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Cyclic stretch of differentiated myotubes mimics the loading pattern of mature skeletal muscle. We
tested a cell culture model of disuse atrophy by the cessation of repetitive bouts of cyclic stretch in dif-
ferentiated C2C12 myotubes. Myotubes were subjected to cyclic strain (12%, 0.7 Hz, 1 h/d) on collagen-I-
coated Bioflex plates using a computer-controlled vacuum stretch apparatus (Flexcell Int.) for 2 (2dSTR)
or 5 (5dSTR) consecutive days. Control cultures were maintained in the Bioflex plates without cyclic
stretch for 2 d or 5 d. Additionally, some cultures were stretched for 2 d followed by cessation of stretch
for 3 d (2dSTR3dCES). Cyclic stretching (5dSTR) increased myotube diameter and overall myotube area by
~2-fold (P < 0.05) compared to non-stretched controls, while cessation of stretch (2dSTR3dCES) resulted
in ~80% smaller myotubes than 5dSTR cells, and 40-50% smaller than non-stretched controls (P < 0.05).
Further, the calpain-dependent cleavage products of all-spectrin (150 kDa) and talin increased (3.5-fold
and 2.2-fold, respectively; P < 0.05) in 2dSTR3dCES myotubes, compared to non-stretched controls. The
1 h cyclic stretching protocol acutely increased the phosphorylation of Akt (+4.5-fold; P < 0.05) and its
downstream targets, FOX03a (+4.2-fold; P < 0.05) and GSK-3p (+1.8-fold; P < 0.05), which returned to
baseline by 48 h after cessation of stretch. Additionally, nitric oxide production increased during stretch
and co-treatment with the NOS inhibitor, .-NAME, inhibited the effects of stretch and cessation of stretch.
We conclude that cessation of cyclic stretching causes myotube atrophy by activating calpains and
decreasing activation of Akt. Stretch-induced myotube growth, as well as activation of atrophy signaling
with cessation of stretch, are dependent on NOS activity.

Keywords:
Myocyte

Cell culture
Cyclic stretch
Atrophy
Nitric oxide

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Skeletal muscle cells are extremely sensitive to mechanical
forces allowing mature muscle fibers to hypertrophy or atrophy
with increasing or decreasing mechanical loading, respectively.
While generally adaptive, this property can produce dramatic mus-
cle wasting and weakness during periods of physical inactivity,
such as bed rest, limb immobilization, or space flight, thereby hin-
dering functional recovery upon muscle reloading. A cell culture
model of unloading-induced muscle cell atrophy would allow rapid
analysis of the signaling mechanisms involved in the response to
removal of mechanical tension without potential confounding ef-
fects of changes in neural recruitment, blood flow, or endocrine
factors that occur with whole-body inactivity.

Reduced mechanical strain on the muscle membrane may im-
pair signaling from force transducers in the extracellular matrix
to the cytoskeleton. Disruption of the mechanotransduction pro-
teins connecting the extracellular matrix to the cytoskeleton has
been implicated in the initiation of proteolysis during muscle
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unloading [1,2], which occurs due to both a decrease in muscle
protein synthesis and an increase in the rate of proteolysis [3].
Skeletal muscle proteolysis is initiated by calpain and caspase
proteases triggered by accumulation of intracellular calcium
[4], leading to upregulation of the E3 ubiquitin ligases, MAFbx
and MuRF1, and the 26S proteasome to degrade myofibrillar pro-
teins [5].

