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ABSTRACT

Sporadicinclusion-body myositis (s-IBM) is the most common muscle disease of older persons. Its muscle-
fiber phenotype shares several molecular similarities with Alzheimer-disease (AD) brain, including
increased ABPP, accumulation of amyloid- (AB), and increased BACE1 protein. AB42 is promi-
nently increased in AD brain and within s-IBM fibers, and its oligomers are putatively toxic to both
tissues—accordingly, minimizing Af342 production can be a therapeutic objective in both tissues. The
pathogenic development of s-IBM is unknown, including the mechanisms of BACE1 protein increase.
BACE1 is an enzyme essential for production from ABPP of AB42 and AB40, which are proposed to be detri-
mental within s-IBM muscle fibers. Novel noncoding BACE1-antisense (BACE1-AS) was recently shown
(a)tobeincreased in AD brain, and (b) to increase BACE1 mRNA and BACE1 protein. We studied BACE1-AS
and BACET1 transcripts by real-time PCR (a) in 10 s-IBM and 10 age-matched normal muscle biopsies; and
(b) in our established ER-Stress-Human-Muscle-Culture-IBM Model, in which we previously demon-
strated increased BACE1 protein. Our study demonstrated for the first time that (a) in s-IBM biopsies
BACE1-AS and BACET1 transcripts were significantly increased, suggesting that their increased expression
can be responsible for the increase of BACE1 protein; and (b) experimental induction of ER stress sig-
nificantly increased both BACE1-AS and BACE1 transcripts, suggesting that ER stress can participate in
their induction in s-IBM muscle. Accordingly, decreasing BACE1 through a targeted downregulation of
its regulatory BACE1-AS, or reducing ER stress, might be therapeutic strategies in s-IBM, assuming that
it would not impair any normal cellular functions of BACE1.

© 2010 Elsevier Ireland Ltd. All rights reserved.

The understanding of regulation of gene expression has changed
over the last several years. New species of noncoding transcripts,
such as antisense RNA or microRNA, have been identified and
their role in gene regulation documented [8]. In general, natu-
ral antisense transcripts are non-protein-coding single-stranded
RNAs complementary to other transcripts [8,14,23,30,31]. Anti-
sense transcripts have been reported to regulate expression of
corresponding sense mRNAs [23,30,31]. Two modes of such reg-
ulation have been proposed: (a) concordant, when an increase or a
decrease of an antisense transcript level results in a parallel change
of its sense partner; and (b) discordant, when decrease of an anti-
sense transcript leads to increase of a sense transcript [30]. There is
agrowing list of sense-antisense transcript pairs in the mammalian
genome—many of those antisense transcripts participate in regu-
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lating expression of genes involved in the pathogenesis of various
diseases, such as AD [12,13,22].

BACE1 (B-site amyloid-3 precursor protein [ABPP] cleaving
enzyme 1) a transmembrane protein whose expression is tightly
regulated [21,24], is a member of the aspartyl-protease family.
BACE1 cleaves ABPP at the N-terminal of AB [21,24], and is a
major [3-secretase participating in A generation—its increase
leads to overproduction of toxic AB42 [16,21,24]. A novel regula-
tion of BACE1 mRNA and protein expression involving a conserved
noncoding BACE1-antisense transcript (BACE1-AS) was recently
described in vivo and in vitro [12]. BACE1-AS, synthesized on the
opposite strand of the BACE gene locus, bears 104 nucleotides fully
complementary to exon 6 of human BACE1 mRNA [12].

Exposure of cultured cells to various stressors, including hyper-
thermia, serum starvation, and oxidative stress, leads to significant
increase of BACE1-AS, concomitantly with an increase of BACE1
mRNA and BACET1 protein [12]. BACE1-AS and BACE1 together form
an RNA duplex, which leads to increased stability of BACE1 mRNA
[12]. Increased levels of BACE1-AS were reported in brains of AD
patients and of ABPP-transgenic mice [12].
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Sporadic inclusion-body myositis (s-IBM) is the most common
muscle disease associated with aging. Intriguingly, s-IBM mus-
cle tissue shares several phenotypic similarities with AD brain.
In s-IBM there is intra-muscle-fiber accumulation of several AD-
characteristic proteins, including: (i) phosphorylated tau in the
form of paired helical filaments, (ii) increased ABPP and BACE1
protein, and (iii) accumulation of aggregated AP as congophilic
B-pleated-sheets, preferentially composed of AB42 [2,4,29]. AR42
is more hydrophobic and more prone to self-association and
oligomerization, and it is much more cytotoxic than AB40 [5-7,11].
The progressive course of s-IBM leads to pronounced muscle
weakness and severe disability [9,10], but no dementia [10]. The
exact pathogenic evolution of s-IBM is not known, and there is
no enduring treatment [2,10]. Endoplasmic reticulum (ER) stress
was proposed to be an important component of the s-IBM patho-
genesis [18,26]. Experimentally, in cultured human muscle fibers,
induced ER stress causes: (a) activation of nuclear factor-kB (NF-
kB), (b) increased myostatin, (c) decreased activity of SIRT1, and
(d) increased BACE1 protein—all which also occur within biopsied
s-IBM patients’ muscle fibers [17,20,32,33]. In addition, in s-IBM
muscle fibers and in our ER-stress-induced cultured human mus-
cle fiber-model [ER-Stress-Culture-IBM Model], BACE1 binds to
APBPP, strongly suggesting a role of BACE1 in ABPP processing [33].
Although BACE1 protein is increased both in s-IBM muscle fibers
and the ER-Stress-Culture-IBM Model [27,28,33], the mechanisms
underlying that BACE1 increase remain unknown.

