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and polymyositis (PM). Its prevalence 
(4.5–35 per million) varies among coun-
tries and ethnic groups, although several 
studies have suggested that this value 
could be underestimated. Clinically, 
sIBM is characterized by insidious weak-
ness in proximal and distal muscles, 
especially in the quadriceps and finger 
flexors. Neck flexors and extensors are 
frequently affected, and also dysphagia 
is present in up to 60% of patients with 
sIBM. The clinical progression is slow 
and often leads to severe disability (2–6).

The first diagnostic criteria for sIBM 
were proposed by Calabrese et al. (7) 
in 1987, but so far, muscle biopsy is 

common myopathy in individuals over 
50 years (1). This disease belongs to the 
group of inflammatory myopathies, 
together with dermatomyositis (DM) 
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amyloid-β depositions. Wu et al. (26) 
have proposed the measurement of 
plasma BACE-1 activity as a potential 
biomarker for AD, and Nogalska et al. 
(27) found increased BACE-1 mRNA 
levels in sIBM muscle fibers. Another 
product of this amyloidogenic process-
ing of APP is sAPPβ. This fragment is 
released when BACE-1 cleaves the APP 
protein, releasing soluble Aβ precursor 
protein (sAPPβ) and the amyloid-β 
fragment. Although sAPPβ does not 
oligomerize and causes depositions, its 
presence indicates that APP has been 
cleaved by BACE-1, and a fragment of 
amyloid-β has also been released. Thus, 
increased levels of plasma sAPPβ indi-
cate a higher amount of amyloidogenic 
particles that will lead to an increased 
amount of inclusion bodies (Figure 1). 
This molecule is used to monitor AD 
patients to demonstrate the efficacy of 
new therapeutic drugs (28). However, as 
far as we know, none of these amyloido
genic degeneration molecules have ever 
been measured in plasma of sIBM patients.

Because information about circulating 
biomarkers in sIBM is scarce, the aim 
of the present study was to evaluate if 
inflammatory, mitochondrial and degen-
erative circulating molecules potentially 
involved in the etiopathogenesis of 
sIBM may be altered in plasma of sIBM 
patients and if they may be useful as 
diagnostic tools.

MATERIALS AND METHODS

Study Design
We performed a multicenter, cross-

sectional, case-controlled, observational 
study.

Study Population
The respective cases of sIBM, DM 

and PM were diagnosed by clinical and 
pathological tests in the Department of 
Pathology and Internal Medicine of the 
Hospital Clínic of Barcelona (Barcelona, 
Spain) and in the Hospital Vall d’Hebron 
(Barcelona, Spain). All the patients 
fulfilled the criteria proposed by the Eu-
ropean Neuromuscular Centre (29,30), 

commonly present in PM and in sIBM 
(17). In relation to mitochondrial and in-
flammatory lesions, it was also recently 
reported that circulating mitochondrial 
DNA (mtDNA) in plasma released by 
injured cells causes a powerful innate 
immune response that triggers inflam-
mation through the recognition of damage-
associated molecular patterns (DAMPs) 
by toll-like receptors (TLRs) (18,19). 
Since sIBM presents both mitochon-
drial and cell damage accompanied by 
chronic inflammation, this parameter 
may also be potentially involved in the 
development of sIBM.

Parallelly, fibroblast growth factor-21 
(FGF-21) was reported to be a plasmatic 
biomarker for mitochondrial muscle 
disease (20), which would increase as 
a protective compensatory mechanism 
in response to mitochondrial damage. 
Additionally, coenzyme-Q10 (CoQ) is 
widely known as a key molecule in mi-
tochondrial respiratory chain function. 
The plasma levels of this coenzyme are 
reportedly related to myopathy, espe-
cially with statin-induced myopathies 
(21). In addition, CoQ10 seems to be 
related to the production of tau-aggre-
gation present in Alzheimer’s disease 
(AD) as well as in sIBM biopsies (22). 
However, to our knowledge, this is 
the first time that these mitochondrial 
markers have been quantified in the 
plasma of sIBM patients.

