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Abstract Exercise offers several benefits for health,
including increased lean body mass and heightened
energy expenditure, which may be partially attributable
to secretory factors known as myokines. Irisin, a recently identified myokine, was shown to increase metabolic
rate and mitochondrial content in both myocytes and
adipocytes; however, the mechanism(s) of action still
remain largely unexplained. This work investigated if
irisin functions by acting as an inflammatory myokine
leading to cellular stress and energy expenditure. C2C12
myotubes were treated with various concentrations of
irisin, TNFα, or IL6 for various durations. Glycolytic
and oxidative metabolism, as well as mitochondrial
uncoupling, were quantified by measurement of acidification and oxygen consumption, respectively.

Metabolic gene and protein expression were measured
by quantitative real-time polymerase chain reaction
(qRT-PCR) and immunoblotting, respectively. Mitochondrial content was assessed by fluorescent imaging.
NFκB activity was assessed using an NFκB GFP-linked
reporter system. Consistent with previous findings,
irisin significantly increased expression of several genes
including peroxisome proliferator-activated receptor γ
coactivator-1α (PGC-1α) leading to increased mitochondrial content and oxygen consumption. Despite
some similarities between TNFα and irisin treatment,
irisin failed to activate the NFκB pathway like TNFα,
suggesting that irisin may not act as an inflammatory
signal. Irisin has several effects on myotube metabolism
which appear to be dependent on substrate availability;
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however, the precise mechanism(s) by which irisin functions in skeletal muscle remain unclear. Our observations support the hypothesis that irisin does not function
through inflammatory NFκB activation like other
myokines (such as TNFα).
Keywords Peroxisome proliferator-activated receptor γ
coactivator-1α (PGC-1α) . Fibronectin type III domain
containing protein 5 (FNDC5) . Secretome . Tumor
necrosis factor α (TNFα) . Interleukin 6 (IL6)