In this report we show for the first time that in s-IBM mus-
cle fibers BACE1-AS transcript is increased, as compared to the
age-matched controls, and it is associated with increased BACE1
mRNA, i.e., a parallel relationship. We also show that in our ER-
Stress-Culture-IBM Model, BACE1-AS and BACE1 transcripts are
increased. These results suggest that ER stress might be one of
the forces upregulating BACE1-AS and BACE1 transcripts in s-IBM
muscle fibers, and subsequently leading to BACE1 protein increase.

Experiments were performed on portions of diagnostic muscle
biopsies obtained (with informed consent) from 10 s-IBM and 10
age-matched normal muscle controls (which, after all tests per-
formed, were considered free of muscle disease). s-IBM patients
were ages 58-79 years, median age 65; control patients were ages
58-86, median age 74. Diagnoses were based on clinical and labora-
tory investigations, including our routinely performed 16-reaction
diagnostic histochemistry of muscle biopsies. All s-IBM biopsies
met s-IBM diagnostic criteria, having: muscle fibers with vacuoles
on Engel trichrome staining; paired helical filaments by SMI-31-
and p62-immunoreactivities [2,10,19]; and Congo-red-positivity
using fluorescence enhancement [3].

Primary cultures of normal human muscle were established,
as described [1], from archived satellite cells of portions of diag-
nostic muscle biopsies from patients who, after all tests were
performed, were considered free of muscle disease. Experiments
were performed on 5 different culture sets, each established from
satellite cells derived from a different muscle biopsy. 20 days after
fusion of myoblasts, well-differentiated myotubes were treated for
24 h, with an established ER stress inducers tunicamycin, an N-
glycosylation inhibitor (4 wg/ml), or thapsigargin, an inhibitor of
ER-calcium-ATPase (300 nM) [15] (both from Sigma Co., St. Louis,
MO), which in our previous studies were shown to induce ER stress
but no morphologically visible adverse toxic effects [17,18,20]. In
each experiment, ER-stress-induced cultures were compared to
their unstressed sister-control cultures. After treatment, RNA was
isolated from experimental and control cultures.

Total RNA from muscle biopsies was isolated using an RNA
isolation kit (BD Pharmingen, San Diego, CA) according to the man-
ufacturer’s instructions and as recently described [17,18]. Total
RNA from cultured human muscle fibers was isolated as described,
using RNA-bee reagent (Tel-Tech, Friendwood, TX) [17,18,20].
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Fig.1. BACE1 and BACE1-AS transcripts in control muscle biopsies (A), and in control
non-treated normal cultured human muscle fibers (B). In both systems, BACE1-
AS transcript is much less abundant than BACE1 transcript. Data are presented as
mean + SEM.

1 g of RNA was subjected to genomic DNA removal, and to
cDNA synthesis using QuantiTect Reverse Transcription Kit (Qia-
gen, Valencia, CA), according to the manufacturer’s instructions.
Real-time PCR was performed in duplicate, at total volume of
25, using 1l of cDNA, QuantiFastSYBR Green PCR Master
mix, and (a) appropriate commercial QuantiTect Primers (Qiagen)
for BACE1 or GAPDH, or (b) previously published primers and
probe for BACE1-AS [12] (Fw-GAAGGGTCTAAGTGCAGACATCTT;
Rv-AGGGAGGCGGTGAGAGT; Pr-ACATTCTTCAGCAACAGCC) (syn-
thesized by Invitrogen, Carlsbad, CA). PCR runs were performed
on an Eppendorf Mastercycler Realplex?. Cycling conditions were
95°C for 5 min, followed by 40 cycles of 95°C for 10s and 60°C
for 30s. Relative gene expression was calculated by using the
2-AACT method, in which the amount of BACE1 or BACE1-AS mRNA
was normalized to an endogenous reference gene (GAPDH). The
results are expressed as fold induction relative to controls. Correct
PCR products were confirmed by agarose gel electrophoresis and
melting-curve analysis.

