubulinβ3, and tyrosine hydroxylase. Cells were exposed to 15 nM AZA-1 or negative control for up
to 24 h and differentiation marker expression was analysed by Western blotting. (A) Three peripherin
bands were observed whereas the second band (indicated by an asterisk) was down-regulated at all
examined time points after addition of AZA-1; (B) The blot was then stripped and reprobed with
anti-tubulinβ3; (C) Tyrosine hydroxylase expression. PonS stainings (A,B) and (C) are shown as
loading control.

7393



Mar. Drugs 2015, 13, 7390–7402

It is well known that intermediate filaments are not always soluble in CHAPS detergent, which
was used in the lysis buffer [30]. To ensure that the down-regulated peripherin isoform did not
remain in the CHAPS-insoluble fraction, the pellet was also analysed by Western blotting (Figure 5).
As shown in Figure 5, the down-regulated peripherin isoform did not appear in the insoluble pellet.
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Figure 5. The down-regulated peripherin isoform is not found in the insoluble fraction. Cells were
treated with 15 nM AZA-1or solvent control for 24 h and lysed in homogenisation buffer. The
insoluble pellet obtained after centrifugation was dissolved in SDS-containing sample buffer. Western
blot analysis with peripherin antibody showed that the second peripherin band disappeared both in
the soluble and insoluble fraction after AZA-1 treatment. PonS staining was used as loading control.
Molecular weight in kDa.

2.3. Mass Spectrometry-Based Verification of Peripherin Isoforms

To confirm that the down-regulated band observed by Western blotting was peripherin, mass
spectrometry was utilised. Proteins were separated by SDS-PAGE and bands corresponding to
peripherin were excised and analysed by mass spectrometry (Figure 6A). Peripherin was identified
in all five gel slices (Table 1), further supporting that the down-regulated band was peripherin.

Table 1. Peripherin isoforms identified in gel bands.

GI Protein Name No of Amino Acids
Band #

1 2 3 4 5

149032092 Peripherin, isoform CRA_a 506 x
129822 Peripherin 468 x x x X

149032093 Peripherin, isoform CRA_b 474 x

GI: GenInfo identifier. #: Gel band number as in Figure 6A.

In addition to identifying the known main variant of rat peripherin protein (GI: 129822;
hereafter called Pe-58 in accordance with the naming of peripherin isoforms in mouse [31]),
previously predicted peripherin isoforms were also found (Figure 6B–F, Table 1, Supplementary
Materials Tables S1–S5).

Particularly interesting was the identification of peripherin isoform CRA_a (GI: 149032092).
This isoform was found exclusively in band #1 (Figure 6A,E). In this isoform, intron four is retained,
giving rise to a 32-amino-acid-long insert in the protein sequence and hence an increased mass
compared to Pe-58 (Figure 6C). This alternatively spliced isoform is known in mouse as Pe-61 [31,32];
however, to our knowledge, it has not been previously identified in rat. Additionally, we identified
CRA_b (GI: 149032093) in band #2 (Figure 6A,F). In this isoform the first in-frame start codon is used,
giving rise to six additional N-terminal amino acids (Figure 6D).
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Figure 6. Identification of peripherin isoforms by mass spectrometry. (A) Proteins from total cell
lysates (15 nM AZA-1 or negative control) were separated by SDS-PAGE. The gels were either further
processed for analysis by Western blotting using a peripherin antibody or stained with Coomassie.
The Western blot was used as guidance for excision of five gel slices (from the control lysate) of the
Coomassie-stained gel. The proteins in the gel slices were in-gel digested and analysed by mass
spectrometry. Peripherin isoforms were identified in all five gel slices (see Table 1). (B) Structure of
the rat peripherin gene (ENSRNOG00000015643; 1 September 2014). The gene consists of 9 exons,
labelled 1–9. Grey areas indicate protein-coding sequences. There are two start codons in-frame
with the longest open reading frame, of which the second (ATG2) is considered the canonical start
codon. Normally all introns are spliced out to give rise to peripherin. Dotted black lines indicates a
possible alternative splicing event in which intron 4 (I4) is retained, giving rise to a 96-bp-long insert
between exon 4 and exon 5 in the mature mRNA. This splicing event has previously been shown to
take place in mouse peripherin mRNA and is named Pe-61. (C) The two possible mRNAs resulting
from the splicing events described in (B). Retention of I4 gives rise to a 32 amino acid long insert
(underlined in black in the protein sequence). A tryptic peptide unique for the peripherin isoform
CRA_a/Pe-61 which is identified by mass spectrometry is labelled in red. As can be seen, parts of
intron 4 connected to exon 5 was identified with the mass spectrometer, indicating that this isoform
of peripherin does exist in rats. Note that isoform CRA_a/Pe-61 uses the first in-frame start codon,
resulting in 6 additional amino acids on its N-terminal and hence a different numbering of the amino
acids. (D) The N-terminal amino acid sequence of peripherin and the predicted peripherin isoform
CRA_b, in which the first in-frame start codon is used. Our mass spectrometry data identified a
tryptic peptide containing five of the six most N-terminal amino acids in peripherin isoform CRA_b.
(E) Mass spectrum of the tryptic peptide consisting of parts of intron 4 connected to exon 5 in
peripherin isoform CRA_a/Pe-61. (F) Mass spectrum of the N-terminal tryptic peptide in peripherin
isoform CRA_b.
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The question remains as to which isoform is down-regulated by AZA-1 exposure. It is tempting
to assume that the most intense band on the Western blot (Figures 4A and 6A) represents the Pe-58
isoform as it runs as a ~58 kDa protein, which is in good accordance with previous reports [31,32].
In addition, Pe-58 is the constitutively expressed isoform, making it reasonable that it represents the
most intense band. This would imply that the identified isoform CRA_a/Pe-61 is not detected with
the antibody used in this study, possibly due to amounts below the detection limit [28]. In mice,
a third peripherin isoform, which runs on SDS-polyacrylamide gels as a 56 kDa protein, has been
described [31,32]. This would fit well with the observed molecular weight of the down-regulated
peripherin isoform in our study.