With regard to amyloidogenic protein 
deposition leading to cell degeneration, 
many studies have recently described 
parallelisms between sIBM and AD 
(23,24). These studies suggest that sIBM 
and AD may share a common etiology. 
In fact, amyloid-β deposition and the 
presence of phosphorylated tau protein 
have been detected in both brain tissue 
and muscle biopsy from patients with 
AD and sIBM disorders, respectively 
(25). These amyloid-β depositions are 
caused by the amyloidogenic processing 
of amyloid precursor protein (APP) by 
β-secretase-1 (BACE-1) and γ-secretase 
(presenilin-1 [PS-1]) leading to cell in-
jury. Non-amyloidogenic processing of 
APP by the α-secretase does not cause 

still essential for diagnosis. Although 
the pathogenesis of sIBM is not well 
known, inflammatory, mitochondrial 
and degenerative pathogenic mecha-
nisms have been described. Diagnosis 
is confirmed by characteristic findings 
on muscle biopsy demonstrating en-
domysial mononuclear cell infiltrates, 
rimmed vacuoles, amyloid deposits 
and mononuclear cell invasion of non-
necrotic fibers. Although the presence of 
β-amyloid deposits in muscle of sIBM 
patients is classically accepted by the sci-
entific community (8), some controversy 
arose regarding the methodology used 
to detect this molecule (9). The presence 
of increased β-amyloid peptide has also 
been described in plasma by Abdo et al. 
(10), confirming its implication in the 
disease. Recent studies also reported the 
presence of the TDP-43 protein in these 
inclusion bodies, which may be more spe-
cific in sIBM than β-amyloid peptide (11). 
In addition, COX (cytochrome c oxidase) 
negative and SDH (succinate dehydroge-
nase) positive fibers are present in most 
of the cases.

Because of the slow progression of 
the disease and the diagnostic difficul-
ties, the diagnosis is often delayed or 
misdiagnosed commonly as PM (1,3,12). 
Salajegheh et al. reported the existence 
of circulating autoantibodies against a 
43-kDa muscle protein called CN1A, 
highly specific to IBM (13,14), although 
recent investigations found this auto-
antibody in other autoimmune diseases 
(15). Apart from this report, there is no 
information about noninvasive circulat-
ing diagnostic biomarkers in sIBM.

Inflammatory processes, as well as 
mitochondrial dysfunction and degener-
ation, are pathologic processes that are 
widely known to play a role in sIBM. 
These pathological features found in 
muscle of sIBM patients may involve 
different molecules that might be altered 
in this disease. Regarding inflammation, 
it has been demonstrated that myoblasts 
produce interleukin (IL)-6 and tumor 
necrosis factor (TNF)-α in response to 
inflammatory stimuli of T-lymphocytes 
(16), and T-lymphocyte infiltrates are 



R E S E A R C H  A R T I C L E

	 M O L  M E D  2 1 : 8 1 7 - 8 2 3 ,  2 0 1 5  |  C a t a l á n - G a r c í a  E T  A L .  |  8 1 9

Mitochondrial-Related Molecules 
Analysis

Circulating mtDNA was isolated 
from plasma with a QIAGEN Amp 
Blood Mini Kit and stored at 4°C for 
further analysis for a maximum of 
24 h after extraction. Free circulating 
mtDNA was assessed by quantitative 
real-time polymerase chain reaction 
in an Applied Biosystems 7500 Real 
Time PCR System by the amplification 
of a fragment of the mitochondrial 
12SrRNA gene as reported previously 
(32). Circulating mtDNA content was 
expressed as the number of copies 
of mtDNA per milliliter of plasma. 
Circulating FGF-21 was measured by 
an enzyme-linked immunosorbent 
assay (ELISA) (Biovendor R&D) using 
an internal curve of standards run 
in duplicates, and the results were 
expressed as picograms per milliliter 
(pg/mL) (33). Plasma levels of CoQ 
were assessed by high-pressure liquid 
chromatography (HPLC) in reverse 
form with electrochemical detection 
of the reduced and oxidized molecule. 
Values were expressed as micromoles 
per liter (μmol/L) (34).

Degenerative Molecules Analysis
Plasma levels of BACE-1, PS-1 (con-

cretely PS-1-NTF) and sAPPβ were 
analyzed with the ELISA sandwich 
enzyme immunoassay technique using 
an internal curve of standards and run in 
duplicates following the manufacturer’s 
instructions (reference SEA718Hu, 
SEC200Hu and MBS165363, respectively; 
USCN-Life-Science), and values were 
expressed as nanograms per milliliter 
(ng/mL).

Statistical Analysis
Results were expressed as mean ± 

standard error of the mean (SEM) either 
as absolute units or as a percentage of 
increase or decrease between groups. 
Odds ratio and Fisher test were used 
to calculate gender distribution and its 
statistical differences among groups. 
Nonparametric statistical analysis 
was performed to select candidate 

included to determine the sensitivity and 
specificity of the biomarkers selected ver-
sus sIBM patients.

