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Abstract
Background—Heart failure (HF) is a debilitating condition resulting in severe disability and death.
In a subset of cases, clustered as Idiopathic Dilated Cardiomyopathy (iDCM), the origin of HF is
unknown. In the brain of patients with dementia, proteinaceous aggregates and abnormal oligomeric
assemblies of β-amyloid impair cell function and lead to cell death.

Methods and Results—We have similarly characterized fibrillar and oligomeric assemblies in
the hearts of iDCM patients pointing to abnormal protein aggregation as a determinant of iDCM. We
also showed that oligomers alter myocyte Ca2+ homeostasis. Additionally, we have identified two
new sequence variants in the presenilin-1 (PSEN1) gene promoter leading to reduced gene and protein
expression. We also show that presenilin-1 co-immunoprecipitates with SERCA2a.

Conclusions—Based on these findings we propose that two mechanisms may link protein
aggregation and cardiac function: oligomer-induced changes on Ca2+ handling and a direct effect of
PSEN1 sequence variants on EC-coupling protein function.
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INTRODUCTION
In 1906 Alois Alzheimer discovered in the brains of a patient suffering from early age onset
of dementia, aggregates of a proteinaceus material, later identified to be composed of amyloid
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fibers1. Alzheimer disease (AD) is associated with several genetic defects and the abnormal
accumulation of the amyloid-β protein (Aβ) and tau in the form of extracellular (senile plaques)
and intracellular (neurofibrillar tangles) aggregates respectively2. In the heart, amyloid
degeneration leading to DCM has been limited to three conditions: 1) L-chain amyloidosis
secondary to multiple myeloma; 2) transthyretin (TTR) cardiomyopathy3; and 3) desmin
cardiomyopathy4,5. In a smaller number of cases of non-ischemic origin, the etiology of HF
is infective, toxic or genetically determined. When one of these causative events cannot be
recognized, the myocardial disease is classified as idiopathic (iDCM).

Genetically DCM has been found in only 35% of HF cases indicating that the cause of this
disease remains largely unknown6. Mutations in genes encoding sarcomeric, cytoskeletal and
nuclear proteins as well as proteins involved in the regulation of Ca2+ homeostasis have been
described7,8. Allelic and locus heterogeneities occurs in DCM10 and these alterations, together
with environmental factors, can disclose an otherwise silent genetic background as occurs in
neurodegenerative diseases. Recently, two mutations in the familial early-onset AD-associated
presenilin genes (PSEN1 D333G and PSEN2 S130L), 2, have been found in 0.9% of tested
DCM families (3/325)9. The presenilins (PS1 and PS2) are highly conserved polytopic
membrane proteins that are required for γ-secretase activity, an enzyme responsible for
proteolytic processing of the amyloid precursor protein (APP) to generate As and a variety of
membrane-associated proteins including the Notch receptor10. In the brain, the presenilins also
regulate Ca2+ in the endoplasmic reticulum and modulate Ryanodine receptor (RyR) function
by cleavage of Sorcin11. Both PSEN1 and PSEN2 are expressed in the heart and are essential
for cardiac morphogenesis12,13.

Because of the role that presenilins play in protein processing and Ca2+ homeostasis, the
possibility was advanced that mutations in PSEN1 and PSEN2 may account for the cardiac
phenotype found in a subset of patients affected by iDCM. These mutations may result in
alterations of Ca2+ homeostasis and/or buildup of misfolded substrates, which alter myocyte
mechanical behavior. Here we address whether the accumulation of protein aggregates and
genetic alterations in the PSEN and oligomeric fragments alter cardiomyocyte mechanics,
Ca2+ homeostasis and ultimately ventricular performance.