2.4. Peripherin is Not Down-Regulated at the Transcriptional Level

We then tested whether AZA-1-induced peripherin down-regulation could be assigned to the
transcriptional level. PC12 cells were treated with 15 nM AZA-1 for 24 or 48 h or with negative
control, and reverse transcriptase-PCR was used to examine relative expression levels. The forward
primer located at the exon four–exon five junction and reverse primer located in exon nine were used
to detect peripherin. This primer pair would recognise both Pe-58 and a potential Pe-56 variant if it
exists in rats (the Pe-61 variant would not be detected using this primer pair, but we had already
excluded it as being the down-regulated band due to its larger size). One band at the expected
size for Pe-58 was detected, but no regulation of the expression of peripherin mRNA was observed
(data not shown).

2.5. Peripherin Down-Regulation Is Not Dependent on the Proteasome, Caspases and Calpains

The peripherin isoform is completely disappeared within three hours after AZA-1 administration.
Since the half-life of peripherin is 33 h [27], this rapid and complete down-regulation indicates a
degradation/cleavage of the protein rather than a down-regulation of the mRNA. We therefore
tested if the down-regulated peripherin isoform was degraded by the proteasome system. However,
inhibition of the proteasome did not prevent the observed disappearance of the peripherin isoform
after AZA-1 treatment (Figure 7). Interestingly, pre-incubation with the proteasome inhibitor by
itself also led to disappearance of the peripherin isoform, even in the absence of AZA-1 treatment.
Furthermore, it was noted that the morphology of MG132-treated cells resembled the morphology
of AZA-1-treated cells, with neurite-like protrusions occurring (data not shown). Since AZA-1 and
MG132 produced similar effects, we checked if AZA-1 acted as a proteasome inhibitor by assessing
the degree of protein ubiquitination after AZA-1 exposure. Pre-incubation with MG132 increased the
overall levels of ubiquitination as expected, but AZA-1 treatment did not result in any accumulation
of protein ubiquitination (data not shown), indicating that AZA-1 did not inhibit the proteasome.

We examined if peripherin was degraded by apoptosis-associated caspases as it has previously
been shown that AZA-1 activated caspases in a number of different cell types [8,11]. However,
pre-incubation with the broad caspase inhibitor Z-VAD-FMK did not prevent down-regulation of
the peripherin isoform after AZA-1 treatment (Figure 7).

Kim et al. have recently identified peripherin as a novel calpain target [33]. Furthermore,
calpains are Ca2+-dependent [34] and AZA-1 treatment has been shown to elevate intracellular
calcium levels [10], but no calpain inhibitor effect was observed (Figure 7).
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Figure 7. The proteasome, caspases and calpains are not involved in peripherin down-regulation
after AZA-1 exposure. Cells were pre-incubated for 1 h with a proteasome inhibitor (MG132), caspase
inhibitor (Z-VAD-FMK) or calpain inhibitor (PD150606) prior to exposure to 15 nM AZA-1 or negative
control for 24 h. Expression of peripherin isoforms (arrows) was detected using Western blotting.
Pre-incubation with the different inhibitors did not prevent down-regulation of the second peripherin
band (indicated by an asterisk). It was noted that pre-treatment with the proteasome inhibitor MG132
alone also led to a down-regulation of the second peripherin band (third lane from left).

3. Discussion

Exposure to the algal toxin AZA-1 has shown to induce neurotoxicological symptoms [1,4], and
a number of studies have been performed on neuronal cells [10–12] and their derivatives [7–9], but its
biological target is still not known. In this study we have used PC12 cells. This cell line is commonly
used as a model for the enteric nervous system [19], by which oral exposure to the toxin will be the
first part of the neuronal system to be reached. We here show that AZA-1 down-regulates a specific
isoform of the intermediate filament protein peripherin in PC12 cells. Although long-term exposure
to AZA-1 decreased cell viability, a more differentiated phenotype was observed in the early stage
after toxin addition. The differentiated cellular phenotype with neurite-like protrusions was observed
simultaneously with the change in peripherin isoform stoichiometry.

Peripherin is mainly expressed in the peripheral nervous system [25,35] and found in
pathological inclusions of patients with amyotrophic lateral sclerosis (ALS) [36]. It has also been
shown that peripherin isoform expression profiles are altered in ALS and after neuronal injury [37].
The functional relevance of the different isoforms is not known, but when expressed in SW13
vim (´), a cell line lacking cytoplasmic intermediate filament proteins, distinct morphologies and
filament assembly are observed [28,38]. Transgenic mice over-expressing peripherin show selective
motor neuron degeneration [39]. On the other hand, up-regulation of peripherin is observed after
neuronal injury [37,40] and has been shown to be cytoprotective [41], further supporting that specific
peripherin isoform expression may have individual roles.