Sample Collection and Processing
A total of 20 mL peripheral blood were 

collected from both patients and controls 
by antecubital vein puncture in EDTA 
tubes. Plasma was isolated by centrifuga-
tion at 1,500g during 15 min and stored 
at –80°C until analysis.

Inflammatory Molecules Analysis
The concentration of soluble inflam-

matory molecules was determined 
using a Human Cytokine Plex (Bio-Rad) 
according to the manufacturer’s instruc-
tions. The molecules determined were 
IL-6 and TNF-α. Plates were analyzed on 
a Luminex 100™ instrument (Luminex) 
by using Bio-Plex Manager™ Software 
(Bio-Rad). Concentrations were obtained 
by standard calibration curves. All mea-
surements were performed in duplicate. 
Results were expressed in picograms per 
milliliter (pg/mL).

representing definite forms of each 
disease. Twenty-one patients of sIBM 
were prospectively and consecutively in-
cluded in the present study at the time of 
diagnosis after signing the informed con-
sent previously approved by the ethical 
committee of the Hospital Clinic of 
Barcelona. On inclusion, all the sIBM pa-
tients completed the inclusion body my-
ositis functional rating scale (IBMFRS), a 
validated disease-specific functional rat-
ing scale (31), scoring 23.6 ± 1.2 out of 40 
and presenting clinical features of mod-
erate to advanced sIBM. Parallelly, we 
included 20 age-gender–paired healthy 
controls to determine significantly al-
tered biomarkers in sIBM patients. The 
inclusion criteria for the healthy controls 
were as follows: age >40 years, absence 
of family history of mitochondrial dis-
ease, absence of muscle disease, viral 
infection, drug abuse or contact with 
mitochondrial toxic agents. In addition, 
patients with inflammatory myopathy 
different from sIBM (nine patients with 
DM and five patients with PM) were 

Figure 1. Normal and abnormal cleavage of the amyloid precursor protein. Both path-
ways are physiologic, but an increase in the abnormal pathway mediated by BACE-1 and 
PS-1 leads to amyloid-β oligomerization and the accumulation of amyloid-β plaque.
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(p = NS) (Figure 3). Specificity of the 
ELISA kits for the amyloidogenic mole-
cules were confirmed by Western blot in 
both BACE-1 and PS-1. Similar patterns 
of expression were found in those exper-
iments regarding differences between 
sIBM patients and controls (data not 
shown).

Consequently, when sIBM patients 
were compared with the non-sIBM group 
(healthy controls + DM + PM), BACE-1, 
PS-1 and sAPPβ showed a significant in-
crease of 99.5 ± 29.2%, 34.8 ± 13.3% and 
36.5 ± 28.2%, respectively (38,409 ± 5,629 
versus 19,244 ± 2,494, p = 0.001; 1.82 ± 0.18 

Interestingly, all the plasma biomarkers 
of amyloidogenic degeneration were 
significantly increased in the plasma of 
sIBM patients compared with healthy 
controls. BACE-1 was significantly 
increased (102 ± 29.6%) in plasma of sIBM 
patients compared with healthy controls 
(38,409 ± 5,629 versus 18,999 ± 2,487; 
p = 0.003). PS-1 was also significantly in-
creased in these patients (31.58 ± 26.9%) 
compared with the healthy control cohort 
(1.82 ± 0.18 versus 1.33 ± 0.10; p = 0.003), 
and sAPPβ levels also showed a strong 
trend to an increase in sIBM patients 
compared with healthy controls; how-
ever, they were not statistically significant 
(19.8 ± 4.1 versus 15.2 ± 2.5; p = 0.054). 
In addition, a positive correlation was 
found between BACE-1 and PS-1 plasma 
levels (R2 = 0.087; p < 0.05). The bio-
markers showing significant differences 
between sIBM patients and healthy 
controls (amyloidogenic molecules) 
were further evaluated in a third study 
population composed of patients with 
DM and PM, the non-sIBM inflammatory 
myopathy group. This third study pop-
ulation showed similar results compared 
with the healthy control group, with 
only 1.2 ± 13.1% in the case of BACE-1 
(19,244 ± 2,494 versus 18,999 ± 2,487,  
respectively), increasing to 1.5 ± 6% for 
PS-1 values (1.35 ± 0.08 versus 1.33 ± 0.1,  
respectively) and decreasing by 12.7 ± 6.5% 
in the case of sAPPβ (13.33 ± 1 versus 
15.26 ± 2.53, respectively). None of these 
differences were statistically significant 