The dystrophin-glycoprotein complex (DGC) provides a trans-
membrane association between the extracellular matrix and vari-
ous intracellular proteins and protein complexes [6]. Disruption
of the DGC, such as occurs in Duchenne’s muscular dystrophy or
the mdx mouse, results in repetitive skeletal muscle injury/regen-
eration and muscle atrophy. Proteins involved in transmembrane
signaling function as mediators of survival signaling and protein
synthesis, often working through PI3K and one of its downstream
effectors, a serine/threonine kinase known as Akt [7]. Akt activa-
tion has a protective effect, blocking induction of apoptosis in dif-
ferentiated muscle cells [8]. Events that may mediate cell survival
downstream of Akt include inhibitory phosphorylation of GSK-38
and transcription factors in the Forkhead family (FOXO) [9]. Addi-
tionally, through its action on the mammalian target of rapamycin
(mTOR), FOXO, and other intermediates, Akt maintains protein
synthesis and inhibits the proteolytic pathways [10].
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Evidence suggests that the DGC works as a regulator of muscle
atrophy and serves as a scaffold for anti-atrophic signal transduction
[1]. Therefore, routine deformation of the sarcolemma by stretch
and/or contraction would maintain signaling through the DGC and
preserve muscle mass. Neuronal NOS (nNOS) is a peripheral member
of the DGC and may play a role in transducing mechanical signals.
Sarcolemmal-associated nNOS is reported to be a necessary signal-
ing molecule for satellite cell activation, glucose uptake, muscle con-
traction, and vasodilation [11-14]. Further, NOS activity appears to
be necessary for muscle hypertrophy [15]. Neuronal NOS expression
and activity has been shown to increase with mechanical activity
[16], training [17], and electrical stimulation [18], and to decrease
with unloading [16]. More recently, Wozniak and cohorts demon-
strated that a 10% mechanical stretch applied to primary cultured
myotubes transiently increased fluorescence of the NO probe,
DAF-2DA; whereas myotubes from mdx mice, which contain little
nNOS at the sarcolemma, exhibited much less NO release after
stretch [19]. These results suggest that mechanical loading, such
as stretch, is a positive regulator of NOS expression and activity in
myotubes and fully differentiated muscle.

In this report, we examine an in vitro model of disuse atrophy,
where cells are cyclically stretched for 1 h/d for 2 or 5days or
stretched for 2 days and then remain inactive for three subsequent
days, so we can evaluate the effect of stretch and the effect of ces-
sation of stretch independent of external factors. The necessity of
NO for myotube adaptations during and after stretch was assessed
using a non-specific NOS inhibitor. We examined several key play-
ers (e.g., Akt, FOXO, calpain, caspase) implicated in many in vivo
studies to determine if our in vitro atrophy model produced similar
responses. We hypothesized that stretch-induced NO production
contributes to myotube hypertrophy through Akt signaling, and
cessation of stretch will cause atrophy by upregulating proteolysis.
Our results demonstrate that cessation of repeated bouts of cyclic
stretching induces atrophy and activation of calpain-dependent
proteolysis in cultured myotubes. Further, we have previously
shown that NO is involved in Akt regulation in response to calcium
ionophore [20]. This study extends our observations to show that
functional stretch-induced Akt activation is also NO-dependent.

2. Materials and methods
2.1. Myogenic culture

We used an immortal cell line derived from mouse skeletal mus-
cle, called C2C12 (ATCC, Manassas, VA). These cells were originally
obtained by Yaffe and Saxel through selective serial passage of myo-
blasts cultured from the thigh muscle of C3H mice 70 h after a crush
injury [21]. These cells are capable of differentiation and are a widely
used model to study differentiated skeletal muscle cells. Myoblasts
were cultured on 100 mm dishes in Dulbecoo’s Modified Eagle’s
Medium (DMEM) (Mediatech, Herndon, VA) supplemented with
10% fetal bovine serum (FBS), 1% penicillin/streptomycin, and 0.1%
funzigone at 37 °C in the presence of 5% CO2 until 50-60% conflu-
ence was reached as visualized by light microscopy. The cultures
were then trypsinized and replated at equal density to 6-well Flex-
cell plates for mechanical stimulation as described below. Once
the Flexcell plate cultures reached 60-80% confluency, myotube dif-
ferentiation was initiated by switching to DMEM supplemented
with 2% horse serum, 1% penicillin/streptomycin, and 0.1%
fungizone.

2.2. Mechanical stimulation using cyclic strain

Myoblasts were plated on type I collagen-coated flexible-bot-
tom plates (Bioflex plates, Flexcell International, McKeesport, PA)

and incubated at 37 °C in an incubator maintained at 5% CO, until
90% myotube population was visualized. Immediately prior to the
initiation of stretch, the medium was aspirated and changed to dif-
ferentiation medium supplemented with or without 5 mM L-
NAME. The cells were subjected to cyclic strain at 0.7 Hz for 1 h
using a computer-controlled vacuum stretch apparatus (FX-
4000T Tension Plus System, FlexCell International) with a vacuum
pressure that is sufficient to generate to predetermined percentage
of mechanical strain. Replicate control samples and cells undergo-
ing cessation of stretch were maintained under static conditions
with no applied cyclic strain.