Although we cannot be sure of the identity of the down-regulated peripherin isoform, it is
tempting to believe that it is homologous to the mouse Pe-56 isoform [31,32]. This fits well with
the molecular weight observed and expression level compared to the main constitutively expressed
isoform Pe-58. Pe-56 has been shown to be down-regulated in response to a low level of oxidative
stress in mouse neuroblastoma cells, although at higher levels of oxidative stress Pe-56 levels
remained at control level [42]. In our hands, AZA-1 did not induce oxidative stress as judged by
oxyblotting towards protein carbonylation (data not shown). This is in accordance with Vale et al. [10],
who showed that AZA-1 did not increase oxidative stress using a reactive oxygen species sensitive
fluorescent probe. Thus, the down-regulation of Pe-56 may not necessarily be directly coupled to
oxidative stress.

We observed a concomitant down-regulation of a specific peripherin isoform and increased
cell differentiation with peripherin filament assembly in neurite-like protrusions following AZA-1
exposure of PC12 cells. Previous studies have shown peripherin expression to be necessary for PC12
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cells to form neuritic processes upon differentiation induced by nerve growth factor [27]. Overall,
this indicates that the presence of Pe-56 is not essential in the developing neurites.

We checked if peripherin was degraded by caspases or calpains, both involved in apoptosis,
but peripherin isoform down-regulation does not appear to be mediated through these proteases.
A possible degradation of peripherin isoform by the proteasome system was explored by using
proteasome inhibitor MG132. Down-regulation of peripherin isoform was not prevented, but we
observed that MG132 and AZA-1 both induced down-regulation of the same peripherin isoform and
a similar differentiated morphological appearance [43]. Also, in a recent study on the effect of the
proteasome inhibitor lactacystin on PC12 cells, peripherin was identified to be down-regulated by
this proteasome inhibitor [44]. However, the authors did not show which isoform is down-regulated
or what the mechanism behind this down-regulation might be. It is rather puzzling that proteasome
inhibition would lead to peripherin down-regulation. However, MG132 has been shown to have
several targets in the cells in addition to being a proteasome inhibitor [43,45–47].

Dysregulation of peripherin and its splice variants has been associated with the
neurodegenerative disease ALS [28,37,38,48]. Therefore, the fact that an algal toxin specifically
down-regulates a peripherin isoform may provide a new tool for understanding the relevance of
peripherin in neuronal cell death.

In conclusion, we have shown that exposure to AZA-1 induces an early differentiated
phenotype followed by later cell death in PC12 cells. The differentiated appearance coincides with
down-regulation of a specific peripherin isoform, a neuronal specific intermediate filament protein.

4. Experimental Section

All chemicals were from Sigma-Aldrich unless otherwise stated.

4.1. Cell Culturing and Treatment

Rat adrenal pheochromocytoma PC12 cells were cultured as previously described in [49].
Cells were seeded to obtain a confluency of around 70% at the time of exposure to 15 nM AZA-1
(cat. No. CRM-AZA1, National Research Council, ON, Canada) or solvent control (DMSO). The
following inhibitors were used: 1 µM proteasome inhibitor MG132 (#C2211, Sigma-Aldrich, St. Louis,
MO, USA),; 100 µM caspase inhibitor Z-VAD-FMK (#FMK001, R&D Systems, Minneapolis, MN,
USA); 100 µM calpain inhibitor PD150606 (#D5946, Sigma-Aldrich, St. Louis, MO, USA).

4.2. Evaluation of Cell Morphology and Viability

Measurement of neurite-like outgrowth was performed on micrographs taken of live cells by
manually measuring outgrowth length compared to perikaryon diameter. Outgrowths were counted
as “neurite-like” if outgrowth lengths were more than 0.5 times of perikaryon diameter. At least
130 cells from three fields per well were evaluated.

Cell viability was measured using Cell Counting Kit-8 (CCK-8)( Sigma-Aldrich, St. Louis,
MO, USA) according to the manufacturer’s protocol. PC12 cells were seeded in 96-well plates
(30,000 cells/well) 24 h before treatment with or without AZA-1. Attached cells were trypsinated
and counted together with detached cells using a Neubauer chamber.

4.3. Immunofluorescence

Cells (220,000 cells/well) were seeded on poly-L-Lysine coated cover slips in a 24-well plate
one day prior to exposure to 15 nM AZA-1 or solvent control for 24 h. Cells were prepared
for immunofluorescence staining as previously described [9] using anti-peripherin (1:400, AB1530,
Millipore, Billerica, MA, USA) and AlexaFluor594 anti-rabbit (1:200A11012, ThermoFisher, Waltham,
MA, USA). Nuclei were stained using DAPI. Images were captured with a Zeiss LSM 510 META
confocal microscope (Zeiss, Oberkochen, Germany). Cell fluorescence was quantitated using ImageJ
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version 1.47 according to the formula: Corrected total cell fluorescence = Integrated density—(area of
selected cell x mean fluorescence of background readings).

