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 The field of musculoskeletal research was front and center at the 
33rd annual ASBMR meeting, as the event opened with  ‘ Plenary 
Symposium I — Muscle and Bone Interactions. ’  Dr Stephen Katz, 
director of the National Institute of Arthritis and Musculoskeletal 
and Skin Diseases (NIAMS), provided the introductory remarks. 
One of his notable messages to the ASBMR attendees was 
that NIAMS would be giving funding priority to those projects 
with collaborative efforts and scientific expertise across 
biological systems. Dr Katz emphasized that collaborations lead 
to greater interdisciplinary communication and knowledge, thus 
creating an unparalleled environment to enhance discoveries. 
Below are summaries of the four presentations delivered at 
the  ‘ Muscle and Bone Interactions ’  symposium along with other 
highlighted talks and abstracts relevant to the field of muscu-
loskeletal research. 

 Dr Thomas Clemens delivered the opening  ‘ Muscle and 
Bone Interactions ’  presentation, which was titled  ‘ The Growth 
Hormone / IGF-1 Axis in Skeletal Muscle. ’  He presented his 
recent genetic mouse model work describing direct and indirect 
mechanisms of growth hormone (GH) action in skeletal muscle. 
Skeletal muscle development is well known to be coordinated 
by GH and its downstream effector, insulin-like growth factor-1 
(IGF-1); however, it is not clear which effects of GH on skeletal 
muscle development are direct and which are secondary via 
IGF-1. It is important to distinguish between direct and indi-
rect GH actions in skeletal muscle because it will lead to more 
effective therapies in musculoskeletal diseases. Indirectly, GH 
was found to promote the normal processes associated with a 
fully functioning skeletal muscle via regulation of IGF-1. Directly, 
GH was found to facilitate insulin action in skeletal muscle, 
ultimately affecting the overall nutrient metabolism. The latter 
finding was somewhat surprising, but revealed a new mecha-
nism of exploration, which may help explain the link between 
insulin resistance and poor muscle development and / or mus-
cle atrophy. Given that muscle and bone activity are so inti-
mately connected, the GH action on insulin sensitivity in skeletal 
muscle may also explain, in part, the increasingly recognized 
inverse relationship between insulin resistance and bone. 1 – 6  

 In the second talk, Dr Gerald Shulman added an intriguing 
piece of the puzzle to the muscle – bone – insulin relationship in 
his presentation titled,  ‘ Mitochondrial Biogenesis and Function 
in Aging, Obesity and Muscle Cell Physiology. ’  Shulman and 

his team have identified four key aspects of excessive intracel-
lular lipid accumulation, which include excess caloric intake, 
defects in adipocyte metabolism, defects in mitochondrial 
fatty acid oxidation and gene variation in apolipoprotein C-III. 
As a result, Shulman provided a unifying hypothesis for insu-
lin resistance, suggesting that any perturbation resulting in 
excessive intramyocellular lipid accumulation leads to skeletal 
muscle insulin resistance. This hypothesis represents a target of 
investigation in skeletal muscle that may reverse insulin resist-
ance. Though Shulman did not discuss direct implications of 
excessive intramyocellular lipid content on bone, two abstracts 
were presented linking skeletal muscle fat to bone health. In one 
report of 444 young girls aged 9 – 12 years, investigators found 
that skeletal muscle fat content of the calf and thigh, as meas-
ured by peripheral quantitative computed tomography (pQCT), 
was inversely associated with pQCT-derived bone strength indi-
ces at trabecular and cortical sites of the tibia and femur. 7  In 
an oral presentation by McMaster University doctoral student 
Andy Wong, 8  a higher level of pQCT-derived skeletal muscle fat 
content of the calf was associated with greater risk of fragility 
fractures in female participants aged 50 years and older from 
the Canadian Multicentre Osteoporosis Study. The findings from 
these two abstracts add to our knowledge of the role of fat on 
bone health, suggesting that the deposition of fat within muscle 
may be associated with suboptimal bone health. 

 The skeletal muscle is capable of producing and secreting 
several hundred hormone-like factors, commonly referred to 
as myokines. To date, only a handful of myokines and their 
functions on bone have been investigated. In the third lecture, 
 ‘ Myokines: Key Regulators of the Muscle – Bone Unit, ’  Dr Mark 
Hamrick 9  presented evidence for IGF-1, fibroblast growth 
factor-2 (FGF-2) and myostatin as important myokines for 
bone. Using animal and co-culture models, Hamrick  et al.  
found that skeletal muscle is a local source for IGF-1 and FGF-
2, two well-known osteogenic-related factors. In addition to 
being present in great supply in homogenized muscle tissue, 
IGF-1 and FGF-2 were localized to the muscle – bone interface 
 in vivo  and secreted from cultured myotubes  in vitro . In addi-
tion, IGF-1 and FGF-2 receptors were localized to periosteum 
at the muscle – bone interface. Collectively, these data suggest 
that musculoskeletal growth may be regulated in part by para-
crine mechanisms at the muscle – bone interface involving IGF-1 
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and FGF-2. Going further, Hamrick claimed that if bone can 
receive anabolic stimuli from muscle in the form of paracrine 
signals, then it is also possible that catabolic changes in muscle 
can produce anti-osteogenic changes in bone. Such a relation-
ship has been revealed between bone and the muscle-derived 
factor myostatin (growth and differentiation factor-8), as myosta-
tin deficiency or loss of myostatin function increases osteogenic 
differentiation of bone marrow-derived stem cells, bone mass 
and bone repair. 10 – 13  Given that muscle is the primary source of 
myostatin in the body, Hamrick suggested that conditions favor-
ing muscle atrophy and increased myostatin secretion would in 
turn suppress bone formation and bone mass through myosta-
tin ’ s anti-osteogenic effects. This notion linking myostatin to 
muscle atrophy and bone loss has generated interest in myosta-
tin antagonists. In an oral presentation, Dr Douglas Digirolamo 
presented muscle and bone data in three groups of mice given 
either one of two types of myostatin antogonist proteins (solu-
ble activin type II receptor (ACVR2) or IIB receptor (ACVR2B)) 
or placebo. 14  Collectively, the study findings suggest that both 
ACVR2 and ACVR2B produce anabolic effects on muscle 
and bone; however, ACVR2 ’ s effect was greater on bone than 
muscle, whereas ACVR2B ’ s effect was greater on muscle than 
bone. Currently, no human data exist on the effect of myostatin 
antagonists; however, cross-sectional data suggest that higher 
myostatin levels are associated with older age, smoking, physi-
cal inactivity, lower vitamin D levels, higher systemic inflamma-
tion, cancer, diabetes, obesity, chronic obstructive pulmonary 
disease and the human immunodeficiency virus. 15 – 20  