biomarkers with significantly altered 
expression in sIBM patients with re-
spect to healthy controls by using the 
independent sample Mann-Whitney 
U test. In addition, correlations were 
assessed using Spearman linear re-
gression analysis. Selected biomarkers 
were further tested among the different 
groups of patients with inflammatory 
myopathies using the independent 
sample Mann-Whitney U test. Addi-
tionally, for evaluating the predictive 
capacity of these selected biomarkers 
to discriminate between sIBM sub-
jects and either healthy controls or the 
group of patients with inflammatory 
myopathies other than sIBM, binary 
logistic regression was performed to 
assess the sensitivity and specificity of 
each molecule tested. Furthermore, the 
Omnibus test, the Hosmer-Lemeshow 
goodness-of-fit, the ROC curve and 
the area under the curve (AUC) were 
also performed to assess the reliability 
of these molecules for diagnosis. In all 
cases, a p value <0.05 was considered 
statistically significant.

RESULTS
There were no differences in terms 

of age and gender among the groups. 
Table 1 shows all the clinical and demo-
graphical data of the patients included. 
IBMFRS test confirmed moderate to ad-
vanced level of severity for sIBM disease, 
but did not render statistical significant 
association to further evaluate molecular 
biomarkers.

We found remarkable trends toward 
altered plasma expression of inflamma-
tory and mitochondrial biomarkers in 
the plasma of sIBM patients. The plasma 
levels of IL-6 and TNF-α in sIBM patients 
were higher compared with healthy con-
trols (43.9 ± 29% versus 18.2 ± 23%, re-
spectively). The circulating mtDNA and 
FGF-21 values were also greater in the 
plasma of sIBM patients compared with 
healthy controls (10.2 ± 49% versus 52 ± 
40%, respectively), whereas plasma CoQ 
levels were lower at 3.7 ± 8%. However, 
none of these alterations was significant 
(Figure 2).
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Figure 2. Plasma levels of potential inflam-
matory (IL-6 and TNF-α) and mitochondrial 
(free mtDNA, FGF-21 and CoQ) biomark-
ers in plasma of sIBM patients. Values are 
expressed as percentage of increase or 
decrease with respect to healthy controls. 
No statistically significant differences were 
found between sIBM patients and con-
trols. However, increased levels of these 
molecules in sIBM (especially IL-6, TNF-α 
and FGF-21) suggest evidence of their im-
plication in the pathogenesis of sIBM.

Table 1. Demographic and clinical data of the three study populations.

Sporadic 
inclusion body 

myositis (n = 21)
Controls 
(n = 20)

Dermatomyositis 
and polymyositis 

(n = 14)
Statistical 

significance

Demographic data
Male [n (%)] 10 (47.6) 13 (65) 6 (43) NS
Female [n (%)] 11 (52.3) 7 (35) 8 (57) NS
Age (years) (mean ± SEM) 67.7 ± 2.3 68.5 ± 1.4 59.3 ± 2.8 NS

Disease progression data
IBMFRS test 23.6 ± 1.66 – – –

NS, nonsignificant; SEM, standard error of the mean. The IBMFRS is a disease-specific, 
10-point functional rating scale for patients with sIBM. This test classifies the clinical features 
of sIBM (with a maximum score of 40) according to the impossibility to perform daily activi-
ties such as dressing, personal hygiene and swallowing (0 score).
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DISCUSSION
At present, sIBM disease entails two 

main problems: difficulty for achieving 
early diagnosis and the lack of effective 
treatment (7,12,35). The aim of this study 
was to perform the first screening of cir-
culating molecules potentially involved 
in the etiopathology of sIBM to promote 
both advances in understanding the 
etiology of this disease as well as the 
development of diagnostic tools. The un-
derstanding of the etiopathology of sIBM 
is crucial to find effective treatment, 
and improvements in the diagnosis of 
this disease are essential to reduce the 
invasiveness of the current approaches, 
the need for a second or third biopsy to 
ensure diagnosis and the potential confu-
sion with similar diseases and to facilitate 
early detection and follow-up. The data 
provided by the present study demon-
strate evidence of plasma biomarkers in 
a peripheral tissue that is by far more 
accessible than the target tissue of sIBM; 
also, these data prevent the need to per-
form a second muscle biopsy to confirm 
the diagnosis.