4.4. SDS-PAGE and Western Blotting

Cells were lysed in homogenisation buffer (10 mM K2HPO4, 10 mM KH2PO4, 1 mM EDTA,
0.6% (w/v) 3-((3-cholamidopropyl)dimethylammonio)-1-propanesulfonate (CHAPS), 0.2 mM
Na3VO4, 50 mM NaF, Complete Protease Inhibitor Cocktail (Roche Diagnostics, Mannheim,
Germany)and cleared by centrifugation. For analysis of the insoluble fraction, the pellet after
centrifugation was dissolved in 100 µL SDS sample buffer and 20 µL loaded. Proteins separated
on 8% SDS-polyacrylamide gels were either stained with Coomassie or transferred to PDVF
membranes (RPN303F, GE Healthcare, Buckinghamshire, UK). Membranes were blocked in 1% BSA
in PBS-Tween for one hour. Membranes were incubated with anti-peripherin rabbit polyclonal
antibody (Millipore, Billerica, MA, USA AB1530, 1:1000), anti-betaTubulin3 mouse monoclonal
antibody (Santa Cruz, Dallas, TX USA sc-51670, 1:500), or anti-tyrosine hydroxylase mouse
monoclonal antibody (SigmaAldrich, St. Louis, MO, USA, T2928, 1:1000) for one h at RT, followed
by peroxidase-conjugated anti-rabbit or anti-mouse antibodies (Jackson ImmunoResearch, West
Baltimore Pike, West Grove,PA, USA, 1:10,000, 1 h at RT). Blots were developed with one mL ECL
solution (ThermoFisher, Waltham, MA, USA) using a ChemiDoc™ (Bio-Rad, Hercules, CA, USA).
Washing with PBS-T (3 ˆ 10 min) was performed between all incubation steps. In all gels used for
Western blotting, 40 µg protein was loaded per well. Ponceau-S staining was used as loading control.

4.5. RNA Isolation and Reverse Transcription

Total RNA from PC12 cells were extracted with Trizol (ThermoScientific, Waltham, MA, USA)
according to the manufacture instruction. RNA concentration and quality was assed using
NanoDrop ND1000 (ThermoScientific, Waltham, MA, USA). To synthesize cDNA, Oligo dT primer
and Transcriptor reverse transcriptase (Roche, Basel, Switzerland) was used. To detect the
transcriptional level of Pe-58 and Pe-56, 500 ng cDNA was amplified by PCR using forward primer
51-AAGAAGCTACACGAAGAGGAG-31 and reverse primer 51-GGAGGGTTCGAGCTTAGGAA-31.

4.6. Identification of Peripherin Isoforms

A Western blot was compared to a Coomassie-stained protein gel and bands were excised
manually from the gel. Proteins were in-gel digested with trypsin (V5111, Promega, Madison, WI,
USA) and peptides were extracted and reduced/alkylated according to Kellmann et al. [9]. Mass
spectrometry analysis was performed according to [50], with the following modifications: the 15 ions
with highest intensity were sequenced, normalized collision energy was 35%, dynamic exclusion
was 30 s.

4.7. Data Analysis

Raw data were converted to mgf files with Proteome discoverer™ software version 1.3
(ThermoScientific, Waltham, MA, USA) and searched against NCBInr (2012.04.15; taxonomy
Rattus, 67,662 sequences) using Mascot Daemon version 2.3.0 (Matrix Science, Boston, MA, USA)
and the Mascot search engine (http://www.matrixscience.com). Fixed modification was
carbamidomethylated cysteines, whereas variable modifications were oxidised methionine,
nitrosylated tyrosine and phosphorylated serine, threonine and tyrosine. Mass tolerance for MS and
MS/MS was set to 10 ppm and 0.6 Da respectively, and maximum allowed missed cleavages were
two. Proteins were identified with a significant threshold of p < 0.05 at peptide level.

Supplementary Materials: See Supplementary Materials Tables S1–S5.

Acknowledgments: Mass spectrometry analysis was performed at the Proteomics Unit and immunofluorescence
imaging at the Molecular Imaging Centre (both University of Bergen). We thank Jaakko Saraste (Department

7399



Mar. Drugs 2015, 13, 7390–7402

of Biomedicine, University of Bergen) and Sergiy Kostenko (Department of Molecular Biologu, University of
Bergen) for the PC12 cells. This work was supported by the Meltzer Research Fund.

Author Contributions: L.V.H., K.E.F., A.K.F., T.A.G. and K.R.-T. carried out lab work. L.V.H., A.K.F. and K.E.F.
participated in data analysis. K.E.F. designed the study. All authors contributed to writing the paper and gave
final approval for publication.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

ALS amyotrophic lateral sclerosis
AZA-1 azaspiracid-1
CCK-8 Cell Counting Kit-8
DSP diarrhetic shellfish poisoning

References

1. McMahon, T.; Silke, J. Winter toxicity of unknown aetiology in mussels. Harmful Algae News 1996, 14, 2.
2. Ito, E.; Satake, M.; Ofuji, K.; Kurita, N.; McMahon, T.; James, K.; Yasumoto, T. Multiple organ damage

caused by a new toxin azaspiracid, isolated from mussels produced in Ireland. Toxicon 2000, 38, 917–930.
[CrossRef]

3. Ito, E.; Satake, M.; Ofuji, K.; Higashi, M.; Harigaya, K.; McMahon, T.; Yasumoto, T. Chronic effects in mice
caused by oral administration of sublethal doses of azaspiracid, a new marine toxin isolated from mussels.
Toxicon 2002, 40, 193–203. [CrossRef]

4. Satake, M.; Ofuji, K.; James, K.J.; Furey, A.; Yasumoto, T. New toxic event caused by Irish mussels.
In Harmful Algae; Reguera, B., Blanco, J., Fernandez, M.L., Wyatt, T., Eds.; Xunta de Galicia and IOC of
UNESCO: Santiago de Compostella, Spain, 1998; pp. 468–469.