METHODS
Patients

Myocardial tissue was collected from biopsy and explanted hearts from patients with iDCM,
amyloid cardiomyopathies, or from donor non-failing hearts. All tissue from donor or
transplant patients was collected in cold and oxygenated Wisconsin cardioplegic solution as
soon as the heart was explanted from the patient. Non-failing hearts were available from
National Disease Research Interchange (NDRI) supported by the National Institutes of Health.
Tissues received as non-failing hearts can be found not suitable for transplantation for several
reasons e.g., lack of identification of a suitable recipient, blood transfusion while in the
emergency room, age of donor, need for resuscitation. All donations were with family approval.
Donor hearts ruled out from transplantation were used if no macroscopic, laboratory or
instrumental signs of cardiac diseases were present. The AD patients and non-AD affected
family members were from The NIMH Genetics Initiative Alzheimer’s Disease Study
Sample. Subjects were identified according to a standardized protocol applying the criteria of
the National Institute of Neurological and Communicative Diseases and Stroke/Alzheimer’s
Disease and Related Disorders Association (NINCDS/ADRDA) for the diagnosis of AD.
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Sample collection
The hearts were dissected by regions and the tissue was frozen in liquid nitrogen and stored at
−80°C. From the anterior wall a branch of the left anterior descending artery was cannulated
and the tissue perfused with PLP (4% paraformaldehyde-lysine-sodium metaperiodate in 0.1M
NaPO4). A sampleof the left ventricular anterior wall of the hearts was also collected in 2.4%
glutarhaldehyde for electron microscopy (EM).

Structural staining
The frozen tissue was cut in 8μm slices. Samples were stained in a blinded fashion by the
clinical pathology laboratory for protein aggregates using modified Congo-red14 or Thioflavin-
S. The Congo-red sections were observed in random sequence under direct light as well as
under polarized light. Polarized light microscopy could not, however, differentiate positive
intracellular staining due to the natural anisotropy of the myosin filaments. Thioflavin-S slides
were imaged using confocal microscopy (Leica TCS).

Immunoblotting, Immunohistochemistry, EM, Immunogold EM, PCR and sequencing,
Luciferase activity

Standard techniques were applied for these methodologies and detailed in the supplemental
material. Specific aspect for the present study included the use of anti-oligomer (A11) antibody
that recognizes a generic, sequence independent epitope for prefibrillar amyloid oligomers at
immunohistochemistry and EM. Anti-PS1 N-terminal and anti-Aβ antibody were used for
immunoblotting. The entire coding and 5′-promoter regions of PSEN1 and PSEN2 gene were
amplified from DNA for sequencing. Four pGL2 constructs were established containing
PSEN1–92C, -92delC and PSEN1 -21G and -21A, for determining the transcriptional activity
by luciferase reporter assay. The average transcriptional activities of PSEN1 -92delC variant
vs. -92C WT allele, and -21G variant vs. -21A WT allele from four repeated experiments were
compared by Wilcoxon Two-Sample Test. A p value <0.05 was taken to indicate statistical
significance.

Preparation of Homogeneous Populations of Amyloid Peptide Monomers, Oligomers, and
Fibrils

Soluble oligomers were prepared following the protocol kindly provided by Dr Charles Glabe.
Aβ42 stock solutions (2 mM) were obtained by dissolving the lyophilized peptide (from 1:1
H20:acetonitrile) in hexafluoroisopropanol (HIFP) and sonicated. The resulting solution was
added to double-distilled water in a siliconized Eppendorf tube. The solution was gently mixed
and stirred and the HIFP evaporated. Aliquots were taken at 6–12-h intervals for the first 12-
hrs then every 12-hrs. Oligomers were obtained after 4 days. Oligomer formation was
monitored by A11 dot-blots. Annular protofibrils were obtained from the spherical oligomer
preparation followed by the addition of 5% hexane. Once fibril formation was complete, the
solution was centrifuged and the fibril pellet was washed three times with double-distilled
water and then resuspended in phosphate buffered saline. The morphology was verified by
negative stain electron microscopy.

Myocytes Oligomer Toxicity Measurements
Adult myocytes were isolated from C57/Bl6 mice and measurements performed as previously
described15. Isolated cardiomyocytes were placed in a flow chamber on the stage of an inverted
microscope, superfused with Tyrode solution and electrically stimulated with a biphasic pulse
(5Hz, 50% above threshold). After obtaining a stable contraction and Ca2+ transient, 0.5 or 5
μg of oligomer solution was applied on a cell by rapid release (ALA scientific). In control cells,
the buffer without oligomers was applied. Contraction amplitude and rates of contraction and
relaxation were recorded online using a video-edge-detection system and data acquisition
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software (IonOptix Corp). The fluorescent Ca2+ indicator Fura-2 (Molecular Probes®) was
used to measure intracellular Ca2+, as described previously16.