Despite being reported as key mol-
ecules in inflammatory processes and 
mitochondrial bioenergetics, the plasma 
levels of IL-6, TNF-α, free mtDNA, 
FGF-21 and CoQ were not significantly 
altered at plasma level. However, most 
of these molecules showed strong trends 
to being altered in the plasma of these 
patients, for example, IL-6 and TNF-α, 

0.77, 0.62 and 0.68, respectively. Combined 
analysis of these molecules did not show 
better sensitivity and specificity with resp
ect to the overall values (Table 2).

versus 1.35 ± 0.08, p = 0.024, and 19.8 ± 4.1 
versus 14.5 ± 1, p = 0.03, respectively) 
(Figure 3).

Finally, sIBM patients were compared 
with PM patients alone, with BACE-1, 
PS-1 and sAPPβ levels showing the 
same increased pattern, although these 
differences did not reach statistical 
significance, probably because of small 
sample size of the PM group (38,409 ± 
5,629 versus 21,269.6 ± 11,068, p = 0.103; 
1.82 ± 0.18 versus 1.06 ± 0.33, p = 0.085; 
19.8 ± 4.1 versus 14.3 ± 2.2, p = 0.173, 
respectively) (Figure 3).

The Omnibus test and the Hosmer-
Lemeshow goodness-of-fit test revealed 
that BACE-1, PS-1 and sAPPβ were suit-
able as a predictive tool to discriminate 
sIBM from the other study cohorts. Over-
all, the sensitivity and specificity were 74.5, 
65.5 and 66.7%, respectively, with AUC of 
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Figure 3. BACE-1 (A), PS-1 (B) and sAPPβ (C) plasma levels in sIBM patients compared 
with healthy controls (HC), non-sIBM inflammatory myopathy patients (DM + PM) and 
non-sIBM patients (HC + DM + PM). HC, healthy controls; DM, dermatomyositis; PM, 
polymyositis. Increased levels of these amyloidogenic molecules in plasma from sIBM pa-
tients compared with healthy controls, DM and PM demonstrate their implication in sIBM 
disease and also strengthen their possible use for diagnostic purposes.

Table 2. Logistic binary regression results in patients with sporadic inclusion body myositis 
(sIBM) compared with the remaining cohorts (healthy controls + DM + PM).

Molecule Sensitivity (%) Specificity (%) Overall AUC

Separately
BACE1 45.0 91.2 74.1 0.77 ± 0.07
PS1 38.1 82.4 65.5 0.62 ± 0.08
sAPPβ 11.1 97.0 66.7 0.68 ± 0.7

Combined     
BACE1 + PS1 + sAPPβ 50.0 87.9 74.1
BACE1 + PS1 55.0 85.3 74.1
BACE1 + sAPPβ 44.4 87.9 72.5  

Logistic binary regression results in patients with sporadic inclusion body myositis (sIBM) 
compared with the remaining cohorts (healthy controls + DM + PM). The sensitivity and 
specificity of each molecule are shown separately and combined in addition to the AUC 
of each molecule.
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inflammatory myopathies. Regarding 
the sensitivity and specificity, we can 
conclude that, among the biomarkers 
selected, BACE1 levels are the best 
parameter for discriminating between 
sIBM patients and controls or other in-
flammatory myopathies, since the spec-
ificity and sensitivity achieved with the 
addition of PS-1 or sAPPβ did not increase 
the diagnostic precision compared with 
the use of BACE-1 quantification alone. 
sAPPβ and especially PS-1 levels are also 
altered in sIBM patients, confirming their 
involvement in the etiology of this disease.

These findings also strengthen the idea 
that sIBM is related to AD, at least with 
respect to its pathogenic mechanisms, 
showing the same kind of lesion in dif-
ferent tissues (muscle fiber and neurons, 
respectively). That is why sIBM is also 
known as muscle AD (23,24,38,39).

CONCLUSION
Considering the difficulties in di-

agnosing sIBM on the basis of clinical 
and anatomo-pathological findings, we 
propose that plasma BACE-1 levels may 
be a potential circulating biomarker for 
helping to achieve the diagnosis of sIBM. 
Because the clinical onset of sIBM and 
other inflammatory myopathies may be 
similar, and PM is often misdiagnosed as 
sIBM, further research should be done to 
validate in bigger sample size cohorts if 
those biomarkers could be suitable to en-
sure sIBM diagnosis in case of ambiguity 
for differential diagnosis.