5. Twiner, M.J.; Hess, P.; Dechraoui, M.Y.; McMahon, T.; Samons, M.S.; Satake, M.; Yasumoto, T.; Ramsdell, J.S.;
Doucette, G.J. Cytotoxic and cytoskeletal effects of azaspiracid-1 on mammalian cell lines. Toxicon 2005, 45,
891–900. [CrossRef] [PubMed]

6. Ofuji, K.; Satake, M.; McMahon, T.; Silke, J.; James, K.J.; Naoki, H.; Oshima, Y.; Yasumoto, T. Two analogs of
azaspiracid isolated from mussels, Mytilus edulis, involved in human intoxication in Ireland. Nat. Toxins
1999, 7, 99–102. [CrossRef]

7. Vilariño, N.; Nicolaou, K.C.; Frederick, M.O.; Cagide, E.; Alfonso, C.; Alonso, E.; Vieytes, M.R.; Botana, L.M.
Azaspiracid Substituent at C1 Is Relevant to in vitro Toxicity. Chem. Res. Toxicol. 2008, 21, 1823–1831.
[CrossRef] [PubMed]

8. Twiner, M.J.; Hanagriff, J.C.; Butler, S.; Madhkoor, A.K.; Doucette, G.J. Induction of Apoptosis Pathways in
Several Cell Lines following Exposure to the Marine Algal Toxin Azaspiracid. Chem. Res. Toxicol. 2012, 25,
1493–1501. [CrossRef] [PubMed]

9. Kellmann, R.; Schaffner, C.A.M.; Grønset, T.A.; Satake, M.; Ziegler, M.; Fladmark, K.E. Proteomic response
of human neuroblastoma cells to azaspiracid-1. J. Proteom. 2009, 72, 695–707. [CrossRef] [PubMed]

10. Vale, C.; Nicolaou, K.C.; Frederick, M.O.; Gómez-Limia, B.; Alfonso, A.; Vieytes, M.R.; Botana, L.M.
Effects of Azaspiracid-1, a Potent Cytotoxic Agent, on Primary Neuronal Cultures. A Structure-Activity
Relationship Study. J. Med. Chem. 2007, 50, 356–363. [CrossRef] [PubMed]

11. Cao, Z.Y.; LePage, K.T.; Frederick, M.O.; Nicolaou, K.C.; Murray, T.F. Involvement of Caspase Activation
in Azaspiracid-Induced Neurotoxicity in Neocortical Neurons. Toxicol. Sci. 2010, 114, 323–334. [CrossRef]
[PubMed]

12. Vale, C.; Nicolaou, K.C.; Frederick, M.O.; Vieytes, M.R.; Botana, L.M. Cell Volume Decrease as a Link
between Azaspiracid-Induced Cytotoxicity and c-Jun-N-Terminal Kinase Activation in Cultured Neurons.
Toxicol. Sci. 2010, 113, 158–168. [CrossRef] [PubMed]

13. Vale, C.; Gómez-Limia, B.; Nicolaou, K.C.; Frederick, M.O.; Vieytes, M.R.; Botana, L.M. The
c-Jun-N-Terminal Kinase is Involved in the Neurotoxic Effect of Azaspiracid-1. Cell. Physiol. Biochem.
2007, 20, 957–966. [CrossRef] [PubMed]

7400

http://dx.doi.org/10.1016/S0041-0101(99)00203-2
http://dx.doi.org/10.1016/S0041-0101(01)00226-4
http://dx.doi.org/10.1016/j.toxicon.2005.02.015
http://www.ncbi.nlm.nih.gov/pubmed/15904684
http://dx.doi.org/10.1002/(SICI)1522-7189(199905/06)7:3&lt;99::AID-NT46&gt;3.0.CO;2-L
http://dx.doi.org/10.1021/tx800165c
http://www.ncbi.nlm.nih.gov/pubmed/18707138
http://dx.doi.org/10.1021/tx3001785
http://www.ncbi.nlm.nih.gov/pubmed/22725096
http://dx.doi.org/10.1016/j.jprot.2009.02.008
http://www.ncbi.nlm.nih.gov/pubmed/19269354
http://dx.doi.org/10.1021/jm061063g
http://www.ncbi.nlm.nih.gov/pubmed/17228878
http://dx.doi.org/10.1093/toxsci/kfp312
http://www.ncbi.nlm.nih.gov/pubmed/20047973
http://dx.doi.org/10.1093/toxsci/kfp246
http://www.ncbi.nlm.nih.gov/pubmed/19815690
http://dx.doi.org/10.1159/000110456
http://www.ncbi.nlm.nih.gov/pubmed/17982278


Mar. Drugs 2015, 13, 7390–7402

14. Twiner, M.J.; Ryan, J.C.; Morey, J.S.; Smith, K.J.; Hammad, S.M.; van Dolah, F.M.; Hess, P.; McMahon, T.;
Satake, M.; Yasumoto, T.; et al. Transcriptional profiling and inhibition of cholesterol biosynthesis in human
T lymphocyte cells by the marine toxin azaspiracid. Genomics 2008, 91, 289–300. [CrossRef] [PubMed]

15. Kulagina, N.V.; Twiner, M.J.; Hess, P.; McMahon, T.; Satake, M.; Yasumoto, T.; Ramsdell, J.S.; Doucette, G.J.;
Ma, W.; O’Shaughnessy, T.J. Azaspiracid-1 inhibits bioelectrical activity of spinal cord neuronal networks.
Toxicon 2006, 47, 766–773. [CrossRef] [PubMed]

