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PGC-1a in muscle links metabolism to inflammation
C. Handschin, University of Zurich, Institute of Physiology and AuGienter for Integrative Human Physiology
(ZIHP), Winterthurerstrasse 190, CH-8057 Zurich, Switzerland. (Introduced by Mark Febbraio)

Skeletal muscle has an enormous capacity to adapttesnal stimuli. Most prominentlychanges in
protein biosynthesis and degradation rates, alterations in contractile and metabolic properties and modulation o
signal transduction pathays regulate muscle fiber plasticity induced by physicaligctiThe transcriptional
coactvator peroxisome proliferatesctivated receptoly coactvator 1a (PGC-In) is gppreciated as one of the
central regulators of gene expression in tkeeaised muscle (Liret al, 2005; Handschin & Spiegelman, 2006,
2008). In fact, ectopicxpression of PGC4 is sufficient to boost mitochondrial biogenesis and function,
stimulate a fiber-type switchwards oxidatve muscle fibers, promote a high-endurance muscle phenotype and
prevent disuse-induced muscle atrgphFurthermore, increased PG@-llevels therapeutically ameliorate
Duchenne muscular dystroptgatin-induced fiber damage and one form of a mitochondrial myppatthe
respectte rodent models. In contrast, experimental ablation of P@QGyéne expression results inwler
mitochondrial gene expression, a fiber-type switetatds glycolytic muscle fibers, reducereecise capacity
abnormal glucose and insulin homeostases and activity-dependent fiber damage.

The molecular ents that mediate the proteai dfects of PGC-@ on muscle fiber integrity remain
enigmatic. Seeral candidate pathways Ve keen proposed: PGQiimediated stabilization of the
neuromuscular junction, imprement of the energy crisis, inhibition of ubiquitine ligase expression and
upregulation of reactie axygen species (ROS) detoxification potentially contbto the therapeutic effect of
PGC-1n in diverse contexts of muscle wastingeWbw present evidence that PGG-In skeletal muscle also
has significant anti-inflammatory properties. Pro-inflammatory gempeession in muscle is elated and
increased heels of circulating tumor necrosigdtora (TNFa) and interleukin 6 (IL-6) hee keen detected in
muscle-specific PGCel knockout mice. Importantly these animals exhibit abnormal pancreatic islet
morphology and decreased insulin secretion W udicating an increase in detrimental circulating factors in
the context of specifically ablated PGG-Gene expression in skeletal muscle. These factors subsequently lead
to phenotypic alteration of the physiological functions of non-muscle tissues, including parféeatsc We
thus propose that a pathological reduction of P@Qelels in skeletal muscle is the molecular link between
physical inactivity persistent, low-grade inflammation and the increased risk foy srannic diseases.

Handschin C & Spiegelman BM. (200Bhdocrine Reviewa7: 728-35.

Handschin C & Spiegelman BM. (200@ature454: 463-9.
Lin J, Handschin C & Spiegelman BM. (2005¢Il Metabolisnil: 361-70.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/39/30P



Role of protease-actrated receptors (PARS) in muscle inflammation and cytokine release
A.J Bakker K.A. Burlinson, G.JPinniger, N. Asokananthan and G.A. Stewart, School of Biomedical,
Biomolecular & Chemical Sciences, University of Western Australta6®/9, Australia.

Protease-Actiated Receptors A&Rs) are a newly identified family of G protein-coupled receptors that
mediate a dierse range of cellular activities, particularly during inflammation. PARs areatecti by serine
proteases such as thrombin and tryptase. These proteases toteaxtracellular N-terminus of the receptor
resulting in a m& N-terminus that acts as a tethered ligand, binding to andbtangi the receptorFour FAR
subtypes hae keen identified (RR 1, 2, 3 & 4). PAR actition commonly actiates C&* signalling pathways
within target cells, and has beenwhoto play a vital role in orchestrating both inflammatory and proliferati
responses to tissue damage. ¥ation of PARs and can result in production of the inflammatgtpkine
interleukin 6 (IL-6) in mawp tissues, including airay epithelia, oral mucosa, blood vessels and corvecitsue
(Steinhoff et al, 2005). During skeletal muscle wiopment and rgeneration, satellite cells proliferate and
resulting myoblasts fuse into multinucleate myotubes, whiehteally mature into adult muscle fibreARS
are reported to play an important role irelgkal muscle delopment by enhancing myoblast proliferation and
inhibiting myoblast apoptosis (Chinei al, 2000). Havever, little is knovn about the role of PARS in the
function of myotubes and skeletal muscleelgtal muscle has recently been shown to be a major producer of
IL-6 especially duringxercise where it plays a role in glucose and lipid metabolism (Pedersen, 2007). IL-6 may
also play a role in promoting the differentiation and maturation of myoblasts (Okazlkil996; Baeza-Raja
& Munoz-Canwges, 2004). In this study wexamined the effects of PAR aedtion on IL-6 production in
cultured GC,, myotubes.