The Flexcell system used for our stretch apparatus employed
equibiaxial deformations to the membranes on the bottom of each
culture plate. Equibiaxial stretch is the preferred model of in vitro
deformation because a myotube adhered in any direction is subject
the same shape change. Although the Flexcell Bioflex software uses
percentile stretch to calibrate the vacuum necessary to deform the
elastic membrane, each cell is not exposed to the same percent of
stretch. The percent stretch would depend on the orientation and
length of the myotube. Larger myotubes would be stretched a
smaller percent than those of a lesser size. Specifically, the 12%
stretch corresponds to a 4.2 mm stretch equal in all directions.
While the orientation of the myotube on the membrane would still
affect the direction of deformation, the myotubes had a tendency
to align in the same plane with maturation and exposure to stretch
as observed previously [22]. We have previously reported that cyc-
lic stretching or .-NAME treatment of C2C12 cells does not reduce
cell viability as measured by trypan blue exclusion [23]. Further, in
the present study, counting of DAPI-stained nuclei indicate no dif-
ferences in the total number of nuclei between groups (data not
shown).

2.3. Imaging and immunohistochemistry

Twenty-four hours after the last bout of stretch, myotubes were
fixed in 2% paraformaldehyde for 10 min and washed twice with
PBS. All cultures were viewed and digital images captured using
a Zeiss inverted microscope (Axiovert 200). Three digital images
per culture were captured. The images were analyzed for myotube
length, diameter and area using Image] imaging software (NIH).

After fixing in paraformaldehyde, myotubes were washed twice
with PBS, and membranes were permeabilized for 15 min with
0.2% Triton-X. Myotubes were blocked in 5% goat serum for
30 min, followed by incubation in primary antibody diluted in
0.5% BSA for dystrophin (Lab Vision Corporation), MHC type Ila
(1:50; N2.261 Developmental Studies Hybridoma Bank), nNOS
(1:133; BD Transduction Labs), eNOS (1:133; BD Transduction
Labs), or iNOS (1:133; BD Transduction Labs) for 1 h. Myotubes
were then incubated in secondary antibody diluted in 5% Pierce
Super Blocker (Pierce Biotechnology) for Rhodamine (1:40, Invitro-
gen) or Alexa 488 IgG (1:133, Invitrogen) for 1 h and stained with
DAPI-containing mounting media (Vector Laboratories). All cul-
tures were viewed on a Zeiss microscope with rhodamine, FITC,
and DAFPI filters.

2.4. Western blot analysis

Cells were harvested in ice-cold non-denaturing lysis (NDL) buf-
fer containing 30 mM Tris-HCl (pH 7.5), 0.7% Triton-X, 150 mM
Nacl, 3.5 mM EDTA, 10 mg/ml NaNs3, 1 uM NasVO,, 0.05% vol/vol
protease inhibitors and 0.5% vol/vol phosphatase inhibitors (Sigma,
St. Louis). Lysates were then centrifuged at 4 °C for 10 min at
1000g. Protein concentrations were measured using the D¢ Protein
Assay Kit (Bio-Rad Laboratories, Richmond, CA). Aliquots of whole
cell lysate were run on SDS-PAGE gels and proteins were trans-
ferred to nitrocellulose membranes and blocked with Odyssey
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blocking buffer for 1 h. The membranes were incubated at 4 °C
overnight in primary antibody diluted with Odyssey blocking buffer
(LI-COR Biosciences, Lincoln, NE), TBS, and 0.01% Tween-20 for phos-
pho-GSK-3B (Santa Cruz; Santa Cruz, CA), total GSK (Santa Cruz;
Santa Cruz, CA), phospho-AKT (Santa Cruz; Santa Cruz, CA), total
AKT (Santa Cruz; Santa Cruz, CA), phospho-FOX03a (Ser253; Cell
Signaling Technology #9466) and B-actin (Abcam; Cambridge,
MA). Membranes were washed with TBS-T three times and incu-
bated for 35 min in secondary antibody, Odyssey blocking buffer,
and TBS-T. The secondary antibodies were IR Dye conjugated sec-
ondaries obtained from LICOR detectable at wavelengths of 680 or
800 nm. Membranes were washed three times with TBS-T and once
with TBS before being scanned and detected using the Odyssey infra-
red imaging system (LI-COR). Boxes were manually placed around
each band of interest, which returned near-infrared fluorescent val-
ues of raw intensity with intra-lane background subtracted using
Odyssey 3.0 analytical software (LiCor, Lincoln, NE).