16. Twiner, M.J.; Doucette, G.J.; Rasky, A.; Huang, X.-P.; Roth, B.L.; Sanguinetti, M.C. Marine Algal Toxin
Azaspiracid Is an Open-State Blocker of hERG Potassium Channels. Chem. Res. Toxicol. 2012, 25, 1975–1984.
[CrossRef] [PubMed]

17. Chevallier, O.P.; Graham, S.F.; Alonso, E.; Duffy, C.; Silke, J.; Campbell, K.; Botana, L.M.; Elliott, C.T.
New insights into the causes of human illness due to consumption of azaspiracid contaminated shellfish.
Sci. Rep. 2015, 5. [CrossRef] [PubMed]

18. Aune, T.; Espenes, A.; Aasen, J.A.; Quilliam, M.A.; Hess, P.; Larsen, S. Study of possible combined toxic
effects of azaspiracid-1 and okadaic acid in mice via the oral route. Toxicon 2012, 60, 895–906. [CrossRef]
[PubMed]

19. Greene, L.A.; Tischler, A.S. Establishment of a noradrenergic clonal line of rat adrenal pheochromocytoma
cells which respond to nerve growth factor. Proc. Natl. Acad. Sci. USA 1976, 73, 2424–2428. [CrossRef]
[PubMed]

20. Satsu, H.; Yokoyama, T.; Ogawa, N.; Fujiwara-Hatano, Y.; Shimizu, M. The changes in the neuronal PC12
and the intestinal epithelial Caco-2 cells during the coculture. The functional analysis using an in vitro
coculture system. Cytotechnology 2001, 35, 73–79. [CrossRef] [PubMed]

21. Brody, B.A.; Ley, C.A.; Parysek, L.M. Selective distribution of the 57 kDa neural intermediate filament
protein in the rat CNS. J. Neurosci. 1989, 9, 2391–2401. [PubMed]

22. Escurat, M.; Djabali, K.; Gumpel, M.; Gros, F.; Portier, M. Differential expression of two neuronal
intermediate-filament proteins, peripherin and the low-molecular-mass neurofilament protein (NF-L),
during the development of the rat. J. Neurosci. 1990, 10, 764–784. [PubMed]

23. Leonard, D.G.; Gorham, J.D.; Cole, P.; Greene, L.A.; Ziff, E.B. A nerve growth factor-regulated messenger
RNA encodes a new intermediate filament protein. J. Cell Biol. 1988, 106, 181–193. [CrossRef] [PubMed]

24. Parysek, L.M.; Goldman, R.D. Distribution of a novel 57 kDa intermediate filament (IF) protein in the
nervous system. J. Neurosci. 1988, 8, 555–563. [PubMed]

25. Portier, M.M.; de Nechaud, B.; Gros, F. Peripherin, a new member of the intermediate filament protein
family. Dev. Neurosci. 1983, 6, 335–344. [CrossRef] [PubMed]

26. Aletta, J.M.; Angeletti, R.; Liem, R.K.H.; Purcell, C.; Shelanski, M.L.; Greene, L.A. Relationship Between
the Nerve Growth Factor-Regulated Clone 73 Gene Product and the 58-Kilodalton Neuronal Intermediate
Filament Protein (Peripherin). J. Neurochem. 1988, 51, 1317–1320. [CrossRef] [PubMed]

27. Helfand, B.T.; Mendez, M.G.; Pugh, J.; Delsert, C.; Goldman, R.D. A Role for Intermediate Filaments in
Determining and Maintaining the Shape of Nerve Cells. Mol. Biol. Cell 2003, 14, 5069–5081. [CrossRef]
[PubMed]

28. Robertson, J.; Doroudchi, M.M.; Nguyen, M.D.; Durham, H.D.; Strong, M.J.; Shaw, G.; Julien, J.-P.;
Mushynski, W.E. A neurotoxic peripherin splice variant in a mouse model of ALS. J. Cell Biol. 2003, 160,
939–949. [CrossRef] [PubMed]

29. Maioli, M.; Rinaldi, S.; Migheli, R.; Pigliaru, G.; Rocchitta, G.; Santaniello, S.; Basoli, V.; Castagna, A.;
Fontani, V.; Ventura, C.; et al. Neurological morphofunctional differentiation induced by REAC technology
in PC12. A neuro protective model for Parkinson’s disease. Sci. Rep. 2015, 5. [CrossRef] [PubMed]

30. Shea, T.B.; Beermann, M.L. Respective roles of neurofilaments, microtubules, MAP1B, and tau in neurite
outgrowth and stabilization. Mol. Biol. Cell 1994, 5, 863–875. [CrossRef] [PubMed]

31. Landon, F.; Wolff, A.; de Nechaud, B. Mouse peripherin isoforms. Biol. Cell 2000, 92, 397–407. [CrossRef]
32. Landon, F.; Lemonnier, M.; Benarous, R.; Huc, C.; Fiszman, M.; Gros, F.; Portier, M.M. Multiple mRNAs

encode peripherin, a neuronal intermediate filament protein. EMBO J. 1989, 8, 1719–1726. [PubMed]
33. Kim, C.; Yun, N.; Lee, Y.M.; Jeong, J.Y.; Baek, J.Y.; Song, H.Y.; Ju, C.; Youdim, M.B.H.; Jin, B.K.; Kim, W.K.;

et al. Gel-based Protease Proteomics for Identifying the Novel Calpain Substrates in Dopaminergic
Neuronal Cell. J. Biol. Chem. 2013, 288, 36717–36732. [CrossRef] [PubMed]