The limitation of this study is the sample 
size, especially of the DM and PM groups. 
Further studies including more patients 
are needed to evaluate the usefulness of 
amyloidogenic biomarkers to establish the 
severity and evolution of sIBM through the 
follow-up of a cohort over time.
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In physiological conditions, the pro-
cessing of APP is carried out by the two 
pathways: the non-amyloidogenic path-
way with α-secretase and the amyloi-
dogenic pathway with BACE-1 and PS-1. 
However, in nonpathologic conditions, 
the amyloidogenic pathway is so dimin-
ished that there is no relevant formation 
of β-amyloid. In sIBM, we propose that 
the amyloidogenic pathway is altered 
and the levels of the molecules involved 
in this process (BACE-1 and PS-1) are 
dramatically increased, pathologically 
accelerating the formation of β-amyloid 
depositions. Additionally, the increase 
of these molecules in muscle (27), where 
they exert their function-causing protein 
depots, is also transferred to an increase 
in plasma levels of these molecules. 
Likewise, overexpression of sAPPβ, the 
resulting fragment of APP processed by 
BACE1, also demonstrated increased 
BACE1 activity, thereby reinforcing this 
theory.

The clinical onset of sIBM is similar to 
that of other inflammatory myopathies. 
Years of disease evolution are often re-
quired, and second biopsies are needed 
to confirm the diagnosis of sIBM. Con-
sequently, in clinical practice, patients 
diagnosed with DM and especially PM 
are the best subjects to test the sensitivity 
and specificity of the biomarkers selected 
for sIBM diagnosis.

In the present study, the plasma 
expression of amyloidogenic markers 
(BACE-1, PS-1 and sAPPβ) in patients 
with inflammatory myopathies includ-
ing DM and PM were similar to those 
of healthy controls, thereby strengthen-
ing the amyloid theory, since, despite 
sharing some clinical and pathologic 
features similar to sIBM, these other 
inflammatory myopathies do not pres-
ent inclusion bodies. Based on these 
findings, we can conclude that increased 
expression of amyloid-related molecules 
in plasma is specific of sIBM. These 
findings strengthen the possibility of 
using those selected molecules as ap-
propriate candidates for the diagnosis 
of sIBM and as potential biomarkers for 
discriminating between sIBM and other 

which are also reportedly altered in 
muscle (16,17). There may be a parallel-
ism between the muscle and plasma lev-
els of these molecules, and since these 
molecules are not useful to discriminate 
among other inflammatory myopathies, 
they may provide information as to the 
inflammatory status of the patients. 
Additionally, this inflammation does 
not seem to be triggered, at least signifi-
cantly, by circulating mtDNA released 
from chronically injured muscle cells.

On considering the implication of mi-
tochondria in sIBM, it was also suggested 
that FGF-21 is altered in these patients. 
Although the liver is the main producer 
of FGF-21 (36), muscle was also described 
to secrete this endocrine factor, and its 
production is known to be increased as 
a consequence of primary but not sec-
ondary mitochondrial disorders (37). In 
this regard, we found circulating FGF-21 
levels to be increased, albeit not signifi-
cantly, in these patients. Because all the 
subjects studied were free of metabolic 
disorders involving hepatic lesions, mus-
cle may be directly involved in this trend 
to an increase in sIBM patients. Although 
it was not possible to evaluate liver and 
muscle biopsies from the subjects of this 
study for ethical reasons, this increase in 
FGF-21 levels seems to reinforce the as-
sumption of mitochondrial implication in 
the etiopathogenesis of sIBM.

Coenzyme Q was evaluated because 
of its important involvement in mito-
chondrial respiratory chain function, as 
well as its implication in the formation 
of Tau aggregates (22). However, this 
molecule was not found to be altered 
in plasma. Nonetheless, further studies 
should evaluate the levels of this coen-
zyme in muscle biopsy where tau aggre-
gation occurs.

On analyzing the molecules related to 
muscle degeneration and the formation 
of β-amyloid depositions, we found a 
significant increase in these biomarkers 
in plasma of sIBM patients. PS-1 and 
especially BACE-1 were dramatically 
increased, suggesting that the increase in 
these levels is responsible for the forma-
tion of β-amyloid depositions in sIBM. 