2.5. Nitric oxide production

Intracellular NO was monitored with DAF-FM diacetate (Invit-
rogen, Carlsbad,CA), a pH-insensitive fluorescent dye that emits in-
creased fluorescence after reaction with an active intermediate of
NO formed during the spontaneous oxidation of NO to NO,. Myo-
tubes were incubated at 37 °C for 30 min in phenol red-free, ser-
um-free DMEM containing 10 uM of DAF-FM diacetate. After
loading was completed, cells were rinsed three times with phenol
red-free, serum-free DMEM and subjected to 1 h of mechanical
strain. Cells were harvested in deionized water, centrifuged at
12,000g and 100 pl aliquots of lysate were quantified on a micro-
plate fluorometer (Molecular Devices) using excitation and emis-
sion wavelengths of 488 and 520 nm, respectively.

2.6. Statistical analysis

Group sample size was determined with power analysis of our
preliminary data. Comparisons between groups were made by a
3-way full factorial ANOVA, and when appropriate, Tukey’s HSD
test was performed post hoc. Intracellular NO assay was compared
by linear regression. Significance was established at P < 0.05.

3. Results and discussion
3.1. Myotube characteristics

After 6d of differentiation, immunohistochemistry revealed
that C2C12 myotubes express type Ila myosin heavy chain (Suppl.
Fig. 1). This is in agreement with other studies in C2C12s demon-
strating that myotubes begin expressing all isoforms of MHC after
3d of differentiation (40). Dystrophin staining is also evident
throughout the C2C12 myotubes (Suppl. Fig. 1). Dystrophin and
the glycoprotein complex with which it is associated play a funda-
mental role in mechanotransduction during stretch and provide
structural integrity for the cell. Thus, the presence of dystropin in
normally differentiated C2C12 myotubes was critical for testing
our hypotheses of myotube adaptation to cyclic strain and inactiv-
ity. The presence and localization of the nitric oxide synthases in
C2C12s are shown by immunostaining for nNOS, iNOS, and eNOS
after 6 d of differentiation (Suppl. Fig. 1). Both nNOS and iNOS ap-
pear to be localized in clusters near the cell membrane whereas
eNOS is expressed more diffusely throughout the cytosplasm.

3.2. Effect of cyclic stretch on nitric oxide production

Because cyclic stretch in culture and mechanical strain in vivo
have been shown to increase nNOS expression and NO production
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Fig. 1. Average 4-amino-5-methylamino-2’,7'-difluorofluorescein (DAF-FM) diace-
tate fluorescence in C2C12 myotubes after 1h of cyclic stretch at various
magnitudes. Values represent the mean + SEM (n = 3). *Significantly different from
no-stretch control (P < 0.05).

[16,24], we sought to determine if different magnitudes of cyclic
stretch would increase NO production in C2C12 myotubes. To test
this hypothesis, myotubes were loaded with DAF-FM diacetate for
30 min and subjected to 1 h of mechanical strain at various magni-
tudes. The results show that there is a stepwise increase of NO pro-
duction with increasing magnitudes of stretch from 6 to 18%
(Fig. 1). Only 18% stretch was significantly higher than no-stretch
controls (+1.3-fold, P < 0.05). However, it has been suggested that
18% stretch may induce inflammatory pathways and iNOS expres-
sion in culture [25,26], so we chose to use 12% stretch for the
remainder of the experiments.

3.3. Effect of cyclic stretch and cessation of stretch on myotube size

Two days of 12% cyclic stretch for 1 h/d did not alter average
length, diameter or area of C2C12 myotubes (Suppl. Fig. 2 and
Fig. 2); however, cells undergoing stretch for 5 days experienced
a significant increase in myotube diameter and area (>2-fold,
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Fig. 2. Image analysis of C2C12 myotubes: (A) average myotube area, (B) average
myotube diameter. Values represent the mean + SEM (n = 35). *Significantly differ-
ent from no-stretch control (P < 0.05).
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P < 0.05). Importantly, cessation of stretch for 3 days caused a sig-
nificant reduction in myotube diameter and area in comparison to
all no-stretch control and stretched groups, representing skeletal
muscle myotube atrophy. Treatment with the NOS inhibitor
L-NAME led to diameter and area measurements similar to those
of atrophied myotubes, which were significantly lower than non-
treated cells across all groups. The .-NAME results suggest that
NOS activity is essential for myotube growth independent of
stretch.