Introduction
Exercise offers many benefits as a byproduct of locomotion and energy expenditure by reducing risk of
many metabolic diseases. In addition to locomotion,
skeletal muscle has been identified as a secretory organ
of peptide circulatory factors including cytokines. Irisin,
a recently identified stimulator of metabolism, is hypothesized to be cleaved from fibronectin type III
domain-containing protein 5 (FNDC5) which is
expressed on the surface of skeletal muscle [6, 7, 20,
28, 47]. Irisin is believed to represent a potential therapeutic agent for obesity because of its ability to increase
metabolic rate in cultured adipocytes and myocytes.
This may occur in vivo following both exercise and
the shiver response during cold exposure [6, 44]; however, the correlation between exercise and irisin has
been highly controversial [6, 8–10, 27, 39, 42]. Despite
some inconsistencies, irisin appears to be effective at
increasing energy expenditure in vitro, the mechanisms
by which the peptide functions remain ill-defined. Irisin
was previously shown to increase mitochondrial content
in both adipocytes and myocytes at least in part through
induction and expression of peroxisome proliferatoractivated receptor γ coactivator-1α (PGC-1α) [6, 22,
44, 51, 52]. PGC-1α stimulates the expression of nuclear respiratory factors (NRF) leading to mitochondrial
transcription factor A (TFAM) expression and mitochondrial biogenesis [11, 14, 38, 48]. Due to the central
role that PGC-1α plays in the regulation of mitochondrial biogenesis and energy expenditure, it is not surprising that a variety of cellular pathways lead to PGC1α activation and expression. Because irisin is thought
to have a cell surface receptor (yet to be identified), we
postulated that irisin may function similarly to other
secretory myokines released by skeletal muscle following exercise. Previous investigations have shown that
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cytokines including tumor necrosis factor α (TNFα)
and interleukin 1 (IL1) have the ability to increase
PGC-1α in a p38MAPK-dependent manner, as demonstrated by the loss of activity following the addition of
the p38MAPK inhibitor SB202190 [35]. Inhibition of
the c-Jun N-terminal kinases (JNK) pathway had no
effect on cytokine induction of PGC-1α activity [35].
Treatment with various cytokines leads to enhanced
oxygen consumption and RNA expression of mitochondrial components; however, these effects were only seen
in systems with high PGC-1α expression, suggesting an
essential role of cytokine-induced metabolic adaptations
[35]. Puigserver and colleagues speculate that the effects
of such cytokines may work in part through NFκB
activation, a well-documented target of cytokines, including TNFα and interleukins [35].
Exercise has repeatedly been shown to activate the
NFκB pathway in rodent muscle [16, 24, 46]. And not
surprisingly, myokine expression and secretion appears
to be regulated in part by NFκB activation and expression, allowing NFκB to bind the promoter regions of
common pro-inflammatory myokines, which are induced following intense exercise [25, 40, 46]. We hypothesized irisin may function similarly to other circulatory cytokines which activate NFκB and enhance
metabolism. To investigate the potential similarities between irisin and circulatory cytokines, we compared the
effects of irisin to the inflammatory cytokine TNFα and
interleukin 6 (IL6) on myotube metabolism, metabolic
gene expression, mitochondrial content, and NFκB activation. We also hypothesized that if irisin has the
capacity to stimulate myotube metabolism, then irisin
may provide some benefit for metabolic disease specific
to skeletal muscle. Specifically, we hypothesized that
irisin may possess the ability to rescue suppressed
myotube oxidative metabolism (which was accomplished by treatment of myotubes with various doses
of simvastatin). Our group previously reported that
simvastatin-suppressed oxidative metabolism and mitochondrial content in cultured human myocytes, which
was rescued by the addition of ubiquinol [43], validating
simvastatin treatment of myotubes as one method of
suppressing myotube oxidative metabolism. Additionally, others have reported elevated circulating irisin content following simvastatin treatment, suggesting irisin
may act as a biomarker released in response to statininduced muscle damage and myopathy [15, 34]. Taken
together, our previous finding demonstrating irisin’s
ability to stimulate myocyte metabolism [44], along

Irisin, a unique non-inflammatory myokine

with correlations between circulating irisin and statin
treatment suggest that irisin may provide some protective effect during statin-induced myopathy [15, 34].