7401

http://dx.doi.org/10.1016/j.ygeno.2007.10.015
http://www.ncbi.nlm.nih.gov/pubmed/18191373
http://dx.doi.org/10.1016/j.toxicon.2006.02.011
http://www.ncbi.nlm.nih.gov/pubmed/16626774
http://dx.doi.org/10.1021/tx300283t
http://www.ncbi.nlm.nih.gov/pubmed/22856456
http://dx.doi.org/10.1038/srep09818
http://www.ncbi.nlm.nih.gov/pubmed/25928256
http://dx.doi.org/10.1016/j.toxicon.2012.06.007
http://www.ncbi.nlm.nih.gov/pubmed/22750012
http://dx.doi.org/10.1073/pnas.73.7.2424
http://www.ncbi.nlm.nih.gov/pubmed/1065897
http://dx.doi.org/10.1023/A:1008136103927
http://www.ncbi.nlm.nih.gov/pubmed/19003283
http://www.ncbi.nlm.nih.gov/pubmed/2746334
http://www.ncbi.nlm.nih.gov/pubmed/2108230
http://dx.doi.org/10.1083/jcb.106.1.181
http://www.ncbi.nlm.nih.gov/pubmed/3339087
http://www.ncbi.nlm.nih.gov/pubmed/3276833
http://dx.doi.org/10.1159/000112360
http://www.ncbi.nlm.nih.gov/pubmed/6399022
http://dx.doi.org/10.1111/j.1471-4159.1988.tb03104.x
http://www.ncbi.nlm.nih.gov/pubmed/3418352
http://dx.doi.org/10.1091/mbc.E03-06-0376
http://www.ncbi.nlm.nih.gov/pubmed/14595112
http://dx.doi.org/10.1083/jcb.200205027
http://www.ncbi.nlm.nih.gov/pubmed/12642616
http://dx.doi.org/10.1038/srep10439
http://www.ncbi.nlm.nih.gov/pubmed/25976344
http://dx.doi.org/10.1091/mbc.5.8.863
http://www.ncbi.nlm.nih.gov/pubmed/7803854
http://dx.doi.org/10.1016/S0248-4900(00)01099-6
http://www.ncbi.nlm.nih.gov/pubmed/2767051
http://dx.doi.org/10.1074/jbc.M113.492876
http://www.ncbi.nlm.nih.gov/pubmed/24235151


Mar. Drugs 2015, 13, 7390–7402

34. Goll, D.E.; Thompson, V.F.; Li, H.; Wei, W.; Cong, J. The calpain system. Phys. Rev. 2003, 83, 731–801.
[CrossRef] [PubMed]

35. Parysek, L.M.; Goldman, R.D. Characterization of intermediate filaments in PC12 cells. J. Neurosci. 1987, 7,
781–791. [PubMed]

36. Corbo, M.; Hays, A.P. Peripherin and Neurofilament Protein Coexist in Spinal Spheroids of Motor Neuron
Disease. J. Neuropathol. Exp. Neurol. 1992, 51, 531–537. [CrossRef] [PubMed]

37. McLean, J.; Liu, H.N.; Miletic, D.; Weng, Y.C.; Rogaeva, E.; Zinman, L.; Kriz, J.; Robertson, J. Distinct
biochemical signatures characterize peripherin isoform expression in both traumatic neuronal injury and
motor neuron disease. J. Neurochem. 2010, 114, 1177–1192. [CrossRef] [PubMed]

38. Xiao, S.; Tjostheim, S.; Sanelli, T.; McLean, J.R.; Horne, P.; Fan, Y.; Ravits, J.; Strong, M.J.; Robertson, J.
An Aggregate-Inducing Peripherin Isoform Generated through Intron Retention Is Upregulated in
Amyotrophic Lateral Sclerosis and Associated with Disease Pathology. J. Neurosci. 2008, 28, 1833–1840.
[CrossRef] [PubMed]

39. Beaulieu, J.-M.; Nguyen, M.D.; Julien, J.-P. Late Onset Death of Motor Neurons in Mice Overexpressing
Wild-Type Peripherin. J. Cell Biol. 1999, 147, 531–544. [CrossRef] [PubMed]

40. Oblinger, M.; Wong, J.; Parysek, L. Axotomy-induced changes in the expression of a type III neuronal
intermediate filament gene. J. Neurosci. 1989, 9, 3766–3775. [PubMed]

41. McLean, J.R.; Smith, G.A.; Rocha, E.M.; Osborn, T.M.; Dib, S.; Hayes, M.A.; Beagan, J.A.; Brown, T.B.;
Lawson, T.F.S.; Hallett, P.J.; et al. ALS-associated peripherin spliced transcripts form distinct protein
inclusions that are neuroprotective against oxidative stress. Exp. Neurol. 2014, 261, 217–229. [CrossRef]
[PubMed]

42. McLean, J.R.; Robertson, J. Isoform-specific expression and ratio changes accompany oxidant-induced
peripherin aggregation in a neuroblastoma cell line. Brain Res. 2011, 1422, 57–65. [CrossRef] [PubMed]