RESULTS
Detection of Protein Aggregates

To establish whether protein aggregates are present in iDCM, ventricular samples obtained
from explanted failing (n=23) and donor non-failing (n=12) hearts were stained for amyloid
and amyloid-like structures. Samples from patients with cardiac amyloidosis (n=6) were
included as controls for the assessment of misfolded proteins. Amyloid specific positive
staining were detected in 17 of the 23 iDCM hearts (Fig 1A, 1B) and in 2 donor hearts. In the
latter case, patients were 75 years of age, the oldest in the group.

To strengthen these observations and provide evidence that protein occurs in iDCM, fibrillar
deposits were identified by EM within the myocyte cytoplasm and in the extracellular
compartment (Fig 1C). The distribution of the protein aggregates resembled, respectively,
tangles and plaques commonly found in AD17. To exclude the possibility that myocardial aging
and end-stage HF were implicated in the accumulation of degradation products, biopsy samples
collected from patients with early stage iDCM (n=5) were studied by EM. The mean age of
our patient sample was 52 (age range 31–65) in the transplant population and 45 (age range
24–65) in the biopsy group (Table 1a). Tangle- and plaque-like structures were found (Fig 1C–
D), strongly suggesting that fibrillar deposits may constitute an integral component of the onset
and progression of the pathology of iDCM.

Since in AD patients Aβ accumulates in the brain, tissue sections from all iDCM and controls
were also tested for the levels of Aβ in the myocardium. We did not detect differences in the
level of Aβ in iDCM compared to controls at immunohistochemistry (Fig 2).

Oligomeric Assemblies and their Function
In the brain of AD patients, fibrillar deposits of β-amyloid represent the end product of
misfolded peptides. Smaller oligomeric assemblies have been identified as soluble toxic
aggregates that impair neural function17,18. This observation raised the possibility that a similar
mechanism may be operative in the failing heart providing an unanticipated etiology for at
least a subset of patients affected by iDCM. Therefore, a structural antibody, specific for the
recognition of oligomeric structure, first described in the brain of subjects with AD17, was
employed to detect oligomer fragments in iDCM hearts. We examined 6 cases of iDCM and
8 controls. Positive immunostaining was observed in 5 cases (Fig 3A) and in 37.5% of controls.
A larger number of age and harvest time matched samples are required to assess the relative
abundance of oligomers in the diseased hearts. Additionally, anti-oligo immuno-gold EM was
utilized to confirm the presence of oligomeric peptide forms in biopsy samples of individuals
in the initial phases of iDCM (Fig 3B). Importantly, similar pathology was found in the core
of myocardium removed for LVAD implantation in a patient with end-stage iDCM.

However, these results leave unanswered the question whether formation of abnormal
oligomers in the heart depresses myocyte mechanics and thereby ventricular function. Since
the toxicity of oligomers is linked to the structure rather than the polypeptidic sequence of the
fragments19, oligomers were generated from commercial lyophilized Aβ peptide (Fig 4a) to
evaluate their effects on cardiomyocyte performance. Thus, freshly isolated adult mouse
cardiomyocytes were exposed to oligomers (0.5–5 μg/ml) while Ca2+ transients and cell
shortening were measured. Oligomers induced a sudden increase in peak systolic Ca2+ transient
together with an enhanced velocity of Ca2+ release (Fig 4b).
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Genetic Analysis
The coding region and promoters of PSEN1 and PSEN2 were sequenced in 20 patients with
iDCM. In this report we describe four variants in PSEN1 and PSEN2 genes (Table 2). Two
novel PSEN1 5′ promoter region variants, -92delC (UCSC Genome Chr 14 Database
72672839) upstream of alternative transcription initial exon 1A20 and -21G>A (UCSC Genome
Chr 14 Database 72673257) upstream of alternative transcription initial exon 1B, were
recognized in patients 21 and 4, respectively (allele frequency 0.025) (Fig 5A, upper panel).
These variants were absent in our 14 controls. Patient 4 also possessed a previously reported
PSEN1 missense mutation E318G21 (allele frequency 0.025). Additionally, a known PSEN2
missense mutation R62H22 (UCSC Genome Chr 1 Database 225138072) was identified in
patients 1 and 17 (allele frequency 0.05). The 4 patients who possessed PSEN1 promoter region
variants or PSEN2 missense variants were Caucasian females.

