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Previous studies on adipocyte function have revealed that adipose 
tissue is not only an energy-storing organ, but also a secretor of 
a variety of biologically active molecules named adipocytokines. 
Since adipocytokines were discovered, tons of investigators have 
been examining their role in metabolic homeostasis and diseases. 
Adiponectin, one of the adipocytokines, has recently attracted 
widespread attention, especially in the diabetes field, due to its beneficial 
anti-diabetic and anti-atherosclerotic effects in the regulation of energy 
homeostasis and insulin sensitivity [1]. In addition, it has been shown 
that adiponectin function is involved in the pathologies of cancer and 
rheumatoid arthritis [1]. Because of its numerous beneficial biological 
functions, it is suggested that adiponectin administration is a potential 
therapeutic agent and that treatments increasing blood adiponectin 
levels and stimulating adiponectin action benefits healthy problems. 

Bone is continually remodeled according to physiological 
circumstances through bone formation by osteoblasts and bone 
resorption by osteoclasts, and bone mass and turnover are maintained 
by their coordinated balance in healthy adults. Many systemic and local 
factors such as insulin-like growth factor-I and bone morphogenetic 
proteins are known to be involved in the regulation. A number of basic 
and clinical studies investigating the effects of adiponectin on bone 
metabolism as well as its association with bone mineral density (BMD) 
and the risk of fracture have been reported. However, these studies 
suggest that adiponectin may have adverse effects on bone mass and 
fracture risks. 

Adiponectin and its receptor are expressed in osteoblasts [2-4]. 
Adiponectin stimulates cell growth and differentiation of osteoblastic 
cells [2-4]. In addition, blockage of adiponectin signal by siRNA 
of adiponectin receptor showed decreased alkaline phosphatase 
activity and expression of differentiation markers, type I collagen and 
osteocalcin, as well as impaired mineralization in osteoblastic cells 
[4]. Although adiponectin is reported to inhibit murine osteoclast 
activity [5], Luo et al. revealed that human osteoclastic cells had no 
expression of adiponectin receptors and adiponectin administration 
showed no effects on osteoclast activity in the cells [6]. In contrast, 
adiponectin indirectly activated osteoclasts through stimulation of 
receptor activator for nuclear factor  B ligand (RANKL) expression and 
inhibition of osteoprotegerin (OPG) expression in osteoblasts. Taken 
together, these in vitro findings suggest that adiponectin stimulates 
osteoblast activity and accelerates bone turnover through RANKL/
OPG expression. 

 In consistent with studies using cell culture experiments, a number 
of clinical studies showed that adiponectin levels in circulation were 
associated negatively with BMD and positively with bone turnover 
markers [7,8]. In addition, we previously demonstrated that serum 
adiponectin levels were positively associated with the presence of 
vertebral fractures in men with type 2 diabetes [8]. Other two groups 
also reported that higher serum adiponectin levels were associated 
with increased fracture risks in male subjects [9,10]. Recently, a 
meta-analysis investigating the association of adipocytokines such 
as adiponectin and leptin with BMD and fracture risk was reported. 
Adiponectin is the most relevant adipocytokine negatively associated 

with BMD independent of gender and menopausal status [11] In the 
analysis, high levels of adiponectin were associated with an increased 
risk of vertebral fractures only in men. These clinical reports and 
meta-analysis suggest that adiponectin is a negative factor for BMD 
and bone strength especially in men. However, there is another 
possible explanation that serum adiponectin levels in subjects with 
osteoporosis reactively elevate through up-regulated synthesis and 
secretion to protect bone from osteopenia, namely a compensate 
response of adiponectin expression for bone loss. This hypothesis is 
supported by the evidence that the serum OPG level also correlates 
negatively with BMD, although it acts as a decoy receptor for RANKL 
and protects bone from osteopenia through inhibiting osteoclastic 
activities [12]. Thus, further large-scale longitudinal studies focusing 
on the association between adiponectin, BMD loss, and fracture risk 
are necessary in future. 