3.4. Effect of stretch cessation on protein degradation

Muscle atrophy is predominantly due to increased proteolysis
[3]. Because image analysis of C2C12 myotube morphology (i.e.
myotube area and diameter) showed evidence of myotube atrophy
and activation of calpain proteases is believed to initiate muscle
catabolism [4], we sought to determine if calpain activity was ele-
vated in myotubes during cessation of stretch. Two cytosketetal
muscle proteins important for sarcomeric structural integrity and
susceptible to cleavage by calpains, all-spectrin and talin, were
measured. The 150 kDa cleavage product of all-spectrin and the
190 kDa cleavage product of talin were significantly elevated fol-
lowing 3 days of mechanical inactivity in vitro (2dSTR3dCES,
Fig. 3). .-NAME prevented the increase in all-spectrin and talin
cleavage products in the 2dSTR3dCES group implicating excess
NO production in the activation of proteolysis during inactivity,
which has been previously suggested by Suzuki et al. [1]. Con-
versely, .-NAME treatment increased talin cleavage in 2-d cultures,
which agrees with another report showing that NO can prevent
calpain-mediated talin proteolyisis in C2C12 cells [27]. Nitric oxide
has been shown to inhibit calpain activity via S-nitrosylaton of an
active site cysteine, and the NO donor sodium nitroprusside was
sufficient to prevent vinculin and talin degradation after calcium
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Fig. 3. Cytoskeletal protein degradation products in of C2C12 myotubes using the
atrophy protocol. Graphs represent ratio of cleaved to intact protein: (A) calpain-
specific 150 kDa all-spectrin cleavage product, (B) calpain-specific 190-kDa talin
cleavage product. Values represent the mean + SEM (n = 5). *Significantly different
from no-stretch control (P < 0.05).

ionophore-treatment in C2C12 myoblasts [27]. Thus, endogenous
nitric oxide production may be protective against calpain-induced
proteolysis. Additionally, since nitric oxide production is enhanced
by cyclic stretch (Fig. 1), this may partly explain why cytoskeletal
proteolysis by calpain was reduced by mechanical activity in our
model. This unusual effect of .-NAME (i.e. preventing cleavage of
all-spectrin and talin during cessation of stretch, while increasing
cleavage of talin in control and 2 d stretch cultures) suggests a dual
role of nitric oxide, inhibiting calpain proteolysis in basal or active
conditions, and activating calpain proteolysis during inactivity.

Although our data provide evidence for an increase in proteoly-
sis with cessation of stretch, there was no change in protein con-
tent in myotubes after withdrawal from activity (Suppl. Fig. 3)
and no change in protein concentrations with stretch. On the other
hand, treatment of myotubes with .-NAME significantly reduced
protein content in the 2dSTR3dCES + LN group. This result is sur-
prising considering that, collectively, our data indicate that 2 days
of stretch followed by 3 days of inactivity is sufficient to induce
cytoskeletal protein degradation and visual atrophy of C2C12
myotubes.

3.5. Effect of cessation of stretch on Akt signaling

The Akt pathway is known to regulate muscle protein synthesis
and is a master controller of skeletal muscle size by also playing a
role in skeletal muscle atrophy [9,28], and NO has also been shown
to be involved in Akt activation in a PI3-kinase dependent manner
[20]. To determine if Akt signaling is altered with changes in
stretch activity in vitro, phosphorylated-to-total Akt and its down-
stream targets, FOX03a and GSK-3B, were measured for 48 h fol-
lowing 2 d of repeated bouts of stretch.