The functional relevance of the new genetic variations was tested at the transcriptional level
by luciferase assay and at the protein level by SDS page. We cloned the PSEN1 5′ promoter
regions spanning -92delC and -21G>A variants into a reporter vector and their transcriptional
activity was measured. The constructs contained all known positive promoter elements that
are required for PSEN1 expression, including two putative TATA boxes and two putative
transcription initiation CAP sites upstream of exon 1A23. In comparison to the basal level of
PSEN1 promoter wild-type -92C allele, PSEN1 -92delC variant reduced transcriptional activity
by 75% (p=0.002, Fig 5A lower panel). Constructs for PSEN1 -21G or -21A included sequences
from the end of exon 1A to the end of alternative transcription initial exon 1B. With respect to
-21A wild-type allele, PSEN1 -21G variant reduced transcriptional activity by 32% (p=0.002,
Fig 5A, lower panel). The construct containing PSEN1 wild-type -92C to alternative
transcription initial exon 1A exhibited 5-fold higher transcriptional activity than the construct
containing PSEN1 wild-type -21G to alternative transcription initial exon 1B. Consistently,
these variants decreased the expression of PS1 protein in the myocardium (Fig 5B).
Importantly, PS1 co-immunoprecipitated with the cardiac isoform of the SR Ca2+-ATPase
pump SERCA2a (Fig 5C) suggesting that changes in PS1 may be accompanied by defects in
SERCA2a function as shown to occur in the in vitro for Serca2b24.

Population frequency—By SNP analysis, PSEN1 -21 G>A was not detected in 265 AD
patients (0/530chromosomes). PSEN1 -92delC was found in AD patients with an allele
frequency 0.005 (8/1632 chromosomes). PSEN1 E318G was previously detected in AD
patients with an allele frequency 0.02 (12/596 chromosomes)21,25 which is the same as the
frequency we obtained by testing late-onset AD patients from NIMH samples. PSEN2 R62H
missense mutation was detected in AD patients with an allele frequency 0.016 (5/320
chromosomes). The family members of identified AD patients who possessed PSEN1 -92delC,
E318G and PSEN2 R62H were also analyzed for segregation by SNP genotyping. None of
PSEN1–92delC, E318G or PSEN2 R62H was segregated with AD affection status in identified
AD families.

DISCUSSION
The mechanisms responsible for the onset of iDCM and its evolution to overt HF and death
are currently unknown. The documentation in the present study that fibrillar deposits with the
formation of tangle- and plaque-like structures within the myocardium occur in the early and
late stages of the disease point to protein misfolding as an important determinant of the
pathogenesis of iDCM. Protein misfolding impairs cell function in neurodegenerative disorders
and other chronic diseases suggesting that a similar effect may be operative in the human
heart18,26,27. Although the negative impact of protein aggregates on the mechanical and
Ca2+ handling properties of human myocytes was not tested, these deposits modified the
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functional behavior of normal adult mouse myocytes supporting the notion that similar
consequences may occur on human myocytes.

Protein degradation characteristically occurs with myocardial aging. Senile systemic
amyloidosis occurs in 25% of individuals 80 years of age and older28. Amyloid-like deposits
are described in non-diseased individuals between the sixth and ninth decade of life29,30. In
this report, aggregates were also markedly pronounced in relatively younger patients at early
stages of HF, excluding age and disease stage as accounting for protein misfolding in our iDCM
population. On the other hand, the presence of protein aggregates, common in advanced age,
may suggest that iDCM can be an early senility of the heart, similarly to AD where the common
senile dementia occurs at early age.

We then evaluated whether the aggregates simply represent a tombstone of discarded material
or are they relate to the disease. Protein aggregates are composed of misfolded proteins at
various maturation stages, from monomeric peptides to intermediate oligomers and complex
fibrillar structures. Intermediate oligomers have been shown to be present in the brain of
patients with AD and, in neurons, to be associated with cell toxicity31,32. Here we showed that
intermediate oligomers are also present in the myocardium of patients with iDCM with a
distribution similar to what is observed in the brain of patients with AD17. We also
demonstrated for the first time that, on cardiomyocytes, oligomers promote an increase in
systolic [Ca2+]that may lead to cell dysfunction and death33–35. An increase in cytosolic
Ca2+ in the failing heart is coupled with Ca2+ depletion in the sarcoplasmic reticulum which,
in turn, favors protein misfolding26,36,37. In the failing heart, Ca2+ dishomeostasis and
contractile dysfunction are well known abnormalities and are characterized by changes in
excitation-contraction coupling proteins, with SERCA2a playing a key role37.