R E S E A R C H  A R T I C L E

	 M O L  M E D  2 1 : 8 1 7 - 8 2 3 ,  2 0 1 5  |  C a t a l á n - G a r c í a  E T  A L .  |  8 2 3

30.	 Rose MR, Group EIW. (2013) 188th ENMC In-
ternational Workshop: Inclusion Body Myositis, 
2–4 December 2011, Naarden, The Netherlands. 
Neuromuscul. Disord. 3:1044–55.

31.	 Jackson CE, et al. (2008) Inclusion body myositis 
functional rating scale: a reliable and valid mea-
sure of disease severity. Muscle Nerve. 37:473–6.

32.	 Moren C, et al. (2015) Mitochondrial disturbances 
in HIV pregnancies. Aids. 29:5–12.

33.	 Hondares E, et al. (2014) Fibroblast growth 
factor-21 is expressed in neonatal and 
pheochromocytoma-induced adult human brown 
adipose tissue. Metabolism. 63:312–7.

34.	 Yubero D, et al. (2014) Biochemical diagnosis 
of coenzyme q10 deficiency. Mol. Syndromol. 
5:147–55.

35.	 Greenberg SA. (2012) Pathogenesis and therapy 
of inclusion body myositis. Curr. Opin. Neurol. 
25:630–9.

36.	 Kharitonenkov A, et al. (2005) FGF-21 as a novel 
metabolic regulator. J. Clin. Invest. 115:1627–35.

37.	 Salehi MH, et al. (2013) Association of fibroblast 
growth factor (FGF-21) as a biomarker with 
primary mitochondrial disorders, but not with 
secondary mitochondrial disorders (Friedreich 
Ataxia). Mol. Biol Rep. 40:6495–9.

38.	 Askanas V, Engel WK. (2008) Inclusion-body 
myositis: muscle-fiber molecular pathology and 
possible pathogenic significance of its similarity 
to Alzheimer’s and Parkinson’s disease brains. 
Acta Neuropathol. 116:583–95.

39.	 Askanas V, Engel WK. (2001) Inclusion-body 
myositis: newest concepts of pathogenesis and 
relation to aging and Alzheimer disease. J. Neuro-
pathol. Exp. Neurol. 60:1–14.

Cite this article as: Catalán-García M, et al. (2015) 
BACE-1, PS-1 and sAPPβ levels are increased in 
plasma from sporadic inclusion body myositis pati
ents: surrogate biomarkers among inflammatory 
myopathies. Mol. Med. 21:817–23.

14.	 Salajegheh M, Lam T, Greenberg SA. (2011) 
Autoantibodies against a 43 KDa muscle protein 
in inclusion body myositis. PLoS One. 6:e20266.

15.	 Lloyd TE, et al. (2015) Cytosolic 5′-nucleotidase 
1A is a common target of circulating autoanti-
bodies in several autoimmune diseases. Arthritis 
Care Res. 68:66–71.

16.	 Gallucci S, Provenzano C, Mazzarelli P, Scuderi 
F, Bartoccioni E. (1998) Myoblasts produce IL-6 
in response to inflammatory stimuli. Int. Immu-
nol. 10:267–73.

17.	 Loell I, Lundberg IE. (2011) Can muscle regen-
eration fail in chronic inflammation: a weakness 
in inflammatory myopathies? J. Intern. Med. 
269:243–57.

18.	 Zhang Q, et al. (2010) Circulating mitochondrial 
DAMPs cause inflammatory responses to injury. 
Nature. 464:104–7.

19.	 Cossarizza A, et al. (2011) Increased plasma lev-
els of extracellular mitochondrial DNA during 
HIV infection: a new role for mitochondrial 
damage-associated molecular patterns during 
inflammation. Mitochondrion. 11:750–5.

20.	 Davis RL, et al. (2013) Fibroblast growth factor 21 
is a sensitive biomarker of mitochondrial disease. 
Neurology. 81:1819–26.

21.	 Littlefield N, Beckstrand RL, Luthy KE. (2013) 
Statins’ effect on plasma levels of Coenzyme Q10 
and improvement in myopathy with supplemen-
tation. J. Am. Assoc. Nurse Pract. 26:85–90.

22.	 Santa-Mara I, et al. (2008) Coenzyme q induces 
tau aggregation, tau filaments, and Hirano bod-
ies. J. Neuropathol. Exp. Neurol. 67:428–34.

23.	 Levacic D, Peddareddygari LR, Nochlin D, 
Sharer LR, Grewal RP. (2013) Inclusion-body 
myositis associated with Alzheimer’s disease. 
Case Rep. Med. 2013:536231.