Akt activation was increased ~5-fold following the 2 consecu-
tive days of cyclic stretch (Fig. 4A, stretched). This elevation was
transient as it returned to baseline after 48 h of cessation of
stretch. Notably, NOS inhibition significantly blunted activation
of Akt at all time points, indicating that phosphorylation of Akt
in C2C12 myotubes is NOS-dependent. The results for phosphory-
lated-FOX03a (p-FOX03a) closely resemble the pattern for p-Akt
(Fig. 4B), which was expected because FOX03a is phosphorylated
and inactivated by Akt. Immediately after the stretch bout on
day two, p-FOX03a was significantly elevated and tapered as time
elapsed. Nitric oxide synthase inhibition completely abrogated the
increase in FOXO3a phosphorylation, again demonstrating the
importance of NO in this signaling pathway. GSK-38 is activated
by its dephosphorylation and translocation to the nucleus where
it is known to trigger numerous transcription factors. Many of its
targets are thought to promote transcription of atrophy-related
genes [29]; thus, we sought to determine if GSK-3B activation
was altered in our stretch model. Two days of 12% cyclic stretch
significantly induced inhibitory GSK-3B phosphorylation, while
the ratio of phosphorylated-to-total GSK-3p tended to decrease
over time with cessation of stretch (Fig. 4C). Interestingly, .L-NAME
administration to the media prevented stretch-induced phosphor-
ylation of GSK-3B until 48 h post-stretch. Altogether, the anabolic
effects of the Akt pathway are upregulated after 2 d of moderate
magnitude cyclic stretch, and the upregulation of Akt with stretch
is dependent on NOS activity, as .-NAME blocked both phosphory-
lation of Akt and its substrate GSK-3p. In the absence of muscle
activity for 48 h, Akt is inactivated, leading to dephosphorylation
of FOXO transcription factors. As a result, dephosphorylated FOXOs
enter into the nucleus and activate atrophy-inducing genes [9].
During cessation of cyclic stretch, we observed a decline in p-Akt
with a concomitant increase in dephosphorylated FOX03a, which
suggests that reduced activity in vitro turns off signaling for muscle
hypertrophy, also required for maintenance of muscle mass, and
turns on signaling for protein degradation and muscle atrophy



320 Q.A. Soltow et al./Biochemical and Biophysical Research Communications 434 (2013) 316-321

| ¢— P-Akt

A W e

R s R S o B R TotalAk

s 69,

%1;5_ O Control
8= @B L-NAME
£3+

- Q *f *f

S0 34 *# k

e, /

29 14 . -

0 —

£, | il AN

Stretched 12h 24h 48h
Cessation of Stretch

B ‘ “14‘&@‘Hq_p-FOX3a
hadl IR Y “<—ﬁ-actin

c 59 *

S T 3 Control
g_g‘,. BB L-NAME
8@

N3_

O a *f

X o J

(ol f

w o2

o2 #

K=

%‘%;1. I i rli f

o=

g%, (m

Stretched 12h 24h 48h
Cessation of Stretch

(9]

W S Ny o e it o = 4— D-GSK-3B
e W oGSk

2.5 4
3 Control

2.0 4 Bl L-NAME
1.5 4

1.0 4 #
#
0.5 - *#

0.0 < i

Stretched 12h 24h  48h
Cessation of Stretch

phosphol/total GSK-3p protein
(relative to baseline)

Fig. 4. Protein expression of Akt, FOX03a, and GSK-3p in C2C12 myotubes 12, 24,
and 48 h after 2d of 12% stretch: (A) ratio of phosphorylated-to-total Akt, (B)
phosphorylated-FOX03a, (C) phosphorylated-to-total GSK-3p. Values represent the
mean = SEM (n = 3). *Significantly different from baseline, *Significantly different
from control, ‘Significantly different from stretched control (P < 0.05).

[30]. Treatment with the NOS-inhibitor, .-NAME, accelerated the
Akt/FOXO03a response; again, suggesting a role for NO in regulation
of muscle size.

In conclusion, this study describes an intrinsic model of in vitro
skeletal muscle myotube atrophy by withdrawal from daily bouts
of cyclic stretch. First, we show that cyclic mechanical stretch
mimics muscle loading in cultured C2C12 myotubes, and increases
myotube size through NOS-dependent induction of Akt signaling.
Second, cessation of cyclic stretch causes protein degradation, a
reduction in myotube size, and downregulation of Akt signaling.
Our results demonstrate an in vitro model of atrophy independent
of external factors and provide evidence to better understand the
signaling pathways involved during changes in skeletal muscle
loading patterns.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bbrc.2013.03.048.
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