Several proteins involved in the control of Ca2+ cycling have been shown to be substrates of
presenilin/γ secretase11. PS has been recently shown to interact with SERCA2b attenuating its
function when PS is downregulated24. Importantly, PS1 also co-immunoprecitpitate with
SERCA2a in our iDCM cases suggesting that PS1 may also depress SERCA2a thereby
contributing to the observed alterations in Ca2+ homeostasis and myocyte performance in HF.
Sequencing of PSEN1 and PSEN2 led to the identification of 26 DNA variants including two
novel PSEN1 gene regulatory region variants, -92delC and -21G>A, in our iDCM patient
sample. These two previously unknown variants significantly reduced mRNA and protein
expression of PS1 indicating loss of function of the genetic variants. Thus these variants likely
influence Ca2+ homeostasis by altering SERCA2a function.

In our cases of sporadic iDCM, two PSEN missense mutations (PSEN1 D333G and PSEN2
R62H) previously described in familial DCM9 were detected in addition to the variants in the
PSEN promoter. A PSEN1 missense polymorphism E318G was also found. This mutation
causes amino acid changes from polar acidic Glutamic acid or Aspartic acid to non-polar neutral
Glycine, similar to the PSEN1 D333G mutation. E318G and D333G are located 15 amino acids
apart within a “hot spot” in a large hydrophilic cytoplasmic loop between transmembrane
domains six and seven. This region contains critical functional domains which are processed
by endoproteolysis38 and are essential for the interaction between PS1 and other proteins39.
The PSEN2 R62H mutation identified in patients 1 and 17 is located in a “hot spot” of the NH2
terminus and has been associated with AD22 and breast cancer40. PSEN2 R62H enhances PS2
degradation, reduces PS2 stability and compromises Notch function40.

The two presenilin missense substitutions, E318G and R62H observed in iDCM are present in
highly divergent regions of PS1 and PS2; PS1 and PS2 proteins share extensive sequence
identity along their entire length with the exception of the NH2-terminal domain and the second
half of the hydrophilic loop region. Thus, the E318G and R62H missense substitutions may
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play an important role in the pathogenesis of a subset of patients with iDCM by modulating
different functions of the presenilin proteins. An important aspect is whether PSEN variants
could affect APP processing in the heart and determine the accumulation of amyloid
aggregates. Since the sequence variants we observed are loss of function any effect on APP
processing would reduce the Aβ production. Aβ level was tested by immunohistochemistry in
our samples and no difference in Aβ expression was present in iDCM compared to controls.

Four of the seven Caucasian female with iDCM possessed either a PSEN1 promoter region
variant or a PSEN2 missense mutation. This gender dependent cardiac genotype is consistent
with the higher prevalence of AD in women than men41. Estrogen deficiency typical in
postmenopausal women may be implicated since cardiomyocytes and fibroblasts contain
estrogen receptors and estrogens regulate the expression of specific cardiac genes42.

In conclusion, we have provided the first evidence that protein misfolding is implicated in the
etiology and pathogenesis of iDCM in humans. The formation of oligomeric fragments has
toxic consequences on cardiomyocytes, which are mediated by alterations in Ca2+ homeostasis.
Additionally, missense mutations in the PSEN1 and PSEN2 genes alter presenilin expression
and may alter its interaction with proteins involved in excitation-contraction coupling. Further
studies in a larger cohort and in animal models will be needed to evaluate the role and
mechanisms of these sequence variants and the respective protein expression in the familial
and sporadic cases compared with the non-failing population. Furthermore cardiac function is
needed to be assessed in AD patients and the AD unaffected family members.

The elucidation of these new pathogenetic mechanisms will facilitate the advancement of novel
strategies for early diagnosis and treatment of iDCM.