 In the final  ‘ Muscle and Bone Interactions ’  talk, Dr Shalender 
Bhasin presented  ‘ Androgen Biology in Musculoskeletal Health 
and Frailty. ’  Bhasin delivered an insightful, historical overview 
of androgens, ranging from their harmful misuse by athletes to 
their therapeutic potential against frailty syndrome. Although 
testosterone supplementation has been shown to increase 
skeletal muscle size and strength in conditions of androgen 
deficiency, Bhasin noted that it is just as important to demon-
strate androgen efficacy on other muscle-related outcomes such 
as physical function, a clinically relevant marker of an individual ’ s 
overall health. In a recent investigation of testosterone treatment 
in frail elderly men with low testosterone levels, 21  investigators 
found that 6 months of testosterone therapy not only increased 
skeletal muscle mass and lower limb muscle strength (that is, 
isometric knee extension peak torque) but also improved meas-
ures of physical function (that is, The Physical Performance 
Test) and quality of life (that is, Aging Males ’  Symptom scale). 
However, the beneficial effects of 6-month testosterone treat-
ment on muscle mass, muscle strength, physical function and 
quality of life were not maintained 6 months post treatment, 22  
suggesting that short-term testosterone treatment may not be 
sufficient to interrupt the progression of frailty. Whether longer 
duration of testosterone treatment can produce sustained 
benefits on measures of musculoskeletal size, strength and 
function without increasing health risks remains to be deter-
mined. In further discussion, Bhasin noted that because of the 
long-term risks associated with testosterone use, the phar-
maceutical industry has shifted efforts to develop selective 
androgen receptor modulators (SARMs). Although SARMS are 
currently in early stages of development, the available data sug-
gest that they hold much promise to achieve anabolic effects 
without the adverse effects associated with testosterone. 23,24  

 The Muscle-Bone Theme was continued in the Louis V Avioli 
Memorial Lecture, given by Dr Lynda Bonewald  ‘ Osteocytes —
 The Great Communicators ’ . With significant advancement in 
research tools and techniques over the last decade, Bonewald 
noted that we have gained valuable insights into osteocyte 
biology, leading to validation of old theories and the genera-
tion of new ones. Osteocytes, which are known as essential 
regulators of osteoclast and osteoblast activity, were revealed 
by Bonewald and colleagues to be a source of soluble fac-
tors having key endocrine function on other organs, particularly 
the skeletal muscle. 25 – 27  Even more remarkable were the data 
presented by Bonewald ’ s research team indicating that skel-
etal muscles secrete factors affecting osteocyte function and 
viability. 27 – 29  Incorporating this novel concept of an osteocyte-
muscle crosstalk opens new avenues of research in the realm 
of musculoskeletal diseases. 

 Another notable highlight at the meeting included the Gerald 
D Aurbach Memorial Lecture by Dr Eric Olson titled,  ‘ MicroRNA 
Control of Muscle Development and Disease. ’  Since their dis-
covery less than two decades ago, hundreds of microRNAs 
have been identified as critical regulators of numerous biological 
processes by modulating gene expression at the post-transcrip-
tional level. Ultimately, the revelation of microRNA downstream 
targets is key to understanding its specific function. However, 
because of the imprecise computational tools that are currently 
available, the identification of these microRNA targets has been 
a major challenge. Olson noted that much progress has been 
made in recent years developing and refining experimental 
approaches to identifying microRNA targets. As a result, many 
biological targets for muscle-specific microRNAs have been 
revealed, representing a wide range of genes in the myogenic 
program, from transcription regulators, signaling molecules, to 
structural proteins. 

 A feature of musculoskeletal research today is the great effort 
being devoted to understanding musculoskeletal interactions 
with other biological systems at the molecular, cellular and tis-
sue levels. As a result, a wealth of novel information and ideas 
are being generated that will ultimately lead to translation of 
exciting new discoveries in the clinical realm. Collectively, a 
key theme of the muscle and bone research presented this year 
is that identification of molecules involved in musculoskeletal 
interactions hold the potential for the development of novel 
biomarkers and therapeutic strategies for musculoskeletal 
diseases.  
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