Materials and methods
Cell culture
Murine myocytes (C2C12) were purchased from ATCC
(Manassas, VA) and cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) containing 4500 mg/L glucose and supplemented with 10 % heat-inactivated fetal
bovine serum (FBS) and 100 U/mL penicillin/streptomycin, in a humidified 5 % CO2 atm at 37 °C. Myotubes
were differentiated by exchanging culture media with
DMEM containing 4500 mg/L glucose and supplemented with 2 % heat-inactivated horse serum (HS) with
100 U/mL penicillin/streptomycin for 4 days. Cells were
grown to confluency prior to differentiation for normalization. Recombinant irisin was purchased from Cayman Chemical (Ann Arbor, MI) and recombinant IL6
and TNFα from R and D Systems (Minneapolis, MN)
were diluted to various concentrations in culture media
identified through pilot data (specifically PGC-1α expression) and through previous observations [5, 12, 21].
Differentiated myotubes were treated with various doses
of each agent for 24 h. In order to investigate the
potential rescuing effect of irisin on suppressed metabolism, we treated differentiated myotubes with various
doses of simvastatin from Sigma (St. Lois, MO) determined through pilot data with and without irisin or
DMSO control (final concentration of DMSO=0.1 %
for all experiments using simvastatin) for 24 h.
Metabolic assay
Cells were seeded and differentiated as described above in
a 24-well culture plate from SeaHorse Bioscience (Billerica, MA) and treated with either control, irisin, TNFα, or
IL6 at predetermined optimal doses for 24 h as described
above (n=6 per group). Following treatment, culture media was removed and replaced with XF Assay Media from
SeaHorse Bioscience (Billerica, MA) containing 4500 mg/
L glucose free of HCO3− and incubated at 37 °C. Per
manufacturers’ protocol, SeaHorse injection ports were
loaded with oligomycin, an inhibitor of ATP synthase
which induces maximal glycolytic metabolism and reveals
endogenous proton leak (mitochondrial uncoupling) at a
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final concentration 1.0 μM. Oligomycin addition was
followed by the addition of carbonyl cyanide
p-[trifluoromethoxy]-phenyl-hydrazone (FCCP), an uncoupler of electron transport that induces peak oxygen
consumption (an indirect indicator of peak oxidative metabolism) at final concentration 1.25 μM. Rotenone was
then added in 1.0 μM final concentration to reveal nonmitochondrial respiration and end the metabolic reactions
[13, 50]. Extracellular acidification, an indirect measure of
glycolytic capacity, and oxygen consumption, a measure
of oxidative metabolism, were measured using the
SeaHorse XF24 Extracellular Analyzer from SeaHorse
Bioscience (Billerica, MA). SeaHorse XF24 Extracellular
Analyzer was run using 8-min cyclic protocol commands
(mix for 3 min, let stand 2 min, and measure for 3 min) in
triplicate as previously performed [45].
qRT-PCR
Following differentiation and treatment with each
myokine at various doses for 24 h (n=3 per group), total
RNA was extracted using RNeasy Kit from Qiagen
(Valencia, CA) and cDNA was synthesized from using
the Retroscript™ RT kit from Ambion (Austin, TX)
according to manufacturer’s instructions. PCR primers
were designed using Primer Express software from
Invitrogen (Carlsbad, CA) and synthesized by Integrated DNA Technologies (Coralville, IA). Amplification of
PGC-1α, NRF1, and TFAM, were normalized to the
housekeeping gene, TATA Binding Protein (TBP).
Table 1 summarizes the forward and reverse primers of
each gene. Quantitative real-time polymerase chain reaction (qRT-PCR) reactions were performed in triplicate
using the LightCycler 480 real-time PCR system from
Roche Applied Science (Indianapolis, IN). SYBR
Green based PCR was performed in triplicate with final
primer concentrations at 10 μM in a total volume of
30 μl. The following cycling parameters were used:
95 °C for 10 min followed by 45 cycles of 95 °C for
15 s, and 60 °C for 1 min as previously performed [44].
Immunoblotting and protein expression
Following differentiation and treatment with each
myokine at various doses for 24 h, whole cell lysates
were prepared by harvesting the cells on ice in high salt
lysis buffer (25 mM Tris base, 8 mM MgCl2, 1 mM
DTT, 15 % glycerol, 0.1 % Triton) supplemented with
protease inhibitor mix (Sigma, St. Lois MO), followed
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Table 1 Summary of qRT-PCR primers from Integrated DNA Technologies (Coralville, IA)
Primer name

Forward sequence

Reverse sequence

NRF1

5′-ACCCTCAGTCTCACGACTAT-3′

5′-GAACACTCCTCAGACCCTTAAC-3′

PGC-1α

5′-GACAATCCCGAAGACACTACAG-3′

5′-AGAGAGGAGAGAGAGAGAGAGA-3′

TBP

5′-GGGATTCAGGAAGACCACATA-3′

5′-CCTCACCAACTGTACCATCAG-3′

TFAM

5′-GAAGGGAATGGGAAAGGTAGAG-3′

5′-ACAGGACATGGAAAGCAGATTA-3′

NRF1 Nuclear respiratory factor 1, PGC-1α peroxisome proliferator-activated receptor γ coactivator 1α, TFAM mitochondrial transcription
factor A, TBP TATA binding protein