Heart failure (HF) is a progressive and ultimately fatal disease, which represents a leading
public health problem worldwide. Despite substantial advances in the clinical management
of HF, the only current permanent therapeutic option is heart transplantation. However, the
limited supply of functional organs for transplantation and the age threshold for the surgical
intervention constrains the scope of this treatment modality. The majority of cases of HF
are ischemic in origin. The second most frequent origin of non-ischemic HF is “idiopathic”
dilated cardiomyopathy (iDCM) where no other causative events can be recognized. Recent
studies highlight the recognition of the public health importance of a large number of
diseases associated with defects in the ability of proteins to fold, leading to the accumulation
of cytotoxic protein deposits. These group of diseases include amyloidosis and various
neurodegenerative disorders such as Alzheimer’s Disease. Preliminary evidence suggests
that iDCM may be included among these misfolding diseases. Also, mutations in the same
genes causing Alzheimer’s Disease in a significant percentage of cases can also be at the
origin of iDCM. Interestingly, a dual mechanism seems to mediate the effect of these genetic
variations: changes in the control of calcium (Ca2+) handling proteins causing defect in the
contractile function, and cell damages associated with the protein aggregation process. The
incidence, prognosis, and therapeutic option for iDCM may, therefore, be greatly advanced
by establishing a fundamental understanding of key factors leading to the disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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A) Congo-red staining of a case of senile amyloid (a, b) 2 non failing control (c, d) and 3 cases
of iDCM (e–h)
B) Confocal microscopy of the Thioflavin-S staining of iDCM (a, b), control (c, d) and AL-
amyloid cardiomyopathy (e, f). Panels a, d, e shows the sections under direct light, panels b,
d, f show the sections under fluorescence light.
The AL-amyloid cardiomyopathy shows the distribution of the staining in the interstitial space
whereas in the iDCM the staining occupies also the cytosol of the myocytes.
C) Electron micrographs of super-thin sections from AL-amyloid cardiomyopathy (a, b),
iDCM left ventricle (c, d). Higher magnification of the fibrillar aggregates from AL-
amyloidosis (b) and iDCM (d). The insert in panel d shows collagen fibers from the same heart
for comparison. D) Electron micrographs of myocardial diagnostic biopsies from iDCM
patients showing extracellular aggregates (plaques) (panel a–c, Panel b shows a higher
magnification of panel a) and intracellular fibrils (tangles) (panel d–g). Panels e and g are higher
magnifications of panels d and f respectively.
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Figure 2.
Immunohistochemical analysis for Aβ of samples from non-failing donor and iDCM
(representative) patients showing no difference in the Aβ expression in patients carrying
PSEN mutations.
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Figure 3.
A) Immunohistochemical analysis of a sample from iDCM patient (panel a and b) vs. a non-
failing donor (panel c and d). Oligomeric fibrils in red with anti-oligo antibodies (panel a and
c) or aggregates with Thioflavin-S (panel b and d). The insert indicates absence of secondary
antibody. DAPI stains nuclei in blue. B) Immuno-gold electron micrographs of myocardial
diagnostic biopsies from 2 iDCM patients showing the presence of oligomeric fibrils in the
myocardium.
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Figure 4.
a) dot-blot of the preparation of oligomers showing the formation of oligomers after 4 days
and subsequent hexane exposure of the oligomeric preparation forming fibrils (EM). b) Acute
increase in contractility and Ca2+ transients in a representative tracing. This particular cell died
after 80 sec of exposure. c) Quantitative changes of systolic and diastolic Ca2+ and velocity of
Ca2+ release and reuptake.
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Figure 5.
A) Presenilin sequencing electropherograms (upper panel). PSEN1–92delC and -21G>A
detected in iDCM patients are shown (top panels are sequences from controls). Measurement
of the transcriptional activity by luciferase reporter gene assay (lower panel). PSEN1 -92delC
variant exhibited 25% of transcriptional activity over the basal expression of PSEN1 promoter
with wild-type allele -92C by the measurement of relative luciferase activity. PSEN1 -21A
variant reduced the transcriptional activity to 68% compared with the basal expression of
PSEN1 promoter with wild-type allele -21G. *p=0.0029. B) Immunoblotting for PS1 in donor
controls, iDCM (p=0.01 vs controls) and iDCM with the genetic variations in the PS promoter
(indicated by asterisk). PS1 expression normalized by GAPDH in the patients carrying the
genetic variations was 0.79±0.18 vs 0.93±25 in the iDCM patients without the genetic variants
(the level in the non-failing population was 0.56±0.24) p=0.046 at Kruskal-Wallis test.
C) Co-immunoprecipitation of PS and SERCA2a. Panel a: PS detection after
immunoprecitpitation with SERCA2a. Panel b: SERCA2a detection after
immunoprecitpitation with PS1. Patients carrying the genetic variations are indicated by
asterisk.
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