However, several in vivo studies using overexpression and 
knockout models of adiponectin have assessed the role of adiponectin 
in bone, but the results have been conflicting [5,13-15]. Ohshima et al. 
and Mitsui et al. demonstrated that overexpression of adiponectin in 
the liver enhanced bone formation and showed a gain of bone mass 
compared with wild-type mice [5,13]. In contrast, Ealey et al. reported 
that adiponectin-overexpressing mice had a significantly lower bone 
mass and that the peak load of femur neck and vertebra was significantly 
lower than WT mice [14]. Shinoda et al. showed no significant 
differences in bone mass or turnover in adiponectin-overexpressing 
mice in the liver or in adiponectin knockout mice compared with their 
littermates [15]. Adiponectin is known to enhance insulin activity while 
reducing insulin resistance. Most studies have consistently shown that 
adiponectin knockout mice have either spontaneous or diet-induced 
insulin resistance with hyperinsulinemia [16], which affects bone 
metabolism and causes an increase in bone mass. Adiponectin also 
plays important roles in the liver, muscle, pancreas, and hypothalamus, 
which might affect bone metabolism. In addition, because adiponectin 
receptors are ubiquitously expressed in various tissues, adiponectin 
may have both direct and indirect effects on bone. Therefore, regarding 
the conflict results of these in vivo studies, physiological compensation 
and adaptation might contribute to the complexity of the in vivo role 
of adiponectin in bone metabolism. To further understand the role of 
adiponectin in bone, bone-specific adiponectin overexpression and 
adiponectin receptor knockout models might be useful. 
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On the other hand, osteocalcin, an osteoblast-specific secreted 
protein, has been shown to increase the expression of insulin in 
pancreatic β cells as well as the adiponectin in adipocytes [17]. These 
findings suggest that body fat and bone mass are associated with each 
other. Indeed, in clinical studies, we and others have demonstrated 
that serum osteocalcin levels are associated negatively with plasma 
glucose levels and fat mass, and positively with serum adiponectin 
levels [18-20]. Recently, two independent groups showed that insulin 
receptor signaling in osteoblasts controlled osteoblast development 
and osteocalcin expression and regulated peripheral adiposity and 
glucose metabolism [21,22], indicating the existence of a bone-
pancreas endocrine loop through which insulin signaling in the 
osteoblast ensures osteoblast differentiation and stimulates osteocalcin 
production, which in turn regulates insulin sensitivity and pancreatic 
insulin secretion. Since the previous studies described above have 
shown that adiponectin is involved in osteoblastogenesis and bone 
turnover and that osteocalcin stimulates the expression of adiponectin 
in adipocytes, it is rational to hypothesize that an endocrine loop 
modulated by the activity of adiponectin and osteocalcin exists 
between bone and adipose tissue. In addition, adiponectin is reported 
to enhance the action of insulin on osteoblast differentiation [15]. 
Therefore, adiponectin might play a role in part of the endocrine loop 
between bone, pancreas, and adipose tissue. However, there is no direct 
evidence up to date. Further studies are thus necessary to examine the 
role of adiponectin in the endocrine loop between bone and adipose 
tissue. 

References

1. Brochu-Gaudreau K, Rehfeldt C, Blouin R, Bordignon V, Murphy BD, et al. 
(2010) Adiponectin action from head to toe. Endocrine 37: 11-32. 

2. Berner HS, Lyngstadaas SP, Spahr A, Monjo M, Thommesen L,  et al. (2004) 
Adiponectin and its receptors are expressed in bone-forming cells. Bone 35: 
842-849. 

3. Luo XH, Guo LJ, Yuan LQ, Xie H, Zhou HD, et al. (2005) Adiponectin stimulates 
human osteoblasts proliferation and differentiation via the MAPK signaling 
pathway. Exp Cell Res 309: 99-109. 

4. Kanazawa I, Yamaguchi T, Yano S, Yamauchi M, Yamamoto M, et al. (2007) 
Adiponectin and AMP kinase activator stimulate proliferation, differentiation, 
and mineralization of osteoblastic MC3T3-E1 cells. BMC Cell Biol 8: 51. 

5. Oshima K, Nampei A, Matsuda M, Iwaki M, Fukuhara A, et al. (2005) 
Adiponectin increases bone mass by suppressing osteoclast and activating 
osteoblast. Biochem Biophys Res Commun 331: 520-526. 

6. Luo XH, Guo LJ, Xie H, Yuan LQ, Wu XP, et al. (2006) Adiponectin stimulates 
RANKL and inhibits OPG expression in human osteoblasts through the MAPK 
signaling pathway. J Bone Miner Res 21: 1648-1656. 