43. Giasson, B.I.; Bruening, W.; Durham, H.D.; Mushynski, W.E. Activation of Stress-Activated Protein Kinases
Correlates with Neurite Outgrowth Induced by Protease Inhibition in PC12 Cells. J. Neurochem. 1999, 72,
1081–1087. [CrossRef] [PubMed]

44. Hu, X.; Zhang, H.; Zhang, Y.; Zhang, Y.; Bai, L.; Chen, Q.; Wu, J.; Zhang, L. Differential protein profile
of PC12 cells exposed to proteasomal inhibitor lactacystin. Neurosci. Lett. 2014, 575, 25–30. [CrossRef]
[PubMed]

45. Masaki, R.; Saito, T.; Yamada, K.; Ohtani-Kaneko, R. Accumulation of phosphorylated neurofilaments
and increase in apoptosis-specific protein and phosphorylated c-Jun induced by proteasome inhibitors.
J. Neurosci. Res. 2000, 62, 75–83. [CrossRef]

46. Song, E.J.; Hong, H.-M.; Yoo, Y.S. Proteasome inhibition induces neurite outgrowth through
posttranslational modification of TrkA receptor. Int. J. Biochem. Cell Biol. 2009, 41, 539–545. [CrossRef]
[PubMed]

47. Tarjányi, O.; Berta, G.; Harci, A.; Bacsa, E.B.; Stark, B.; Pap, M.; Szeberényi, J.; Sétáló, G., Jr. The role of Src
protein in the process formation of PC12 cells induced by the proteasome inhibitor MG-132. Neurochem. Int.
2013, 63, 413–422. [CrossRef] [PubMed]

48. Strong, M.J.; Leystra-Lantz, C.; Ge, W.-W. Intermediate filament steady-state mRNA levels in amyotrophic
lateral sclerosis. Biochem. Biophys. Res. Commun. 2004, 316, 317–322. [CrossRef] [PubMed]

49. Palokangas, H.; Ying, M.; Väänänen, K.; Saraste, J. Retrograde Transport from the Pre-Golgi Intermediate
Compartment and the Golgi Complex Is Affected by the Vacuolar H+-ATPase Inhibitor Bafilomycin A1.
Mol. Biol. Cell 1998, 9, 3561–3578. [CrossRef] [PubMed]

50. Aasebo, E.; Opsahl, J.A.; Bjorlykke, Y.; Myhr, K.M.; Kroksveen, A.C.; Berven, F.S. Effects of blood
contamination and the rostro-caudal gradient on the human cerebrospinal fluid proteome. PLoS ONE 2014,
9. [CrossRef] [PubMed]

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

7402

http://dx.doi.org/10.1152/physrev.00029.2002
http://www.ncbi.nlm.nih.gov/pubmed/12843408
http://www.ncbi.nlm.nih.gov/pubmed/3549994
http://dx.doi.org/10.1097/00005072-199209000-00008
http://www.ncbi.nlm.nih.gov/pubmed/1381416
http://dx.doi.org/10.1111/j.1471-4159.2010.06846.x
http://www.ncbi.nlm.nih.gov/pubmed/20533992
http://dx.doi.org/10.1523/JNEUROSCI.3222-07.2008
http://www.ncbi.nlm.nih.gov/pubmed/18287500
http://dx.doi.org/10.1083/jcb.147.3.531
http://www.ncbi.nlm.nih.gov/pubmed/15132161
http://www.ncbi.nlm.nih.gov/pubmed/2585054
http://dx.doi.org/10.1016/j.expneurol.2014.05.024
http://www.ncbi.nlm.nih.gov/pubmed/24907400
http://dx.doi.org/10.1016/j.brainres.2011.09.032
http://www.ncbi.nlm.nih.gov/pubmed/21985957
http://dx.doi.org/10.1046/j.1471-4159.1999.0721081.x
http://www.ncbi.nlm.nih.gov/pubmed/10037479
http://dx.doi.org/10.1016/j.neulet.2014.05.021
http://www.ncbi.nlm.nih.gov/pubmed/24858133
http://dx.doi.org/10.1002/1097-4547(20001001)62:1&lt;75::AID-JNR8&gt;3.0.CO;2-V
http://dx.doi.org/10.1016/j.biocel.2008.04.022
http://www.ncbi.nlm.nih.gov/pubmed/18930432
http://dx.doi.org/10.1016/j.neuint.2013.07.008
http://www.ncbi.nlm.nih.gov/pubmed/23911694
http://dx.doi.org/10.1016/j.bbrc.2004.02.051
http://www.ncbi.nlm.nih.gov/pubmed/15020220
http://dx.doi.org/10.1091/mbc.9.12.3561
http://www.ncbi.nlm.nih.gov/pubmed/9843588
http://dx.doi.org/10.1371/journal.pone.0090429
http://www.ncbi.nlm.nih.gov/pubmed/24599184

	Introduction 
	Results 
	AZA-1 Induces Morphological Alterations in PC12 Cells 
	AZA-1 Down-Regulates a Specific Peripherin Isoform 
	Mass Spectrometry-Based Verification of Peripherin Isoforms 
	Peripherin is Not Down-Regulated at the Transcriptional Level 
	Peripherin Down-Regulation Is Not Dependent on the Proteasome, Caspases and Calpains 

	Discussion 
	Experimental Section 
	Cell Culturing and Treatment 
	Evaluation of Cell Morphology and Viability 
	Immunofluorescence 
	SDS-PAGE and Western Blotting 
	RNA Isolation and Reverse Transcription 
	Identification of Peripherin Isoforms 
	Data Analysis 