by incubation on ice for 60 min. Insoluble material was
removed by centrifugation at 17,500×g for 3 min, and
protein concentrations were determined by Bradford assay (Protein Assay Dye Reagent Concentrate, Bio-Rad
Laboratories, Hercules, CA). Total protein (40 μg per
sample) was size-separated by 10 % sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and electro-transferred to nitrocellulose membranes. After blocking in TBST-5 % non-fat milk powder for 1 h,
membranes were probed at 4 °C for 24 h with an antiPGC-1α primary polyclonal antibody from Santa Cruz
Biotechnologies (Santa Cruz, CA) and an anti-β-actin
primary monoclonal antibody from Sigma (St. Louis,
MO) in TBST-1 % non-fat milk powder overnight.
Bound antibodies were detected by horseradish
peroxidase-conjugated secondary antibodies from Sigma
(St. Louis, MO) and by chemiluminescence using the
ECL Plus Western Blotting Detection kit from GE
Healthcare Life Sciences (Little Chalfont, Buckinghamshire, UK). All western blots were performed in singlet
using pooled lysates from 6 replicate wells per treatment.
NFκB activation
Cells were seeded overnight in standard culture media and
transfected with a NFκB GFP-linked reporter system from
Qiagen (Valencia, CA) for 5 h (n=16 per group). Cells
were then thoroughly rinsed and treated as described
above. NFκB activity was measured by constant green
fluorescence cell surveillance measured every 30 min for
48 h by the Incucyte ZOOM live content imaging and cell
surveillance from Essen Bioscience (Ann Arbor, MI).

Invitrogen (Carlsbad, CA) and imaged 1 h following
staining using the Incucyte ZOOM live content imaging
system as described above.
Metabolic rescuing
In order to investigate irisin’s ability to rescue depressed
mitochondrial metabolism and related gene expression in
cells with depressed metabolism, we repeated the aforementioned metabolic, immunoblotting, and mitochondrial staining protocols following treatment of differentiated
myotubes with various doses of simvastatin-only, simvastatin+irisin, or DMSO control (final concentration of
DMSO=0.1 % for all experiments using simvastatin)
for 24 h. Doses for concurrent irisin/simvastatin experiments were determined through proliferation/viability data from WST-1 assays (data not shown).
Statistical analyses
Gene expression and mitochondrial content were analyzed
by ANOVA with Dunnett’s pair-wise comparisons. Gene
expression was quantified by relative expression using the
ΔΔCp method [31]. Metabolic measurements were analyzed by student’s t test or ANOVA with Dunnett’s pairwise comparisons (statin-treated experiments only). NFκB
activity was analyzed by two-way ANOVA with
Bonferroni’s pair-wise comparisons. All data are presented
as mean±standard deviation (SD) with * indicating
p<0.05 statistical differences compared to control.

Results
Mitochondrial content
Metabolic gene and protein expression
Following differentiation and treatment with each
myokine at various doses for 24 h (n=16 per group),
cells were then stained with Mitotracker at 200 nM from

We measured the effects of each myokine on metabolic
gene expression and mitochondrial content in
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differentiated myotubes. Irisin treatment significantly
elevated expression of PGC-1α, NRF1, and TFAM, all
of which promote mitochondrial biogenesis (Fig. 1a).
Not surprisingly, cells treated with irisin also demonstrated elevated PGC-1α protein content, and significantly elevated mitochondrial content in a dosedependent fashion (Fig. 1b and c). TNFα-treated cells
exhibited no significant alterations in expression of any
of the aforementioned genes (Fig. 1d). However, TNFα
treatment stimulated significant elevations in both PGC1α protein expression and mitochondrial content
(Fig. 1e, f). Interestingly, IL6 treatment failed to alter
expression of any genes related to mitochondrial biogenesis but did lead to increased PGC-1α protein

expression (Fig. 1g, h). And despite elevated PGC-1α
expression, IL6-treatment reduced myotube mitochondrial density (Fig. 1i). Next, we investigated the importance of glucose availability for the function of irisin.
Cells were deprived of glucose 24 h prior to treatment
by receiving 50, 25, or 0 % (no glucose) of regular
differentiation media glucose content. Cells were then
treated with or without irisin at 12.5 ng/ml with each of
the corresponding glucose contents. Not surprisingly, as
glucose content decreased, PGC-1α expression increased (Supplementary Figure 1). Interestingly, as glucose content decreased, irisin treatment resulted in a
stepwise decrease in PGC-1α expression. From these
data, it appears that irisin acts to stimulate PGC-1α in a