7. Peng XD, Xie H, Zhao Q, Wu XP, Sun ZQ, et al. (2008) Relationships between 
serum adiponectin, leptin, resistin, visfatin levels and bone mineral density, and 
bone biochemical markers in Chinese men. Clinica Chimica Acta 387: 31-35. 

8. Kanazawa I, Yamaguchi T, Yamamoto M, Yamauchi M, Yano S, et al. (2009) 
Relationships between serum adiponectin levels versus bone mineral density, 
bone metabolic markers, and vertebral fractures in type 2 diabetes mellitus. Eur 
J Endocrinol 160: 265-273. 

9. Araneta MR, von Mühlen D, Barrett-Connor E (2009) Sex differences in the 
association between adiponectin and BMD, bone loss and fractures: the 
Rancho Bernardo Study. J Bone Miner Res 24: 2016-2022. 

10.	Barbour KE, Zmuda JM, Boudreau R, Strotmeyer ES, Horwitz MJ, et al. (2011) 
Adipokines and the risk of fracture in older adults. J Bone Miner Res 26: 1568-
1576. 

11.	Biver E, Salliot C, Combescure C, Gossec L, Hardouin P, et al. (2011) Influence

of adipokines and ghrelin on bone mineral density and fracture risk: a systematic 
review and meta-analysis. J Clin Endocrinol Metab 96: 2703-2713. 

12.	Samelson EJ, Broe KE, Demissie S, Beck TJ, Karasik D, et al. (2008) Increased
plasma osteoprotegerin concentrations are associated with indices of bone 
strength of the hip. J Clin Endocrinol Mtab 93: 1789-1795. 

13.	Mitsui Y, Gotoh M, Fukushima N, Shirachi I, Otabe S, et al. (2011) 
Hyperadiponectinema enhances bone formation in mice. BMC Musculoskelet 
Disord 12: 18. 

14.	Ealey KN, Kaludjerovic J, Archer MC, Ward WE (2008) Adiponectin is a 
negative regulator of bone mineral and bone strength in growing mice. Exp Biol 
Med 233: 1546-1553. 

15.	Shinoda Y, Yamaguchi M, Ogata N, Akune T, Kubota N, et al. (2006) Regulation 
of bone formation by adiponectin through autocrine/paracrine and endocrine 
pathways. J Cell Biochem 99: 196-208. 

16.	Kubota N, Terauchi Y, Yamauchi T, Kubota T, Moroi M, et al. (2002) Disruption 
of adiponectin causes insulin resistance and neointimal formation. J Biol Chem 
277: 25863-25866. 

17.	Lee NK, Sowa H, Hinoi E, Ferron M, Ahn JD, et al. (2007) Endocrine regulation
of energy metabolism by the skeleton. Cell 130: 456-469. 

18.	Kanazawa I, Yamaguchi T, Yamamoto M, Yamauchi M, Kurioka S, et al. 
(2009) Serum osteocalcin level is associated with glucose metabolism and 
atherosclerosis parameters in type 2 diabetes mellitus. J Clin Endocrinol Metab 
94: 45-49. 

19.	Kanazawa I, Yamaguchi T, Yamauchi M, Yamamoto M, Kurioka S, et al. (2011)
Serum undercarboxylated osteocalcin was inversely associated with plasma 
glucose level and fat mass in type 2 diabetes mellitus. Osteoporos Int 22: 187-
194. 

20.	Kanazawa I, Yamaguchi T, Tada Y, Yamauchi M, Yano S, et al. (2011) Serum 
osteocalcin level is positively associated with insulin sensitivity and secretion in 
patients with type 2 diabetes. Bone 48: 270-275. 

21.	Fulzele K, Riddle RC, DiGirolamo DJ, Cao X, Wan C, et al. (2010) Insulin 
receptor signaling in osteoblasts regulates postnatal bone acquisition and body 
composition. Cell 142: 309-319. 