The statistical significance was determined by Student’s t-test.
The level of significance was set at p<0.05. Data are presented as
means + SEM.

In both control normal muscle biopsies, as well as in cultured
normal human muscle fibers, BACE1-AS transcript was much less
abundant than BACE1 mRNA (Fig. 1A and B). In s-IBM biopsies, as
compared to controls, by real-time PCR BACE1-AS transcript was
increased 2.3-fold (p<0.01) and BACE1 mRNA was increased 3.5-
fold (p <0.05) (Fig. 2). Treatment of cultured human muscle fibers
with the ER stress inducers tunicamycin or thapsigargin increased
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Fig. 2. BACE1 and BACE1-AS transcripts in biopsied control “C” and s-IBM mus-
cle fibers. BACE1 and BACE1-AS transcripts are significantly increased in s-IBM as
compared to controls. Data are presented as mean & SEM.



142 A. Nogalska et al. / Neuroscience Letters 474 (2010) 140-143

BACEl BACE1-AS
4
p<0.01
e
o}
; =z, p<0.01
[
g <
EQ
=]
g é‘-‘g p<0.05p<0.01
= 2 T T
L ©
[ =1
1
0
C Tm Tg C Tm Tg

Fig. 3. BACE1 and BACE1-AS transcripts in cultured human muscle fibers: “C”,
non-treated controls; Tm, tunicamycin; Tg, thapsigargin. Under ER stress condi-
tions induced by either Tm or Tg, BACE1 and BACE1-AS transcripts are significantly
increased. Data are presented as mean & SEM.

BACE1-AS transcript levels more than 2.5-fold, p<0.01 for both
reagents, and BACE1 mRNA, 1.6-fold, p <0.05, and 1.6-fold, p <0.01
respectively for each (Fig. 3).

BACE1 mRNA was previously shown to be regulated by its nat-
ural BACE1-antisense transcript in the concordant parallel way
[12]; and BACE1-AS has been shown to increase BACE1 mRNA
stability and its translation [12]. Here we show for the first time
that in s-IBM muscle biopsies, BACE1-AS transcript is significantly
increased and is accompanied by an increase of BACE1 mRNA. We
previously reported increase of BACE1 protein in s-IBM muscle
fibers—our present findings suggest that the increased BACE1 pro-
tein results, at least partially, from the increased transcription of
BACE1 mRNA, quite likely driven by BACE1-AS. In contrast to AD
and AD-transgenic-mouse brain samples in which BACE1-AS tran-
script was increased more than the sense BACE1 transcript [12], in
our s-IBM muscle biopsies the reversed was found. The significance
of this finding is presently unknown, and might be due to a tissue
specificity, muscle versus brain, or to other factors. Although the
elevation of BACE1-AS in various cell lines due to different cellular
stresses was reported [12], the influence of endoplasmic reticu-
lum stress has not been specifically studied to our knowledge. We
here demonstrate that in our ER-stress-induced previously nor-
mal cultured human muscle fibers (ER-Stress-Culture-IBM Model),
both BACE1-AS and BACE1 transcripts were significantly increased,
the BACE1-AS transcript being increased proportionally more than
the sense BACE1 transcript. These data, together with our previ-
ous demonstration that, in the same experimental model, ER stress
increased the level of BACE1 protein [33], suggest an important role
of ER stress in upregulation of BACE1. Furthermore, in s-IBM mus-
cle, elevated BACE1-AS transcript, either in response to ER stress
itself, or in combination with other intra-cellular stresses such as
oxidative stress [25,34], may increase BACE1 mRNA and BACE1
protein, thereby leading to increased production of toxic AB42 [29].

The presence of BACE1 mRNA in control muscle biopsies and
in cultured human muscle fibers indicates that BACE1 is a normal
muscle protein, presumably synthesized to play a physiological role
there. For example, BACET1 is strongly expressed at the postsynaptic
domain of normal human neuromuscular junctions [28].

Natural sense-antisense pairs are widely present in the human
genome [13], but their role in regulation of gene expression and in
the pathogenic evolution of various diseases is not fully understood.
Our study suggests that s-IBM is another disease in which natural
noncoding antisense transcripts very likely play a pathogenic role.
Moreover, our observation, thatin s-IBM BACE1-AS is increased and
might be increasing BACE1 mRNA, may have important therapeutic
implications. Decreasing BACE1, through a targeted downregula-
tion of its disease-induced regulatory BACE1-AS, could be a future
therapeutic strategy in s-IBM, assuming that it would not impair
any normal cellular functions of BACE1 and/or BACE1-AS.
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