Fig. 1 Metabolic gene and protein expression a RNA expression
of peroxisome proliferator-activated receptor γ coactivator-1α
(PGC-1α), nuclear respiratory factor 1 (NRF1), and mitochondrial
transcription factor A (TFAM) expression following treatment of
differentiated myotubes with irisin at various doses for 24 h. b
Protein expression of PGC-1α and c mitochondrial content following treatment differentiated of myotubes with irisin at various doses
for 24 h. d RNA expression of PGC-1α, NRF1, and TFAM
following treatment of tumor necrosis factor α (TNFα) as

described above. e Protein expression of PGC-1α and f mitochondrial content following treatment differentiated of myotubes with
TNFα as described above. g RNA expression of PGC-1α, NRF1,
and TFAM following treatment of interleukin 6 (IL6) as described
above. h Protein expression of PGC-1α and i mitochondrial content
following treatment differentiated of myotubes with IL6 as described above. NOTES: Data are displayed as group mean±SD.
Asterisk indicates p<0.05 compared with control
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glucose-dependent manner (50–100 % normal media
content), an effect lost following further glucose titration.
Myokine-induced myotube metabolism
Next, because irisin treatment resulted in altered metabolic gene/protein expression and mitochondrial content, we assessed the effect of each myokine on oxidative and glycolytic metabolism. Treatment with irisin
caused a significant increase in basal myotube oxidative
metabolism as well as oxygen consumption from endogenous mitochondrial uncoupling (Fig. 2a). Similarly,
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TNFα significantly increased basal myotube oxidative
metabolism as well as oxygen consumption from endogenous mitochondrial uncoupling (Fig. 2b). Conversely, IL6 treatment failed to alter basal mitochondrial
metabolism, but did result in significantly elevated endogenous uncoupling as well as increased FCCPinduced peak mitochondrial oxygen consumption
(Fig. 2c), an effect not seen following treatment with
either irisin or TNFα. Next, we examined basal glycolytic metabolism by measuring extracellular acidification (an indirect indicator of glycolytic metabolism). We
observed a subtle but significant increases in glycolytic

Fig. 2 Oxidative metabolism a basal, endogenous uncoupled, and peak oxygen consumption rate (OCR) in pMol O2/min of differentiated
myotubes treated with irisin, b tumor necrosis factor α (TNFα), or c interleukin 6 (IL6) for 24 h. NOTES: Data are displayed as group mean
±SD. Asterisk indicates p<0.05 compared with control
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metabolism following irisin treatment which was not
observed in TNFα- and IL6-treated cells (data not
shown). Tested myokines did not alter peak glycolytic
metabolism (data not shown).
NFκB activity and metabolic rescuing
Because both TNFα- and IL6-treated cells exhibited
increased PGC-1α expression, we sought to determine
if irisin functions similarly by promoting cellular inflammation via NFκB activation. Cells were differentiated, transfected with an NFκB-GFP reporter system,
and treated as described in methods. NFκB activity was
measured every 30 min for GFP expression. We found
TNFα-treated cells exhibited massively induced NFκB
activity, while irisin-treated and control cells displayed
only basal GFP expression after 48 h of treatment
(Fig. 3). Because irisin stimulated myotube metabolism
independent of NFκB activation, we investigated the
ability of irisin to rescue suppressed metabolism, which
we accomplished by treating differentiated myotubes
with various doses of simvastatin, with or without irisin.
Irisin was unable to rescue suppressed basal oxidative
metabolism or reduced endogenous uncoupling but was
able to partially rescue simvastatin-suppressed peak mitochondrial oxygen consumption at 12.5 and 25.0 ng/ml
(data not shown). It is important to note that the addition
of simvastatin completely abolished irisin-induced increases in myotube oxidative metabolism and mitochondrial uncoupling (shown in Fig. 2). Interestingly, irisin
treatment consistently rescued PGC-1α protein expression, as well as simvastatin-suppressed mitochondrial
Fig. 3 NFκB Activation. Group
mean fluorescence of NFκB-GFP
reporter system, using images
taken every 30 min, following
treatment of differentiated
myotubes with irisin or TNFα at
various doses for 48 h
(representative images shown
below. NOTES: Asterisk indicates
p<0.05 compared with control.
White size bar=200 μm
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content (Fig. 4). Next, we assessed irisin’s ability to
rescue statin-suppressed glycolytic metabolism and
found irisin was unable to rescue glycolytic metabolism
under basal conditions, while peak glycolytic metabolism was unaffected by simvastatin treatment with or
without irisin supplementation (data not shown).