24.	 Murphy MP, Golde TE. (2006) Inclusion-body 
myositis and Alzheimer disease: two sides of 
the same coin, or different currencies altogether? 
Neurology. 66:S65–8.

25.	 Roos PM, Vesterberg O, Nordberg M. (2011) 
Inclusion body myositis in Alzheimer’s disease. 
Acta Neurol. Scand. 124:215–7.

26.	 Wu G, et al. (2012) Characterization of plasma 
beta-secretase (BACE1) activity and soluble am-
yloid precursor proteins as potential biomark-
ers for Alzheimer’s disease. J. Neurosci. Res. 
90:2247–58.

27.	 Nogalska A, Engel WK, Askanas V. (2010) 
Increased BACE1 mRNA and noncoding 
BACE1-antisense transcript in sporadic in-
clusion-body myositis muscle fibers: possibly 
caused by endoplasmic reticulum stress. Neuro-
sci. Lett. 474:140–3.

28.	 Rosen C, Hansson O, Blennow K, Zetterberg H. 
(2013) Fluid biomarkers in Alzheimer’s disease-
current concepts. Mol. Neurodegener. 8:20.

29.	 Hoogendijk JE, et al. (2004) 119th ENMC interna-
tional workshop: trial design in adult idiopathic 
inflammatory myopathies, with the exception of in-
clusion body myositis, 10–12 October 2003, Naarden, 
The Netherlands. Neuromuscul. Disord. 14:337–45.

(FIPSE 360745/09 and 360982/10), 
Suports a Grups de Recerca de la 
Generalitat de Catalunya (SGR 09/1158 
and 09/1385) and CIBER de Enfermedades 
Raras (CIBERER, an initiative of ISCIII).

DISCLOSURE
The authors declare that they have 

no competing interests as defined by 
Molecular Medicine, or other interests 
that might be perceived to influence the 
results and discussion reported in this 
paper.

REFERENCES
1.	 Solorzano GE, Phillips LH 2nd. (2011) Inclusion 

body myositis: diagnosis, pathogenesis, and 
treatment options. Rheum. Dis. Clin. North Am. 
37:173–83.

2.	 Griggs RC, et al. (1995) Inclusion body myositis 
and myopathies. Ann. Neurol. 38:705–13.

3.	 Needham M, Mastaglia FL. (2007) Inclusion body 
myositis: current pathogenetic concepts and 
diagnostic and therapeutic approaches. Lancet 
Neurol. 6:620–31.

4.	 Catalan M, Selva-O’Callaghan A, Grau JM. 
(2014) Diagnosis and classification of sporadic 
inclusion body myositis (sIBM). Autoimmun. Rev. 
13:363–6.

5.	 Cox FM, et al. (2011) A 12-year follow-up in spo-
radic inclusion body myositis: an end stage with 
major disabilities. Brain. 134:3167–75.

6.	 Benveniste O, et al. (2011) Long-term observa-
tional study of sporadic inclusion body myositis. 
Brain. 134:3176–84.

7.	 Calabrese LH, Mitsumoto H, Chou SM. 
(1987) Inclusion body myositis presenting as 
treatment-resistant polymyositis. Arthritis Rheum. 
30:397–403.

8.	 Benveniste O, et al. (2015) Amyloid deposits and 
inflammatory infiltrates in sporadic inclusion 
body myositis: the inflammatory egg comes be-
fore the degenerative chicken. Acta Neuropathol. 
129:611–24.

9.	 Greenberg SA. (2009) Comment on “Interrelation 
of inflammation and APP in sIBM: IL-1beta in-
duces accumulation of beta-amyloid in skeletal 
muscle.” Brain. 132:e106.

10.	 Abdo WF, et al. (2009) Increased plasma 
amyloid-beta42 protein in sporadic inclusion 
body myositis. Acta Neuropathol. 118:429–31.

11.	 Salajegheh M, et al. (2009) Sarcoplasmic redis-
tribution of nuclear TDP-43 in inclusion body 
myositis. Muscle Nerve. 40:19–31.

12.	 Machado P, Brady S, Hanna MG. (2013) Update 
in inclusion body myositis. Curr. Opin. Rheuma-
tol. 25:763–71.

13.	 Larman HB, et al. (2013) Cytosolic 5′-nucleotidase 
1A autoimmunity in sporadic inclusion body 
myositis. Ann. Neurol. 73:408–18.