22.	Ferron M, Wei J, Yoshizawa T, Del Fattore A, DePinho RA, et al. (2010) Insulin
signaling in osteoblasts integrates bone remodeling and energy metabolism. 
Cell 142: 296-308. 

http://www.ncbi.nlm.nih.gov/pubmed/20963555
http://www.ncbi.nlm.nih.gov/pubmed/20963555
http://www.ncbi.nlm.nih.gov/pubmed/15454091
http://www.ncbi.nlm.nih.gov/pubmed/15454091
http://www.ncbi.nlm.nih.gov/pubmed/15454091
http://www.ncbi.nlm.nih.gov/pubmed/15963981
http://www.ncbi.nlm.nih.gov/pubmed/15963981
http://www.ncbi.nlm.nih.gov/pubmed/15963981
http://www.ncbi.nlm.nih.gov/pubmed/15850790
http://www.ncbi.nlm.nih.gov/pubmed/15850790
http://www.ncbi.nlm.nih.gov/pubmed/15850790
http://www.ncbi.nlm.nih.gov/pubmed/16995820
http://www.ncbi.nlm.nih.gov/pubmed/16995820
http://www.ncbi.nlm.nih.gov/pubmed/16995820
http://www.ncbi.nlm.nih.gov/pubmed/17884030
http://www.ncbi.nlm.nih.gov/pubmed/17884030
http://www.ncbi.nlm.nih.gov/pubmed/17884030
http://www.ncbi.nlm.nih.gov/pubmed/18996964
http://www.ncbi.nlm.nih.gov/pubmed/18996964
http://www.ncbi.nlm.nih.gov/pubmed/18996964
http://www.ncbi.nlm.nih.gov/pubmed/18996964
http://www.ncbi.nlm.nih.gov/pubmed/19453256
http://www.ncbi.nlm.nih.gov/pubmed/19453256
http://www.ncbi.nlm.nih.gov/pubmed/19453256
http://www.ncbi.nlm.nih.gov/pubmed/21312272
http://www.ncbi.nlm.nih.gov/pubmed/21312272
http://www.ncbi.nlm.nih.gov/pubmed/21312272
http://www.ncbi.nlm.nih.gov/pubmed/21778223
http://www.ncbi.nlm.nih.gov/pubmed/21778223
http://www.ncbi.nlm.nih.gov/pubmed/21778223
http://www.ncbi.nlm.nih.gov/pubmed/18303076
http://www.ncbi.nlm.nih.gov/pubmed/18303076
http://www.ncbi.nlm.nih.gov/pubmed/18303076
http://www.ncbi.nlm.nih.gov/pubmed/21241476
http://www.ncbi.nlm.nih.gov/pubmed/21241476
http://www.ncbi.nlm.nih.gov/pubmed/21241476
http://www.ncbi.nlm.nih.gov/pubmed/18849538
http://www.ncbi.nlm.nih.gov/pubmed/18849538
http://www.ncbi.nlm.nih.gov/pubmed/18849538
http://www.ncbi.nlm.nih.gov/pubmed/16598753
http://www.ncbi.nlm.nih.gov/pubmed/16598753
http://www.ncbi.nlm.nih.gov/pubmed/16598753
http://www.ncbi.nlm.nih.gov/pubmed/12032136
http://www.ncbi.nlm.nih.gov/pubmed/12032136
http://www.ncbi.nlm.nih.gov/pubmed/12032136
http://www.ncbi.nlm.nih.gov/pubmed/17693256
http://www.ncbi.nlm.nih.gov/pubmed/17693256
http://www.ncbi.nlm.nih.gov/pubmed/18984661
http://www.ncbi.nlm.nih.gov/pubmed/18984661
http://www.ncbi.nlm.nih.gov/pubmed/18984661
http://www.ncbi.nlm.nih.gov/pubmed/18984661
http://www.ncbi.nlm.nih.gov/pubmed/20165834
http://www.ncbi.nlm.nih.gov/pubmed/20165834
http://www.ncbi.nlm.nih.gov/pubmed/20165834
http://www.ncbi.nlm.nih.gov/pubmed/20165834
http://www.ncbi.nlm.nih.gov/pubmed/21185419
http://www.ncbi.nlm.nih.gov/pubmed/21185419
http://www.ncbi.nlm.nih.gov/pubmed/21185419
http://www.ncbi.nlm.nih.gov/pubmed/20655471
http://www.ncbi.nlm.nih.gov/pubmed/20655471
http://www.ncbi.nlm.nih.gov/pubmed/20655471
http://www.ncbi.nlm.nih.gov/pubmed/20655470
http://www.ncbi.nlm.nih.gov/pubmed/20655470
http://www.ncbi.nlm.nih.gov/pubmed/20655470

	Title
	Corresponding author
	References