Discussion
Skeletal muscle is a dynamic tissue which plays an
important role in whole-body energetics. Circulating
myokines have been postulated to systemically influence metabolism by acting as signaling peptides to alter
metabolic gene expression and mitochondrial density.
Controversy surrounding the immunological measurement of endogenous irisin in biological samples has
emerged as a primary concern of irisin-related research
[2, 10]. Specifically, the potentially false signals produced by assays based on non-specific antibodies may
have resulted in the extrapolation of inaccurate circulating irisin concentration, leading some to doubt the physiological importance of irisin [2, 10, 33]. Despite inconsistencies in circulating irisin concentrations (both in
healthy and diseased populations), irisin appears to reliably promote improved metabolic phenotypes in several
tissue types; therefore, irisin (the molecule) may still
have therapeutic potential. It appears that circulating
irisin may be a direct function of lean body mass (although this is yet to be consistently shown experimentally) [18, 26, 29]. And despite ongoing work to establish well-defined concentrations of irisin in various
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Fig. 4 Metabolic rescuing of mitochondrial content and peroxisome proliferator-activated receptor γ coactivator-1α (PGC-1α)
protein expression following treatment of differentiated myotubes
with various doses of simvastatin-only, simvastatin+irisin, or

DMSO control (final concentration of DMSO=0.1 % for all experiments using simvastatin) for 24 h (representative images shown at
right). NOTES: Asterisk indicates p<0.05 compared with control.
White size bar=200 μm

populations, it is unclear if discrepancies between
diseased and normal populations reflect irisin’s ability
to stimulate metabolism or the diseased body’s inability to respond to irisin’s signal (termed Birisin
resistance^) [32]. This is a perplexing issue because
irisin seems to consistently elicit metabolic benefits
experimentally, yet metabolically diseased populations
may have the highest circulating concentrations of
irisin leaving an explanation for irisin resistance unknown [26, 42].
New evidence has arisen demonstrating the main expression site of irisin may not be skeletal muscle sarcoplasm but rather nerve sheaths innervating skeletal muscle [4]. Other highly metabolically active tissues such as
liver also express irisin, further supporting the notion that
irisin’s role may be one of metabolic regulation through
auto/paracrine mechanisms [44, 49]; although no distinctions between the effects, different tissue sources of irisin
elicit have been evaluated [3, 4, 18, 23]. In 3T3-L1
adipocytes, human recombinant irisin has been shown
to elevate RNA expression of uncoupling protein 1
(UCP-1), and peroxisome proliferator-activated receptor
α (PPARα) without influencing expression of other lipid
metabolism related genes or physiological parameters of
lipolysis [49]. Interestingly, the same group found that
irisin does not alter fatty acid synthesis or beta-oxidation
genes in HePG2 hepatocytes [49]. Irisin has also been
shown to function in part through p38MAPK activity
leading to ATF2 and CREB activation [53] and appears
to also act through AMPK activation [17].
One interesting finding in our report was that irisintreated cells displayed elevated basal and endogenous
uncoupled (induced by oligomycin) oxygen consumption,
independent of concurrent increases in FCCP-induced