Experiments were performed on culturegCC, myoblasts and myotubes grown in Dulbescobdified
Eagles medium with 20% and 2% foetal calf serum, resfgBctPARs were actiated with thrombin (actietes
PAR-1, 3 & 4 isoforms) trypsin (astites PAR-2) or specific PAR aediing peptides mimicking the tethered
activating ligand of the clesed PAR receptor Ca?* was measured using the fluorescentCimdicator fura-2.
Cytokine levels were detected by ELISA. IL-6\els was determined by ELIZA.

In untreated myotubes, exposure to thrombin resulted in a rise in intracelléfgnm@an amplitude; 0.38
+ 0.03uM) in only 14% of cells tested (n=14). This success rate wcreased by pre-exposure of myotubes to
inflammatory mediators such as T&ELO nM) (success rate 57%, n=12) and thrombin (5 U/ml) (success rate
92%, n=12). An imestigation into the effect of serine proteasg@@sure on myokine production showed that
exposure to thrombin for 24 hours increased the production of IL-6 by 40% in untreated myotubes compared to
controls (n=8, p<0.01). Thrombin increased IL-6 production by 80% compared to controls after thrombin pre-
exposure (1 hrygosure to 10U/ml thrombin 12 hours before experimentation) (p<®,001). Exposure to
trypsin also increased IL-6 secretion by 20% compared to controls in untreated myotub@s@Bl). This
secretion was not enhanced by pre-exposure to trypsin.

These results suggest that inflammatory mediators may up-regulate PAR receptor expressietain sk
muscle. Increased IL-6 production induced by PARvatitin could play a role in skeletal musclevdepment
and regeneration by increasing myoblasfedé@ntiation into myotubes during skeletal muscleeigment
and/or regeneration.
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Myokines and metabolic regulation

M.A. Febbraid and B.K. PedersehlCellular & Molecular Metabolism Laboratoryivision of Metabolism &
Obesity Baker IDI Heart & Diabetes Institute’5 Commercial Rd, Melbourn&/I1C 3004, Austilia. and

2Cente of Inflammation and Metabolism, Rigshospitalet - Section 7641, Blegdamsvej 9, DK-2100, Gepenha
Denmark.

Regular plysical activity is known to he multiple health benefits. Of notexercise is associated with
increased insulin stimulated glucose uptak the immediate postxercise period, while chronic psical
actvity enhances insulin sensitiy. Howeve, the precise mechanisms by which physical activity confers
protection aginst metabolic disease are not fully understood. Approximatedyyéars ago, we identified
skeletal muscle as aytkine-producing ayan demonstrating that the metabolic and physiologic effects of
exgcise also may be mediated by muscle w@drihnumoral factors (Pedersen & Febbraio, 2008 ksive
identified that both interleukin-6 and brain ded neurotrophic factor are "myokines” that are up-regulated by
muscle contraction and released from contracting skeletal muscle whegayeémportant roles in lipid and
glucose metabolism in other metabolically eetissues such as/ér and adipose tissue. These digeies were
made serendipitoushput it is likely that contracting skeletal muscle producesymmayokines that positely
act on the metabolism of othemens, presenting nel targeted therapeutics for the treatment of obesity related
type 2 diabetes. & ae currently using the well established quantiatimethod, namely Stable Isotope
Labelling by Amino Acids in Cell Culture (SILAC) which allows the direct and unbiased quantification of
protein expression/secretion to identifywelomyokines. SILAC utilizes the capability of the cells to be gnoin
defined media, containing “normal” amino acid or a stable isotope-labelled “heavy” versions of the same amino
acid thereby encoding the entire proteome of\aergiellular population. Using triple encoding SICAIn
combination with highly acdanced mass spectrometry we are currently identifying the proteins secreted by the
myoblast C2C12 cells during contraction. The identification eflnmyokines that play a biological role in
enegy metabolism may aid in the wi#opment of identifying n& drug targets to treat obesity related disorders.
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