peak oxygen consumption. Such data suggests irisin functions by promoting increased endogenous mitochondrial
uncoupling leading to increased basal oxygen consumption. One possible mechanism is that irisin stimulates an
increase in mitochondrial content (as evidenced by
mitotracker) leading to increased oxygen consumption
(possibly in part due to increased uncoupling protein
content). If the observed irisin-induced increases in oxygen consumption are largely a function of increased endogenous mitochondrial proton leak, cells may have an
enhanced reliance on glycolytic metabolism which was
also observed in irisin-treated cells.
Another primary aim of this work was to compare the
metabolic effects of irisin with previously identified
myokines. Our data demonstrate that irisin may be effective at stimulating skeletal muscle metabolism similar to
other myokines, such as TNFα. Despite some similarities
in stimulating myotube mitochondrial metabolism (O2
consumption), PGC-1α expression, and heightened mitochondrial content, irisin did not stimulate NFκB activity similar to TNFα at any of the tested doses. In our
experiments, PGC-1α protein expression served as an
initial indicator of metabolic activation to compare across
different myokine treatments, although some of the metabolic adaptations did not follow. It appears that although
the tested myokines share some analogous features, irisin
behaves differently than TNFα and IL6. One main difference is its unique (respective to other myokines) influence on mitochondrial metabolism and adaptations in
skeletal muscle, further supporting irisin’s autocrine
function, without concurrent pro-inflammatory events.
Although speculative, this idea may be of particular
importance in the context and development of pharmacological and therapeutic uses of irisin. These findings
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are similar to those recently generated by our group
showing that irisin promotes caspase-dependent apoptosis of malignant breast epithelial, independent of NFκB
activity [12]. Moreover, palmitate-induced NFκB activation (phospho-NFκB expression) of AML12 cells and/or
primary hepatocytes was reduced by concurrent treatment with recombinant irisin [30]. What is more, irisin
appears to inhibit lipogenic pathways through the downregulation of SREBP1c and LXR, and through the suppression of mediators of inflammation (including TNFα
and IL6) suggesting a potential therapeutic role in nonalcoholic fatty liver disease [30].
Another aspect of this work was to identify a potential role for irisin in the rescuing of metabolic distressed
myotubes. We postulated that irisin may rescue suppressed myotube metabolism in vitro, which we investigated with the use of concurrent simvastatin treatment.
Statins are a commonly used clinical tool to reduce
serum cholesterol and risk of heart disease; however,
statin use can lead to myopathies possibly through inflammation, reactive oxygen species, and depressed
mitochondrial metabolism [1, 36, 37, 41, 43]. Intriguingly, others have found elevated circulating irisin levels
following simvastatin treatment, suggesting irisin may
act as a biomarker released in response to statin-induced
muscle damage, or act as a protective agent [15, 19, 34].
Our experiments revealed that irisin can partially rescue
statin-suppression of important metabolic proteins, such
as PGC-1α, in addition to physiological traits such as
mitochondrial content. Despite these encouraging effects, irisin was unable to rescue statin-suppressed oxidative metabolism.

Conclusion
Irisin appears to act on skeletal muscle in vitro resulting
in heightened energy expenditure and increased oxidative metabolism through the induction of PGC-1α. Irisin
also appears to have some rescuing capabilities in
metabolically-strained myotubes, although our observations are highly preliminary. Additional in vivo experiments should be performed to verify these findings and
their relevance.
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